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ʆʣʝʛ ɻʝʦʨʛʠʝʚʠʯ ɻʘʟʝʥʢʦ ʨʦʜʠʣʩʷ 12 ʜʝʢʘʙʨʷ 1918 ʛʦʜʘ. ɽʛʦ ʦʪʝʮ ɻʝʦʨʛʠʡ ɻʨʠʛʦʨʴʝʚʠʯ 

- ʚʨʘʯ-ʙʠʦʭʠʤʠʢ, ʦʢʘʟʘʣ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ ʩʳʥʘ ʠʥʪʝʨʝʩʘ ʢ ʥʘʫʢʝ. ɺ 

1941 ʛʦʜʫ ʆʣʝʛ ɻʝʦʨʛʠʝʚʠʯ ʩ ʦʪʣʠʯʠʝʤ ʦʢʦʥʯʠʣ ʚʦʝʥʥʳʡ ʬʘʢʫʣʴʪʝʪ 2-ʦʛʦ ʄʦʩʢʦʚʩʢʦʛʦ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠ ʚʤʝʩʪʝ ʩʦ ʚʩʝʤ ʚʳʧʫʩʢʦʤ ʫʰʝʣ ʥʘ ʬʨʦʥʪ. ɺʩʶ ɺʝʣʠʢʫʶ 

ʆʪʝʯʝʩʪʚʝʥʥʫʶ ʚʦʡʥʫ ʧʨʦʩʣʫʞʠʣ ʥʘʯʘʣʴʥʠʢʦʤ ʙʘʪʘʣʴʦʥʥʦʛʦ ʛʦʩʧʠʪʘʣʷ 15-ʡ ʚʦʟʜʫʰʥʦʡ 

ʘʨʤʠʠ. ɺ 1946-1947 ʛʦʜʘʭ ʨʘʙʦʪʘʣ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʚʳʜʘʶʱʝʛʦʩʷ ʬʠʟʠʦʣʦʛʘ ʘʢʘʜʝʤʠʢʘ  

ʃ.ɸ. ʆʨʙʝʣʠ ʠ ʧʨʦʬʝʩʩʦʨʘ ʄ.ʇ. ɹʨʝʩʪʢʠʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʘʚʠʘʮʠʦʥʥʦʡ ʤʝʜʠʮʠʥʳ ʢʘʬʝʜʨʳ 

ʬʠʟʠʦʣʦʛʠʠ ɺʦʝʥʥʦ-ʤʝʜʠʮʠʥʩʢʦʡ ʘʢʘʜʝʤʠʠ.  

ɺ 1947 ʛʦʜʫ ʆʣʝʛ ɻʝʦʨʛʠʝʚʠʯ ʧʝʨʝʰʝʣ ʥʘ ʨʘʙʦʪʫ ʚ ʀʥʩʪʠʪʫʪ ʘʚʠʘʮʠʦʥʥʦʡ ʤʝʜʠʮʠʥʳ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʰʝʣ ʧʫʪʴ ʦʪ ʥʘʫʯʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ ʜʦ ʟʘʤʝʩʪʠʪʝʣʷ 

ʥʘʯʘʣʴʥʠʢʘ ʀʥʩʪʠʪʫʪʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ. ʉ 1955 ʛʦʜʘ ʚ ʀʥʩʪʠʪʫʪʝ ʘʚʠʘʮʠʦʥʥʦʡ ʤʝʜʠʮʠʥʳ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ ʆ.ɻ. ɻʘʟʝʥʢʦ ʩʪʘʣ ʘʢʪʠʚʥʦ ʟʘʥʠʤʘʪʴʩʷ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʨʠ ʧʦʣʝʪʘʭ ʨʘʢʝʪ ʚ ʚʝʨʭʥʠʝ ʩʣʦʠ ʘʪʤʦʩʬʝʨʳ ʠ ʚ ʦʨʙʠʪʘʣʴʥʳʭ ʧʦʣʝʪʘʭ ʥʘ 

ʚʦʟʚʨʘʱʘʝʤʳʭ ʢʦʨʘʙʣʷʭ-ʩʧʫʪʥʠʢʘʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʘʟʝʤʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʬʘʢʪʦʨʦʚ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ. ʇʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʆ.ɻ. ɻʘʟʝʥʢʦ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʘʞʥʳʝ ʜʘʥʥʳʝ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʦʙʦʩʥʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʝʪʘ ʚ ʢʦʩʤʦʩ ʯʝʣʦʚʝʢʘ. ʆ.ɻ. ɻʘʟʝʥʢʦ ʙʳʣ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʫʯʘʩʪʥʠʢʦʤ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ 

ʖ.ɸ. ɻʘʛʘʨʠʥʘ 12 ʘʧʨʝʣʷ 1961 ʛʦʜʘ. ɺ 1961 ʛʦʜʫ, ʩʨʘʟʫ ʧʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʧʦʣʝʪʘ ʖʨʠʷ 

ɻʘʛʘʨʠʥʘ, ʆ.ɻ. ɻʘʟʝʥʢʦ ʧʨʠʩʚʦʝʥʦ ʟʚʘʥʠʝ ʜʦʢʪʦʨʘ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ ʟʘ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ.  

ʉ 1969 ʛʦʜʘ ʆʣʝʛ ɻʝʦʨʛʠʝʚʠʯ ʧʨʦʜʦʣʞʠʣ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʀʥʩʪʠʪʫʪʝ ʤʝʜʠʢʦ-

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʡ ʦʥ ʚʦʟʛʣʘʚʣʷʣ ʜʦ 1988 ʛ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʥʘʠʙʦʣʝʝ ʷʨʢʦ 

ʧʨʦʷʚʠʣʠʩʴ ʥʘʫʯʥʳʝ ʠ ʦʨʛʘʥʠʟʘʪʦʨʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʆ.ɻ. ɻʘʟʝʥʢʦ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʝʤʫ 

ʫʩʧʝʰʥʦ ʨʫʢʦʚʦʜʠʪʴ ʨʘʙʦʪʘʤʠ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʥʘʜʝʞʥʦʡ ʩʠʩʪʝʤʳ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ. ɹʣʘʛʦʜʘʨʷ 

ʫʩʠʣʠʷʤ ʆ.ɻ. ɻʘʟʝʥʢʦ ʙʳʣʘ ʩʦʟʜʘʥʘ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʠ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʦʧʝʨʘʮʠʷ ʚ 

ʦʙʣʘʩʪʠ ʢʦʩʤʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ, ʢʦʪʦʨʘʷ ʜʦʢʘʟʘʣʘ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʧʨʦʜʦʣʞʘʝʪ ʫʩʧʝʰʥʦ ʨʘʟʚʠʚʘʪʴʩʷ. ʇʦ ʝʛʦ ʠʥʠʮʠʘʪʠʚʝ ʚ ʀʄɹʇ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʚʝʩʦʤʦʩʪʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʛʣʫʙʦʢʦʤʫ 

ʠʟʫʯʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʦʪʨʘʙʦʪʢʝ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʧʨʦʬʠʣʘʢʪʠʢʠ. ʇʨʠʥʮʠʧʳ, ʟʘʣʦʞʝʥʥʳʝ ʚ 

ʦʩʥʦʚʫ ʩʠʩʪʝʤʳ ʧʨʦʬʠʣʘʢʪʠʢʠ ʧʨʠ ʜʣʠʪʝʣʴʥʳʭ ʧʦʣʝʪʘʭ, ʙʳʣʠ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʩʠʩʪʝʤʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʦʨʙʠʪʘʣʴʥʳʭ ʩʪʘʥʮʠʷʭ çʄʠʨè ʠ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ. ɺ ʦʜʥʦʤ ʠʟ ʩʚʦʠʭ ʧʦʩʣʝʜʥʠʭ ʠʥʪʝʨʚʴʶ ʆʣʝʛ ɻʝʦʨʛʠʝʚʠʯ ʩʢʘʟʘʣ:  

ñʗ ʛʣʫʙʦʢʦ ʫʙʝʞʜʝʥ ʚ ʪʦʤ, ʯʪʦ ʦʩʚʦʝʥʠʝ ʢʦʩʤʦʩʘ ð ʦʜʠʥ ʠʟ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʧʫʪʝʡ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠò. 
 

 
 

 ɼʠʨʝʢʪʦʨ ɻʅʎ ʈʌ-ʀʄɹʇ ʈɸʅ, ʘʢʘʜʝʤʠʢ ʈɸʅ ʆ.ʀ. ʆʨʣʦʚ 
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Oleg Georgievich Gazenko was born on December 12, 1918. His father George G.-

biochemist, one of the veterans Of the Institute of aviation medicine in Moscow, had a significant 

impact on the formation of his son's interest in science. In 1941 Oleg Georgievich graduated with 

honors from the military faculty of the 2nd Moscow medical Institute and together with all issue 

went to the front. All the Great Patriotic war served as the battalion chief of hospital 15-th air army. 

In the years 1946-1947 he worked under the guidance of an outstanding physiologist academician L. 

A. Orbeli and Professor M. P. Brestchina in the laboratory of aviation medicine of the Department 

of physiology of the Military medical Academy.  

In 1947, Oleg Georgievich moved to the Institute of aviation medicine of the Ministry of 

defense, where he worked from a researcher to the Deputy head of the Institute for research. Since 

1955 in the Institute of aviation medicine of the Ministry of defence O. Gazenko has been actively 

engaged in biomedical research under the flight of missiles in the upper atmosphere and in the 

orbital flight on the return ships, satellites and ground simulation of space flight factors. Under the 

leadership of O.G. Gazenko, important data were obtained, which allowed to justify the possibility 

of flying into space. O. Gazenko was a direct participant in the preparation and conduct of the 

historical space flight of Yuri Gagarin on 12 April 1961. In 1961, right after the successful flight of 

Yuri Gagarin, O.G. Gazenko became a doctor of science for medical and biological support of space 

flights.  

In 1969 Oleg Georgievich continued his work at the Institute of biomedical problems, which 

he headed until 1988. During this period, O. G. Gazenko's scientific and organizational abilities 

were most clearly manifested, which allowed him to successfully lead the work on the creation and 

improvement of a reliable system of medical support and medical safety of space flights. Thanks to 

the efforts of O. G. Gazenko, national and international scientific cooperation in the field of space 

biology and medicine was established, which proved its effectiveness and continues to develop 

successfully. On his initiative, IBMP carried out a series of experiments to simulate the effects of 

weightlessness, which contributed to a deep study of the state of the human body in these 

conditions, as well as the development and improvement of various methods and means of 

prevention. The principles laid down in the framework of the long-duration flight prevention system 

were decisive in establishing the medical support system at the Mir and PA orbital Stations of the 

International space station. In one of his recent interviews, he said: "I am deeply convinced that 

space exploration is one of the main ways of further development of human civilization.ò 

 

 

 

Director of SSC RF-IBMP RAS, academician of the RAS O.I. Orlov 
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     ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʨʦʤʘʣʴʥʳʭ ʢʣʝʪʦʢ (ʄʄʉʂ) invitro 
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Makhnovskii P, A., Lysenko E, A., Kurochkina N, A., Popov D.V. 
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E.P. Mochalova, S.P. Belova, T.L. Nemirovskaya 

The role of myogenin and class II HDACs in the regulation of E3-ligases MuRF-1 and MAFbx 
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Onuchina M.R., Artamonov A.A., Kartashova M.K
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34. ʇʨʦʢʦʧʦʚʠʯ ʃ.ʉ. 

3D ʢʦʥʫʩʥʦ-ʣʫʯʝʚʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ ʯʝʨʝʧʥʦ-ʣʠʮʝʚʦʛʦ ʩʢʝʣʝʪʘ, ʢʘʢ ʤʝʪʦʜ ʦʪʙʦʨʘ ʠ 
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IMMERSION)éééééééééééééééééééééééééééééééé.121 

45. ʏʝʨʥʦʛʦʨʦʚ ʈ.ɺ. 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʩʪʚʘʭ ʠ ʤʝʪʦʜʘʭ ʦʢʘʟʘʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʚ ʛʝʨʤʦʟʘʤʢʥʫʪʦʤ 

ʦʙʲʝʢʪʝ 

Chernogorov R.V.  

Evaluation of the effectiveness of using specialized software for orientation in the means and 

methods of medical care in hermetically closed objectééééééééééééééééé124 

46. ʏʠʩʪʦʭʦʜʦʚʘ ʉ.ɸ. 

ɼʠʥʘʤʠʢʘ ʩʪʝʨʦʠʜʦʛʝʥʝʟʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʢʨʦʚʠ ʦʩʥʦʚʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʵʥʝʨʛʦʦʙʤʝʥʘ ʢʘʢ 

ʟʚʝʥʴʷ ʩʪʨʘʪʝʛʠʠ ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʝʥʥʦʡ ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ 

ChistokhodovaS.A. 

Dynamics of steroidogenesis and blood concentrations of the basic substrates of energy metabolism 

as the units of a strategy of adaptation to the changed environmentéééééééééééé127 

47. ʐʝʢʦʚ ʀ.ʉ., ʂʠʰʢʫʥ ɸ.ɸ. ʀʩʧʳʪʘʪʝʣʴʥʘʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʙʘʟʘ ʣʘʙʦʨʘʪʦʨʠʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ñʉʀʈʀʋʉò ʥʘ ʧʨʠʤʝʨʝ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʥʘʥʦʩʧʫʪʥʠʢʘ  çSIRIUSSAT-1Uè  

Shekov I.S., Kishkun A.A. Testing and experimental base of laboratory of space systems of 

educational center ñSIRIUSò on the example of qualification tests of nano-satellite "SIRIUSSAT-
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1U"éééééééééééééééééééééééééééééééééééé....131 

48. ʐʠʰʢʠʥ ʅ.ɺ., ʂʠʪʦʚ ɺ.ɺ., ʐʠʛʫʝʚʘ ʊ.ɸ. 

ʇʦʩʪʫʨʘʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʩʤʦʥʘʚʪʦʚ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ  

Shishkin N.V., Kitov V.V., Shiguyeva T.A. 

Postural stability of cosmonauts after long space flightséééééééééééééééé..133 

49. ʗʢʫʙʝʮ ɼ.ɸ., ʈʫʜʠʤʦʚ ɽ.ɻ., ʂʥʷʟʝʚ ɽ.ʅ. 

ɸʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʫʧʦʯʥʦʡ ʚʝʥʳ ʯʝʣʦʚʝʢʘ ʚ 

ʫʩʣʦʚʠʷʭ ʤʦʜʝʣʠʨʦʚʘʥʥʦʡ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ 

Yakubets D.A., Rudimov E.G., Knjazev E.N. 

Transcriptome analysis of human umbilical cord blood endotelial cells under simulated 

microgravityééééééééééééééééééééééééééééééééé..137 
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ʇʈʆɻʈɸʄʄɸ ʂʆʅʌɽʈɽʅʎʀʀ/CONFERENCE PROGRAM 

17 ʘʧʨʝʣʷ 2018 ʛ./April  17, 2018 

 ʈʝʛʠʩʪʨʘʮʠʷ ʫʯʘʩʪʥʠʢʦʚ/registration 

ʆʪʢʨʳʪʠʝ ʢʦʥʬʝʨʝʥʮʠʠ/conference opening 

ɺʩʪʫʧʠʪʝʣʴʥʦʝ ʩʣʦʚʦ ï ʜʠʨʝʢʪʦʨ ɻʅʎ ʈʌ-ʀʄɹʇ ʈɸʅ, ʘʢʘʜʝʤʠʢ 

ʆʨʣʦʚ ʆ.ʀ./Greetings from the IBMP director academician O.I . Orlov 

9:00 ï 10:00 

 

10:00 ï 10:15 

 ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɻʅʎ ʈʌ-ʀʄɹʇ ʈɸʅ, ʩʦʚʝʪʥʠʢ ʈɸʅ, 

ʘʢʘʜʝʤʠʢ ʈɸʅ ɸ.ʀ. ɻʨʠʛʦʨʴʝʚ. ʃʝʢʮʠʷ. ñʆʣʝʛ ɻʝʦʨʛʠʝʚʠʯ ɻʘʟʝʥʢʦ -

ʫʯʸʥʳʡ, ʤʳʩʣʠʪʝʣʴ, ʯʝʣʦʚʝʢò./IBMP scientific advisor, RAS adviser 

academician A.I . Grigoriev. Lecture. ñOleg G. Gazenko-scientist, 

philosopher, manò. 

 

10:20 ï 10:45 

ʇɽʈɽʈʓɺ/BREAK  

ʇʨʝʜʩʝʜʘʪʝʣʠ: ʜ.ʙ.ʥ., ʧʨʦʬʝʩʩʦʨ ɹ.ʉ. ʐʝʥʢʤʘʥ, ʢ.ʤ.ʥ. ɸ.ɸ. ʄʘʨʢʠʥ,  

ʢ.ʙ.ʥ. ʅ.ʖ . ʃ ʩrʦʚʘ/co-chairmans professor PhD, DSc., B.S. Shenkman, Ph.D. A.A. Markin , 

Ph.D. N.Y. Lysova 

ɸʫʜʠʪʦʨʠʷ ˉ318/Room 318  

1 

ʈʆʃʔ ʊʈɸʅʉʂʈʀʇʎʀʆʅʅʆɻʆ ʌɸʂʊʆʈɸ ʄʀʆɻɽʅʀʅɸ ʀ 

ɻʀʉʊʆʅɼɽɸʎɽʊʀʃɸɿ 4/5 ɺ ʈɽɻʋʃʗʎʀʀ ʕʂʉʇʈɽʉʉʀʀ E3-ʃʀɻɸɿ 

MURF1 ʀ MAFBX ʇʈʀ ʌʋʅʂʎʀʆʅɸʃʔʅʆʁ ʈɸɿɻʈʋɿʂɽ M. SOLEUS 

ʂʈʓʉʓ 
ʄʦʯʘʣʦʚʘ ɽ.ʇ., ɹʝʣʦʚʘ ʉ.ʇ 
THE ROLE OF MYOGENIN AND CLASS II HDACS IN THE 

REGULATION OF E3 -LIGASES MURF -1 AND MAFBX EXPRESSION IN 

RAT SOLEUS AT THE EARLY STAGE OF DISUSE ATROPHY  
E.P. Mochalova, S.P. Belova, T.L. Nemirovskaya 

11:00 ï 11:10 

2 

ʀɿʋʏɽʅʀɽ ɺʃʀʗʅʀʗ ʄɽʍɸʅʀʏɽʉʂʆʁ ʉʊʀʄʋʃʗʎʀʀ 

ʆʇʆʈʅʓʍ ɸʌʌɽʈɽʅʊʆɺ ʂɸʄɹɸʃʆɺʀɼʅʆʁ ʄʓʐʎʓ ʂʈʓʉ ʅɸ 

ʊʈɸʌʀʂ HDAC5 ʀ ʕʂʉʇʈɽʉʉʀʖ E3-ʋɹʀʂɺʀʊʀʅʃʀɻɸɿ ʅɸ 

ʈɸʅʅʀʍ ʕʊɸʇɸʍ ʄʆɼɽʃʀʈʋɽʄʆʁ ɻʈɸɺʀʊɸʎʀʆʅʅʆʁ 

ʈɸɿɻʈʋɿʂʀ 

ʇʘʨʘʤʦʥʦʚʘ ʀ., ʐʘʨʣʦ ʂ.ɸ., ɺʠʣʴʯʠʥʩʢʘʷ ʅ.ɸ.  

AN INFLUENCE OF PLANT AR MECHANICAL STIMULATION ON A 

SOLEUS MUSCLE HDAC5 TRAFFIC AND E3 -UBIQUITIN LIGASE 

EXPRESSION AT THE EARLY STAGES OF MECHANICAL UNLOADING  
Paramonova I. I. Sharlo K. A. Vilchinskaya N.A. 

11:15 ï 11:25 

3 

ɺʆɿɼɽʁʉʊɺʀɽ ʆʇʆʈʅʆʁ ʉʊʀʄʋʃʗʎʀʀ ʅɸ ɸʅɸɹʆʃʀʏɽʉʂʀʁ 

ʆʊɺɽʊ ʇʆʉʃɽ ʕʂʉʎɽʅʊʈʀʏɽʉʂʆʁ ʅɸɻʈʋɿʂʀ EX VIVO ɺ 

ʂɸʄɹɸʃʆɺʀɼʅʆʁ ʄʓʐʎɽ ʂʈʓʉʓ ʅɸ ʌʆʅɽ 

ʌʋʅʂʎʀʆʅɸʃʔʅʆʁ ʈɸɿɻʈʋɿʂʀ 
ʊʳʛʘʥʦʚ C.ɸ, ʄʠʨʟʦʝʚ ʊ.ʄ., ʈʦʞʢʦʚ ʉ.ɺ.,   
EFFECTS OF PLANTAR MECHANICAL STIMULATION DURING 

HINDLIMB UNLOADING TO ECCENTRIC CONTRACTIONS ON 

ANABOLIC RESPONSE IN RAT SOLEUS  
Tyganov S.A., Mirzoev T.M., Rozhkov S.V. 

11:30 ï 11:40 

4 

ʇʆʂɸɿɸʊɽʃʀ ʄɽʊɸɹʆʃʀɿʄɸ ɺ ʕʈʀʊʈʆʎʀʊɸʍ ʀ 

ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʇɽʈɽʅʆʉɸ ʂʀʉʃʆʈʆɼɸ ʋ ʂʆʉʄʆʅɸɺʊʆɺ 

ʇʆʉʃɽ ɼʃʀʊɽʃʔʅʓʍ ʂʆʉʄʀʏɽʉʂʀʍ ʇʆʃɽʊʆɺ 

ɸʥʠʩʠʤʦʚ ʅ.ɸ. 

PARAMETERS OF METABOLISM IN RED BLOOD CELLS AND THE 

OXYGEN TRANSFER EFFICIENCY IN COSMONAUTS AFTER LONG 

DURATION SPACE FLIGHTS  
Anisimov N.A. 

11:45 ï 11:55 
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5 

ʉʆʉʊʆʗʅʀɽ ʍʆʃɽʉʊɽʈʀʅʆɺʆɻʆ ʆɹʄɽʅɸ ʋ ʋʏɸʉʊʅʀʂʆɺ 

ʕʂʉʇɽʈʀʄɽʅʊɸ ʉ ʀɿʆʃʗʎʀɽʁ ɺ ɻɽʈʆʄʆʆɹʒɽʄɽ ñʉʀʈʀʋʉ 17ò 
ʄʘʨʢʠʥʘɽ.ɸ.  
THE STATE OF CHOLESTEROL METABO LISM IN PARTICIPANTS OF 

THE EXPERIMENT WITH ISOLATION IN HERMETIC CHAMBER  

ñSIRIUS 17ò 
Markina  ɽ.ɸ. 

12:00 ï 12:10 

6 

ʎɽʅʊʈɸʃʔʅɸʗ ʀ ʇɽʈʀʌɽʈʀʏɽʉʂɸʗ ɻɽʄʆɼʀʅɸʄʀʂɸ 

ʏɽʃʆɺɽʂɸ ɺ ʍʆɼɽ ʀɿʆʃʗʎʀʆʅʅʆɻʆ ʕʂʉʇɽʈʀʄɽʅʊɸ 

çʉʀʈʀʋʉ-17è 

ʇʘʤʦʚʘɸ.ʇ. 

HUMAN CENTRAL AND PERIPHERAL H EMODYNAMICS DURING 

ISOLATION EXPERIMENT ñSIRIUS ï 17ò 
Pamova A.P. 

12:15 ï 12:25 

7 

ʉʈɸɺʅʀʊɽʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʉʊʈʆɽʅʀʗ ɻʃɸɿɸ  ʋ ʈʓɹ 

DANIORERIO, ʅɸʍʆɼʀɺʐʀʍʉʗ ɺ ʋʉʃʆɺʀʗʍ 

ʄʀʂʈʆɻʈɸɺʀʊɸʎʀʀ ʀ ʃɸɹʆʈɸʊʆʈʅʆɻʆ ʂʆʅʊʈʆʃʗ 
ɻʨʫʰʠʥʘ ʆ.ɸ. 
A COMPARATIVE STUDY OF DANIO RERIO  FISH EYE STRUCTURE 

IN MICR OGRAVITY AND LABORATORY TESTING  
Grushina O.A. 

12:30 ï 12:40 

8 

ɼʀʅɸʄʀʂɸ ʉʊɽʈʆʀɼʆɻɽʅɽɿɸ ʀ ʂʆʅʎɽʅʊʈɸʎʀʀ ɺ ʂʈʆɺʀ 

ʆʉʅʆɺʅʓʍ ʉʋɹʉʊʈɸʊʆɺ ʕʅɽʈɻʆʆɹʄɽʅɸ ʂɸʂ ɿɺɽʅʔʗ 

ʉʊʈɸʊɽɻʀʀ ɸɼɸʇʊɸʎʀʀ ʂ ʀɿʄɽʅɽʅʅʆʁ ʉʈɽɼɽ ʆɹʀʊɸʅʀʗ 
ʏʠʩʪʦʭʦʜʦʚʘ ʉ.ɸ. 
DYNAMICS O F STEROIDOGENESIS AND BLOOD CONCENTRATIONS 

OF THE BASIC SUBSTRATES OF ENERGY METABOLISM AS THE 

UNITS OF A STRATEGY OF ADAPTATION TO THE CHANGED 

ENVIRONMENT  
Chistokhodova S.A. 

12:45 ï 12:55 

9 

ɺʃʀʗʅʀɽ 17-ʉʋʊʆʏʅʆʁ ʀɿʆʃʗʎʀʀ ɺ ɻɽʈʄʆʆɹʒɽʂʊɽ ʉ 

ʂʈɸʊʂʆɺʈɽʄɽʅʅʆʁ ɼɽʇʈʀɺɸʎʀɽʁ ʉʅɸ ʅɸ ʂʃɽʊʆʏʅʓɽ 

ʌɸʂʊʆʈʓ ʀʄʄʋʅʅʆʁ ʉʀʉʊɽʄʓ ʏɽʃʆɺɽʂɸ 
ʂʘʶʥʦʚʘ ʉ.ʄ. 
INFLUENCE OF 17-DAILY ISOLATION WITH SHORT -TERM SLEEP 

DEPRIVATION ON THE LEUKOCYTE SUBSETS  
Kayunova S.ʄ. 

13:00 ï 13:10 

10 

ɸʅɸʃʀɿ ʀɿʄɽʅɽʅʀʁ ʂʆʉʊʅʆɻʆ ʉʊɸʊʋʉɸ ʋʏɸʉʊʅʀʂʆɺ 

ʕʂʉʇɽʈʀʄɽʅʊɸ çʉʀʈʀʋʉ 2017è 
ʉʝʨʚʫʣʠ ɽ.ɸ. 
ANALYSIS PARTICRANTSôS BONE STATUS IN EXPERIMENT çSIRIUS 

2017è 
Servuly E.A. 

13:15 -13:25 

ʇɽʈɽʈʓɺ/BREAK  

11 

ʆ  ʆʉʆɹɽʅʅʆʉʊʀ ɺɿɸʀʄʆɺʃʀʗʅʀʗ ʇʆʂɸɿɸʊɽʃɽʁ                                                
     ʎɽʅʊʈɸʃʔʅʆʁ ɻɽʄʆɼʀʅɸʄʀʂʀ  ʇʈʀ ʄʓʐɽʏʅʓʍ 
     ʉʆʂʈɸʑɽʅʀʗʍ ʉ ʈɸɿʃʀʏʅʆʁ ʀʅʊɽʅʉʀɺʅʆʉʊʔʖ  
     ʀ ʏɸʉʊʆʊʆʁ 
      ʆʨʣʦʚʘ ɽ.ɸ. 
C  HARACTERISTICS OF INTERACTION BETWEEN  
P   ARAMETERS OF CENTRAL HEMODYNAMICS DURING  
    MUSCLECONTRACTIONS WITH DIFFERENT INTENSITY  
     AND FREQUENCY 
O  Orlova E.A. 

13:55-14:05 
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12 

ʅʋʂʃɽʀʅʆɺʓɽ ʂʀʉʃʆʊʓ ʂɸʂ ʄɸʈʂɽʈʓ ʄɽʊɸɹʆʃʀʏɽʉʂʀʍ 

ʅɸʈʋʐɽʅʀʁ ʋ ʏɽʃʆɺɽʂɸ ɺ ʋʉʃʆɺʀʗʍ ʀɿʆʃʗʎʀʀ ɺ 

ɻɽʈʄʆʆɹʒɽʄɽ 
ʅʠʷʟʦʚ ɸ.ʈ., ɻʠʤʘʜʠʝʚ ʈ.ʈ., ʌʝʜʷʡ ʉ.ʆ. 
NUCLEIC ACIDS AS MARKERS OF METABOLIC DISORDERS IN 

HUMAN IN THE CONDITIONS OF ISOLATION  
Niiazov A.R., Gimadiev R.R., Fedyay S.O. 

14:10 ï 14:20 

13 

ʆʉʆɹɽʅʅʆʉʊʀ ʄʆʅʀʊʆʈʀʅɻɸ ʉʋʊʆʏʅʆʁ ɼɺʀɻɸʊɽʃʔʅʆʁ 

ɸʂʊʀɺʅʆʉʊʀ ɺ ɻɽʈʄʆʆɹʒɽʂʊɽ 
ʌʝʜʷʡ ʉ.ʆ., ɹʫʨʣʘʢ ɽ.ʖ., ʂʨʫʛʣʦʚʘ ɸ.ɺ. 
MONITORING FEATURES OF THE DAILY HUMAN MOTOR ACTIVITY 

IN ISOLATION CHAMBER  

Fedyay S., Burlak E., Kruglova A. 

14:25 ï 14:35 

14 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʊʆʏʅʆʉʊʅʓʍ ɼɺʀɾɽʅʀʁ 

ʈʋʂ ɺ ʋʉʃʆɺʀʗʍ ɹɽɿʆʇʆʈʅʆʉʊʀ 
ʉʦʩʥʠʥʘ ʀ.ʉ., ɿʝʣʝʥʩʢʠʡ ʂ.ɸ. 
INVESTIGATION OF HAND ACCURACY MOVEMENT UNDER THE 

CONDITIONS OF SUPPORTLESSNESS 
Sosnina I.S., Zelensky K.A. 

14:40 ï 14:50 

15 

ʕʃɽʂʊʈʆʄʀʆɻʈɸʌʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ɸʂʊʀɺʅʆʉʊʀ 

ʄʓʐʎ ɻʆʃɽʅʀ ʋ ʏɽʃʆɺɽʂɸ ʇʈʀ ɺʓʇʆʃʅɽʅʀʀ ʍʆɼʔɹʓ ʀ 

ɹɽɻɸ ɺ ʋʉʃʆɺʀʗʍ ʂʆʉʄʀʏɽʉʂʆɻʆ ʇʆʃɽʊɸ 
ɹʨʳʢʦʚ ɺ.ʀ., ʉʝʤʝʥʦʚ ʖ.ʉ., ʈʫʢʘʚʠʰʥʠʢʦʚ ʀ.ɺ., ʉʘʚʝʢʦ ɸ.ɸ., ʆʩʝʮʢʠʡ 

ʅ.ʖ., ʂʠʪʦʚ ɺ.ɺ. 
ELECTROMYOGRAPHIC CHARACTERISTICS  OF HUMAN MUSCLES 

ACTIVITY DURING WALKING AND RUNNING UNDER CONDITIONS 

OF SPACE FLIGHT  
Brykov V.I., Semenov Yu.S., Rukavishnikov I.V., Saveko A.A., Osetskiy N.Yu., 

Kitov V.V.  

14:55 -15:05 

16 

    ʀʅɼʀɺʀɼʋɸʃʔʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʃʆʂʆʄʆʊʆʈʅʆʁ  
    ʉʊʈɸʊɽɻʀʀ ʍʆɼʔɹʓ ʀ ɹɽɻɸ ɺ ʍʆɼɽ ɼʃʀʊɽʃʔʅʓʍ 

ʂʆʉʄʀʏɽʉʂʀʍ ʇʆʃɪʊʆɺ 
ʉʘʚʝʢʦ ɸ.ɸ., ʈʫʢʘʚʠʰʥʠʢʦʚ ʀ.ɺ., ʆʩʝʮʢʠʡ ʅ.ʖ., ɹʨʳʢʦʚ ɺ.ʀ., 

ʈʷʟʘʥʩʢʠʡ ʉ.ʅ. 
     INDIVIDUAL SPECIFIC FEATURES OF THE LOCOMOTOR  

STRATEGY OF WALKING AND RUNNING IN THE COURSE OF  LONG -

TERM  SPACE FLIGHT S 
Saveko A.A., Rukavishnikov I.V., Osetskiy N.Y., Brykov V.I., Ryazansky S.N. 

15:10 -15:20 

17 

ʅɽʁʈʆʄʓʐɽʏʅʓɽ ʀ ʉɽʈɼɽʏʅʆ-ʉʆʉʋɼʀʉʊʓɽ ʅɸʈʋʐɽʅʀʗ 

ʇʈʀ ʆʈʊʆʉʊɸʊʀʏɽʉʂʆʁ ʀ ʇʆɿʅʆʁ ʅɽʋʉʊʆʁʏʀɺʆʉʊʀ, 

ʆɹʋʉʃʆɺʃʀɺɸɽʄʓɽ ʄʀʂʈʆɻʈɸɺʀʊɸʎʀɽʁ 

ɸʤʠʨʦʚʘ ʃ.ɽ., ʆʩʝʮʢʠʡ ʅ.ʖ., ʂʠʪʦʚ ɺ.ɺ., ʈʫʢʘʚʠʰʥʠʢʦʚ ʀ.ɺ. 

NEUROMUSCULAR AND CARDIOVASCULAR DISORDERS IN 

ORTHOSTATIC AND POSTURAL INSTABILITY, CONDITIONED BY 

MICROGRAVITY  

Amirova L.E., Osetskiy N.Y., Kitov V.V, Rukavishnikov I.V. 

15:25 ï 15:35 

18 

ʇʆʉʊʋʈɸʃʔʅɸʗ ʋʉʊʆʁʏʀɺʆʉʊʔ ʂʆʉʄʆʅɸɺʊʆɺ ʇʆʉʃɽ 

ɼʃʀʊɽʃʔʅʓʍ ʂʆʉʄʀʏɽʉʂʀʍ ʇʆʃɽʊʆɺ  
ʐʠʰʢʠʥ ʅ.ɺ., ʂʠʪʦʚ ɺ.ɺ., ʐʠʛʫʝʚʘ ʊ.ɸ. 
POSTURAL STABILITY OF COSMONAUTS AFTER LONG SPACE 

FLIGHTS  
Shishkin N.V., Kitov V.V., Shiguyeva T.A. 

15:40 -15:50 



 

15 

 

19 

ʀɿʄɽʅɽʅʀʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʇʈʆʀɿɺʆʃʔʅʓʍ ɼɺʀɾɽʅʀʁ 

ʇʆʉʃɽ ɼʃʀʊɽʃʔʅʓʍ ʂʆʉʄʀʏɽʉʂʀʍ ʇʆʃɽʊʆɺ 
ʆʩʝʮʢʠʡ ʅ.ʖ., ʂʠʪʦʚ ɺ.ɺ., ʉʦʩʥʠʥʘ ʀ.ʉ., ʃʳʩʦʚʘ ʅ.ʖ., ɸʤʠʨʦʚʘ ʃ.ɽ., 

ʈʦʟʝʥʙʝʨʛ ʄ., ʈʫʢʘʚʠʰʥʠʢʦʚ ʀ.ɺ. 
CHANGES IN THE CHARACTERISTICS OF VOLUNTARY 

MOVEMENTS AFTER LONG TERM SPACE FLIGHTS  
Osetskiy N.Y., Kitov V.V., Sosnina I.S., Lysova N.Yu., Amirova L.E., 

Rosenberg M., Rukavishnikov I.V. 

15:55-16:05 

20 

ɺʃʀʗʅʀɽ ɸʅʊʀʆʈʊʆʉʊɸʊʀʏɽʉʂʆʁ ɻʀʇʆʂʀʅɽɿʀʀ ʅɸ 

ɾɸɾɼʋ ʀ ʉʆʃɽɺʆʁ ɸʇʇɽʊʀʊ ʋ ʄʓʐɽʁ                                                                    

ʃʘʛʝʨʝʚʘ ɽ.ɸ., ɻʦʨʰʢʦʚʘ ɸ.ɸ. 
EFFECT OF ANTI -ORTHOSTATIC H YPOKINESIA ON SALINE AND 

WATER APPETITE IN MICE  
Lagereva E.A., Gorshkova A.A. 

16:25 ï 16:35 

21 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɹɸʈʆʈɽʌʃɽʂʊʆʈʅʆʁ ʈɽɻʋʃʗʎʀʀ 

ʉɽʈɼɽʏʅʆɻʆ ʈʀʊʄɸ ʉ ʇʆʄʆʑʔʖ ʀʅɼɽʂʉɸ ʌɸɿʆɺʆʁ 

ʉʀʅʍʈʆʅʀɿɸʎʀʀ ɸʈʊɽʈʀɸʃʔʅʆɻʆ ɼɸɺʃɽʅʀʗ ʀ ʇʋʃʔʉʆɺʆɻʆ 

ʀʅʊɽʈɺɸʃɸ ʋ ʃɸɹʆʈɸʊʆʈʅʓʍ ɾʀɺʆʊʅʓʍ ʀ ʏɽʃʆɺɽʂɸ 

ʅʝʛʫʣʷʝʚ ɺ.ʆ. 

THE STUDY OF CARDIAC RHYTHM BAROREFLEX CONTROL 

USING THE PHASE SYNCHRONIZATION INDEX OF ARTERIAL 

PRESSURE AND PULSE INTERVAL IN LABORATORY ANIMALS 

AND HUMANS  

Negulyaev V.O. 

16:40-16:50 

 

ʇʨʝʜʩʝʜʘʪʝʣʠ:  ʜ.ʙ.ʥ. ɽ.ʈ. ɸʥʜʨʝʝʚʘ, ʢ.ʙ.ʥ. ɽ.ɸ. ʃʳʩʝʥʢʦ, ʢ.ʙ.ʥ. ɼ.ɺ. ʇʦʧʦʚ /PhD E.R. 

Andreeva, PhD D.V. Popov, PhD E.A. Lysenko 

ɸʫʜʠʪʦʨʠʷ ˉ416/Roomˉ416 

1 

ɺʃʀʗʅʀɽ ɼʃʀʊɽʃʔʅʆʉʊʀ ɻʀʇʆʂʉʀʏɽʉʂʆʁ ʕʂʉʇʆɿʀʎʀʀ ʅɸ 

ʌɽʅʆʊʀʇ ʄʆʅʆʎʀʊ-ʇʈʆʀɿɺʆɼʅʓʍ ʄɸʂʈʆʌɸɻʆɺ ʇʈʀ 

ʉʆʂʋʃʔʊʀɺʀʈʆɺɸʅʀʀ ʉ ʄɽɿɽʅʍʀʄɸʃʔʅʓʄʀ 

ʉʊʈʆʄɸʃʔʅʓʄʀ ʂʃɽʊʂɸʄʀ  
ɹʦʙʳʣʚyʘ ʇ.ʀ., ɸʣʝʢʩʝʝʚʘ ʆ.ʖ. 
INFLUENCE OF THE DURATION OF HYPOXIC EXPOSURE ON THE 

PHENOTYPE OF MONOCYTE -DERIVED MACROPHAGES IN CO -

CULTURE WITH MESENCHYMAL STROMAL CELLS  
Bobyleva P.I., Alekseeva O.Y. 

11:15 -11:25 

2 

ɻɽʊɽʈʆɻɽʅʅʆʉʊʔ ʄʋʃʔʊʀʇʆʊɽʅʊʅʓʍ ʄɽɿɽʅʍʀʄʅʓʍ 

ʉʊʈʆʄɸʃʔʅʓʍ ʂʃɽʊʆʂ ʀ ʆʉʆɹɽʅʅʆʉʊʀ ʀʍ 

ʌʋʅʂʎʀʆʅɸʃʔʅʆʁ ɸʂʊʀɺʅʆʉʊʀ 
ɹʦʙʳʣʸʚʘ ʇ.ʀ. 
THE HETEROGENEITY OF MULTIPOTENT MESENCHYMAL 

STROMAL CELLS AND THEIR FUNCTIONAL ACTIVITY  
Bobyleva P.I. 

11:30 ï 11:40 

3 

ɸʉʉʆʎʀʀʈʆɺɸʅʅʓʁ ʉʆ ʉʊɸʈɽʅʀɽʄ ʉɽʂʈɽʊʆʈʅʓʁ 

ʌɽʅʆʊʀʇ ʄɽɿɽʅʍʀʄɸʃʔʅʓʍ ʉʊʈʆʄɸʃʔʅʓʍ ʂʃɽʊʆʂ 
ʈʘʪʫʰʥʳʡ ɸ.ʖ . 
SENESCENCE ASSOCIATED SECRETORY PHENOTYPE OF 

MESENCHYMAL STROMAL CELLS  
Ratushnyy A. 

11:45 ï 11:55 
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4 

ʌɸʂʊʆʈʓ, ʄʆɼʋʃʀʈʋʖʑʀɽ ʀʄʄʋʅʆʉʋʇʈɽʉʉʀɺʅʋʖ 

ɸʂʊʀɺʅʆʉʊʔ ʄʋʃʔʊʀʇʆʊɽʅʊʅʓʍ ʄɽɿɽʅʍʀʄɸʃʔʅʓʍ 

ʉʊʈʆʄɸʃʔʅʓʍ ʂʃɽʊʆʂ INVITRO  
ɻʦʨʥʦʩʪʘʝʚʘ ɸ.ʅ., ɹʦʙʳʣʚyʘ ʇ.ʀ. 
FACTORS, THAT MODULATE IMMUNOSUPPRESSIVE ACTIVITY MSC 

IN VITRO  
Gornostaeva A.N., Bobyleva P.I.  

12:00 ï 12:10 

5 

ʄʆɼʋʃʗʎʀʗ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʉɺʆʁʉʊɺ 

ʄɽɿɽʅʍʀʄɸʃʔʅʓʍ ʉʊʈʆʄɸʃʔʅʓʍ ʇʈɽɼʐɽʉʊɺɽʅʅʀʂʆɺ 

ʇʈʀ ɺɿɸʀʄʆɼɽʁʉʊɺʀʀ ʉ ʕʅɼʆʊɽʃʀɸʃʔʅʓʄʀ ʂʃɽʊʂɸʄʀ 
ɾʠʜʢʦʚʘ ʆ.ɺ. 
THE FUNCTIONAL PROPERTIES OF MESENCHYMAL STROMAL 

PRECURSORS ARE MODULATED BY THE INTERACTION WITH 

ENDOTHELIAL CELLS  
Zhidkova O.V. 

12:15 -12:25 

6 

ʋʈʆɺɽʅʔ ʂʀʉʃʆʈʆɼɸ ʂɸʂ ʌɸʂʊʆʈ ʄʆɼʋʃʗʎʀʀ 

ɸʅɻʀʆɻɽʅʅʆɻʆ ʇʆʊɽʅʎʀɸʃɸ ʄʋʃʔʊʀʇʆʊɽʅʊʅʓʍ 

ʄɽɿɽʅʍʀʄɸʃʔʅʓʍ ʉʊʈʆʄɸʃʔʅʓʍ ʂʃɽʊʆʂ 
ɽʟʜʘʢʦʚʘ ʄ.ʀ., ɾʠʜʢʦʚʘ ʆ.ʆ.  
OXYGEN LEVEL AS A MODIFIER OF THE ANGIOGENIC POTENTIAL 

OF MULTIPOTENT MESENCHYMAL STROMAL CELLS  
Ezdakova M.I ., Zhidkova O.O. 

12:30 -12:40 

7 

ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʌʀɹʈʀʃʃʗʈʅʓʍ ʂʆʄʇʆʅɽʅʊʆɺ 

ɺʅɽʂʃɽʊʆʏʅʆɻʆ ʄɸʊʈʀʂʉɸ ʄʋʃʔʊʀʇʆʊɽʅʊʅʓʍ   
     ʄɽɿɽʅʍʀʄɸʃʔʅʓʍ ʉʊʈʆʄɸʃʔʅʓʍ ʂʃɽʊʆʂ (ʄʄʉʂ) INVITRO  
ʄʘʪʚʝʝʚʘ ɼ.ʂ., ɾʠʚʦʜʝʨʥʠʢʦʚ ʀ.ɺ. 
THE CHARACTERISTICS OF FIBRILLAR EXTRACELLULAR MATRIX 

OF MULTIPOTENT MESENCHIMAL STROMAL CELLS IN VITRO  
Matveeva D.K., Zhivodernikov I.V. 

 

12:45 -12:55 

ʇɽʈɽʈʓɺ/BREAK  

8 

ʃɽʁʎʀʅ-ɿɸɺʀʉʀʄɸʗ ɸʂʊʀɺɸʎʀʗ ʕʂʉʇʈɽʉʉʀʀ ɻɽʅɸ IGF1 

ʀIGF1-ɿɸɺʀʉʀʄʓʍ ɻɽʅʆɺ ɺ ʏɽʃʆɺɽʏɽʉʂʀʍ ʄʀʆɹʃɸʉʊɸʍ  

ʃʝʜʥʝʚ ɽ.ʄ., ʂʨʘʚʯʝʥʢʦ ʀ.ɺ., ʌʫʨʘʣʝʚ ɺ.ɸ., ʃʳʩʝʥʢʦ ɽ.ɸ., ʇʦʧʦʚ ɼ.ɺ. 

ACTIVATION OF IGF1 AND IGF1-DEPENDENT GENES IN HUMAN 

MYO BLASTS BY LEUCIN  

Lednev E.M., Kravchenko I.V., Furalyov V.A., Lysenko E.A., Popov D.V. 

13:25 -13:35 

9 

ɸʅɸʃʀɿ ʊʈɸʅʉʂʈʀʇʊʆʄɸ ʕʅɼʆʊɽʃʀɸʃʔʅʓʍ ʂʃɽʊʆʂ, 

ɺʓɼɽʃɽʅʅʓʍ ʀɿ ʇʋʇʆʏʅʆʁ ɺɽʅʓ ʏɽʃʆɺɽʂɸ ɺ ʋʉʃʆɺʀʗʍ 

ʄʆɼɽʃʀʈʆɺɸʅʅʆʁ ʄʀʂʈʆɻʈɸɺʀʊɸʎʀʀ 
ʗʢʫʙʝʮ ɼ.ɸ., ʈʫʜʠʤʦʚ ɽ.ɻ., ʂʥʷʟʝʚ ɽ.ʅ. 
TRANSCRIPTOME ANALYSIS OF HUMAN UMBILICAL CORD BLOOD 

ENDOTELIAL CELLS UNDER SIMULATED MICROGRAVITY  
Yakubets D.A., Rudimov E.G., Knjazev E.N. 

13:40 ï 13:50 

10 

ɺʃʀʗʅʀɽ ɸʕʈʆɹʅʆʁ ʊʈɽʅʀʈʆɺʂʀ ʅɸ ɹɸɿɸʃʔʅʓʁ 

ʊʈɸʅʉʂʈʀʇʊʆʄ ʉʂɽʃɽʊʅʆʁ ʄʓʐʎʓ ʏɽʃʆɺɽʂɸ 
ʄʘʭʥʦʚʩʢʠʡ ʇ.ɸ., ʃʳʩʝʥʢʦ ɽ.ɸ., ʂʫʨʦʯʢʠʥʘ ʅ.ʉ., ʇʦʧʦʚ ɼ.ɺ.

 

EFFECT AEROBIC TRAINING ON BASAL TRANSCRIPTOME IN 

HUMAN SKELETAL MUSCLE  
Makhnovskii  P. A., Lysenko E, A., Kurochkina N. A., Popov D.V. 

13:55 -14:05 
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11 

ʊʈɸʅʉʂʈʀʇʎʀʆʅʅʓɽ ʄɽʍɸʅʀɿʄʓ, ʈɽɻʋʃʀʈʋʖʑʀɽ 

ʉʆɼɽʈɾɸʅʀɽ ʄʀʊʆʍʆʅɼʈʀɸʃʔʅʓʍ ʌɽʈʄɽʅʊʆɺ ʀ 

ʊʈɸʅʉʂʈʀʇʎʀʆʅʅʓʍ ʈɽɻʋʃʗʊʆʈʆɺ ɺ ʉʂɽʃɽʊʅʆʁ ʄʓʐʎɽ 

ʏɽʃʆɺɽʂɸ 
ɹʦʢʦʚ ʈ.ʆ., ʃʳʩʝʥʢʦ ɽ.ɸ., ʂʫʨʦʯʢʠʥʘ ʅ.ʉ., ʇʦʧʦʚ ɼ.ɺ. 
TRANSCRIPTION REGULATION OF THE CONTENT OF 

MITOCHONDRIAL ENZYMES AND TRANSCRIPTION REGULATORS 

IN THE HUMAN SKELETAL MUSC LE  
Bokov R.O., Lysenko E.A., Kurochkina N.S., Popov D.V. 

14:10 -14:20 

12 

ɺʆɿʄʆɾʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɹʀʆʃʆɻʀʏɽʉʂʆʁ ʄʆɼɽʃʀ 

ʅɸ ʆʉʅʆɺɽ   3D-ʅʆʉʀʊɽʃʗ ʃʀʆʇʃɸʉʊ ʀ ʂʋʃʔʊʋʈʓ 

ʍʆʅɼʈʆɹʃɸʉʊʆɺ ɺ ʂʆʉʄʀʏɽʉʂʀʍ ʀʉʉʃɽɼʆɺɸʅʀʗʍ ʀ 

ʈɽɻɽʅɽʈɸʊʀɺʅʆʁ ʄɽɼʀʎʀʅɽ 
ʇʫʛʘʯʸʚ ɽ.ʀ., ʅʝʬʸʜʦʚʘ ʀ.ʌ., ʈʷʟʘʥʦʚʘ ʊ.ʂ. 
PERSPECTIVES FOR PRACTICAL APPLICATION OF THE 

BIOLOGICAL 3D CARRIER -BASED MODEL (LYOPLAST
È
) AND 

CHONDROBLAST CULTURE IN SPASE RESEARCH AND 

REGENERATIVE MEDICINE  
Pugachev E., Nefedova I., Ryazanova T. 

14:25 ï 14:35 

13 

ɺʃʀʗʅʀɽ ʕʌʌɽʂʊʆɺ ʄʀʂʈʆɻʈɸɺʀʊɸʎʀʀ ʅɸ ʕʂʉʇʈɽʉʉʀʖ 

ʄʆʃɽʂʋʃ ɸɼɻɽɿʀʀ ʄʋʃʔʊʀʇʆʊɽʅʊʅʓʍ ʄɽɿɽʅʍʀʄɸʃʔʅʓʍ 

ʉʊʈʆʄɸʃʔʅʓʍ ʂʃɽʊʆʂ INVITRO  
ɾʠʚʦʜʝʨʥʠʢʦʚ ʀ.ɺ., ʈʘʪʫʰʥʳʡ ɸ.ʖ. 
THE INFLUENCE OF MICROGRAVITATION EFFECTS ON ADHESION 

MOLECULES EXPRESSION OF MULTIPOTENT MESENCHYMAL 

STROMAL CELLS IN V ITRO  
Zhivodernikov I.V., Ratushnyi A.U. 

14:40 -14:50 

14 

NEUROSPACE ï NEURONAL REGENERATION INDUCED BY 

EXPOSURE TO HYPERGRAVITY  
Liemersdorf, C., Lichterfeld, Y., Frett, T. and Hemmersbach, R. 

14:55 -15:05 

 

ʇʨʝʜʩʝʜʘʪʝʣʠ: ʜ.ʙ.ʥ. ʄ.ɸ. ʃʝʚʠʥʩʢʠʭ, ʢ.ʬ-ʤ.ʥ. ɺ.ɸ. ʐʫʨʰʘʢʦʚ, ʢ.ʤ.ʥ. ɼ.ʄ. ʐʚʝʜ/ 

PhD, DSc M.A. Levinskih, PhD D.M. Shved, PhD V.A. Shurshakov 

ɸʫʜʠʪʦʨʠʷ ˉ218/Room ˉ218 

 

1 

3D ʂʆʅʋʉʅʆ-ʃʋʏɽɺɸʗ ʂʆʄʇʔʖʊɽʈʅɸʗ ʊʆʄʆɻʈɸʌʀʗ 

ʏɽʈɽʇʅʆ-ʃʀʎɽɺʆɻʆ ʉʂɽʃɽʊɸ ʂɸʂ ʄɽʊʆɼ ʆʊɹʆʈɸ ʀ 

ɽɾɽɻʆɼʅʆɻʆ ʆɹʉʃɽɼʆɺɸʅʀʗ ʃʀʎ ʆʇɸʉʅʓʍ ʇʈʆʌɽʉʉʀʁ 

ɺʈɸʏʆʄ-ʉʊʆʄɸʊʆʃʆɻʆʄ 
ʇʨʦʢʦʧʦʚʠʯ ʃ.ʉ. 
3D CONE-BEAM COMPUTER TOMOGRAPHY OF THE 

CRANIOFACIAL SKELETON AS DENTAL SELECTION METHOD AND 

ANNUAL MAXILLO -FACIAL ASSESSMENT OF HUMAN 

INTELLIGENCE OPERATORS AND HIGH THREATS PERSONNEL 

UNDER CONDITIONS OF INCREASED OR LOWER ED PRESSURE OF 

THE SURROUNDING GAS OR WATER ENVIRONMENT, ZERO 

GRAVITY, OVERLOADS AND OTHER EXTREMES  
Prokopovich Lyalya, M.D. 

11:00 -11:10 

2 

ʏʀʉʃɽʅʅɸʗ ʄʆɼɽʃʔ ɼʃʗ ʈɸʉʏɪʊɸ ʈɸɼʀɸʎʀʆʅʅʆʁ 

ʆɹʉʊɸʅʆɺʂʀ ɺ ɸʊʄʆʉʌɽʈɽ ɿɽʄʃʀ 
ʆʥʫʯʠʥʘ ʄ.ʈ., ɸʨʪʘʤʦʥʦʚ ɸ.ɸ., ɿʝʤʥʦʚ ʂ.ɽ., ʏʘʱʠʥ ɽ.ɼ.

 

THE NUMERICAL MODEL FOR CALCULATIONS OF THE RADIATION 

CONDITIONS OF THE EARTHôS ATMOSPHERE 
Onuchina M.R., Artamonov A.A., Zemnov K.E., Chaschin E.D

. 

11:15-11:25 
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3 

ʇʈʆɹʃɽʄɸ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɻʀʇʆʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ʀ 

ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆɻʆ ʌʆʅɸ ʆʂʈʋɾɸʖʑɽʁ ʉʈɽɼʓ 
ʆʥʫʯʠʥʘ ʄ.ʈ., ɸʨʪʘʤʦʥʦʚ ɸ.ɸ., ʂʘʨʪʘʰʦʚʘ ʄ.ʂ.

 

THE PROBLEM OF MODELING HYPOMAGNETIC FIELD AND 

ELECTROMAGNETIC BACKGROUND OF ENVIRONMENT  
Onuchina M.R., Artamonov A.A., Kartashova M.K

 

11:30 -11:40 

4 

ʇʉʀʍʆʃʆɻʀʏɽʉʂʀɽ ʀ ʂʃʀʅʀʂʆ-ɹʀʆʍʀʄʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ 

ɸɼɸʇʊɸʎʀʀ ɿɼʆʈʆɺʓʍ ʃʀʎ ʂ ʋʉʃʆɺʀʗʄ ʀɿʆʃʗʎʀʀ ɺ 

ɻɽʈʄʆʆɹʒɽʂʊɽ 
ɾʫʨʘʚʣʝʚʘ ʊ.ɺ. 
PSYCHOLOGICAL AND CLINICAL -BIOCHEMICAL ASPECTS OF 

ADAPTATION OF HEALTHY PERSONS TO CONFINEMENT 

CONDITIONS IN HERMETIC OBJECT  
Zhuravleva T.V. 

11:45 -11:55 

5 

ʈɸɿʈɸɹʆʊʂɸ ʀɿʄɽʈʀʊɽʃʔʅʆɻʆ ʉʊɽʅɼɸ ɼʃʗ ɸɼɸʇʊʀɺʅʆʁ 

ʆʇʊʀʄʀɿɸʎʀʀ ʉɺɽʊʆɼʀʆɼʅʆɻʆ ʆʉɺɽʑɽʅʀʗ ʈɸʉʊɽʅʀʁ ɺ 

ʂʆʉʄʀʏɽʉʂʆʁ ʆʈɸʅɾɽʈɽɽ 
ʆʯʢʦʚ ʆ.ɸ. 
DEVELOPMENT OF A MEASURING BENCH FOR ADAPTIVE 

OPTIMIZATION OF LED LIGHTING OF PLANTS IN A SPACE 

GREENHOUSE 
Ochkov O.A. 

12:00 - 12:10 

6 

ʇʈʆɼʋʂʊʀɺʅʓɽ ʂɸʏɽʉʊɺɸ ʗʇʆʅʉʂʀʍ ʇɽʈɽʇɽʃʆɺ ʇʈʀ 

ʈɸɿʅʓʍ ʉʇɽʂʊʈɸʍ ʆʉɺɽʑɽʅʀʗ 

ʃʠʪʚʠʥ ɽ.ɼ. 

THE PRODUCTIVE QUALITIES OF THE JAPANESE QUAILS USING 

LIGHT IN VARIOUS SPECTRA  
Litvin  E.D. 

12:15 ï 12:25 

7 

ɼʀʅɸʄʀʂɸ ʅɽʁʈʆʌʀɿʀʆʃʆɻʀʏɽʉʂʀʍ ʈɽɸʂʎʀʁ ʀ 

ʇʉʀʍʆʌʀɿʀʆʃʆɻʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊɽʁ ʆʇɽʈɸʊʆʈɸ ɺ 

ʋʉʃʆɺʀʗʍ ʀɿʆʃʗʎʀʀ 
ʉʯʘʩʪʣʠʚʮʝʚʘ ɼ.ɺ. 
HUMAN DYNAMICS OF NEUROPHYSIOLOGICAL REACTIONS AND 

PSYCHOPHYSIOLOGICAL FEATURES IN ISOLATION  
Schastlivtseva D.V. 

12:30 -12:40 

8 

ɺʃʀʗʅʀɽ ʌɸʂʊʆʈʆɺ ʀɿʆʃʗʎʀʀ ʅɸ ʂʆʄʄʋʅʀʂɸʊʀɺʅʆɽ 

ʇʆɺɽɼɽʅʀɽ ʕʂʀʇɸɾɸ (ʇʈɽɼɺɸʈʀʊɽʃʔʅʓɽ ʈɽɿʋʃʔʊɸʊʓ 

ʕʂʉʇɽʈʀʄɽʅʊɸ ʉʀʈʀʋʉ-17) 

ʉʫʧʦʣʢʠʥʘ ʅ.ʉ., ʐʚʝʜ ɼ.ʄ. 

EFFECTS OF ISOLATION ON THE CREW COMMUNICATIVE 

BEHAVIOR  (THE PRELIMINARY RESULTS OF THE SIRIUS -17 

EXPERIMENT)  
Supolkina N.S., Shved D.M. 

12:45 ï 12:55 

ʇɽʈɽʈʓɺ/BREAK  

9 

ʉɸʅʀʊɸʈʅʆ-ʍʀʄʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʆʃʀʄɽʈʅʓʍ 

ʂʆʄʇʆɿʀʊʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ʅɸ ʆʉʅʆɺɽ ʋɻʃɽʈʆɼʅʆʁ 

ʊʂɸʅʀ ʀ ʉɺʗɿʋʖʑɽɻʆ ʕʅʌɹ ɼʃʗ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɺ 

ʆɹʀʊɸɽʄʓʍ ʆʊʉɽʂɸʍ ʇɽʈʉʇɽʂʊʀɺʅʓʍ ʂʆʉʄʀʏɽʉʂʀʍ 

ʂʆʈɸɹʃɽʁ 
ʃʘʰʫʢʦʚ ʇ.ɺ., ʎʘʨʴʢʦʚ ɼ.ʉ. 
SANITARY AND CHEMICAL RESEARCH OF POLYMER COMPOSITE 

MATERIALS BASED ON CARBON FABRIC AND ENFB BINDER FOR 

USE IN THE LIVING COMP ARTMENTS INTO FUTURE SPACECRAFT  
Lashukov P.V., Tsarkov D.S. 

13:25-13:35 
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10 

ʃɽʊʋʏʀɽ ʆʈɻɸʅʀʏɽʉʂʀɽ ʉʆɽɼʀʅɽʅʀʗ ɺ ɺʓɼʓʍɸɽʄʆʄ 

ɺʆɿɼʋʍɽ ɿɼʆʈʆɺʆɻʆ ʏɽʃʆɺɽʂɸ ʇʈʀ ʄʆɼɽʃʀʈʆɺɸʅʀʀ 

ʅɽɺɽʉʆʄʆʉʊʀ (çʉʋʍɸʗè ʀʄʄɽʈʉʀʗ) 
ʎʘʨʴʢʦʚ ɼ.ʉ. 
VOLATILE ORGANIC COMPOUNDS IN HEALTHY HUMANôS BREATH 

DURING SIMULATION OF WEIGHTLESSNESS (ñDRYò IMMERSION) 
Tsarkov D.S. 

13:40 -13:50 

11 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʆʂɸɿɸʊɽʃɽʁ ɹʆʃɽɺʆʁ 

ʏʋɺʉʊɺʀʊɽʃʔʅʆʉʊʀ ʅɸ ʌʆʅɽ ʀɿʆʃʗʎʀʀ ɺ ɻɽʈʄʆʆɹʒɽʄɽ 
ʅʠʷʟʦʚ ɸ.ʈ., ʈʫʢʘʚʠʰʥʠʢʦʚ ʀ.ɺ., ʌʝʜʷʡ ʉ.ʆ. 
INVESTIGATION OF PAIN SENSITIVITY INDICATORS DURING 

ISOLATION  
Niiazov A.R., Rukavishnikov I.V., Fedyay S.O. 

13:55 ï 14:05 

12 

ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ 

ʉʇɽʎʀɸʃʀɿʀʈʆɺɸʅʅʆɻʆ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ 

ɼʃʗ ʆʈʀɽʅʊʀʈʆɺɸʅʀʗ ɺ ʉʈɽɼʉʊɺɸʍ ʀ ʄɽʊʆɼɸʍ ʆʂɸɿɸʅʀʗ 

ʄɽɼʀʎʀʅʉʂʆʁ ʇʆʄʆʑʀ ɺ ɻɽʈʄʆɿɸʄʂʅʋʊʆʄ ʆɹʒɽʂʊɽ 
ʏʝʨʥʦʛʦʨʦʚ ʈ.ɺ. 
EVALUATION OF THE EFFECTIVENESS OF USING SPECIALIZED 

SOFTWARE FOR ORIENTATION IN THE MEANS AND METHODS OF 

MEDICAL CARE IN HERMETICALLY CLOSED OBJECT  
Chernogorov R.V.  

14:10-14:20 

13 

ʋʈʆɺɽʅʔ ʌʀɿʀʏɽʉʂʆʁ ʇʆɼɻʆʊʆɺʃɽʅʅʆʉʊʀ ʂʆʉʄʀʏɽʉʂʀʍ 

ʊʋʈʀʉʊʆɺ ʂ ɺʓʇʆʃʅɽʅʀʖ ʂʆʉʄʀʏɽʉʂʆɻʆ ʇʆʃɽʊɸ ʅɸ 

ʇʈɽɼʇʆʃɽʊʅʆʄ ʕʊɸʇɽ ʇʆɼɻʆʊʆɺʂʀ  
ʂʦʚʠʥʩʢʠʡ ɸ.ɸ. 
THE LEVEL OF PHYSICAL READINESS OF SPACE TOURISTS TO 

PERFORM SPACE FLIGHT IN THE PRE -FLIGHT STAGE  

OF PREPARATION  
Kovinskiy A.A. 

14:25 -14:35 

14 

ʀʉʇʓʊɸʊɽʃʔʅɸʗ ʀ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ɹɸɿɸ 

ʃɸɹʆʈɸʊʆʈʀʀ ʂʆʉʄʀʏɽʉʂʀʍ ʉʀʉʊɽʄ ʆɹʈɸɿʆɺɸʊɽʃʔʅʆɻʆ 

ʎɽʅʊʈɸ çʉʀʈʀʋʉè ʅɸ ʇʈʀʄɽʈɽ ʂɺɸʃʀʌʀʂɸʎʀʆʅʅʓʍ 

ʀʉʇʓʊɸʅʀʁ ʅɸʅʆʉʇʋʊʅʀʂɸ çSIRIUSSAT-1Uè 

ʐʝʢʦʚ ʀ.ʉ., ʂʠʰʢʫʥ ɸ.ɸ. 

TESTING AND EXPERIMENTAL BASE OF LABORATORY OF  SPACE 

SYSTEMS OF EDUCATIONAL CENTER "SIRIUS" ON THE EXAMPLE 

OF QUALIFICATION TESTS OF NANO -SATELLITE "SIRIUSSAT -1U"  

Shekov I.S., Kishkun A.A. 

14:40-14:45 

 ʇʦʜʚʝʜʝʥʠʝ ʠʪʦʛʦʚ ʢʦʥʬʝʨʝʥʮʠʠ, ʥʘʛʨʘʞʜʝʥʠʝ 

ʧʦʙʝʜʠʪʝʣʝʡ/Summing up the conference, awarding the winners  
17:00 ï 17:45 
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NEUROSPACE ï NEURONAL REGENERATION INDUCED BY EXPOSURE TO 

HYPERGRAVITY  

 

Liemersdorf, C., Lichterfeld, Y., Frett, T. and Hemmersbach, R. 

German Aerospace Center DLR, Institute of Aerospace Medicine, Division of Gravitational 

Biology, Cologne, Germany 

 

Neuronal activity is the key modulator of nearly every aspect of behavior. Cognition, learning and 

memory as well as motion tasks are based on by neuronal transmission. Alterations or even 

disruptions of the transmission of synaptic signals are the main cause of many neurological 

disorders. 

A fundamental concern in the treatment of most neuropathologies is the re-integration of synaptic 

inputs to previously impaired neuronal networks that were affected e.g. by spinal cord injury, head 

trauma, epileptic seizures, tumorous tissue or other types of lesions to the nervous system.  

The regeneration of injured neuronal fibers is nearly completely inhibited by the scar tissue that 

forms upon damage to the surrounding tissue. Especially scar tissue formed in consequence to 

spinal cord injuries plays a very decisive role in preventing axonal growth past the scar formation. 

Therefore regeneration of axonal projections through the lesion site is nearly impossible resulting in 

sustained damage of the tissue and consequently in impairments in brain functions including 

complete and persistent paralysis. 

The novel prospect includes increased gravity (hypergravity) as an innovative and potentially highly 

influential measure to artificially stabilize cytoskeletal components of neural cells, enabling them to 

counteract the restricted process of neurite outgrowth and therefore enhance axon regeneration and 

re-integration in traumatized networks following nervous tissue injuries.  

To better understand the regeneration of nervous tissue, primary murine hippocampal neurons are 

used as a model closely related to human neural tissue. The influential role of increased gravity on 

neuronal development will be investigated by analyses of the different developmental stages, 

including neuritogenesis, neuronal polarization and further in maturation processes like 

synaptogenesis or synaptic integration in neural networks. Each of these developmental steps could 

play a role at a certain level in neuronal regeneration in vivo. 

Previous studies have shown an effect of hypergravity to include an enhanced protrusive phenotype 

(Rºsner et al., 2006). Indeed, exposure of primary neurons to hypergravity conditions (2g) induced 

an increased number of neurites (about 30%) and higher elongation rates (about 20%) compared to 

control cells at normal 1g gravity conditions. At later stages of development mature synaptic 

contacts were formed under hypergravity conditions. In addition, the formation of glial scar tissues 

could be inhibited by exposure to hypergravity as well. These observations are consistent with an 

increase in the tubulin- and a decrease in the actin-network.  

A potentially very important finding was that primary cultured astrocytes, the major cell type 

involved in glial scar formations, showed decreased lamellipodial protrusions and a deficit in cell 

spreading due to exposure to hypergravity conditions consistent with migratory impairments. 

Migratory impairments of astrocytes could aid to the induction of the regenerative potential of 

neuronal projections, since an inhibition of the glial scar formation would counteract the restrictive 

environment of the glial scar enabling axons to grow past the lesion and scar site of the injured 

tissue.  

Our results indicate hypergravity as an innovative measure to artificially stabilize cytoskeletal 

components of neuronal cells, enabling them to counteract the restricted process of neurite 

outgrowth and therefore enhance axon regeneration in previously traumatized networks. These 

potentially beneficial effects of hypergravity on neuronal regeneration could further be transferred 

to novel treatments for human patients e.g. following a spinal cord injury or trauma. 
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ʅɽʁʈʆʄʓʐɽʏʅʓɽ ʀ ʉɽʈɼɽʏʅʆ-ʉʆʉʋɼʀʉʊʓɽ ʅɸʈʋʐɽʅʀʗ ʇʈʀ 

ʆʈʊʆʉʊɸʊʀʏɽʉʂʆʁ ʀ ʇʆɿʅʆʁ ʅɽʋʉʊʆʁʏʀɺʆʉʊʀ, ʆɹʋʉʃʆɺʃʀɺɸɽʄʓɽ 

ʄʀʂʈʆɻʈɸɺʀʊɸʎʀɽʁ 

 

ɸʤʠʨʦʚʘ ʃ.ɽ., ʆʩʝʮʢʠʡ ʅ..ʖ., ʂʠʪʦʚ ɺ.ɺ., ʈʫʢʘʚʠʰʥʠʢʦʚ ʀ.ɺ. 

ɻʅʎ ʈʌ ï ʀʄɹʇ ʈɸʅ, ʄʦʩʢʚʘ 

 

ʅʘʨʫʰʝʥʠʷ ʧʦʟʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚʣʷʶʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʢʦʩʤʠʯʝʩʢʠʭ 

ʧʦʣʝʪʦʚ (ʂʇ). ʉʪʦʣʴ ʞʝ ʟʘʢʦʥʦʤʝʨʥʳʤʠ ʧʦʩʣʝ ʧʦʣʝʪʘ ʷʚʣʷʶʪʩʷ ʥʘʨʫʰʝʥʠʷ ʦʨʪʦʩʪʘʪʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʠʛʨʘʶʱʠʤ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʢʘʢ 

ʦʨʪʦʩʪʘʪʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʧʦʟʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʤʳʰʝʯʥʳʡ ʪʦʥʫʩ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʥʠʞʝʥʠʝ ʤʳʰʝʯʥʦʛʦ ʪʦʥʫʩʘ, ʨʘʟʚʠʚʘʶʱʝʝʩʷ ʚ ʧʝʨʚʳʝ ʞʝ ʤʠʥʫʪʳ ʜʝʡʩʪʚʠʷ ʥʝʚʝʩʦʤʦʩʪʠ, 

ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʢʘʢ ʦʜʥʦʛʦ, ʪʘʢ ʠ ʜʨʫʛʦʛʦ ʬʝʥʦʤʝʥʘ. ʊʘʢ, ʧʦ ʜʘʥʥʳʤ 

ɻ.ɸ. ʌʦʤʠʥʦʡ, ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʤʝʥʝʥʠʡ ʧʨʦʩʚʝʪʘ ʚʝʥʦʟʥʦʛʦ ʨʫʩʣʘ ʥʠʞʥʠʭ 

ʢʦʥʝʯʥʦʩʪʝʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʩʥʠʞʝʥʥʦʡ ʚʝʩʦʤʦʩʪʠ ʩʦʚʧʘʜʘʶʪ ʩ ʪʘʢʦʚʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ 

ʤʳʰʝʯʥʦʛʦ ʪʦʥʫʩʘ. ʈʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʪʦʥʫʩʘ, ʦʙʫʩʣʦʚʣʠʚʘʝʤʦʝ ʚ ʥʝʚʝʩʦʤʦʩʪʠ ʜʝʟʘʢʪʠʚʘʮʠʝʡ 

ʧʦʟʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ, ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʪʘʢʞʝ ʚ ʨʘʟʚʠʪʠʝ ʧʦʟʥʳʭ ʥʘʨʫʰʝʥʠʡ, 

ʥʘʙʣʶʜʘʶʱʠʭʩʷ ʚ ʨʘʥʥʠʝ ʩʨʦʢʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʜʝʣʠʨʫʝʤʦʡ ʥʝʚʝʩʦʤʦʩʪʠ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʢʣʘʜ ʚ ʥʘʨʫʰʝʥʠʷ ʦʨʪʦʩʪʘʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʥʦʩʷʪ ʠ ʠʟʤʝʥʝʥʠʷ 

ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʷʮʠʠ ʩʦʩʫʜʠʩʪʦʛʦ ʪʦʥʫʩʘ. ʀʩʩʣʝʜʦʚʘʥʠʷʤ ʚʣʠʷʥʠʡ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʥʘ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ, ʥʝʡʨʦʤʳʰʝʯʥʦʡ ʠ ʧʦʩʪʫʨʘʣʴʥʦʡ ʩʠʩʪʝʤ ʧʦʩʚʷʱʝʥ ʨʷʜ 

ʨʘʙʦʪ, ʦʜʥʘʢʦ ʨʦʣʴ ʠ ʤʝʩʪʦ ʥʝʡʨʦʤʳʰʝʯʥʳʭ ʠ ʩʦʩʫʜʠʩʪʳʭ ʥʘʨʫʰʝʥʠʡ ʚ ʨʘʟʚʠʪʠʠ 

ʦʨʪʦʩʪʘʪʠʯʝʩʢʦʡ ʠ ʧʦʟʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʶʪʩʷ ʧʨʝʜʤʝʪʦʤ 

ʠʟʫʯʝʥʠʷ. ɺ ʩʚʷʟʠ ʩʦ ʩʢʘʟʘʥʥʳʤ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʚʘʞʥʳʤ ʠʩʩʣʝʜʦʚʘʪʴ ʫ ʯʝʣʦʚʝʢʘ ʠʟʤʝʥʝʥʠʷ 

ʥʝʡʨʦʤʳʰʝʯʥʳʭ ʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ ʧʨʠ ʥʘʨʫʰʝʥʠʷʭ 

ʦʨʪʦʩʪʘʪʠʯʝʩʢʦʡ ʠ ʧʦʟʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʦʙʫʩʣʦʚʣʠʚʘʝʤʳʭ ʧʨʝʙʳʚʘʥʠʝʤ ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʣʴʥʦʡ ʥʝʚʝʩʦʤʦʩʪʠ ʠ ʥʘʟʝʤʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ.ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʟʜʦʨʦʚʳʭ ʠʩʧʳʪʫʝʤʳʭ-

ʜʦʙʨʦʚʦʣʴʮʘʭ: 10 ʢʦʩʤʦʥʘʚʪʦʚ ʩʦ ʩʨʝʜʥʝʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ 168Ñ22 ʩʫʪʦʢ 

ʠ 46 ʠʩʧʳʪʫʝʤʳʭ, ʫʯʘʩʪʥʠʢʦʚ ʤʦʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʘʥʪʠʦʨʪʦʩʪʘʪʠʯʝʩʢʦʡ 

ʛʠʧʦʢʠʥʝʟʠʠ (ɸʅʆɻ) ʠ çʩʫʭʦʡè ʠʤʤʝʨʩʠʠ (ʉʀ).  

ɼʣʷ ʦʮʝʥʢʠ ʦʨʪʦʩʪʘʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʩʤʦʥʘʚʪʦʚ ʧʨʠʤʝʥʷʣʠ ʘʢʪʠʚʥʫʶ ʦʨʪʦʩʪʘʪʠʯʝʩʢʫʶ ʧʨʦʙʫ ʟʘ ʪʨʠʜʮʘʪʴ ʩʫʪʦʢ ʜʦ ʂʇ, ʚ ʧʝʨʚʳʡ 

ʯʘʩ ʧʦʩʣʝ ʝʛʦ ʟʘʚʝʨʰʝʥʠʷ ʠ ʥʘ 4-ʝ, 7-ʝ ʠ 12-ʝ ʩʫʪʢʠ ʧʝʨʠʦʜʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʇʨʦʙʘ 

ʧʨʝʜʩʪʘʚʣʷʣʘ ʧʨʠʥʷʪʠʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʦʡʢʠ ʠʟ ʧʦʣʦʞʝʥʠʷ ʣʝʞʘ ʥʘ ʞʠʚʦʪʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʩʪʦʡʢʦʡ ʩ ʦʪʢʨʳʪʳʤʠ ʛʣʘʟʘʤʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 3,5 ʤʠʥʫʪʳ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʠ 

ʨʝʛʠʩʪʨʘʮʠʶ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ (Portapres, ʅʠʜʝʨʣʘʥʜʳ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʯʝʪʦʤ 

ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʥʘʟʝʤʥʳʭ ʩʝʨʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʘʩʩʠʚʥʘʷ 

ʦʨʪʦʩʪʘʪʠʯʝʩʢʘʷ ʧʨʦʙʘ (80Á) ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʥʘ ʥʠʞʥʶʶ ʧʦʣʦʚʠʥʫ ʪʝʣʘ. 

ʈʝʛʠʩʪʨʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʠʭ ʦʙʨʘʙʦʪʢʘ ʙʳʣʠ ʘʥʘʣʦʛʠʯʥʳ ʧʦʣʝʪʥʦʡ ʛʨʫʧʧʝ.  

ɼʦ ʠ ʧʦʩʣʝ ʂʇ ʦʧʨʝʜʝʣʷʣʠ ʧʦʩʪʫʨʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʦʡʢʠ 

ʢʦʩʤʦʥʘʚʪʘ. ʆʙʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʘʢʪʠʚʥʦʡ ʦʨʪʦʩʪʘʪʠʯʝʩʢʦʡ ʧʨʦʙʦʡ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʟʘʧʠʩʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ ʮʝʥʪʨʘ ʜʘʚʣʝʥʠʷ (ʎɼ) ʚʦ 

ʬʨʦʥʪʘʣʴʥʦʡ ʠ ʩʘʛʠʪʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ ʠ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʎɼ.  

ʆʮʝʥʢʫ ʤʳʰʝʯʥʦʛʦ ʪʦʥʫʩʘ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʤʠʦʪʦʥʦʤʝʪʨʠʠ. ʉʝʥʩʦʨ ʧʨʠʙʦʨʘ 

çMytononPROè (Myoton AS, ʕʩʪʦʥʠʷ) ʦʩʫʱʝʩʪʚʣʷʝʪ 5 ʢʦʨʦʪʢʠʭ ʫʜʘʨʦʚ ʩʪʘʙʠʣʴʥʦʡ ʩʠʣʳ (0,4 

ʅ) ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ (15ʤʩ). ɺʩʪʨʦʝʥʥʳʡ ʘʢʩʝʣʝʨʦʤʝʪʨ ʬʠʢʩʠʨʫʝʪ ʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʠ 

ʧʨʦʠʟʚʦʜʠʪ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʦʪʚʝʪʘ ʪʢʘʥʠ.  

ʈʝʟʫʣʴʪʘʪʳ.ɺ ʬʦʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʦʩʤʦʥʘʚʪʦʚ 3,5-ʤʠʥʫʪʥʘʷ ʘʢʪʠʚʥʘʷ 

ʦʨʪʦʩʪʘʪʠʯʝʩʢʘʷ ʧʨʦʙʘ ʥʝ ʚʳʟʳʚʘʣʘ ʟʘʪʨʫʜʥʝʥʠʡ. ɺ ʧʝʨʚʳʡ ʯʘʩ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʜʣʠʪʝʣʴʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʚʩʝ 7 ʚʳʧʦʣʥʷʚʰʠʭ ʦʨʪʦʧʨʦʙʫ ʢʦʩʤʦʥʘʚʪʦʚ ʫʩʧʝʰʥʦ ʝʝ 

ʟʘʚʝʨʰʠʣʠ. ʆʜʥʘʢʦ ʧʦʩʣʝ ʝʝ ʧʨʦʚʝʜʝʥʠʷ 3 ʢʦʩʤʦʥʘʚʪʘ ʦʪʢʘʟʘʣʠʩʴ ʦʪ ʜʘʣʴʥʝʡʰʠʭ 
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ʪʝʩʪʠʨʦʚʘʥʠʡ ʚ ʩʚʷʟʠ ʩ ʩʠʣʴʥʳʤ ʥʝʜʦʤʦʛʘʥʠʝʤ, ʚʳʟʚʘʥʥʳʤ ʝʝ ʚʳʧʦʣʥʝʥʠʝʤ, ʜʘʞʝ ʧʨʠ 

ʫʩʣʦʚʠʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʙʳ ʚ ʧʨʦʪʠʚʦʧʝʨʝʛʨʫʟʦʯʥʦʤ ʢʦʩʪʶʤʝ çʂʝʥʪʘʚʨè. ʅʘ ʯʝʪʚʝʨʪʳʝ, 

ʩʝʜʴʤʳʝ ʠ ʜʚʝʥʘʜʮʘʪʳʝ ʩʫʪʢʠ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʂʇ ʚʩʝ ʢʦʩʤʦʥʘʚʪʳ ʫʩʧʝʰʥʦ ʟʘʚʝʨʰʘʣʠ 

ʚʳʧʦʣʥʝʥʠʝ ʦʨʪʦʧʨʦʙʳ ʠ ʙʘʪʘʨʝʠ ʧʦʩʣʝʜʫʶʱʠʭ ʩʝʥʩʦʤʦʪʦʨʥʳʭ ʪʝʩʪʦʚ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʩʪʶʤʘ çʂʝʥʪʘʚʨè. ɼʣʷ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʠ ʦʨʪʦʩʪʘʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʤʦʜʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʜʦ ʥʘʯʘʣʘ ʠ ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ 15-

ʤʠʥʫʪʥʫʶ 80Á ʦʨʪʦʩʪʘʪʠʯʝʩʢʫʶ ʧʨʦʙʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʟʜʘʥʠʝʤ ʆɼʅʊ, ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʣʘ ʜʦ 39 ʤʠʥʫʪ. ɺʨʝʤʷ ʧʝʨʝʥʦʩʠʤʦʩʪʠ ʧʨʦʙʳ ʩʦʩʪʘʚʣʷʣʦ ʚ 

ʩʨʝʜʥʝʤ 27,9 Ñ 8,2 ʤʠʥ ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ ɸʅʆɻ ʠ 27,1Ñ4,2 ʤʠʥ ʜʦ 3-ʩʫʪʦʯʥʦʡ ʉʀ. ʉʨʘʟʫ ʞʝ 

ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʡ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʟʘʢʦʥʦʤʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʠ 

ʦʨʪʦʩʪʘʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʚʳʨʘʞʝʥʥʦʝ ʩʠʣʴʥʝʝ ʧʦʩʣʝ 3-ʩʫʪʦʯʥʦʡ ʠʤʤʝʨʩʠʠ (-68%), ʯʝʤ 

ʧʦʩʣʝ 21-ʩʫʪʦʯʥʦʡ ɸʅʆɻ (-49%). ɻʝʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʦʨʪʦʩʪʘʪʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʦʡʢʝ, ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʘʢʞʝ 

ʚʳʨʘʞʝʥʥʦ ʠʟʤʝʥʷʣʠʩʴ. ʉʨʘʟʫ ʞʝ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʜʣʠʪʝʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʩʠʩʪʦʣʠʯʝʩʢʦʛʦ (ʥʘ 17%) ʠ ʜʠʘʩʪʦʣʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʥʘ 10%), 

ʫʜʘʨʥʦʛʦ ʦʙʲʝʤʘ (ʥʘ 22%), ʦʙʱʝʛʦ ʧʝʨʠʬʝʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʩʫʜʦʚ (ʥʘ 20%) ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ (ʥʘ 26%).  

ɼʦ ʧʦʣʝʪʘ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʎɼ ʚʦ ʬʨʦʥʪʘʣʴʥʦʡ ʠ ʩʘʛʠʪʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʷʭ ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʦʡʢʠ ʚ ʪʝʯʝʥʠʝ 3,5 ʤʠʥʫʪ ʩ ʦʪʢʨʳʪʳʤʠ ʛʣʘʟʘʤʠ 

ʩʦʩʪʘʚʣʷʣʠ 7,3 Ñ 2,0 ʤʤ ʠ 50,5 Ñ 10,2 ʤʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʥʘʯʝʥʠʷ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʎɼ ʩʦʩʪʘʚʣʷʣʠ 0,46 Ñ0,22 ʤʤ/ʩ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʜʣʠʪʝʣʴʥʦʛʦ ʂʇ ʫ 

ʢʦʩʤʦʥʘʚʪʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʤʥʦʛʦʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʎɼ, ʜʦ 800% ʚʦ 

ʬʨʦʥʪʘʣʴʥʦʡ ʠ ʜʦ 1080% ï ʚ ʩʘʛʠʪʪʘʣʴʥʦʡ. ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʎɼ ʜʦʩʪʠʛʘʣʘ ʜʦ 

1350% ʦʪ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ. ʅʦʨʤʘʣʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʘʙʣʶʜʘʣʘʩʴ ʣʠʰʴ ʥʘ ʜʚʝʥʘʜʮʘʪʳʝ 

ʧʦʩʣʝʧʦʣʸʪʥʳʝ ʩʫʪʢʠ.  

ʄʳʰʝʯʥʳʡ ʪʦʥʫʩ ʢʘʤʙʘʣʦʚʠʜʥʦʡ ʤʳʰʮʳ ʛʦʣʝʥʠ ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ ʉʀ ʩʦʩʪʘʚʣʷʣ 17,9 Ñ 

2,5 ɻʮ. ɺ ʧʝʨʚʳʝ ʩʫʪʢʠ ʠʤʤʝʨʩʠʦʥʥʦʛʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʝʛʦ ʩʥʠʞʝʥʠʝ ʥʘ 4,5%, 

ʜʦʩʪʠʛʘʶʱʝʝ ʧʠʢʘ ʥʘ ʪʨʝʪʴʠ ʩʫʪʢʠ ʉʀ - 11,3%. ʅʝʩʤʦʪʨʷ ʥʘ ʫʤʝʨʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʩʥʠʞʝʥʠʝ ʪʦʥʫʩʘ ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʚʳʷʚʣʝʥʘ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʨʝʜʥʝʡ 

ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʤʝʱʝʥʠʷ ʮʝʥʪʨʘ ʜʘʚʣʝʥʠʷ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʦʡʢʝ ʩ ʦʪʢʨʳʪʳʤʠ ʛʣʘʟʘʤʠ ʠ 

ʪʦʥʫʩʦʤ ʢʘʤʙʘʣʦʚʠʜʥʦʡ ʤʳʰʮʳ ʛʦʣʝʥʠ (r
2 
=0,61), ʥʝ ʚʳʷʚʣʷʝʤʘʷ ʚ ʬʦʥʦʚʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ (r

2 

=0,02). ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʤʝʞʜʫ ʯʘʩʪʦʪʦʡ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʠ ʪʦʥʫʩʦʤ 

ʢʘʤʙʘʣʦʚʠʜʥʦʡ ʤʳʰʮʳ ʧʦʢʘʟʘʣ ʩʣʘʙʫʶ ʚʟʘʠʤʦʩʚʷʟʴ, ʘ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʤʝʞʜʫ 

ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʤʝʱʝʥʠʷ ʎɼ ʠ ʯʘʩʪʦʪʦʡ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʥʝ ʚʳʷʚʠʣ ʝʝ.  

ɿʘʢʣʶʯʝʥʠʝ.ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʷ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʧʦʩʣʝ ʦʙʦʠʭ ʤʦʜʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʙʳʣʠ ʩʦʧʦʩʪʘʚʠʤʳ, ʦʜʥʘʢʦ ʙʦʣʝʝ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʠʤʤʝʨʩʠʦʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʩʝʤʠʢʨʘʪʥʦ ʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ.ʇʦ-ʚʠʜʠʤʦʤʫ, 

ʦʧʦʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʚʘʞʥʘ ʢʘʢ ʜʣʷ ʦʨʪʦʩʪʘʪʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʜʣʷ ʧʦʩʪʫʨʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʠʭ ʦʪʩʫʪʩʪʚʠʠ ʟʘʧʫʩʢʘʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʦʡ ʠ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʦʡ. ʉʣʘʙʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʧʘʨʘʤʝʪʨʦʚ ʪʦʥʫʩʘ ʧʦʩʪʫʨʘʣʴʥʦʡ 

ʤʫʩʢʫʣʘʪʫʨʳ ʠ ʯʘʩʪʦʪʳ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʢʘʢ ʜʦ, ʪʘʢ ʠ ʧʦʩʣʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 

ʨʘʟʛʨʫʟʢʠ, ʚʝʨʦʷʪʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʦʚ ʜʚʫʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʩʠʩʪʝʤ ʚʦ ʚʨʝʤʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʦʡʢʠ. ɺʦʟʤʦʞʥʳʤʠ ʧʫʪʷʤʠ ʚʣʠʷʥʠʷ 

ʥʝʡʨʦʤʳʰʝʯʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʫʶ ʷʚʣʷʶʪʩʷ ʚʝʥʦʟʥʘʷ ʧʦʜʘʪʣʠʚʦʩʪʴ ʠ ʚʝʥʦ-

ʘʨʪʝʨʠʘʣʴʥʳʡ ʨʝʬʣʝʢʩ. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʪʦʥʫʩʘ ʧʦʩʪʫʨʘʣʴʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ 

ʠ ʧʦʩʪʫʨʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʚʳʷʚʣʷʝʤʘʷ ʧʦʩʣʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʨʘʟʛʨʫʟʢʠ, ʥʝ 

ʦʙʥʘʨʫʞʠʚʘʝʤʘʷ ʚ ʬʦʥʦʚʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ, ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʘʪʦʥʠʝʡ ʠ 

ʥʘʨʫʰʝʥʠʷʤʠ ʩʦʩʫʜʠʩʪʦʛʦ ʪʦʥʫʩʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʜʝʨʞʘʥʦ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʝʡ ʥʘʫʢ (ʪʝʤʘ 63.1). 
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NEUROMUSCULAR AND CARDIOVASCULAR DISORDERS IN ORTHOSTATIC AND 

POSTURAL INSTABILITY, CONDITIONED BY MICROGRAVITY  

 

Amirova L.E., Osetskiy N.Y., Kitov V.V, Rukavishnikov I.V. 

SSC RF - IBMP RAS, Moscow 

 

Disorders of postural stability are a natural consequence of space flights (SF). Orthostatic 

stability disorders are also regularly observed after the flight. One of the factors that play a 

significant role in maintaining both orthostatic and postural stability is the muscle tone. It is shown 

that the decrease of the muscle tone, that develops in the first minutes of the exposure to 

weightlessness, makes a substantial contribution to the development of both of the aforementioned 

phenomenon. So, according to G.A. Fomina, the temporal characteristics of changes in the 

clearance of the venous channel of the lower extremities in the transition to reduced weight coincide 

with those changes in muscle tone. A severe decrease in tone, conditioned in the weightlessness by 

deactivation of the posture muscles, also significantly contributes to the development of postural 

disturbances observed in the early periods after the exposure to simulated weightlessness. At the 

same time, a certain contribution to the disturbances of orthostatic stability is introduced by the 

changes in the mechanisms of regulation of vascular tone. While studies of the effects of 

microgravity on the activity of the cardiovascular, neuromuscular and postural systems have been a 

subject to a number of works, the role and the place of neuromuscular and vascular disorders in the 

development of orthostatic and postural instability have so far been the subject of thorough study. In 

connection with what has been said, it seemed important to investigate the changes in 

neuromuscular and cardiovascular characteristics in humans and their relationship in the 

disturbances of orthostatic and postural stability, caused by exposure to the conditions of 

weightlessness and onground models. 

Materials and methods. The studies were carried out on healthy volunteer subjects: 10 

cosmonauts with an average space flights duration of 168 Ñ 22 days and 46 subjects, participants in 

model experiments of -6Á head down bed rest (HDBR) and dry immersion (DI). 

To assess the orthostatic stability and cardiovascular characteristics of the cosmonauts, an 

active orthostatic test was used with sessions on thirty days before the SF, within the first hour after 

its completion, and on the 4th, 7th and 12th days of the recovery period. The test consisted of taking 

a vertical stance from the prone position, followed by a 3.5-minute open-eye stand, during which 

the blood pressure was recorded (Portapres, The Netherlands), followed by calculation of 

hemodynamic parameters. In the ground series of experiments, a passive orthostatic test (80Á) was 

conducted with negative pressure on the lower half of the body. The recorded parameters and their 

processing were similar to that of the cosmonauts. 

Before and after the SF, the postural characteristics of the cosmonaut's vertical stance were 

determined. The examinations were carried out simultaneously with an active orthostatic test. 

During the processing of the record, the amplitude of the oscillations of the center of pressure (CP) 

in the frontal and sagittal planes and the average velocity of the CP displacement were analyzed. 

The evaluation of muscle tone was carried out using the method of myotonometry. The 

sensor of the MytononPRO device (Myoton AS, Estonia) carries out 5 short strokes of a stable force 

(0.4 N) and duration (15 ms). The built-in accelerometer captures damped oscillations and 

calculates the response parameters of the tissue. 

Results. In background studies of cosmonauts, a 3.5-minute active orthostatic test did not 

cause any difficulties. In the first hour after the end of a long-term space flight the 7 cosmonauts 

who performed orthostatic test successfully completed it. However, after its completion, 3 

cosmonauts refused to continue further testing due to a severe discomfort caused by its 

performance, although the test was carried out wearing the "Centaur" suit. On the fourth, seventh 

and twelfth days after the completion of the SF, all of the cosmonauts successfully completed the 

orthostatic test and the battery of subsequent sensorimotor tests without the use of the "Centaur" 

suit. To analyze the time of orthostatic stability in model experiments, a 15-minute 80Á orthostatic 
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test was used before and immediately after the completion of the effects, followed by the creation of 

LBNP, the maximum duration of which was 39 minutes. The tolerance time of the test was 

averagely 27.9 Ñ 8.2 minutes before exposure to HDBR and 27.1 Ñ 4.2 min ï before exposure to 3-

day DI. Immediately after the completion of the exposure, a regular decrease in the time of 

orthostatic stability was recorded, expressed more severe after a 3-day immersion (-68%) than after 

a 21-day HDBR (-49%). Hemodynamic parameters that provide orthostatic stability during vertical 

stance, also significantly changed in our study. Immediately after the completion of long-term space 

flights, a decrease in systolic (by 17%) and diastolic pressure (by 10%), stroke volume (by 22%), 

total peripheral vascular resistance (by 20%) and an increase in the heart rate (by 26% ) were 

recorded. 

Prior to the flight, the average values of the CP amplitude in the frontal and sagittal planes, 

while maintaining a vertical stance for 3.5 minutes with the eyes open, were 7.3 Ñ 2.0 mm and 50.5 

Ñ 10.2 mm, respectively. The values of the average velocity of movement of the PC were 0.46 Ñ 

0.22 mm/s. After the end of the long-term SF, cosmonauts observed a multiple increase in the 

amplitude of PC oscillations, up to 800% in the frontal and up to 1080% in the sagittal plane. The 

average velocity of PC displacement reached up to 1350% of the background values. Normalization 

of parameters was observed only on the twelfth post-flight day.The muscular tone of the soleus 

muscle before exposure to DI was 17.9 Ñ 2.5 Hz. On the first day of immersion, its decrease by 

4.5% was registered, reaching a peak on the third day of DI - 11.3%. Despite a moderate 

quantitative decrease of the tone in our study, a negative correlation was found between the average 

rate of displacement of the center of pressure during vertical stance with eyes open and tone of 

soleus muscle (r
2
 = 0.61), not detectable in the background examination (r

2
 =0,02). The correlation 

analysis between the heart rate and the tone of the soleus muscle showed a weak correlation, and the 

correlation analysis between the average speed of CP displacement and the heart rate did not reveal 

any significant relationships. 

Conclusion. Thus, the changes recorded after both model experiments were comparable, but 

a shorter immersion time indicates its sevenfold greater intensity. Presumably, the supportafferent 

information is important for orthostatic and postural stability, since in its absence alternative 

mechanisms for controlling the posture and cardiovascular system are launched. The weak 

relationship between the parameters of the tone of the postural muscles and the heart rate both 

before and after the gravitational unload probably indicates the independence of the work of the 

both systems mechanisms under investigation in maintaining the vertical posture. Venous 

compliance and vein-arterial reflex are the possible ways of the neuromuscular system influence on 

the cardiovascular system. The relationship between the parameters of the postural muscular tone 

and postural stability, revealed after gravitational unload, not detectable in the background survey, 

occurs due to gravitational atony and vascular tone disorders. 

The study was supported by the Russian Academy of Sciences (subject 63.1) 

 

ʇʆʂɸɿɸʊɽʃʀ ʄɽʊɸɹʆʃʀɿʄɸ ɺ ʕʈʀʊʈʆʎʀʊɸʍ ʀ ʕʌʌɽʂʊʀɺʅʆʉʊʔ 

ʇɽʈɽʅʆʉɸ ʂʀʉʃʆʈʆɼɸ ʋ ʂʆʉʄʆʅɸɺʊʆɺ ʇʆʉʃɽ ɼʃʀʊɽʃʔʅʓʍ 

ʂʆʉʄʀʏɽʉʂʀʍ ʇʆʃɽʊʆɺ 

 

ɸʥʠʩʠʤʦʚ ʅ.ɸ. 

ɻʅʎ ʈʌ ʀʄɹʇ ʈɸʅ, ʛ.ʄʦʩʢʚʘ 

 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ  ʬʘʢʪʦʨʳ ʜʣʠʪʝʣʴʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ (ɼʂʇ) ʚʳʟʳʚʘʶʪ 

ʢʦʤʧʣʝʢʩʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʵʨʠʪʨʦʮʠʪʘʭ ʢʦʩʤʦʥʘʚʪʦʚ - ʩʥʠʞʝʥʠʝ ʠʭ ʢʦʣʠʯʝʩʪʚʘ, ʩʦʜʝʨʞʘʥʠʷ 

ʛʝʤʦʛʣʦʙʠʥʘ, ʦʙʨʘʪʠʤʦʝ  ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʵʨʠʪʨʦʮʠʪʦʚ, ʩʜʚʠʛʠ ʚ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʣʝʪʢʠ. ɺ ʫʩʣʦʚʠʷʭ ɼʂʇ ʠ ʧʦʩʣʝ ʝʛʦ ʟʘʚʝʨʰʝʥʠʷ 

ʚʳʷʚʣʝʥʳ ʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʣʠʧʠʜʥʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʝʝ ʤʠʢʨʦʚʷʟʢʦʩʪʠ. (ʀʚʘʥʦʚʘ.ʉ.ʄ, 2002, ʀʚʘʥʦʚʘ ʉ.ʄ., ʄʦʨʫʢʦʚ ɹ.ɺ., ʄʘʢʩʠʤʦʚ 

ɻ.ɺ., 2011.).ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ (ʄʘʢʩʠʤʦʚ ɻ.ɺ. ʠ ʩʦʘʚʪ. 2000, RodnenkovetalO.V. 2005, 



 

25 

 

LunevaetalO.G. 2007) ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʥʝʡʨʦʥʘʭ ʤʦʟʛʘ, ʢʣʝʪʢʘʭ  ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ 

ʥʝʨʚʦʚ, ʤʳʰʝʯʥʳʭ ʢʣʝʪʢʘʭ ʩʝʨʜʮʘ ʠ ʩʦʩʫʜʦʚ ʩʜʚʠʛʠ ʬʦʨʤʳ, ʦʙʲʝʤʘ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʚʷʟʢʦʩʪʠ ʠ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʝʨʝʥʦʩʘ  ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʢʣʝʪʦʯʥʦʡ ʛʠʧʦʢʩʠʠ  

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʄɻʋ ʠʤ. 

ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ (ʢʘʬʝʜʨʘ ʙʠʦʬʠʟʠʢ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ) ʚʳʷʚʠʣʠ ʠʟʤʝʥʝʥʠʷ ʚ 

ʢʦʥʬʦʨʤʘʮʠʠ ʛʝʤʦʧʦʨʬʠʨʠʥʦʚ ʛʝʤʦʛʣʦʙʠʥʘ ʠ ʚ ʩʥʠʞʝʥʠʠ ʩʧʦʩʦʙʥʦʩʪʠ ʛʝʤʦʛʣʦʙʠʥʘ ʩʚʷʟʳʚʘʪʴ 

ʢʠʩʣʦʨʦʜ ʫ ʢʦʩʤʦʥʘʚʪʦʚ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ɼʂʇ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʢʘʥʝʚʦʡ ʛʠʧʦʢʩʠʠ. (Grigoriev A.I.etal., 2004, Morukov B.V., Ivanova S.M., et al, 

2006). 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ ʢʨʘʩʥʦʡ ʢʨʦʚʠ, 

ʧʦʢʘʟʘʪʝʣʝʡ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʦʙʤʝʥʘ ʵʨʠʪʨʦʮʠʪʦʚ ʠ ʩʦʩʪʦʷʥʠʷ ʛʝʤʦʧʦʨʬʠʨʠʥʦʚ ʛʝʤʦʛʣʦʙʠʥʘ. 

ʀʩʩʣʝʜʦʚʘʣʠ  ʧʦʢʘʟʘʪʝʣʠ ʵʥʝʨʛʦʦʙʨʘʟʫʶʱʝʡ ʩʠʩʪʝʤʳ ʚ ʵʨʠʪʨʦʮʠʪʘʭ ïʩʦʜʝʨʞʘʥʠʝ 

ʘʜʝʥʦʟʠʥʪʨʠʬʦʩʬʘʪʘ (ɸʊʌ), ʣʘʢʪʘʪʘ, ʘʢʪʠʚʥʦʩʪʴ  ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ (ʃɼɻ), ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ - ʩʦʜʝʨʞʘʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʣʫʪʘʪʠʦʥʘ, ʘʢʪʠʚʥʦʩʪʴ  ʛʣʶʢʦʟʦ-6-

ʬʦʩʬʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ (ɻ6ʌɼɻ). ʆʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʥʦʩʘ ʛʝʤʦʛʣʦʙʠʥʦʤ ʢʠʩʣʦʨʦʜʘ ʩʫʜʠʣʠ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʛʝʤʦʛʣʦʙʠʥʘ ʦʪʜʘʚʘʪʴ ʢʠʩʣʦʨʦʜ.  

ʀʟʫʯʘʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʧʨʝʜʝʣʷʣʠ ʟʘ ʤʝʩʷʮ ʜʦ ɼʂʇ, ʘ ʪʘʢʞʝ ʥʘ ʧʝʨʚʳʝ ʠ ʩʝʜʴʤʳʝ  ʩʫʪʢʠ 

ʧʦʩʣʝ ʝʛʦ ʟʘʚʝʨʰʝʥʠʷ.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ ʢʨʦʚʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʠʟʫʯʘʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ 7-ʝ ʩʫʪʢʠ ʧʦʩʣʝ ɼʂʇ. 

ʅʘ 1-ʝ ʩʫʪʢʠ ʧʦʩʣʝ ɼʂʇ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ  ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ɸʊʌ. ʆʪʩʫʪʩʪʚʠʝ  

ʠʟʤʝʥʝʥʠʡ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʵʥʝʨʛʦʦʙʨʘʟʫʶʱʝʛʦ ʧʨʦʮʝʩʩʘ, ʛʣʠʢʦʣʠʟʘ, ʦʙʥʘʨʫʞʝʥʥʦʝ 

ʨʘʥʝʝ ʫ ʢʦʩʤʦʥʘʚʪʦʚ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ɼʂʇ, ʠ ʥʝʠʟʤʝʥʥʦʩʪʴ ʘʢʪʠʚʥʦʩʪʠ ʃɼɻ, ʚʳʷʚʣʝʥʥʦʝ ʚ 

ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʦʝ ʫʤʝʥʴʰʝʥʠʝ ʫʨʦʚʥʷ 

ɸʊʌ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʚʳʰʝʥʥʳʤ ʨʘʩʭʦʜʦʚʘʥʠʝʤ ʵʪʦʛʦ ʤʝʪʘʙʦʣʠʪʘ ʥʘ ʫʨʦʚʥʝ 

ʤʝʤʙʨʘʥʳ (ʠʟʤʝʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ɸʊʌ-ʘʟ, ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ  ʙʝʣʢʦʚʳʭ ʠ 

ʣʠʧʠʜʥʳʭ ʬʨʘʢʮʠʡ).  

ɺʳʷʚʣʝʥʥʦʝ ʥʘ 1-ʝ ʩʫʪʢʠ ʧʦʩʣʝ ɼʂʇ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʣʘʢʪʘʪʘ ʫʢʘʟʳʚʘʝʪ ʥʘ  

ʧʨʝʚʘʣʠʨʦʚʘʥʠʝ ʘʥʘʵʨʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʨʛʘʥʠʟʤʝ. 

ʅʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʜʦʩʪʦʚʝʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʦʜʝʨʞʘʥʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʣʫʪʘʪʠʦʥʘ 

ʠ ʘʢʪʠʚʥʦʩʪʠ ɻ6ʌɼɻ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʥʘ 1-ʝ ʩʫʪʢʠ ʧʦʩʣʝ ɼʂʇ ʥʘʙʣʶʜʘʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ, ʚʳʨʘʞʘʚʰʠʝʩʷ ʚ ʩʥʠʞʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʣʫʪʘʪʠʦʥʘ  ʠ ʧʦʚʳʰʝʥʠʠ 

ʘʢʪʠʚʥʦʩʪʠ ɻ6ʌɼɻ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʚʦʟʤʦʞʥʫʶ ʘʢʪʠʚʘʮʠʶ ʧʨʦʮʝʩʩʦʚ  ʣʠʧʦʧʝʨʝʦʢʠʩʣʝʥʠʷ.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʢʠʩʣʦʨʦʜʘ 

ʛʝʤʦʛʣʦʙʠʥʦʤ ʥʘ 1-ʝ ʩʫʪʢʠ ʧʦʩʣʝ ɼʂʇ, ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʣʠʰʴ ʪʝʥʜʝʥʮʠʷ ʢ ʧʦʚʳʰʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ ʠ ʩʥʠʞʝʥʠʶ ʩʨʦʜʩʪʚʘ ʛʝʤʦʛʣʦʙʠʥʘ ʢ ʢʠʩʣʦʨʦʜʫ. ʅʘ 7-ʝ ʩʫʪʢʠ 

ʚʝʣʠʯʠʥʳ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʘʣʴʥʳʭ ʚʝʣʠʯʠʥ. 

ʇʦʣʫʯʝʥʥʳʝ  ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʘʥʥʳʝ  ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʚ 

ʤʦʬʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʠʥʝ ʢʨʘʩʥʦʡ ʢʨʦʚʠ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʵʨʠʪʨʦʮʠʪʦʚ, 

ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʠʟʤʝʥʝʥʠʡ, ʥʘʙʣʶʜʘʝʤʳʭ ʫ ʢʦʩʤʦʥʘʚʪʦʚ, ʩʦʚʝʨʰʠʚʰʠʭ ɼʂʇ ʥʘ ʩʪʘʥʮʠʠ 

ñʄʀʈò ʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ. ʆʪʩʫʪʩʪʚʠʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʩʦʜʝʨʞʘʥʠʠ ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ ʠ ʩʨʦʜʩʪʚʘ ʛʝʤʦʛʣʦʙʠʥʘ ʢ ʢʠʩʣʦʨʦʜʫ, ʚʦʟʤʦʞʥʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ  

ʦ ʥʦʨʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʥʦʩʘ ʢʠʩʣʦʨʦʜʘ ʛʝʤʦʛʣʦʙʠʥʦʤ ʫ ʦʙʩʣʝʜʫʝʤʳʭ ʢʦʩʤʦʥʘʚʪʦʚ. 
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PARAMETERS OF METABOLISM IN RED BLOOD CELLS AND THE OXYGEN 

TRANSFER EFFICIENCY IN COSMONAU TS AFTER LONG DURATION SPACE 

FLIGHTS  

 

Anisimov N.A. 

SSC RF IMBP RAS, Moscow, Russia 

 

Earlier it was shown that the factors of prolonged space flight (PSF) cause complex changes 

in the erythrocytes of astronauts - a reduction in their number, hemoglobin content, a reversible 

increase in the number of transformed erythrocytes, shifts in the structural and functional state of 

the cell. Under the conditions of  PSF and after its completion, reversible changes in the lipid 

composition of the plasma membrane were revealed, leading to an increase in its microviscosity  

(Ivanova S.M., 2002, Ivanova S.M., Morukov B.V., Maksimov G.V., 2001). From the literature 

(Maksimov G.V. et al. 2000, Rodnenkovetal O.V. 2005, Lunevaetal O.G. 2007) it follows that the 

changes in the shape, volume of cells, viscosity and permeability of the plasma membrane observed 

in the neurons of the brain, peripheral nerve cells, muscle cells and vessels of the heart are 

accompanied by changes in the efficiency of oxygen transfer, which leads to the development of 

cellular hypoxia. 

Preliminary studies conducted in conjunction with the staff of Moscow State University M.V. 

Lomonosov (Department of Biophysics, Faculty of Biology) revealed changes in the conformation 

of hemoporphyrins and hemoglobin in the ability of hemoglobin to bind oxygen in cosmonauts after 

PSF termination, which may be one of the factors responsible for the onset of tissue hypoxia. 

(Grigoriev A.I.etal., 2004, Morukov B.V. , Ivanova S.M., et al, 2006). 

The purpose of this work was the study of the morphological pattern of red blood, indicators 

of intracellular metabolism of erythrocytes and the state of hemoglobin hemoporphyrins. The 

parameters of the energy-producing system in erythrocytes - the content of adenosine triphosphate 

(ATP), lactate, lactate dehydrogenase (LDH) activity, and the reducing - content of reduced 

glutathione, glucose-6-phosphate dehydrogenase activity (G6PDG) were studied. The effectiveness 

of hemoglobin transfer of oxygen was evaluated by the content of oxyhemoglobin and the ability of 

hemoglobin to give off oxygen. 

The studied indices were determined a month before the PSF, as well as on the first and 

seventh day after its completion. 

The study of blood morphological pattern revealed a significant decrease in the studied 

parameters on the 7th day after PSF. 

On the 1st day after the PSF, there was a significant decrease in ATP levels. The absence of 

changes in the intensity of the main energy-forming process, glycolysis, previously found in 

cosmonauts after the completion of the PSF, and the invariance of LDG activity, revealed in this 

study, led to the conclusion that the observed decrease in ATP level may be due to increased 

expenditure of this metabolite at the membrane level (changes in the activity of transport ATP-ases, 

phosphorylation of membrane protein and lipid fractions). 

Revealed on the 1st day after PSF increase in lactate indicates the prevalence of anaerobic 

processes in the body. 

There were no significant changes in the content of reduced glutathione and G6PDG  activity. 

At the same time, on the 1st day after the PSF, individual changes were observed, expressed in a 

decrease in the content of reduced glutathione and an increase in the activity of G6FDG, indicating 

the possible activation of lipopereoxidation processes. 

In the study of indices characterizing the efficiency of oxygen transfer by hemoglobin on the 

1st day after PSF, there was only a tendency to increase the content of oxyhemoglobin and reduce 

the affinity of hemoglobin to oxygen. On the 7th day the values of the studied parameters were 

within normal values. 

The data obtained in this study indicate changes in the morphological pattern of red blood and 

the structural and functional state of erythrocytes, which is characteristic of the changes observed in 
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cosmonauts who committed PSF at MIR station and the International Space Station. The absence of 

significant changes in the content of oxyhemoglobin and the affinity of hemoglobin for oxygen may 

indicate a normal efficiency of oxygen transfer by hemoglobin in the surveyed cosmonauts. 

 

 

ɻɽʊɽʈʆɻɽʅʅʆʉʊʔ ʄʋʃʔʊʀʇʆʊɽʅʊʅʓʍ ʄɽɿɽʅʍʀʄʅʓʍ ʉʊʈʆʄɸʃʔʅʓʍ 

ʂʃɽʊʆʂ ʀ ʆʉʆɹɽʅʅʆʉʊʀ ʀʍ ʌʋʅʂʎʀʆʅɸʃʔʅʆʁ ɸʂʊʀɺʅʆʉʊʀ 

 

ɹʦʙʳʣʸʚʘ ʇ.ʀ. 

ɻʅʎ ʈʌ ï ʀʄɹʇ  ʈɸʅ, ʄʦʩʢʚʘ 

  

               ʂ ʪʝʢʫʱʝʤʫ ʤʦʤʝʥʪʫ ʨʝʟʫʣʴʪʘʪʳ ʨʷʜʘ ʫʩʧʝʰʥʳʭ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʭ ʤʝʟʝʥʭʠʤʥʳʭ 

ʩʪʨʦʤʘʣʴʥʳʭ ʢʣʝʪʦʢ (ʄʉʂ) ʚ ʪʝʨʘʧʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʦʚʨʝʞʜʸʥʥʳʭ ʪʢʘʥʝʡ.ʀʭ ʨʝʛʝʥʝʨʘʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʙʫʩʣʦʚʣʝʥ ʪʨʦʬʠʯʝʩʢʠʤ ʠ 

ʨʝʛʫʣʷʪʦʨʥʳʤ ʜʝʡʩʪʚʠʝʤ ʧʨʦʜʫʮʠʨʫʝʤʳʭ ʠʤʠ ʧʘʨʘʢʨʠʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ 

ʧʨʦʮʝʩʩʘʤ ʨʝʧʘʨʘʮʠʠ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʄʉʂ ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʘʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʟʚʝʥʴʝʚ ʢʘʢ ʚʨʦʞʜʸʥʥʦʛʦ, ʪʘʢ ʠ ʘʜʘʧʪʠʚʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, ʯʪʦ ʤʦʞʝʪ 

ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʣʝʯʝʥʠʠ ʘʫʪʦʠʤʤʫʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʚ ʩʣʫʯʘʝ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ 

ʦʨʛʘʥʦʚ. ʂʣʠʥʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʄʉʂʧʦʜʨʘʟʫʤʝʚʘʝʪ ʪʨʘʥʩʧʣʘʥʪʘʮʠʶ 

ʥʝʧʨʦʮʝʩʩʠʨʦʚʘʥʥʦʛʦ ʢʣʝʪʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʚʚʝʜʝʥʠʝ ʧʘʮʠʝʥʪʫ ʢʣʝʪʦʢ ʧʦʩʣʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʵʢʩʧʘʥʩʠʠ invitro. 

 ʇʨʠʤʝʥʝʥʠʝ ʄʉʂʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʪʨʝʙʫʝʪ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʢʣʝʪʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʄʉʂ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʢʣʝʪʦʯʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʪʘʥʦʚʠʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ 

ʧʨʝʜʩʢʘʟʘʪʴ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʠ ʵʢʩʧʘʥʩʠʠ ʄʉʂ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʧʨʠʚʥʝʩʸʥʥʳʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʬʘʢʪʦʨʦʚ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʜʠʥʘʤʠʢʘ ʨʦʩʪʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʢʣʝʪʦʢ. ɺʘʨʠʘʮʠʠ ʩʚʦʡʩʪʚ ʥʘʙʣʶʜʘʶʪʩʷ ʢʘʢ ʚʥʫʪʨʠ ʦʜʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʪʘʢ ʠ 

ʤʝʞʜʫ ʧʦʧʫʣʷʮʠʷʤʠ ʄʉʂ, ʧʦʣʫʯʝʥʥʳʤʠ ʦʪ ʨʘʟʥʳʭ ʜʦʥʦʨʦʚ. ʀʟʥʘʯʘʣʴʥʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ 

ʄʉʂ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢʣʝʪʦʢ ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʦʢʦʣʦʚ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, 

ʦʪʯʘʩʪʠ ʤʦʛʫʪ ʦʙʲʷʩʥʠʪʴ ʠʤʝʶʱʠʝʩʷ ʨʘʟʣʠʯʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʸʥʥʳʝ ʄʉʂ, ʟʘʪʨʘʛʠʚʘʶʪ, ʚ ʦʩʥʦʚʥʦʤ, 

ʘʩʧʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʭ ʪʨʦʬʠʯʝʩʢʠʭ ʠ ʠʤʤʫʥʦʨʝʛʫʣʷʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ʜʣʷ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʮʝʣʝʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʳ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ, 

ʢʦʪʦʨʳʝ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʩʘʤʦʦʙʥʦʚʣʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʜʴʙʳ ʢʣʝʪʦʢ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. 

ʅʝʜʘʚʥʦ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʷʤʠ ʄʉʂ. ʊʘʢ, ʧʦ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʩʪʘʪʫʩʫ Bertoloetal. ʚʳʜʝʣʠʣʠ ʩʨʝʜʠ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʄʉʂ 2 ʛʨʫʧʧʳ: 1. ʢʣʝʪʢʠ ʩ ʠʩʭʦʜʥʦ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ɸʌʂ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʙʦʣʴʰʝʡ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʠ ʢʦʣʦʥʠʝʦʙʨʘʟʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ 

ʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʵʢʩʧʘʥʩʠʠ; 2. ʢʣʝʪʢʠ ʩ ʠʩʭʦʜʥʦ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ɸʌʂ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʤʝʥʴʰʝʡ ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʠ ʢʦʣʦʥʠʝʦʙʨʘʟʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ 

ʤʝʥʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʵʢʩʧʘʥʩʠʠ.ɺ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʩʚʷʟʠ ʫʨʦʚʥʷ ɸʌʂ ʠ ʨʝʛʫʣʷʮʠʠ ʩʚʦʡʩʪʚ ʄʉʂ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʄʉʂ ʩ ʠʩʭʦʜʥʦ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ɸʌʂ 

ʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʤʫ ʜʝʡʩʪʚʠʶ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʣʣʦʛʝʥʥʳʭ ʤʦʥʦʥʫʢʣʝʘʨʦʚ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ invitro. ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʧʦʜʯʸʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ 

ʧʦʜʙʦʨʘ ʜʦʥʦʨʦʚ, ʘ ʪʘʢʞʝ ʫʥʠʬʠʢʘʮʠʠ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʢʣʝʪʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʣʠʥʠʯʝʩʢʠʭ ʮʝʣʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʣʠʥʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ, 

ʟʘʜʝʡʩʪʚʫʶʱʠʭʄʉʂ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʥʠʝ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʚʥʫʪʨʠ 

ʧʦʧʫʣʷʮʠʠ ʄʉʂ ʠ ʜʦʥʦʨ-ʟʘʚʠʩʠʤʳʭ ʨʘʟʣʠʯʠʡ ʄʉʂ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʦʚ ʜʣʷ 
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ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʦʣʝʝ ʛʦʤʦʛʝʥʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʦʙʣʘʜʘʶʱʝʡ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ɻʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʄʂ-
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To date, the results of a number of successful preclinical and clinical trials have shown the 

effectiveness of multipotentmesenchymal stromal cells (MSC) for treatment of different  conditions 

and for recovery of injured tissues. Their regenerative potential is being implemented due to trophic 

and regulatory effects of the paracrine factors contributing to the processes of repair. An important 

feature of MSC is the ability to regulate the activity of various members of both innate and adaptive 

immunity, which could be applied for the treatment of autoimmune diseases and in the case of organ 

transplantation. Clinical use of MSC implies the transplantation of the unprocessed cellular 

material, as well as cells after preliminary expansion in vitro. 

The use of MSC in clinical practice requires the standardization of cellular material. 

However, when using MSC the problem emerges associated with the heterogeneity of the cell 

population, and as a consequence, it becomes difficult to predict how the growth dynamics and 

functional activity of the cells will change during the expansion of MSC and the addition of 

regulatory factors. Variations in properties are observed both within a single population and between 

populations of MSC obtained from different donors. The initial heterogeneity of MSC and the use of 

various protocols of cellsô preparation can explain the differences in results of clinical trials at least 

in part. 

Currently the studies on MSC consider mainly the aspects related to the application of their 

trophic and immunoregulatory properties for therapeutic purposes. At the same time, molecular 

mechanisms underlying self-renewal and the determination of the fate of progenitor cells are 

practically not studied. Recently, a relationship was found between the metabolic and functional 

activity of MSC. Based on the oxidative state of cells Bertolo et al. divided all studied MSC into2 

groups: 1. cells with initial low level of ROS, characterized by higher proliferative and colony-

forming activity and greater expansion potential; 2. cells with initially high level of ROS, 

characterized by lower proliferative, colony-forming activity, and expansion potential. Data 

obtained in our laboratory provide an evidence of the relationship between the level of ROS and the 

regulation of MSC properties during the immunosuppression. It turned out that MSC with initial 

high ROS level was more prone to cytotoxic action of activated allogeneic peripheral blood 

mononuclear cells upon interaction in vitro. This observation underscores the importance of 

selection of donors, as well as the unification of methods for obtaining and preparing cellular 

material for further clinical application. 

Thus, in order to increase the efficiency of clinical techniques involving MSC, it is necessary 

to understand the origin of heterogeneity within the MSC population and the donor-specific 

differences in MSC, and to develop approaches to obtain a more homogeneous population with the 

most suitable characteristics for therapeutic use. 
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ʄʫʣʴʪʠʧʦʪʝʥʪʥʳʝ ʤʝʟʝʥʭʠʤʘʣʴʥʳʝ ʩʪʨʦʤʘʣʴʥʳʝ ʢʣʝʪʢʠ (ʄʉʂ) ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʝ ʠ ʢʣʝʪʦʯʥʦʡ ʪʝʨʘʧʠʠ 

ʟʘʙʦʣʝʚʘʥʠʡ ʯʝʣʦʚʝʢʘ. ʄʉʂ ʚʳʟʳʚʘʶʪ ʙʦʣʴʰʦʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʚ ʩʚʷʟʠ ʩ ʧʦʷʚʣʝʥʠʝʤ ʚʩʝ 

ʥʦʚʳʭ ʜʘʥʥʳʭ ʦʙ ʠʭ ʫʯʘʩʪʠʠ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʛʦʤʝʦʩʪʘʟʘ ʚ ʪʢʘʥʷʭ ʠ ʨʝʧʘʨʘʪʠʚʥʦʤ 

ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʠ. ɺ ʧʦʚʨʝʞʜʝʥʥʦʡ ʪʢʘʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʪʨʦʤʘʣʴʥʦʛʦ ʠ ʢʣʝʪʦʯʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ ʠ ʛʠʧʦʢʩʠʠ, ʯʪʦ ʠʛʨʘʝʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʧʘʨʘʮʠʠ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʫʯʘʩʪʢʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʝʛʝʥʝʨʘʮʠʠ ʢʣʝʪʢʠ (ʠʤʤʫʥʥʳʝ, ʩʪʨʦʤʘʣʴʥʳʝ, ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʠ ʜʨʫʛʠʝ) 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʢʘʢ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʞʢʣʝʪʦʯʥʳʭ ʢʦʥʪʘʢʪʦʚ ʠ 

ʢʦʥʪʘʢʪʦʚ ʩ ʚʥʝʢʣʝʪʦʯʥʳʤ ʤʘʪʨʠʢʩʦʤ, ʪʘʢ ʠ ʯʝʨʝʟ ʪʨʦʬʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. ʇʨʠʯʝʤ ʭʘʨʘʢʪʝʨ 

ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʳʡ ʠʤʤʫʥʥʳʤʠ ʢʣʝʪʢʘʤʠ, ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʜʘʣʴʥʝʡʰʠʡ 

ʭʦʜ ʨʝʧʘʨʘʪʠʚʥʦʛʦ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʄʉʂ ʠ ʤʦʥʦʮʠʪ-ʧʨʦʠʟʚʦʜʥʳʝ ʤʘʢʨʦʬʘʛʠ (ʄʅ/ʄʌ) ï ʢʣʝʪʦʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʪʢʘʥʷʭ ʚ ʦʨʛʘʥʠʟʤʝ. ʄʉʂ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʣʝʪʦʯʥʫʶ ʧʦʧʫʣʷʮʠʶ, ʩʧʦʩʦʙʥʫʶ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢ ʩʘʤʦʦʙʥʦʚʣʝʥʠʶ, ʘ ʩ ʜʨʫʛʦʡ ï 

ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʦʣʝʝ ʢʦʤʤʠʪʠʨʦʚʘʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʢʘʥʝʡ 

ʤʝʟʝʥʭʠʤʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʤʘʢʨʦʬʘʛʠ ʷʚʣʷʶʪʩʷ 

ʚʳʩʦʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʢʣʝʪʢʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʢ ʬʘʛʦʮʠʪʦʟʫ, ʠ ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ 

ʨʝʘʢʮʠʷʭ ʚʨʦʞʜʝʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, ʧʦʜʜʝʨʞʘʥʠʠ ʪʢʘʥʝʚʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʠ ʚʦʚʣʝʯʝʥʥʳʝ ʚ 

ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʢʘʥʝʡ ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ. ɸʢʪʠʚʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʄʉʂ ʠ ʄʅ/ʄʌ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʙʱʠʤ ʜʣʷ ʥʠʭ ʷʚʣʷʝʪʩʷ ʬʝʥʦʪʠʧʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʩʝʢʨʝʪʦʨʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʠʭ ʫʯʘʩʪʠʝ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʠ ʨʝʧʘʨʘʪʠʚʥʦʡ ʧʝʨʝʩʪʨʦʡʢʝ 

ʪʢʘʥʝʡ. ɸʜʘʧʪʘʮʠʷ ʄʅ/ʄʌ ʠ ʄʉʂ ʢ ʤʠʢʨʦʦʢʨʫʞʝʥʠʶ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʠʭ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ï ʜʠʚʝʨʛʝʥʪʥʦʡ 

çʧʦʣʷʨʠʟʘʮʠʝʡè.  

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʧʨʠʚʣʝʢʘʝʪ ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʢʣʝʪʦʢ, 

ʬʦʨʤʠʨʫʶʱʝʝ ʤʠʢʨʦʦʢʨʫʞʝʥʠʝ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʠʧʦʢʩʠʯʝʩʢʦʡ 

ʵʢʩʧʦʟʠʮʠʠ ʥʘ ʬʝʥʦʪʠʧ ʤʦʥʦʮʠʪ-ʧʨʦʠʟʚʦʜʥʳʭ ʤʘʢʨʦʬʘʛʦʚ ʧʨʠ ʩʦʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʩ 

ʤʝʟʝʥʭʠʤʘʣʴʥʳʤʠ ʩʪʨʦʤʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ. 

ɼʣʷ ʵʪʦʛʦ ʧʨʦʚʦʜʠʣʠ ʩʦʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʄʅ/ʄʌ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʬʨʘʢʮʠʠ 

ʤʦʥʦʥʫʢʣʝʘʨʦʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ, ʠ ʄʉʂ ʠʟ ʞʠʨʦʚʦʡ ʪʢʘʥʠ ʯʝʣʦʚʝʢʘ ʚ 

ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ (5% ʉʆ2, 37Áʉ) ʚ ʪʝʯʝʥʠʝ 6 ʜʥʝʡ ï ʧʝʨʠʦʜ, ʟʘ ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʣʦ 

ʩʦʟʨʝʚʘʥʠʝ ʄʅ/ʄʌ, ʧʦʩʣʝ ʯʝʛʦ ʢʣʝʪʢʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʢʦʨʦʪʢʦʤʫ (24 ʯ) ʣʠʙʦ ʜʣʠʪʝʣʴʥʦʤʫ (72 

ʯ) ʛʠʧʦʢʩʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (1% ʆ2). ɺ ʄʅ/ʄʌ ʠʟ ʠʩʭʦʜʥʦʡ ʧʦʧʫʣʷʮʠʠ ʠ ʧʦʩʣʝ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʤʝʪʨʠʠ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʵʢʩʧʨʝʩʩʠʷ 

ʘʥʪʠʛʝʥʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʦʟʨʝʚʘʥʠʝ (CD11b, CD68), ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʘʢʪʠʚʘʮʠʶ 

(CD80, CD86, HLA-DR) ʠ ʧʦʣʷʨʠʟʘʮʠʶ ʚ M2 (ʘʥʪʠʚʦʩʧʘʣʠʪʝʣʴʥʳʡ) ʬʝʥʦʪʠʧ (CD163, 

CD206), ʘ ʪʘʢʞʝ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ. 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʄʉʂ ʩʦʟʨʝʚʘʥʠʝ ʄʅ/ʄʌ ʥʝ ʦʪʤʝʥʷʣʦʩʴ, ʧʨʠ ʵʪʦʤ ʢʣʝʪʢʠ ʧʨʦʷʚʣʷʣʠ 

ʧʨʠʟʥʘʢʠ ʄ2 ʧʦʣʷʨʠʟʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʘʢ ʢʦʥʪʘʢʪʥʦʛʦ, ʪʘʢ ʠ ʧʘʨʘʢʨʠʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʄʉʂ ʩʥʠʞʘʣʘʩʴ ʵʢʩʧʨʝʩʩʠʷ ʘʥʪʠʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ 

ʘʢʪʠʚʘʮʠʝʡ. ʂʦʨʦʪʢʠʡ ʛʠʧʦʢʩʠʯʝʩʢʠʡ ʩʪʨʝʩʩ (24 ʯʘʩʘ, 1% ʆ2) ʧʦʪʝʥʮʠʨʦʚʘʣ ʵʬʬʝʢʪʳ ʄʉʂ, 

ʧʨʠ ʧʨʷʤʦʤ ʢʦʥʪʘʢʪʝ ʩ ʄʅ/ʄʌ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʩʥʠʞʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ 
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ʤʦʣʝʢʫʣ, ʦʧʦʩʨʝʜʫʶʱʠʭ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʘʢʪʠʚʘʮʠʶ, ʠ ʢ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʤʦʣʝʢʫʣ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʄ2 ʬʝʥʦʪʠʧʘ. ʄʉʂ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʜʝʨʞʠʚʘʣʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʄʅ/ʄʌ 

ʚ ʫʩʣʦʚʠʷʭ ʛʠʧʦʢʩʠʯʝʩʢʦʛʦ ʩʪʨʝʩʩʘ. 

ʋʚʝʣʠʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʠʧʦʢʩʠʯʝʩʢʦʡ ʵʢʩʧʦʟʠʮʠʠ ʜʦ 72 ʯʘʩʦʚ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ 

ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʧʨʠʟʥʘʢʦʚ ʄ2 ʧʦʣʷʨʠʟʘʮʠʠ ʄʅ/ʄʌ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʄʉʂ ʠ 

ʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʧʦʜʘʚʣʝʥʠʝʤ ʵʢʩʧʨʝʩʩʠʠ ʤʦʣʝʢʫʣ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ 

ʘʢʪʠʚʘʮʠʠ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʢʦʥʪʘʢʪ ʩ ʄʉʂ ʥʠʚʝʣʠʨʦʚʘʣ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʜʣʠʪʝʣʴʥʦʛʦ ʛʠʧʦʢʩʠʯʝʩʢʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʄʅ/ʄʌ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʘʨʘʢʨʠʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʳʣʦ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʄʅ/ʄʌ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʄʉʂ ʛʠʧʦʢʩʠʯʝʩʢʠʡ ʩʪʨʝʩʩ ʠʥʜʫʮʠʨʫʝʪ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʬʝʥʦʪʠʧʘ ʄʅ/ʄʌ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʠʧʦʢʩʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʟʤʝʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 

ʧʨʦ/ʘʥʪʠʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ʚ ʧʨʦʬʠʣʝ ʵʢʩʧʨʝʩʩʠʠ ʄʅ/ʄʌ, ʯʪʦ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴ 

ʭʘʨʘʢʪʝʨ ʠʭ ʫʯʘʩʪʠʷ ʚ ʨʘʟʚʠʪʠʠ ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ 17-04-00942 
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Multipotent mesenchymal stromal cells (MSCs) are one of the most promising tools in 

regenerative medicine and cell therapy of human diseases.MSCs are of great scientific interest 

due to the an increase of data on their participation in supportingtissuehomeostasisand 

reparative remodeling.The interaction of stromal and cellular components in damaged 

tissueoccurs under conditions of pro-inflammatory activation and hypoxia, which plays an 

important role in the repair of the damaged site. 

In the process of regeneration, cells (immune, stromal, endothelial, etc.) interact with 

each other both through the formation of intercellular contacts and contacts with the 

extracellular matrix, and through trophic mediators. The involved cells provide a specific 

features of the microenvironment governingthe reparative remodeling. 

MSCs and monocyte-derived macrophages (MN/MPhs) are cellular elements that 

present in virtually all tissues of the body. MSC population is capable of self-renewaland  

providethe formation of more committed cellular elements of mesenchymal origin.At the 

same time, macrophages are highly specialized phagocytesandare involved in innate 

immunity, maintenance of tissue homeostasis and tissue remodeling in case of damage.Recent 

studies proved that phenotypic plasticity and high secretory activityare common for both 

populations thatensures participationof MSC and MN/MPhs in physiological and reparative 

tissue rearrangements.Adaptation of MN/MPhs and MSC to the microenvironment is 

accompanied by a significant change in their metabolic and functional activity - divergent 

"polarization".Therefore, further studies of the interaction of thosecells, that are capable to 

orchestrate microenvironment look promising within the context of reparative tissue 

remodeling. 

The goal of this researchwas to study time-dependent effects of short-term exposure 

tohypoxia on the phenotype of MN/MPhsduring co-culture with MSCs.For this purpose, we 

used MN/MPhsthat were isolated from the of mononuclear fraction of human peripheral blood 

and MSCs from human adipose tissue. Co-culturewas carried out under standard conditions 

(5% CO2, 37 Á C) for 6 days, needed for the MN/MPhs to mature. After thatMN/MPhs and 

mesenchymal stromal cells were exposed to a relatively short (24 h) or prolonged (72 h) 
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hypoxia  (1% O2).Flow cytometry was applied to analyzeviability and phenotypeof 

MN/MPhs. For that purpose,antigens that characterize maturation (CD11b, CD68), pro-

inflammatory activation of M1 cells (CD80, CD86, HLA-DR) and polarization of M2 (anti-

inflammatory) cells phenotype (CD163, CD206) were detected. 

In the presence of MSCs, the maturation of MN/MPhs was not abolished, and the cells 

exhibited signs of M2 polarization. The expression of antigens associated with pro-

inflammatory activation decreased upon both contact and paracrine interaction with MSCs. 

Short-time exposure hypoxia (24 hours, 1% O2)of  direct co-culture MSCs with MN/MPhs, 

potentiated the effects of MSCs that led to a further decrease in the expression of molecules 

mediating pro-inflammatory activation and to an increase in the levels of molecules 

characteristic of the M2 phenotype.Under conditions of hypoxic stressMSCs effectively 

maintained the viability of MN/MPhs. 

An increase ofhypoxicexposure the duration up to 72 hours was accompanied by a less 

pronounced manifestation of M2 polarization of MN/MPhs in MSC co-culture. 72 hours 

hypoxia led to a more significant suppression of the expression of molecules participating in 

pro-inflammatory activation. Direct contact with MSCs neutralized cytotoxic effect of 

prolonged hypoxia during co-culture with MN/MPhs. Paracrine interaction was less effective 

for maintaining the viability of MN/MPhs. 

Thus, in the presence of MSCs, hypoxic stress stimulated to anti-inflammatory changes 

in the MH/MPhsphenotype. The ratio of pro/anti-inflammatory molecules in the 

MH/MPhsexpression profilewas dependent on the duration ofhypoxic exposure.This therefore 

may determine the path of their participation in the development of the inflammatory reaction. 
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ʇʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʤʳʰʝʯʥʫʶ ʢʣʝʪʢʫ ʩʪʨʝʩʩʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ 

(ʬʠʟʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ) ʧʨʦʠʩʭʦʜʷʪ ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʩʜʚʠʛʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʙʝʣʢʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʝʭʘʥʠʟʤʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʵʪʠ 

ʠʟʤʝʥʝʥʠʷ, ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʫ ʙʝʣʢʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ. ʎʝʣʴ ʨʘʙʦʪʳ ï 

ʠʟʫʯʠʪʴ ʥʘ ʫʨʦʚʥʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʤʝʭʘʥʠʟʤʳ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ ʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʚ ʩʢʝʣʝʪʥʦʡ ʤʳʰʮʝ 

ʯʝʣʦʚʝʢʘ. 

ʀʟ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʯʝʣʦʚʝʢʘ ʚʦʟʤʦʞʥʦ ʤʥʦʛʦʢʨʘʪʥʦʝ ʧʨʠʞʠʟʥʝʥʥʦʝ ʚʟʷʪʠʝ 

ʙʠʦʧʩʠʡʥʳʭ ʧʨʦʙ ʪʢʘʥʠ. ʕʪʦ ʜʘʝʪ ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʦʚ ʠ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʜʦ ʠ ʧʦʩʣʝ ʨʝʛʫʣʷʨʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ 

(ʪʨʝʥʠʨʦʚʦʢ), ʘ ʪʘʢʞʝʧʦʩʣʝ ʦʩʪʨʦʛʦ ʩʪʨʝʩʩʦʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʦʜʥʦʢʨʘʪʥʦʝ ʬʠʟʠʯʝʩʢʦʝ 

ʫʧʨʘʞʥʝʥʠʝ). ɼʝʩʷʪʴ ʤʦʣʦʜʳʭ ʥʝʪʨʝʥʠʨʦʚʘʥʥʳʭ ʤʫʞʯʠʥ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʚʳʧʦʣʥʷʣʠ ʨʘʟʛʠʙʘʥʠʝ 

ʦʜʥʦʡ ʥʦʛʠ ʚ ʢʦʣʝʥʥʦʤ ʩʫʩʪʘʚʝ ʩ ʥʘʛʨʫʟʢʦʡ ʫʤʝʨʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ɹʠʦʧʩʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ 

ʠʟ m. vastus lateralis ʙʨʘʣʠ ʜʦ, ʯʝʨʝʟ 1 ʯ ʠ 4 ʯ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʪʝʩʪʘ. ʕʪʦʪ ʪʝʩʪ ʙʳʣ 

ʧʦʚʪʦʨʝʥ ʧʦʩʣʝ ʘʵʨʦʙʥʦʡ ʪʨʝʥʠʨʦʚʢʠ ʥʘ ʚʝʣʦʵʨʛʦʤʝʪʨʝ (5/ʥʝʜ, 8 ʥʝʜ). ɼʣʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʡ 

ʩʦʜʝʨʞʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʙʝʣʢʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ 

ʜʳʭʘʪʝʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ, ʧʦʩʣʝ ʨʝʛʫʣʷʨʥʳʭ ʩʪʨʝʩʩʦʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ (8-ʥʝʜ ʪʨʝʥʠʨʦʚʢʠ) 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ɺʝʩʪʝʨʥ-ʙʣʦʪ. ɼʣʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʧʦʩʣʝ 

ʪʨʝʥʠʨʦʚʢʠ ʠ ʜʣʷ ʦʮʝʥʢʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʧʦʩʣʝ ʦʜʥʦʢʨʘʪʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʫʧʨʘʞʥʝʥʠʷ ʙʳʣ 
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ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ɺ ʧʦʢʦʝ ʧʦʩʣʝ 8-ʥʝʜʝʣʴʥʦʡ ʘʵʨʦʙʥʦʡ ʪʨʝʥʠʨʦʚʢʠ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʦʚ (NDUFB8, SDHB, 

UQCRC2, MT-CO1, ATP5A1), ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʜʳʭʘʪʝʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ, 

ʟʥʘʯʠʤʦ ʫʚʝʣʠʯʠʣʦʩʴ (ʥʘ 35ï162%, ʨ<0,05). ʇʨʠ ʵʪʦʤ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʟʥʘʯʠʤʳʭ 

ʠʟʤʝʥʝʥʠʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʜʘʥʥʳʝ ʙʝʣʢʠ, ʢʘʢ ʚ ʧʦʢʦʝ, ʪʘʢ ʠ ʧʦʩʣʝ 

ʦʜʥʦʢʨʘʪʥʦʛʦ ʫʧʨʘʞʥʝʥʠʷ (ʢʘʢ ʚ ʥʝʪʨʝʥʠʨʦʚʘʥʥʦʡ, ʪʘʢ ʠ ʚ ʪʨʝʥʠʨʦʚʘʥʥʦʡ ʤʳʰʮʝ). ɿʥʘʯʠʤʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʧʦʩʣʝ 8-ʥʝʜ ʪʨʝʥʠʨʦʚʢʠ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʜʣʷ ʙʝʣʢʦʚ CRTC2 (ʥʘ 60%, ʨ<0,05), NR4A3 (ʥʘ 100%, ʨ<0,05) ʠ TFAM (ʥʘ 20%, 

ʨ<0,06). ʇʨʠ ʵʪʦʤ ʧʦʩʣʝ ʦʜʥʦʢʨʘʪʥʦʡ ʥʘʛʨʫʟʢʠ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ NR4A3 ʠ TFAM ʟʥʘʯʠʤʦ 

(p<0,05) ʚʦʟʨʦʩʣʘ, ʢʘʢ ʚ ʥʝʪʨʝʥʠʨʦʚʘʥʥʦʡ, ʪʘʢ ʠ ʚ ʪʨʝʥʠʨʦʚʘʥʥʦʡ ʤʳʰʮʝ. ɼʣʷ ʜʨʫʛʠʭ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ (PGC1Ŭ, ESRRG) ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ 

ʠʭ ʛʝʥʦʚ ʚ ʦʪʚʝʪ ʥʘ ʦʜʥʦʢʨʘʪʥʦʝ ʫʧʨʘʞʥʝʥʠʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝ ʙʳʣʦ ʥʘʡʜʝʥʦ ʫʚʝʣʠʯʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʠʭ ʙʝʣʢʦʚ ʧʦʩʣʝ 8-ʥʝʜ ʪʨʝʥʠʨʦʚʢʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ 

ʠʭ ʧʨʦʪʝʦʣʠʟʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʟʚʘʥʥʦʝ 8-ʥʝʜ ʪʨʝʥʠʨʦʚʢʦʡ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ ʥʝ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚ ʧʦʢʦʝ ʠ ʚ ʦʪʚʝʪ ʥʘ 

ʦʜʥʦʢʨʘʪʥʫʶ ʥʘʛʨʫʟʢʫ. ʅʘʧʨʦʪʠʚ, ʚʳʟʚʘʥʥʦʝ 8-ʥʝʜ ʪʨʝʥʠʨʦʚʢʦʡ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʙʝʣʢʦʚ-ʨʝʛʫʣʷʪʦʨʦʚ ʩʚʷʟʘʥʦ ʩ ʘʢʪʠʚʘʮʠʝʡ ʵʢʩʧʨʝʩʩʠʠ ʠʭ ʤʈʅʂ 

ʧʦʩʣʝ ʦʜʥʦʢʨʘʪʥʦʡ ʥʘʛʨʫʟʢʠ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʦʩʩʠʡʩʢʠʤ ʥʘʫʯʥʳʤ ʬʦʥʜʦʤ (ʛʨʘʥʪ ˉ 14-15-00768). 
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When stress factors (physical exercises) are regularly applied to the muscle cell, the adaptive 

changes in the content of specific proteins occur. We assume that the mechanisms responsible for 

these changes may differ for proteins with various functions. The aim of our work is to study at the 

transcription level the mechanisms regulating the training-induced increase of mitochondrial 

enzymes and transcriptional regulators content in the human skeletal muscle. 

Multiple biopsy sampling from human skeletal muscles provides an unique opportunity to 

assess changes in proteins content and genes expression before and after regularly applied stress 

(exercise training), as well as after acute stress (single exercise). Ten young untrained males 

performed the one-legged moderate intensity knee-extension for 1 h. Biopsies from m. vastus 

lateralis were taken prior to, at 1 h, and 4 h after the exercise. This test was repeated after aerobic 

training on the cycling ergometer (5/week, 8 weeks). The changes in the content of transcriptional 

regulators and OXPHOS proteins after 8-wk training were evaluated by Western blot. To evaluate 

the changes in gene expression after training and after a single exercise qPCR was used. 

After 8-wk training, the content of OXPHOS proteins at rest (NDUFB8, SDHB, UQCRC2, 

MT-CO1, ATP5A1) increased (by 35-162%, p<0.05). There were no changes in the expression of 

genes encoding these proteins at rest and after a single exercise (both before and after 8-wk 

training). An increase in the content of transcriptional regulators was found after 8-wk training for 

CRTC2 (60%, p<0.05), NR4A3 (100%, p<0.05) and TFAM (20%, p <0,06). At the same time, the 

expression of the NR4A3 and TFAM genes increased (p<0.05) after a single exercise, both before 

and after 8-wk training. An increase in the expression of genes in response to a single exercise was 

also observed for other transcriptional regulators (PGC-1Ŭ, ESRRG), but there were no increase in 

the content of their proteins after 8-wk training, which may be due to the high proteolysis rate. 



 

33 

 

In conclusion, 8-wk training-induced increase in the content of OXPHOS proteins is not 

associated with changes in their gene expression at rest and after a single exercise. On the contrary, 

the training-induced increase in the content of some transcriptional regulators is associated with the 

activation of their mRNA expression after a single exercise. 

This work was supported by the Russian Science Foundation (grant no. 14-15-00768). 
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ʆʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʧʨʠ ʧʨʝʙʳʚʘʥʠʠ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʦʣʸʪʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʷʜʫ 

ʠʟʤʝʥʝʥʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʚ ʩʝʥʩʦʤʦʪʦʨʥʦʡ 

ʩʠʩʪʝʤʝ, ʚ ʯʘʩʪʥʦʩʪʠ ï ʤʳʰʝʯʥʦʡ ʧʝʨʠʬʝʨʠʠ ʠ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷʤʠ ʜʚʠʞʝʥʠʷʤʠ 

(ɻʨʠʛʦʨʴʝʚʘ ʃ.ʉ. ʩ ʩʦʘʚʪ. 1983; ʂʦʟʣʦʚʩʢʘʷ ʀ.ɹ. 1983-2008). ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʢʘʢ ʢʦʨʦʪʢʠʭ, 

ʪʘʢ ʠ ʜʣʠʪʝʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ (ʂʇ), ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʧʨʠʟʝʤʣʝʥʠʷ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʢʠʥʝʤʘʪʠʢʠ ʣʦʢʦʤʦʮʠʡ (ʂʠʨʝʥʩʢʘʷ ɸ.ɺ., ʂʦʟʣʦʚʩʢʘʷ ʀ.ɹ., 

ʉʠʨʦʪʘ ʄ.ɻ. 1986; ʂʦʟʣʦʚʩʢʘʷ ʀ. ɹ. ʠ ʜʨ. 1979), ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʥʘʨʫʰʝʥʠʷ ʣʦʢʦʤʦʪʦʨʥʳʭ 

ʬʫʥʢʮʠʡ ʫ ʢʦʩʤʦʥʘʚʪʦʚ (ʄʝʣʴʥʠʢ ʂ.ɸ. ʩ ʩʦʘʚʪ. 2003; ʐʧʘʢʦʚ ɸ.ɺ. ʩ ʩʦʘʚʪ. 2008). ɼʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʢʣʘʜʘ ʬʘʢʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʦʢʦʤʦʪʦʨʥʳʭ 

ʥʘʨʫʰʝʥʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʢʦʨʨʝʢʮʠʠ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʨʘʮʠʦʥʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʦʢʦʤʦʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʚ ʥʝʚʝʩʦʤʦʩʪʠ ʥʘ ʙʝʛʫʱʝʡ ʜʦʨʦʞʢʝ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʢʦʩʤʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ çʄʦʪʦʢʘʨʜè, 

ʚʳʧʦʣʥʷʶʱʝʛʦʩʷ ʧʨʠ ʫʯʘʩʪʠʠ ʨʦʩʩʠʡʩʢʠʭ ʯʣʝʥʦʚ ʵʢʠʧʘʞʝʡ ʥʘ ʙʦʨʪʫ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ (ʄʂʉ). ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 17 ʯʣʝʥʦʚ ʵʢʠʧʘʞʝʡ ʄʂʉ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʦʣʝʪʦʚ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 5 ʜʦ 12 ʤʝʩʷʮʝʚ. ɼʦ ʥʘʯʘʣʘ ʂʇ ʠ ʧʦʩʣʝ ʝʛʦ 

ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʜʚʝ ʩʝʩʩʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʭʦʜʝ ʂʇ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 

ʚ ʢʦʥʮʝ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ ʧʦʣʝʪʘ. ɺ ʢʘʞʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʳʧʦʣʥʷʣʩʷ ʩʪʫʧʝʥʯʘʪʳʡ 

ʣʦʢʦʤʦʪʦʨʥʳʡ ʪʝʩʪ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʙʝʛʦʚʦʡ ʜʦʨʦʞʢʠ: ʚ ʧʘʩʩʠʚʥʦʤ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʦʣʦʪʥʦ ʧʨʦʪʘʣʢʠʚʘʣʦʩʴ ʩʠʣʦʡ ʥʦʛ ʢʦʩʤʦʥʘʚʪʘ, ʠ ʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʣʦʪʥʦ 

ʧʨʠʚʦʜʠʣʦʩʴ ʚ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ. ʆʩʫʱʝʩʪʚʣʷʝʤʘʷ ʢʦʩʤʦʥʘʚʪʘʤʠ ʣʦʢʦʤʦʪʦʨʥʘʷ 

ʪʨʝʥʠʨʦʚʢʘ ʩʦʩʪʦʷʣʘ ʠʟ 5 ʵʪʘʧʦʚ: ʨʘʟʤʠʥʦʯʥʦʡ ʭʦʜʴʙʳ, ʤʝʜʣʝʥʥʦʛʦ, ʩʨʝʜʥʝʛʦ ʠ ʙʳʩʪʨʦʛʦ ʙʝʛʘ 

ʠ ʟʘʤʠʥʦʯʥʦʡ ʭʦʜʴʙʳ. ʉʢʦʨʦʩʪʴ ʭʦʜʴʙʳ/ʙʝʛʘ ʢʦʩʤʦʥʘʚʪʳ ʚʳʙʠʨʘʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʧʦ 

ʩʘʤʦʯʫʚʩʪʚʠʶ, ʮʠʢʣʦʛʨʘʤʤʘ ʩʦʜʝʨʞʘʣʘ ʪʦʣʴʢʦ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʝ ʟʥʘʯʝʥʠʷ. ɸʢʩʠʘʣʴʥʘʷ 

ʥʘʛʨʫʟʢʘ ʧʨʠ ʙʝʛʝ ʚ ʫʩʣʦʚʠʷʭ ʥʝʚʝʩʦʤʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʪʨʝʥʠʨʦʚʦʯʥʦ-

ʥʘʛʨʫʟʦʯʥʳʤ ʢʦʩʪʶʤʦʤ, ʧʦʜʩʦʝʜʠʥʝʥʥʳʤ ʢʘʨʘʙʠʥʘʤʠ ʢ ʩʠʩʪʝʤʝ ʧʨʠʪʷʛʘ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʘʢʪ ʩ ʙʝʛʦʚʦʡ ʜʦʨʦʞʢʦʡ ʠ ʩʦʟʜʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʪʝʣʝ ʦʧʝʨʘʪʦʨʘ ʨʘʚʥʫʶ, ʢʘʢ 

ʧʨʘʚʠʣʦ, 50-70% ʦʪ ʥʘʟʝʤʥʦʛʦ ʚʝʩʘ ʢʦʩʤʦʥʘʚʪʘ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʝʩʪʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩʢʦʨʦʩʪʴ ʭʦʜʴʙʳ ʠ ʙʝʛʘ, ʧʨʦʡʜʝʥʥʫʶ 

ʜʠʩʪʘʥʮʠʶ, ʯʘʩʪʦʪʫ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʠ ʵʣʝʢʪʨʦʤʠʦʛʨʘʬʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʣʘʪʝʨʘʣʴʥʦʡ ʛʦʣʦʚʢʠ ʯʝʪʳʨʸʭʛʣʘʚʦʡ ʤʳʰʮʳ ʙʝʜʨʘ ʠ 3-ʭ ʤʳʰʮ ʛʦʣʝʥʠ: ʤʝʜʠʘʣʴʥʦʡ ʛʦʣʦʚʢʠ 

ʠʢʨʦʥʦʞʥʦʡ ʤʳʰʮʳ, ʢʘʤʙʘʣʦʚʠʜʥʦʡ ʠ ʧʝʨʝʜʥʝʡ ʙʦʣʴʰʝʙʝʨʮʦʚʦʡ ʤʳʰʮ. ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʠʥʪʝʛʨʘʣʴʥʘʷ ʤʠʦʛʨʘʤʤʘ: ʧʦ ʠʩʭʦʜʥʳʤ ʟʘʧʠʩʷʤ ʩ ʫʜʘʣʝʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʚʳʯʠʩʣʷʝʪʩʷ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ, ʟʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʩʛʣʘʞʠʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʩ ʦʢʥʦʤ 15 ʤʩ. ʉ ʧʦʤʦʱʴʶ ʥʘʡʜʝʥʥʳʭ ʛʨʘʥʠʮ 

ʧʘʯʝʢ ʧʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʤʠʦʛʨʘʤʤʝ ʜʣʷ ʢʘʞʜʦʡ ʧʘʯʢʠ ʚʳʯʠʩʣʷʝʪʩʷ: ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ï ʘʤʧʣʠʪʫʜʘ; ʧʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʦʪ 

ʚʨʝʤʝʥʠ ï ʧʣʦʱʘʜʴ ʧʘʯʢʠ; ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʘʯʢʠ; ʧʝʨʠʦʜ ʩʣʝʜʦʚʘʥʠʷ ʧʘʯʝʢ ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ 

ʥʘʡʜʝʥʥʳʭ ʧʘʯʝʢ, ʧʦ ʥʝʤʫ ʚʳʯʠʩʣʷʝʪʩʷ ʦʙʨʘʪʥʘʷ ʚʝʣʠʯʠʥʘ - ʯʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ ʧʘʯʝʢ. 
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ɸʥʘʣʠʟ ʵʣʝʢʪʨʦʤʠʦʛʨʘʬʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʳʰʮ ʛʦʣʝʥʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʘʢ ʚ ʟʝʤʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʪʘʢ ʠ ʚ ʭʦʜʝ ʧʦʣʝʪʥʳʭ ʩʝʩʩʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʣʦʢʦʤʦʮʠʡ ʚ 

ʧʘʩʩʠʚʥʦʤ ʨʝʞʠʤʝ ʙʝʛʫʱʝʡ ʜʦʨʦʞʢʠ ʘʤʧʣʠʪʫʜʘ ʵʣʝʢʪʨʦʤʠʦʛʨʘʬʠʯʝʩʢʦʡ ʧʘʯʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʣʦʢʦʤʦʮʠʷʭ ʚ ʨʝʞʠʤʝ ʘʢʪʠʚʥʦʤ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʤʳʰʮ, ʢʨʦʤʝ m. Tibialis. ʈʘʩʩʤʦʪʨʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʘʤʧʣʠʪʫʜʳ ʕʄɻ (ʚʥʝʩʝʥʠʝ ʧʦʧʨʘʚʢʠ 

ʥʘ ʚʝʣʠʯʠʥʫ ʚʝʩʦʚʦʡ ʥʘʛʨʫʟʢʠ ï ʧʨʠʪʷʛ) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʕʄɻ-ʩʪʦʠʤʦʩʪʴ ʣʦʢʦʤʦʮʠʡ ʚ ʭʦʜʝ 

ʧʦʣʝʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʚʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʦ ʚʩʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʳʰʮʘʭ. ɼʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʟʥʘʯʠʤʳʤ ʜʣʷ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʨʝʞʠʤʦʚ ʣʦʢʦʤʦʪʦʨʥʳʭ ʪʨʝʥʠʨʦʚʦʢ ʚ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʵʢʩʧʝʜʠʮʠʷʭ ʠ ʫʣʫʯʰʝʥʠʷ ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʥʘʨʫʰʝʥʠʷʤ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʧʦʩʣʝ ʂʇ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʜʝʨʞʘʥʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʨʧʦʨʘʮʠʝʡ çʈʦʩʢʦʩʤʦʩè. 
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The human body undergoes a number of changes while staying in space flight, among which 

the most pronounced are changes in the sensorimotor system, in particular - the muscular periphery 

and the system of movement control (Grigorieva LS, co-author 1983, Kozlovskaya IB 1983-2008) . 

After completion of both short and long space flights (SF), immediately after landing, changes in 

the kinematics of locomotion are detected (Kirenskaya AV, Kozlovskaya IB, Sirota MG 1986 

Kozlovskaya IB et al 1979 ), alterations of locomotor functions in cosmonauts were revealed 

(Melnik KA, et al., 2003; Shpakov AV, et al., 2008). To establish the contribution of space flight 

factors to the formation of locomotor disorders and the possibility of their correction, it seemed 

rational to investigate the characteristics of locomotions performed in weightlessness on a treadmill. 

The study was carried out in the framework of the space experiment "Motocard", performed 

with the participation of Russian crew members aboard the International Space Station (ISS). 17 ISS 

crew members took part in the experiment, the duration of space flight was 5 to 12 months. Before 

the beginning of the (SF) and after its completion, two sessions of the experiment were conducted. 

During the (SF), investigations were conducted at the end of each month of the flight. In each study, 

a locomotor test was carried out in two modes of treadmill working: in the passive mode, where the 

treadmill surface was pushed by the strength of the cosmonauts feet, and the active mode in which 

the surface was driven by electric drives. The cosmonauts' locomotor training consisted of 5 stages: 

warm-up walking, slow, medium and fast running and final walking. The cosmonauts chose the 

walking / running speed independently, according to the state of health, the cyclogram contained 

only recommended values. The axial load during running in zero-gravity conditions is provided by a 

special training-loaded suit, attached to BD-2 system by special bungees, which provides contact 

with the treadmill and creates a load on the body of the operator, which is usually 50-70% of the 

terrestrial weight of the cosmonaut. 

During the test, the walking and running speed, distance traveled, heart rate and 

electromyographic activity of the lateral head of m. quadriceps femoris and 3 muscles of the calf 

were recorded: the medial head of gastrocnemius muscle, soleus and anterior tibialis muscle. The 

integral myogram (EMG) is calculated: from the initial records with the remote constant 

component, the time series of the absolute values of the voltage is calculated, then the smoothing is 

performed using a moving average with a window of 15 ms. With the help of the found borders of 

the packets for the integrated myogram, the following is calculated for each burst: the peak 

amplitude; the area under the curve of the absolute values of the voltage versus time (the area of the 

burst); the duration and frequency of the burst. 

The analysis of the shin and hip muscles electromyographic activity showed that, both under 
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terrestrial conditions and during flight experiment sessions, when carrying out locomotions in the 

passive mode of treadmill, the amplitude of electromyographic burst activity was higher than for 

locomotions in the active mode of treadmill in all the muscles under study except m. tibialis. 

Examination of the normalized EMG amplitude (taking into amount the weight of the cosmonaut on 

Earth and the value of axial loading in SF) showed that the EMG cost of locomotion in flight 

compared with background studies increases significantly in all the muscles under study. Further 

analysis of data seems to be significant for correcting the regimes of locomotor training in long 

space expeditions and improving rehabilitation approaches to musculoskeletal disorders after SF. 

The study is supported by the state corporation çRosʩosmosè. 
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ɻʅʎ ʈʌ ï ʀʄɹʇ ʈɸʅ, ʄʦʩʢʚʘ 

 

ʄʉʂ (ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʝ ʤʝʟʝʥʭʠʤʘʣʴʥʳʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʣʘʛʦʜʘʨʷ ʪʘʢʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʢʘʢ ʚʳʩʦʢʘʷ 

ʧʘʨʘʢʨʠʥʥʘʷ ʠ ʧʨʦʣʠʬʝʨʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʤʫʣʴʪʠʣʠʥʝʡʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ. ʀʭ ʥʠʟʢʘʷ ʠʤʤʫʥʦʛʝʥʥʦʩʪʴ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʤʤʫʥʦʤʦʜʫʣʷʪʦʨʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʧʨʠʤʝʥʝʥʠʝ ʘʣʣʦʛʝʥʥʳʭ ʄʉʂ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʠʤʤʫʥʦʤʦʜʫʣʷʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʄʉʂ ʘʢʪʠʚʥʦ ʠʟʫʯʘʝʪʩʷ, ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʜʦʩʪʘʪʦʯʥʦ 

ʨʘʟʥʦʨʦʜʥʳ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʭʦʜ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʄʉʂ ʠ 

ʠʤʤʫʥʦʮʠʪʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʘ ʪʘʢʞʝ ʦʪ 

ʩʦʩʪʦʷʥʠʷ ʩʘʤʠʭ ʢʣʝʪʦʢ. 

ʄʉʂ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʫʙʝʜʠʪʝʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʤʤʫʥʦʤʦʜʫʣʷʪʦʨʥʳʝ 

ʵʬʬʝʢʪʳ ʩʪʨʦʤʘʣʴʥʳʭ ʢʣʝʪʦʢ ʠʟ ʨʘʟʥʳʭ ʪʢʘʥʝʡ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ (Carrade Holt D.D. et al., 

2014). ʄʉʂ ʩʧʦʩʦʙʥʳ ʤʦʜʫʣʠʨʦʚʘʪʴ ʦʪʚʝʪ ʢʘʢ ʘʫʪʦʣʦʛʠʯʥʳʭ, ʪʘʢ ʠ ʘʣʣʦʛʝʥʥʳʭ ʠʤʤʫʥʦʮʠʪʦʚ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʷʭ ʘʣʣʦʛʝʥʥʳʝ ʄʉʂ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʶʪ 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ɽʂ, ʯʝʤ ʘʫʪʦʣʦʛʠʯʥʳʝ (Maccario R. et al., 2005). ʉʫʱʝʩʪʚʫʶʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʵʬʬʝʢʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʩʪʨʦʤʘʣʴʥʳʭ ʢʣʝʪʦʢ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʤʳʰʝʡ ʩʫʧʨʝʩʩʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ NO, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ ʧʦʢʘʟʘʥ ʀɼʆ-ʟʘʚʠʩʠʤʳʡ ʤʝʭʘʥʠʟʤ 

(KimD.S. et al, 2014). 

ʀʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʳʡ ʵʬʬʝʢʪ ʄʉʂ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʥʳʭ ʬʘʟʘʭ ʨʦʩʪʘ, ʦʪʣʠʯʘʝʪʩʷ: ʚ 

ʩʦʩʪʦʷʥʠʠ ʤʦʥʦʩʣʦʷ ʦʥʠ ʧʦʜʘʚʣʷʶʪ ʧʨʦʣʠʬʝʨʘʮʠʶ ʣʠʤʬʦʮʠʪʦʚ ʵʬʬʝʢʪʠʚʥʝʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʨʘʩʪʫʱʠʝ ʄʉʂ ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʚ ʦʩʥʦʚʥʦʤ ʛʝʥʳ ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʧʨʦʣʠʬʝʨʘʮʠʶ, 

ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ ʠ ʪʜ., ʘ ʵʢʩʧʨʝʩʩʠʷ ʙʝʣʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ 

ʩʚʦʡʩʪʚ, ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʫ ʄʉʂ ʜʦʩʪʠʛʰʠʭ 90% ʤʦʥʦʩʣʦʷ (Kim D.S. et al., 

2014). 

ɽʱʝ ʦʜʥʠʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʩʫʧʨʝʩʩʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʄʉʂ, ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʧʘʩʩʘʞʝʡ in vitro. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʝʞʝʚʳʜʝʣʝʥʥʳʝ ʩʪʨʦʤʘʣʴʥʳʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʥʝ 

ʧʨʦʷʚʣʷʶʪ ʩʫʧʨʝʩʩʠʚʥʳʭ ʩʚʦʡʩʪʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʄʉʂ 1-4 ʧʘʩʩʘʞʝʡ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤ 

ʠʤʤʫʥʦʤʦʜʫʣʷʪʦʨʥʳʤ ʵʬʬʝʢʪʦʤ, ʜʘʣʝʝ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʩʩʘʞʘ, ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʄʉʂ ʩʥʠʞʘʝʪʩʷ (McIntosh K. et al., 2006, Lin C.S. etal., 2012). 

ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʩʧʦʩʦʙʥʳʤ ʚʣʠʷʪʴ ʥʘ ʠʤʤʫʥʦʤʦʜʫʣʷʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʄʉʂ, 

ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʴ ʠʭ ʢʦʤʤʠʪʠʨʦʚʘʥʥʦʩʪʠ. Le Blanc ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʣʝ 

ʠʥʜʫʢʮʠʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʚ ʦʩʪʝʦ-, ʘʜʠʧʦ- ʠ ʭʦʥʜʨʦʛʝʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʄʉʂ ʧʦʜʘʚʣʷʶʪ 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʦʪʚʝʪ ʣʠʤʬʦʮʠʪʦʚ ʪʘʢ ʞʝ ʵʬʬʝʢʪʠʚʥʦ ʢʘʢ ʠ ʚ ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ (Le Blanc K. et al., 2003). ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʠ ʥʝʦʙʭʦʜʠʤʘ 

ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʘʷ ʠʥʜʫʢʮʠʷ ʄʉʂ, ʢʦʪʦʨʘʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ çʜʠʘʣʦʛʝè ʩ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ 
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ʠʤʤʫʥʥʳʤʠ ʢʣʝʪʢʘʤʠ. ɺʳʜʝʣʷʝʤʳʡ ʠʤʤʫʥʥʦʮʠʪʘʤʠ TNF-Ŭ ʩʪʠʤʫʣʠʨʫʝʪ ʩʠʥʪʝʟ ʇɻɽ2, ʘ IFN-

ɔ ï ʀɼʆ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʤʝʜʠʘʪʦʨʘʤʠ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʤʠ ʚ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʠ. 

ʇʨʘʡʤʠʨʦʚʘʥʥʳʝ invitroʄʉʂ ʦʙʣʘʜʘʶʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤʠ ʠʤʤʫʥʦʤʦʜʫʣʷʪʦʨʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ (Krampera M. et al., 2006). 

ʀʤʤʫʥʦʮʠʪʳ.ʆʪ ʚʳʙʦʨʘ ʩʪʠʤʫʣʷʪʦʨʘ ʣʠʤʬʦʮʠʪʦʚ, ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʚʳʨʘʞʝʥʥʦʩʪʴ 

ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʳʭ ʩʚʦʡʩʪʚ ʄʉʂ. ʊʘʢ, ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʄʉʂ ʧʨʦʜʫʢʮʠʷ IFN-ɔ 

ʣʠʤʬʦʮʠʪʘʤʠ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʚ ʉʂʃ, ʌɻɸ ʠ ʂʦʥɸ ʫʤʝʥʴʰʘʣʘʩʴ, ʘ ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʤʠ 

ʘʥʪʠʪʝʣʘʤʠ (ŬCD3/ŬCD28) - ʫʚʝʣʠʯʠʚʘʣʘʩʴ (Prasanna S.J. et al., 2010; Kronsteiner B. et al., 

2011). ʇʨʠ ʘʢʪʠʚʘʮʠʠ CD3/CD28 ʘʧʦʧʪʦʟ ʊ-ʢʣʝʪʦʢ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʣʩʷ ʧʦʩʣʝ 

ʩʦʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʩ ʄʉʂ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʨʝʜʠ ʣʠʤʬʦʮʠʪʦʚ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʤʠʪʦʛʝʥʘʤʠ 

ʂʦʥɸ ʠ ʌɻɸ, ʥʝ ʙʳʣʦ ʠʟʤʝʥʝʥʠʷ ʜʦʣʠ ʘʧʦʧʦʪʦʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ. (Park M.J. et al., 2011, 

ɻʦʨʥʦʩʪʘʝʚʘ ɸ.ʅ. ʠ ʜʨ., 2011, 2013). 

ʋʩʣʦʚʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʚʳʨʘʞʝʥʥʦʩʪʴ 

ʠʤʤʫʥʦʤʦʜʫʣʷʪʦʨʥʦʛʦ ʵʬʬʝʢʪʘ ʄʉʂ, ʷʚʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʄʉʂ/ʠʤʤʫʥʦʮʠʪʳ ʠ ʚʨʝʤʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʉʫʧʨʝʩʩʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʄʉʂ ʫʩʠʣʠʚʘʶʪʩʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʭ ʜʦʣʝ 

ʚ ʩʦʢʫʣʴʪʫʨʝ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (Cappellesso-FleuryS. etal., 2010). ʍʦʪʷ 

ʩʫʧʨʝʩʩʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʄʉʂ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʪʦʣʴʢʦ ʯʝʨʝʟ ʨʘʩʪʚʦʨʠʤʳʝ ʬʘʢʪʦʨʳ, ʜʣʷ 

ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʧʨʷʤʳʝ ʢʣʝʪʦʯʥʳʝ ʢʦʥʪʘʢʪʳ (SuvaD. etal., 2008). 

ɺ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʟʫʯʝʥʠʶ ʨʦʣʠ ʢʠʩʣʦʨʦʜʘ, ʢʘʢ 

ʬʘʢʪʦʨʘ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ, ʚʣʠʷʥʠʝ ʢʦʪʦʨʦʛʦ ʥʘ ʠʤʤʫʥʦʤʦʜʫʣʷʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʄʉʂ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʩʣʝʜʦʚʘʥʦ. ʄʳ ʚʳʷʚʠʣʠ, ʯʪʦ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʢʠʩʣʦʨʦʜʘ 

ʧʦʜʘʚʣʝʥʠʝ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʩʜʚʠʛ ʮʠʪʦʢʠʥʦʚʦʛʦ ʧʨʦʬʠʣʷ 

ʫʩʠʣʠʚʘʝʪʩʷ. ʆʊ ʇʎʈ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚ ʛʠʧʦʢʩʠʠ ʚ ʊ-ʢʣʝʪʢʘʭ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʦʜʘʚʣʝʥʠʠ ʠʤʤʫʥʥʦʛʦ 

ʦʪʚʝʪʘ (Foxp3, IL10, TGFb, PDCD1 ʠ ʜʨ). ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʠʭ ʜʘʥʥʳʭ, ʤʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʚ 

ʵʬʬʝʢʪʝ ʫʩʠʣʝʥʠʷ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʄʉʂ ʚ ʛʠʧʦʢʩʠʠ ʟʘʜʝʡʩʪʚʦʚʘʥ ʧʫʪʴ 

PD1, ʘʢʪʠʚʘʮʠʷ ʢʦʪʦʨʦʛʦ ʧʨʠʚʦʜʠʪ ʢ ʙʣʦʢʠʨʦʚʢʝ ʢʣʝʪʦʯʥʳʡ ʮʠʢʣʘ ʚ G0/G1 ʬʘʟʝ. ɼʘʣʴʥʝʡʰʝʝ 

ʠʟʫʯʝʥʠʝ ʧʦʟʚʦʣʠʪ ʚʳʷʚʠʪʴ ʤʝʭʘʥʠʟʤʳ ʨʝʘʣʠʟʘʮʠʠ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʠ ʄʉʂ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʢʠʩʣʦʨʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʘʢʪʦʨʳ ʪʢʘʥʝʚʦʛʦ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʠʤʤʫʥʦʤʦʜʫʣʷʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ʄʉʂ. ɼʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʨʦʤʘʣʴʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʠ ʠʤʤʫʥʥʳʭ ʢʣʝʪʦʢ ʥʝʦʙʭʦʜʠʤ 

ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʄʉʂ ʚ ʢʣʝʪʦʯʥʦʡ 

ʪʝʨʘʧʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ 18-015-00461 ɸ 
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Multipotent mesenchymal stem/stromal cells (MSCs) are of great interest to researchers due 

to the unique properties, such as enhanced proliferation, paracrine activity and multilineage 

differentiation. Their non-immunogenicity, in combination with immunomodulatory properties, 

opens up the opportunity for the allogeneic application of MSCs. The MSC immunomodulatory 

capacity is currently being actively studied in vitro using various experimental designs. However, 

the results are not univocal ever. It was found that the outcome of the stromal/immune cell 

interaction depends on experimental conditions and on the state of the cells themselves. 

MSC. To date, it has been clearly demonstrated that immunomodulatory effects of MSCs from 

different tissue are not similar (Carrade Holt D.D. et al., 2014). MSCs are able to modulate the 

activity of both autologous and allogeneic immune cells. In some experimental models allogeneic 

MSCs inhibited NK cells proliferation more effectively than autologous (Maccario R. et al., 2005). 
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Realization of mmunomodulatory effects is species-dependent. Itôs revealed, that the 

immunosuppression of rodent MSCs involved NO, while IDO-mediated suppression was 

demonstrated in all other examined species including humans (Kim D.S. et al, 2014). 

The immunosuppressive effect of in vitro expanded MSCs is dependend on growth phase. 

Actively growing (log phase) MSCs suppress proliferation of lymphocytes more effectively. This is 

due to the fact that growing MSCs expressed genes responsible for proliferation, cell cycle, etc., 

while the expression of proteins associated with the implementation of pro-inflammatory properties 

is high in MSCs that reached a 90% monolayer (Kim D.S. et al., 2014). 

Another crucial factor for MSC suppression is a number of passages in vitro. It has been 

shown that freshly isolated stromal progenitors do not manifest suppressive properties, while MSCs 

of 1-4 passages have a pronounced immunomodulatory effect. Further, with an increase in passage, 

the immunosuppressive potential of MSCs is decreased (McIntosh K. et al., 2006, Lin C.S. et al., 

2012). 

The commitment is an important factor that may determine the immunomodulatory potential 

of MSCs. Le Blanc et al. showed that after induction into osteo-, adipo- or chondrogenic directions, 

MSCs retained the ability to suppress the proliferative response of lymphocytes as effectively as 

they did in the non-differentiated state (Le Blanc K. et al., 2003). For effective immunosuppression, 

proinflammatory induction of MSC is required, which occurs during a "dialogue" with activated 

immune cells. TNF-Ŭ secreted by immunocytes stimulates the synthesis of PGE2, and IFN-ɔ - IDO, 

which are the key mediators involved in immunosuppression. MSCs primed in vitro have much 

more pronounced immunomodulatory properties (Krampera M. et al., 2006). 

Immunocytes.The choice of a stimulator is critical, as MSC immunomodulatory effects may 

depend on the nature of the activating agent. For instance, the IFN-ɔ production by PHA-, Conɸ- or 

MLR-activated lymphocytes after interaction with MSCs was low, on the contrary, by 

ŬCD3/ŬCD28-stimulated ï was increased (Prasanna S.J. et al., 2010; Kronsteiner B. et al., 2011). In 

the co-culture with MSCs, the CD3/CD28-activated T-cells demonstrated a significant increase in 

apoptotic cells, at the same time, the share of apoptotic cells did not change among Conɸ and PHA-

stimulating lymphocytes (Park M.J. et al., 2011, ɻʦʨʥʦʩʪʘʝʚʘɸ.ʅ. ʠʜʨ., 2011, 2013). 

Conditions of interaction. The MSCs/ immune cells ratio and duration of interaction are an 

important factors defining the efficiency of MSC-mediated immunosuppression. The suppressive 

effects of MSCs have been demonstrated to be directly proportional to the MSC number in culture 

and duration of interaction (Cappellesso-Fleury S. et al., 2010).  

Despite of the immunomodulatory properties of MSCs can be realized only via soluble 

factors, direct cellular contacts require for more pronounced manifestations (Suva D. et al., 2008). 

Our laboratory is focusing on the role of oxygen as microenvironmental factor. Its effect on 

the immunomodulatory properties of MSCs is almost not investigated. We found that inhibition of 

proliferation and anti-inflammatory shift of the cytokine profile is enhanced under hypoxic 

conditions (5% O2). RT PCR analysis revealed an up-regulation of T-cells genes associated immune 

respone suppression (Foxp3, IL10, TGFb, PDCD1, etc) after interaction with MSC under hypoxia. 

Based on above, we suppose, that the PD1 pathway could be implicated in enhancement of MSC 

immunosuppressive potential at hypoxia. Itôs activation leads to a blockage of the cell cycle in the 

G0/G1 phase. Further study will reveal the mechanisms for the implementation of MSC 

immunosuppression under reduced oxygen level. 

Thus, the microenvironmental factors have a significant effect on the realization of the MSC 

immunomodulation. Further analysis of the molecular mechanisms of the interaction of stromal 

progenitors and immune cells is necessary for more effective application of the immunosuppressive 

potential of MSCs in cell therapy. 
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ʉʈɸɺʅʀʊɽʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʉʊʈʆɽʅʀʗ ɻʃɸɿɸ  ʋ ʈʓɹ DANIORERIO , 

ʅɸʍʆɼʀɺʐʀʍʉʗ ɺ ʋʉʃʆɺʀʗʍ ʄʀʂʈʆɻʈɸɺʀʊɸʎʀʀ ʀ ʃɸɹʆʈɸʊʆʈʅʆɻʆ 

ʂʆʅʊʈʆʃʗ. 

 

ɻʨʫʰʠʥʘ ʆ.ɸ. 
ɻʅʎ ʈʌ ï ʀʄɹʇ ʈɸʅ, ʄʦʩʢʚʘ 

 

ɼʣʠʪʝʣʴʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʵʢʩʧʝʜʠʮʠʠ ʪʨʝʙʫʶʪ ʜʣʷ ʵʢʠʧʘʞʘ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ 

ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʨʘʟʣʠʯʥʳʝ ʘʚʪʦʪʨʦʬʥʳʝ ʠ ʛʝʪʝʨʦʪʨʦʬʥʳʝ 

ʦʨʛʘʥʠʟʤʳ, ʩʧʦʩʦʙʥʳʝ ʦʙʝʩʧʝʯʠʪʴ ʯʝʣʦʚʝʢʘ ʧʠʪʘʥʠʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʛʝʪʝʨʦʪʨʦʬʥʦʛʦ ʟʚʝʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ (ɹʉɾʆ) ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʞʠʚʦʪʥʳʝ 

ʦʨʛʘʥʠʟʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʳʙʳ. ɺʢʣʶʯʝʥʠʝ ʨʳʙ ʚ ʩʦʩʪʘʚ ɹʉɾʆ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ 

ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʥʘ ʠʭ ʤʦʨʬʦ-

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʠʩʴ ʚʟʨʦʩʣʳʝ ʨʳʙʳ Daniorerio, ʧʨʝʩʥʦʚʦʜʥʳʝ ʣʫʯʝʧʸʨʳʝ 

ʨʳʙʳ ʩʝʤʝʡʩʪʚʘ ʢʘʨʧʦʚʳʭ (Cyprinidae), ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʡ ʤʦʜʝʣʴʥʳʡ ʦʙʲʝʢʪ ʩʨʝʜʠ ʨʳʙ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʥʘ ʩʪʨʦʝʥʠʝ 

ʛʣʘʟʘ ʫ ʨʳʙʳ Daniorerio.  

ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʧʘʨʘʪʳ ʨʳʙ ʙʳʣʠ 

ʧʝʨʝʜʘʥʳ ʚ ɻʅʎ ʈʌ-ʀʄɹʇ ʈɸʅ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʉʦʛʣʘʰʝʥʠʝʤ ʤʝʞʜʫ ʗʧʦʥʩʢʠʤ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʘʛʝʥʪʩʪʚʦʤ (JAXA) ʠ ʌʝʜʝʨʘʣʴʥʳʤ ʢʦʩʤʠʯʝʩʢʠʤ 

ʘʛʝʥʪʩʪʚʦʤ (ʈʦʩʢʦʩʤʦʩ),  ʦʪ 5 ʠʶʣʷ 2012 ʛ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʭʦʜʠʣ ʥʘ ʙʦʨʪʫ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ (ʄʂʉ), ʛʜʝ ʚ ʪʝʯʝʥʠʝ 36 ʩʫʪʦʢ ʚ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʘʢʚʘʨʠʫʤʝ 

ʩʦʜʝʨʞʘʣʦʩʴ 18 ʚʟʨʦʩʣʳʭ ʨʳʙ. ʇʦ ʦʢʦʥʯʘʥʠʶ ʢʦʩʤʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʳʙʳ ʙʳʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘ ʙʦʨʪʫ ʚ 4% ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜʝ ʥʘ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ (pH 7,2). 

ɿʘʬʠʢʩʠʨʦʚʘʥʥʳʡ ʙʠʦʤʘʪʝʨʠʘʣ ʙʳʣ ʜʦʩʪʘʚʣʝʥ ʥʘ ɿʝʤʣʶ.ʂʦʥʪʨʦʣʝʤ ʩʣʫʞʠʣʠ ʨʳʙʳ, 

ʩʦʜʝʨʞʘʚʰʠʝʩʷ ʚ ʘʢʚʘʨʠʫʤʝ  ʧʦʣʝʪʥʦʛʦ ʪʠʧʘ  ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ɿʝʤʣʝ. 

ɿʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʨʳʙʳ ʠʟ ʧʦʣʝʪʥʦʡ ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧ ʙʳʣʠ ʟʘʣʠʪʳ ʧʘʨʘʬʠʥʦʤ. ʉ 

ʧʘʨʘʬʠʥʦʚʳʭ ʙʣʦʢʦʚ ʩʜʝʣʘʣʠ ʪʦʪʘʣʴʥʳʝ ʧʦʧʝʨʝʯʥʳʝ ʩʨʝʟʳ ʨʳʙ ʪʦʣʱʠʥʦʡ ʚ 5-7 ʤʢʤ (Õ). 

ʂʘʞʜʳʡ ʧʷʪʳʡ ʧʨʝʧʘʨʘʪ ʦʢʨʘʰʠʚʘʣʠ ʛʝʤʘʪʦʢʩʠʣʠʥ-ʵʦʟʠʥʦʤ ʧʦ ʤʝʪʦʜʫ ʂʘʨʘʯʯʠ. ʀʟʫʯʝʥʠʝ ʠ 

ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʧʨʝʧʘʨʘʪʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʚʝʪʦʚʦʤ ʫʨʦʚʥʝ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ 

çUnilus-12è (ʗʧʦʥʠʷ) ʠ ʢʘʤʝʨʳ   Levenhuk
R
C 800. 

ʈʳʙʳ ʚʦʩʧʨʠʥʠʤʘʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʠʛʥʘʣʦʚ ʠʟ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʠ ʜʣʷ  

ʚʦʩʧʨʠʷʪʠʷ ʠʭ ʨʳʙʘ ʠʤʝʝʪ ʚʳʩʦʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ ʩʝʥʩʦʨʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ.  ʉʝʥʩʦʨʥʘʷ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʝʮʝʧʪʦʨʥʳʡ ʘʧʧʘʨʘʪ ï 

ʛʣʘʟ, ʢʦʪʦʨʦʤʫ  ʧʨʠʥʘʜʣʝʞʠʪ ʦʩʦʙʘʷ ʨʦʣʴ. ʉʨʝʜʘ ʦʙʠʪʘʥʠʷ ʥʘʣʦʞʠʣʘ ʦʪʧʝʯʘʪʦʢ ʥʘ ʬʫʥʢʮʠʠ ʠ 

ʤʦʨʬʦʣʦʛʠʶ ʛʣʘʟʘ ʨʳʙʳ. ʇʦʵʪʦʤʫ,  ʥʘʭʦʞʜʝʥʠʝ ʨʳʙʳ ʚ ʥʝʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʠʤʝʥʥʦ, ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʟʝʤʥʦʡ ʛʨʘʚʠʪʘʮʠʠ,  ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʦʨʛʘʥ ʟʨʝʥʠʷ. 

ʉʪʨʦʝʥʠʝ ʛʣʘʟ ʨʳʙʳ Daniorerio, ʠʤʝʝʪ ʪʝ ʞʝ ʦʙʱʠʝ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʠ ʫ ʚʳʩʰʠʭ 

ʧʦʟʚʦʥʦʯʥʳʭ. ʅʘ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʘʭ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʚʠʜʥʦ, ʯʪʦ ʛʣʘʟʘ ʨʳʙ 

ʩʦʩʪʦʷʪ ʠʟ 3 ʦʙʦʣʦʯʝʢ: ʬʠʙʨʦʟʥʦʡ, ʩʦʩʫʜʠʩʪʦʡ ʠ ʩʝʪʯʘʪʦʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʛʣʘʟʥʦʛʦ ʷʙʣʦʢʘ - ʚʦʜʷʥʠʩʪʳʝ ʢʘʤʝʨʳ, ʩʪʝʢʣʦʚʠʜʥʦʝ ʪʝʣʦ ʠ ʭʨʫʩʪʘʣʠʢ. ʌʠʙʨʦʟʥʘʷ ʦʙʦʣʦʯʢʘ 

ʦʙʨʘʟʦʚʘʥʘ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʴʶ, ʜʝʣʠʪʩʷ ʥʘ ʟʘʜʥʶʶ ʯʘʩʪʴ - ʩʢʣʝʨʫ ʠ ʧʝʨʝʜʥʶʶ ʯʘʩʪʴ ï 

ʨʦʛʦʚʠʮʫ. ʉʝʪʯʘʪʳʡ ʩʣʦʡ ʩʦʩʪʦʠʪ ʠʟ 10 ʦʪʯʸʪʣʠʚʳʭ ʩʣʦʝʚ. ʅʘʨʫʞʥʳʡ ʧʠʛʤʝʥʪʥʳʡ ʩʣʦʡ ʫ 

ʨʳʙʳ Daniorerio ʰʠʨʦʢʠʡ ʠ ʮʠʪʦʧʣʘʟʤʘ ʦʪʨʦʩʯʘʪʳʭ ʢʣʝʪʦʢ ʧʠʛʤʝʥʪʥʦʛʦ ʵʧʠʪʝʣʠʷ ʛʫʩʪʦ 

ʟʘʧʦʣʥʝʥʘ ʧʠʛʤʝʥʪʦʤ - ʤʝʣʘʥʠʥʦʤ. ʗʜʨʘ ʨʝʮʝʧʪʦʨʥʳʭ (ʧʘʣʦʯʝʢ ʠ ʢʦʣʙʦʯʝʢ), ʙʠʧʦʣʷʨʥʳʭ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʥʝʩʢʦʣʴʢʦ ʨʷʜʦʚ. ʊʝʤʥʦʙʘʟʦʬʠʣʴʥʳʝ ʦʢʨʫʛʣʳʝ ʷʜʨʘ ʛʘʥʛʣʠʦʟʥʦʛʦ ʩʣʦʷ ʣʝʞʘʪ 

ʦʜʥʦʨʷʜʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʙʦʣʴʰʠʭ ʩʢʦʧʣʝʥʠʡ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʜʝʣʘ 

ʩʝʪʯʘʪʢʠ. ʇʫʯʢʠ ʥʝʨʚʥʳʭ ʚʦʣʦʢʦʥ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠʟ ʘʢʩʦʥʦʚ ʛʘʥʛʣʠʦʟʥʳʭ ʢʣʝʪʦʢ, 

ʧʨʠʥʠʤʘʶʱʠʭ ʠʤʧʫʣʴʩʳ ʦʪ ʥʠʞʝʣʝʞʘʱʠʭ ʨʝʮʝʧʪʦʨʥʳʭ ʠ ʙʠʧʦʣʷʨʥʳʭ ʢʣʝʪʦʢ, ʦʙʨʘʟʫʶʪ 

ʟʨʠʪʝʣʴʥʳʡ ʥʝʨʚ, ʚʳʭʦʜʷʱʠʡ ʠʟ ʛʣʘʟʥʦʛʦ ʷʙʣʦʢʘ ʚ ʦʙʣʘʩʪʠ ʩʣʝʧʦʛʦ ʧʷʪʥʘ. ɸʢʩʦʥʳ ʛʣʠʘʣʴʥʳʭ 
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ʢʣʝʪʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʛʘʥʛʣʠʦʟʥʦʤ ʩʣʦʝ ʦʙʨʘʟʫʶʪ ʚʥʫʪʨʝʥʥʶʶ ʧʦʛʨʘʥʠʯʥʫʶ ʤʝʤʙʨʘʥʫ,  

ʦʪʜʝʣʷʶʱʫʶ ʩʝʪʯʘʪʢʫ ʦʪ ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʪʝʣʘ.  

ʍʨʫʩʪʘʣʠʢ ʛʣʘʟʘ ʧʨʦʟʨʘʯʥʳʡ, ʚʳʜʘʝʪʩʷ ʚ ʚʦʜʷʥʠʩʪʫʶ ʢʘʤʝʨʫ ʧʦʯʪʠ ʜʦ ʨʦʛʦʚʠʮʳ. ʊʢʘʥʴ 

ʭʨʫʩʪʘʣʠʢʘ ʩʦʩʪʦʠʪ ʠʟ ʚʳʪʷʥʫʪʳʭ ʙʝʟʲʷʜʝʨʥʳʭ ʚʦʣʦʢʦʥ ʦʢʨʫʞʝʥʥʳʭ ʧʣʦʪʥʦʡ ʢʘʧʩʫʣʦʡ.  

ʇʝʨʝʜʥʷʷ ʯʘʩʪʴ ʭʨʫʩʪʘʣʠʢʘ ʚʳʩʪʣʘʥʘ ʦʜʥʦʩʣʦʡʥʳʤ  ʧʣʦʩʢʠʤ ʵʧʠʪʝʣʠʝʤ. ʂʣʝʪʢʠ ʭʨʫʩʪʘʣʠʢʘ, 

ʦʙʨʘʱʝʥʥʳʝ ʢ ʢʘʤʝʨʝ ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʪʝʣʘ, ʚʳʪʷʥʫʪʳ. ʅʘ ʦʪʜʝʣʴʥʳʭ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʝʧʘʨʘʪʘʭ ʚʦʣʦʢʥʘ ʠʤʝʶʪ ʚʠʜ ʧʨʦʜʦʣʴʥʳʭ ʩʚʝʪʣʳʭ ʠ ʙʦʣʝʝ ʪʝʤʥʳʭ  

ʵʦʟʠʥʦʬʠʣʴʥʦʦʢʨʘʰʝʥʥʳʭ ʫʯʘʩʪʢʦʚ. 

ʉʪʝʢʣʦʚʠʜʥʦʝ ʪʝʣʦ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʩʩʫ ʧʨʦʟʨʘʯʥʦʛʦ ʩʪʫʜʥʝʦʙʨʘʟʥʦʛʦ, ʘʤʦʨʬʥʦʛʦ 

ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʦʛʨʘʥʠʯʝʥʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʛʨʘʥʠʯʥʦʡ ʤʝʤʙʨʘʥʦʡ ʩʝʪʯʘʪʢʠ, 

ʭʨʫʩʪʘʣʠʢʦʤ ʠ ʨʘʜʫʞʥʦʡ ʦʙʦʣʦʯʢʦʡ. ʉʪʝʢʣʦʚʠʜʥʦʝ ʪʝʣʦ ʬʠʢʩʠʨʫʝʪ ʭʨʫʩʪʘʣʠʢ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʘʩʪʷʞʝʥʠʶ ʠ ʧʨʠʣʝʛʘʥʠʶ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʝʚ ʩʝʪʯʘʪʢʠ ʢ ʧʠʛʤʝʥʪʥʦʤʫ ʩʣʦʶ. ʉʪʝʢʣʦʚʠʜʥʘʷ 

ʚʣʘʛʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʤʝʪʘʙʦʣʠʟʤʝ ʩʝʪʯʘʪʢʠ. ɺʤʝʩʪʝ ʩ ʚʦʜʷʥʠʩʪʦʡ ʚʣʘʛʦʡ ʢʘʤʝʨ 

ʩʪʝʢʣʦʚʠʜʥʦʝ ʪʝʣʦ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʥʫʪʨʠʛʣʘʟʥʦʝ ʜʘʚʣʝʥʠʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʟʨʠʪʝʣʴʥʘʷ 

ʘʢʢʦʤʦʜʘʮʠʷ ʫ ʨʳʙ Daniorerio, ʢʘʢ ʫ ʚʩʝʭ ʢʘʨʧʦʚʳʭ, ʩʦʚʝʨʰʘʝʪʩʷ ʧʫʪʝʤ ʫʜʣʠʥʝʥʠʷ ʭʨʫʩʪʘʣʠʢʘ 

ʚʧʝʨʝʜ ʠʣʠ ʥʘʟʘʜ, ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʨʦʛʦʚʠʮʝ ʠʣʠ ʫʜʘʣʷʷʩʴ ʦʪ ʥʝʝ.  

ɻʠʩʪʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʧʘʨʘʪʦʚ ʛʣʘʟ ʨʳʙʳ Daniorerio ʠʟ ʧʦʣʝʪʥʦʡ ʛʨʫʧʧʳ 

ʚʳʷʚʠʣʦ ʜʚʫʭʩʪʦʨʦʥʥʝʝ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʝʤʘ ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʪʝʣʘ, ʯʪʦ ʚʳʨʘʟʠʣʦʩʴ ʚ ʩʫʞʝʥʠʠ  

ʞʠʜʢʦʩʪʥʦʡ ʧʦʣʦʩʪʠ ʛʣʘʟʥʦʛʦ ʷʙʣʦʢʘ, ʩʢʣʘʜʯʘʪʦʩʪʠ ʩʝʪʯʘʪʢʠ, ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʷʭ 

ʭʨʫʩʪʘʣʠʢʘ ʠ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʝʚ ʩʝʪʯʘʪʢʠ. ʍʨʫʩʪʘʣʠʢ ʚ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʪʝʩʥʦ ʧʨʠʣʝʛʘʝʪ ʢ 

ʨʦʛʦʚʠʮʝ, ʟʘʜʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠʞʘʪʘ ʢ ʩʝʪʯʘʪʢʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʛʠʙʦʚ ʝʝ ʩʣʦʝʚ. ʅʘ 

ʫʯʘʩʪʢʘʭ ʜʘʚʣʝʥʠʷ ʭʨʫʩʪʘʣʠʢʘ ʠ ʧʨʦʛʠʙʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʙʦ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʷʜʝʨ 

ʛʘʥʛʣʠʦʟʥʦʛʦ ʩʣʦʷ, ʣʠʙʦ ʷʜʨʘ ʧʨʠʦʙʨʝʪʘʶʪ  ʦʚʘʣʴʥʫʶ ʬʦʨʤʫ ʩ ʦʩʣʘʙʣʝʥʠʝʤ ʙʘʟʦʬʠʣʴʥʦʩʪʠ, 

ʠʣʠ ʦʥʠ ʣʠʟʠʨʦʚʘʥʳ. ʋ ʦʜʥʦʡ  ʨʳʙʳ ʠʟ ʦʧʳʪʥʦʡ ʛʨʫʧʧʳ ʦʙʥʘʨʫʞʝʥʳ, ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ  ʩʞʘʪʠʝʤ ʥʝ ʪʦʣʴʢʦ ʚʥʫʪʨʝʥʥʝʡ ʤʝʤʙʨʘʥʳ, ʦʧʪʠʯʝʩʢʠʭ 

ʚʦʣʦʢʦʥ ʠ ʛʘʥʛʣʠʦʟʥʦʛʦ ʩʣʦʷ, ʥʦ ʠ ʫʧʣʦʱʝʥʠʝʤ ʧʣʝʢʩʠʬʦʨʤʥʳʭ ʩʣʦʝʚ ʚʧʣʦʪʴ ʜʦ ʥʘʨʫʞʥʦʛʦ 

ʷʜʝʨʥʦʛʦ ʩʣʦʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʷʜʝʨ ʧʘʣʦʯʝʢ ʠ ʢʦʣʙʦʯʝʢ. ʍʨʫʩʪʘʣʠʢ ʫ ʵʪʦʡ ʨʳʙʳ ʧʨʦʟʨʘʯʥʳʡ, 

ʦʜʥʘʢʦ, ʚ ʦʪʜʝʣʴʥʳʭ  ʚʦʣʦʢʥʘʭ ʦʙʥʘʨʫʞʝʥʳ ʤʝʣʢʠʝ ʚʘʢʫʦʣʠ ʠ ʧʨʦʜʦʣʴʥʳʝ ʩʢʣʘʜʢʠ ʥʘ ʛʨʘʥʠʮʝ 

ʩ ʚʦʣʦʢʥʠʩʪʳʤ ʩʣʦʝʤ ʢʘʧʩʫʣʳ. ʅʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʧʦʪʝʨʷ ʫʧʨʫʛʦʩʪʠ ʢʘʧʩʫʣʳ ʭʨʫʩʪʘʣʠʢʘ, ʯʪʦ 

ʧʨʦʷʚʠʣʦʩʴ ʚ ʦʙʨʘʟʦʚʘʥʠʠ çʚʦʣʥʠʩʪʦʩʪʠè ʥʘʨʫʞʥʦʡ ʢʘʧʩʫʣʳ. ɺ ʦʙʣʘʩʪʠ ʨʘʜʫʞʢʠ ʦʪʤʝʯʝʥʦ 

ʥʘʣʠʯʠʝ ʩʪʘʟʘ ʠ ʤʘʣʦʢʨʦʚʠʝ ʢʘʧʠʣʣʷʨʦʚ ʭʦʨʦʠʜʘ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʷʥʠʩʪʦʡ 

ʞʠʜʢʦʩʪʠ. ɺ ʩʦʝʜʠʥʠʪʝʣʴʥʦʤ ʩʣʦʝ ʩʦʩʫʜʠʩʪʦʡ ʦʙʦʣʦʯʢʠ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʠʜʥʳ ʟʝʨʥʘ ʯʝʨʥʦʛʦ 

ʧʠʛʤʝʥʪʘ, ʯʪʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʛʣʘʟʘʭ ʨʳʙʦʢ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ  ʠʩʩʣʝʜʦʚʘʥʠʠ ʛʣʘʟ ʨʳʙ Daniorerio ʠʟ ʧʦʣʝʪʥʦʡ ʛʨʫʧʧʳ ʚʳʷʚʣʝʥʳ  

ʧʨʠʟʥʘʢʠ ʩʥʠʞʝʥʠʷ ʦʙʲʝʤʘ ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʪʝʣʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦʣʦʩʪʠ ʟʘʜʥʝʡ 

ʢʘʤʝʨʳ, ʦʯʘʛʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʝʚ ʩʝʪʯʘʪʢʠ, ʦʙʨʘʟʦʚʘʥʠʶ ʩʢʣʘʜʦʢ 

ʩʝʪʯʘʪʢʠ; ʚʘʢʫʦʣʠʟʘʮʠʠ ʠ ʩʤʦʨʱʠʚʘʥʠʝ ʭʨʫʩʪʘʣʠʢʦʚʳʭ ʚʦʣʦʢʦʥ, ʠʟʤʝʥʝʥʠʶ ʢʦʥʪʫʨʦʚ 

ʢʘʧʩʫʣʳ ʭʨʫʩʪʘʣʠʢʘ. ʉʥʠʞʝʥʠʝ ʦʙʲʝʤʘ ʩʪʝʢʣʦʚʠʜʥʦʛʦ ʪʝʣʘ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʘʜʝʥʠʝ 

ʚʥʫʪʨʠʛʣʘʟʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʥʘʨʫʰʝʥʠʶ ʤʝʪʘʙʦʣʠʟʤʘ ʩʝʪʯʘʪʢʠ. ʉʞʘʪʠʝ ʭʨʫʩʪʘʣʠʢʦʤ ʩʝʪʯʘʪʢʠ 

ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʨʚʥʳʭ ʚʦʣʦʢʦʥ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʥʘʨʫʰʝʥʠʝ ʧʝʨʝʜʘʯʠ ʠʤʧʫʣʴʩʦʚ ʦʪ ʨʝʮʝʧʪʦʨʥʳʭ 

ʢʣʝʪʦʢ (ʢʦʣʙʦʯʝʢ ʠ ʧʘʣʦʯʝʢ) ʚ ʟʨʠʪʝʣʴʥʳʝ ʜʦʣʠ ʩʨʝʜʥʝʛʦ ʤʦʟʛʘ. 

ʇʨʠʯʠʥʦʡ ʧʦʜʦʙʥʳʭ ʥʘʨʫʰʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʛʣʘʟ ʨʳʙ ʠʟ ʧʦʣʝʪʥʦʡ ʛʨʫʧʧʳ ʩʢʦʨʝʝ ʚʩʝʛʦ 

ʷʚʣʷʶʪʩʷ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʧʦʩʪʫʧʣʝʥʠʷ ʜʠʘʣʠʟʘʪʘ ʧʣʘʟʤʳ ʢʨʦʚʠ  ʠʟ ʘʨʪʝʨʠʘʣʴʥʳʭ 

ʢʘʧʠʣʣʷʨʦʚ ʭʦʨʦʠʜʘ ʟʘ ʩʯʝʪ ʧʘʜʝʥʠʷ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʥʠʭ, ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ 

ʩʝʢʨʝʮʠʠ ʚʦʜʷʥʠʩʪʦʡ ʚʣʘʛʠ ʵʧʠʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ʚ ʦʙʣʘʩʪʠ ʨʘʜʫʞʢʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʠʟʤʝʥʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʞʠʜʢʦʩʪʥʦʡ ʚʣʘʛʠ, ʦʩʦʙʝʥʥʦ ʚ ʩʪʝʢʣʦʚʠʜʥʦʤ ʪʝʣʝ. 
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Long-term space expeditions require crew to create a life support system comprising of 

various autotrophic and heterotrophic organisms, capable of providing human nutrition. Various 

animal organisms, including fish, are considered to be heterotrophic link of BLSS (biological life 

support systems). The inclusion of fish in the BLSS composition is impossible without a 

comprehensive study of the space flight factors influence on their morpho-physiological state.       

The object of research was adult fish Danio rerio, which belongs to the species of freshwater ray-

finned fish of the carp family (Cyprinidae), and is the most studied model among all fish. 

The aim of the work was to study the influence of space flight conditions on the eye structure 

of Danio rerio fish. 

Fixation material for the fish histological studies were transferred to the Russian specialists of 

SSC RF-IBMP RAS in accordance with the Agreement between the Japanese aerospace research 

Agency (JAXA) and Russian Federal space Agency (Roscosmos), dated July 5, 2012.  The 

experiment took place on the International Space Station (ISS) where 18 adult fish were kept in a 

specially designed container for 36 days. At the end of the research fish were fixed on board in 4% 

paraformaldehyde on phosphate buffer (pH 7.2). The fixed material was delivered to earth.  Fish 

contained in the flight type aquarium in laboratory conditions on Earth served as control, also fixed 

in 4% paraformaldehyde in phosphate buffer (pH 7.2). The obtained samples (one in five) were 

stained with hematoxylin-eosin by the Karachchi method. The study and photography of obtained 

material were carried out at the light level using  "Unilus-12" (Japan) microscope and Levenhuk R 

C 800 camera. 

Fish perceive a large number of signals from the environment, and to perceive them fish has a 

highly specialized sensor system, which has a high sensitivity.  The sensor system includes a 

receptor apparatus ï the eye, which has a special role. Habitat left its mark on the morphology 

functions of the fish's eye. Therefore, living fish in unusual conditions, namely, in the absence of 

earth gravity, can have a certain impact on the organ. 

The structure of Danio-rerio fish eyes is the same as all  higher vertebrates have. On 

histological samples compared with  laboratory control it is visible that the small fisheôs eye consists  

of 3 components: fibrous, vascular and mesh. Additional components of the eyeball are  aqueous 

chamber, vitreous body and lens. The fibrous membrane is formed by connective tissue, divided into 

the rear part - the sclera and the front part ï the cornea. The mesh layer consists of 10 distinct layers. 

The outer wide pigment layer of Danio rerio fish is wide and the cytoplasm of the pigment epithelial 

cells are densely filled with pigment - melanin. The core of the receptor (rods and cones), bipolar 

cells are located in several rows. The dark-basophilic rounded nuclei of the ganglion layer lie one-

row with the formation of small clusters in certain areas of the internal retina. Bundles of nerve 

fibers formed from axons of ganglion cells, receiving impulses from underlying receptor and bipolar 

cells, form the optic nerve, coming out of the eyeball in the blind spot. Axons of glial cells located 

in the ganglion layer form an internal boundary membrane separating the retina from the vitreous  

body. 

The eye lens is transparent, pushed out in the watery chamber almost to the cornea. The lens 

tissue consists of elongated nuclear-free fibers surrounded by a dense capsule.  The anterior part of 

the lens is lined with a single-layer flat epithelium. The lens cells facing the vitreous chamber are 

elongated. In separate histological samples fibers have the form of longitudinal light and darker 

eosinophilic-colored areas. 

Vitreous body is a mass of transparent gelatinous, amorphous intercellular substance, which is 
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separated by the internal boundary membrane of the retina, lens and iris.  The vitreous body fixes 

the lens and promotes stretching and adhesion of the inner layers of the retina to the pigment layer.  

Vitreous moisture plays an important role in the retina metabolis.  Together with the chambers 

watery moisture, the vitreous body maintains intraocular pressure. It is known that visual 

accommodation of Danio rerio fish, as, of  all, Cyprinidae, is performed by lengthening the lens 

forward or backward, approaching the cornea or moving away from it. 

Histological studies of danio rerio fish eye samples, compared with the flight group revealed a 

bilateral reduction in the volume of the vitreous body, which resulted in a narrowing of the liquid 

cavity of the eyeball, retinal folding, structural changes of the lens and the inner layers of retina. The 

lens in the front part is closely attached to the cornea, the back surface is pressed to the retina to 

form deflections of its layers. In areas of lens pressure and deflection an increased nuclei size of the 

ganglion layer can be observed, also nuclei can acquire an oval shape with the weakening of 

basophilic characteristics, or they are lysed. Changes were found in one fish from the flight group, 

they were  characterized not only by compression of the inner membrane, optical fibers and 

ganglion layer, but also the flattening of the plexiform layers up to the outer nuclear layer consisting 

of the nuclei of rods  and cones. Lens in this fish group was transparent, however, in some fibers 

found small vacuoles and longitudinal folds on the border with a fibrous layer of the capsule were 

found. There is also a loss of elasticity of the lens capsule, which manifested itself in the formation 

of "waviness" of the outer capsule. In the iris region, the presence of stasis and anemia of choroid 

capillaries involved in the formation of a watery liquid was noted. In the connective layer of the 

vascular membrane of this area, the grains of black pigment are visible, which is not observed in the 

eyes of the fish of the control group. 

Thus, the study of danio rerio fish eyes in comparison with  the flight group revealed signs of 

a decrease in the volume of the vitreous body, which led to a decrease in the cavity volume of the 

posterior chamber, focal changes in the structure of the internal layers of the retina, the formation of 

retinal folds; vacuolization and wrinkling of the lens fibers.  Decrease of  the vitreous body leads to  

drop of  intraocular pressure and distortion of  the retina metabolism. Compression of the retina by 

the lens, including nerve fibers, leads to  transmission disorder of impulses from the receptor cells 

(rods and sticks) to the visual lobes of the middle brain. 

The reason for such distortion of fish eyes structure of the flight group is likely to be 

connected with the  decrease blood level dialysate from arterial capillaries of the choroid due to the 

drop in hydrostatic pressure in them, or the decrease in the secretion of watery moisture by 

epithelial cells in the iris region, which led to the  change in the amount and quality of liquid 

moisture, especially in the vitreous body. 

 

ʋʈʆɺɽʅʔ ʂʀʉʃʆʈʆɼɸ ʂɸʂ ʌɸʂʊʆʈ ʄʆɼʋʃʗʎʀʀ ɸʅɻʀʆɻɽʅʅʆɻʆ 

ʇʆʊɽʅʎʀɸʃɸ ʄʋʃʔʊʀʇʆʊɽʅʊʅʓʍ ʄɽɿɽʅʍʀʄɸʃʔʅʓʍ ʉʊʈʆʄɸʃʔʅʓʍ 

ʂʃɽʊʆʂ 
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ɻʅʎ ʈʌ ï ʀʥʩʪʠʪʫʪ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʈɸʅ, ʄʦʩʢʚʘ 

 

ɺ ʥʘʩʪʦʷʱʠʝ ʚʨʝʤʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʢʣʝʪʦʯʥʦʡ ʪʝʨʘʧʠʠ, ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʭ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʨʦʤʘʣʴʥʳʭ ʢʣʝʪʦʢ (ʄʉʂ), ʩ ʮʝʣʴʶ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʨʫʰʝʥʠʡ ʪʢʘʥʝʡ ʠ (ʠʣʠ) ʦʨʛʘʥʦʚ ʧʨʠ 

ʣʝʯʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʚʷʟʘʥʥʳʭ ʩ ʘʥʛʠʦʛʝʥʝʟʦʤ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʧʨʠ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʄʉʂ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘ 

ʩʯʝʪ ʧʨʦʜʫʢʮʠʠ ʧʘʨʘʢʨʠʥʥʳʭ ʤʝʜʠʘʪʦʨʦʚ (Madonna et al., 2009; Bailey et al., 2010; Gimble et 

al., 2011). ʕʪʠ ʢʣʝʪʢʠ ʩʝʢʨʝʪʠʨʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʮʠʪʦʢʠʥʳ ʠ ʨʦʩʪʦʚʳʝ ʬʘʢʪʦʨʳ, 

ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʘʥʛʠʦʛʝʥʝʟ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʧʨʦʣʠʬʝʨʘʮʠʶ ʠ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ, ʚʢʣʶʯʘʷ VEGF, HGF, PDGF, FGF, ʀʃ-6 (ʇʘʨʬʝʥʦʚʘ ʠ ʜʨ., 2006; 
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ʊʨʘʢʪʫʝʚ ʠ ʜʨ., 2006; Rubina et al., 2009; Locke et al., 2011; Gnecchi et al., 2016; Hodgkinson et 

al., 2016). ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ 

ʘʥʛʠʦʛʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʄʉʂ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʨʘʟʥʳʭ ʪʢʘʥʝʡ (ɽʬʠʤʝʥʢʦ ʠ ʜʨ., 2010; 

ʐʘʭʧʘʟʷʥ ʠ ʜʨ., 2012; Madonna, 2009; Bailey, 2010; Gimble, 2011). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ 

ʧʨʦʷʚʣʝʥʠʷ ʧʘʨʘʢʨʠʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʫʩʣʦʚʠʷ 

ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʪʦʠʪ ʫʜʝʣʠʪʴ ʫʨʦʚʥʶ ʢʠʩʣʦʨʦʜʘ, ʵʪʦʪ ʬʘʢʪʦʨ, ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʣʝʪʦʢ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʪʚʦʣʦʚʳʭ ʠ ʧʨʦʛʝʥʠʪʦʨʥʳʭ. ɺ ʪʢʘʥʝʚʳʭ ʥʠʰʘʭ ʄʉʂ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 

7%, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʣʝʪʢʠ in vivo ʩʫʱʝʩʪʚʫʶʪ ʚ ʫʩʣʦʚʠʷʭ çʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡè ʛʠʧʦʢʩʠʠ 

(ɹʫʨʘʚʢʦʚʘ ʠ ʜʨ., 2012; Fehrer et al., 2007; Holzwarth et al., 2010; Mohyeldin et al., 2010). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʬʠʟʠʦʣʦʛʠʯʥʳʤ, ʯʝʤ ʚ 

ʫʩʣʦʚʠʷʭ ʥʦʨʤʦʢʩʠʠ (ʢʦʛʜʘ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 20% ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʘʪʤʦʩʬʝʨʥʦʤʫ). ɺ ʨʷʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʧʦʥʠʞʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ 

ʥʘ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʄʉʂ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʧʘʨʘʢʨʠʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

(ɹʫʨʘʚʢʦʚʘ ʠ ʜʨ., 2009; ʈʳʣʦʚʘ ʠ ɹʫʨʘʚʢʦʚʘ, 2013; Potier, 2007; Hu, 2008;  Estrada et al., 2012; 

Wei et al., 2012; Chen et al., 2014; Ciapetti et al., 2016). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ 

ʢʠʩʣʦʨʦʜʘ ʤʦʞʝʪ ʪʘʢʞʝ ʷʚʣʷʪʴʩʷ ʩʠʛʥʘʣʦʤ ʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ, 

ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʘʥʛʠʦʛʝʥʝʟ. ʕʬʬʝʢʪʳ ʛʠʧʦʢʩʠʠ  ʥʘ ʧʨʦʜʫʢʮʠʶ ʨʘʩʪʚʦʨʠʤʳʭ ʤʝʜʠʘʪʦʨʦʚ 

ʯʘʱʝ ʚʩʝʛʦ ʠʟʫʯʘʶʪ ʧʦʩʣʝ ʢʦʨʦʪʢʦʛʦ ʛʠʧʦʢʩʠʯʝʩʢʦʛʦ ʧʨʝʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʥʘ ʬʦʥʝ 

ʩʳʚʦʨʦʪʦʯʥʦʡ ʜʝʧʨʠʚʘʮʠʠ, ʪʦ ʝʩʪʴ ʨʝʯʴ ʠʜʝʪ ʥʝ ʪʦʣʴʢʦ ʦ ʛʠʧʦʢʩʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʥʦ ʠ ʦ 

ʚʣʠʷʥʠʠ ʨʝʟʢʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʠ 

ʪʨʘʥʩʣʷʮʠʶ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ, ʭʝʤʦʢʠʥʦʚ ʠ ʧʨʦʪʠʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʘʢʠʥʦʚ (Leeetal., 2010; 

Chakoetal., 2010; ʈʫʙʠʥʘ ʠ ʜʨ., 2010; Buslettaetal., 2011). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʧʨʦʠʩʭʦʜʠʪ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚ ʄʉʂ: ʩʦʜʝʨʞʘʥʠʝ ʤʈʅʂ 

ʧʨʦʘʥʛʠʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ VEGF, PlGF, HGF, bFGF, PDGF-Bɺ ʠ TGF-ɓ, ʚʦʟʨʘʩʪʘʝʪ ʚ 

2ï4 ʨʘʟʘ, ʘ ʤʈʅʂ ʘʥʪʠʘʥʛʠʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ, ʢʘʢ PAI-1, ʘʥʛʠʦʩʪʘʪʠʥ ʠ 

ʪʨʦʤʙʦʩʧʦʥʜʠʥ, ʩʥʠʞʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ (Rubina et al., 2009).  

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʄʉʂ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʩʦʩʫʜʦʦʙʨʘʟʦʚʘʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʘʥʛʠʦʛʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʫʩʣʦʚʠʷʭ ʪʢʘʥʝʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʄʉʂ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʩʪʨʦʤʘʣʴʥʦ-ʚʘʩʢʫʣʷʨʥʦʡ 

ʬʨʘʢʮʠʠ ʞʠʨʦʚʦʡ ʪʢʘʥʠ ʯʝʣʦʚʝʢʘ ʠ ʧʦʩʪʦʷʥʥʦ ʢʫʣʴʪʠʚʠʨʫʝʤʳʝ ʧʨʠ 20% ʆ2 ʠ 5% ʆ2. 

ʕʢʩʧʨʝʩʩʠʶ ʨʷʜʘ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʥʛʠʦʛʝʥʝʟʦʤ, ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʮʠʪʦʢʠʥʦʚ ʚ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ (ʂʉ), ʦʧʨʝʜʝʣʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ.ɺʣʠʷʥʠʝ ʂʉ ʦʪ ʄʉʂ ʥʘ ʨʦʩʪ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ in 

vitro ʦʮʝʥʠʚʘʣʠ ʧʦ ʵʬʬʝʢʪʘʤ ʥʘ ʥʝʥʘʧʨʘʚʣʝʥʥʫʶ ʤʠʛʨʘʮʠʶ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ (ʕʂ) ʚ 

ʤʦʜʝʣʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʤʦʥʦʩʣʦʷ ʠ ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʧʠʣʣʷʨʦʧʦʜʦʙʥʳʭ 

ʩʪʨʫʢʪʫʨ ʚ 3Dïʤʦʜʝʣʠ ʙʘʟʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ (ʄʘʪʨʠʛʝʣʴ). ʆʮʝʥʢʫ ʘʥʛʠʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʂʉ 

exvivo ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʩʫʜʠʩʪʦʡ ʩʝʪʠ ʚ ʭʦʨʠʦʘʣʣʘʥʪʦʠʩʥʦʡ ʦʙʦʣʦʯʢʝ 

(ʍɸʆ) ʵʤʙʨʠʦʥʦʚ ʷʧʦʥʩʢʦʛʦ ʧʝʨʝʧʝʣʘ (ʉoturnix coturnix japonica).  

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʄʉʂ, ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʧʨʠ 20% ʆ2, ʫ ʄʉʂ ʚ ʫʩʣʦʚʠʷʭ ʪʢʘʥʝʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ, ʦʙʥʘʨʫʞʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʩʦʩʫʜʦʦʙʨʘʟʦʚʘʥʠʠ: VEGF-ɸ, ANGPTL2, PDGF, FGF, TGF, MCP-1. ɸʥʘʣʠʟ ʧʘʨʘʢʨʠʥʥʦʛʦ 

ʧʨʦʬʠʣʷ ʄʉʂ, ʚʳʷʚʠʣ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ VEGF ʠ IL-6 ʦʪʥʦʩʠʪʝʣʴʥʦ ʄʉʂ ʚ 

ʥʦʨʤʦʢʩʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ɼʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʧʨʦʜʫʢʮʠʠ MCP-1 ʠ IL-8 ʦʙʥʘʨʫʞʝʥʦ ʥʝ 

ʙʳʣʦ. ʂʉ ʦʪ ʄʉʂ ʚ ʛʠʧʦʢʩʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩʪʠʤʫʣʠʨʦʚʘʣʘ ʤʠʛʨʘʮʠʶ ʕʂ invitro ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʪʠʤʠ ʢʣʝʪʢʘʤʠ ʢʘʧʠʣʣʷʨʦʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʄʘʪʨʠʛʝʣʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʘʨʘʢʨʠʥʥʳʝ ʬʘʢʪʦʨʳ ʂʉ ʦʙʝʩʧʝʯʠʚʘʣʠ ʧʨʠʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʩʦʩʫʜʦʚ ʚ ʍɸʆ exvivo 

(ʜʦʩʪʦʚʝʨʥʦ ʚ 1,5 ʨʘʟʘ), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʂʉ ʦʪ ʄʉʂ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʡ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ (20%).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʦʷʥʥʦʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʄʉʂ ʚ ʫʩʣʦʚʠʷʭ çʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ 

ʛʠʧʦʢʩʠʠè ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 
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ʩʦʩʫʜʦʦʙʨʘʟʦʚʘʥʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʘʥʛʠʦʛʝʥʥʳʭ ʤʝʜʠʘʪʦʨʦʚ 

ʚ ʂʉ, ʠ ʘʥʛʠʦʛʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʄʉʂ invitro ʠ exvivo. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʥʫʞʜ ʢʣʝʪʦʯʥʦʡ ʪʝʨʘʧʠʠ ʠ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʦʛʨʘʤʤʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʨʝʟʠʜʠʫʤʘ 

ʈɸʅçʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡè 
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At nowdays, the application of   multipotent mesenchymal stromal cells (MSCs) to restore    

functional damages of tissues and organs including those associated with angiogenesis is promising 

direction in the cell therapy. The most important therapeutic effects of MSC transplantation is 

provided primarily through the production of paracrine mediators (Madonna et al., 2009; Bailey et 

al., 2010; Gimble et al., 2011). These cells secrete numerous cytokines and growth factors to 

stimulate angiogenesis,  proliferation and remodeling of the extracellular matrix, including VEGF, 

HGF, PDGF, FGF, IL-6 (Parfenova et al., 2006; Tractuyev et al., 2006; Rubina et al ., 2009; Locke 

et al., 2011; Gnecchi et al., 2016; Hodgkinson et al., 2016). A significant number of researches are 

devoted to the examination of the angiogenic potential of MSCs from different tissues (Efimenko et 

al., 2010; Shahpazyan et al., 2012; Madonna, 2009; Bailey, 2010; Gimble, 2011). It was 

demonstrated that microenvironmental conditions are essential for the manifestation of paracrine. 

The oxygen level is one of the most important one determining functional state of cells, including 

stem and progenitors    The oxygen concentration does not exceed 7% in the tissue niches of MSCs, 

thus cells are residing under "physiological" hypoxia conditions in vivo (Burravkova et al., 2012, 

Fehrer et al., 2007, Holzwarth et al., 2010, Mohyeldin et al. 2010). Consequently, the cultivation 

under such conditions is more physiological than at normoxia conditions (when the oxygen content 

is 20% and corresponds to atmospheric oxygen). In a number of experiments, the effect of a reduced 

oxygen  on the morphology and functions of   MSCs, including paracrine activity, has been shown 

(Buravkova et al., 2009; Rylova and Buravkova, 2013; Potier, 2007; Hu 2008; Estrada et al., 2012; 

al., 2012; Chen et al., 2014; Ciapetti et al., 2016). A low oxygen level can also be a signal to 

increasing   production of growth factors stimulating angiogenesis. The effects of hypoxia on the 

production of mediators are most often studied after short-term hypoxic preconditioning combined 

with serum deprivation. So far, it is not only a hypoxic effect but   limitation of growth factors as 

well, which causes transcriptional and translational of  various bioactive molecules (Lee et al., 2010, 

Chako et al., 2010; Rubina et al., 2010; Busletta et al., 2011). Coordinated changes in MSC gene 

expression took  place under above conditions:     mRNA c of proangiogenic factors, including 

VEGF, PlGF, HGF, bFGF, PDGF-BV and TGF-ɓ, were 2-4 times upregulated, while   mRNA  of 

antiangiogenic factors ( PAI-1, angiostatin and thrombospondin) were   s more than 2 times 

downregulated (Rubina et al., 2009). 

To clarify the the fundamental mechanisms of MSC therapeutic effects, in particular, their 

ability to promote vessel growth, it is necessary to study their angiogenic potential under tissue 

oxygen concentration. 

MSCs were isolated from human adipose tissue and constantly maintained at 20% and 5% of 

oxygen. The expression of genes associated with angiogenesis was analysed by real-time PCR. The 

concentration of cytokines in the conditioned medium (CM) was determined by enzyme 

immunoassay method. The effect of MSC  conditioned medium (CM)   on the growth of blood 

vessels in vitro was evaluated in  wound healing assay ( non-directional migration of endothelial 

cells (EC))   and by the formation of capillary-like structures in the 3D-model of the basal 

membrane (Matrigel). The angiogenic activity of CM ex vivo was assessed in the model of the 
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formation of a vascular tree in the chorioallantoic membrane (CAM) of Japanese quail embryo 

(Coturnix coturnix japonica).  

The upregulation of   MSC genes involved in angiogenesis (VEGF-A, ANGPTL2, PDGF, 

FGF, TGF, MCP-1) was observed under in   tissue oxygen concentration. Analysis of paracrine 

profile of MSC revealed an increase in the concentration of VEGF and IL-6 compared to MSC 

under normal conditions. There were no significant differences in the production of MCP-1 and IL-

8. CM from MSC stimulated the migration of EC in vitro and the formation of capillary-like 

structures in Matrigel under hypoxic conditions. In addition, paracrine factors of CM provided an 

increase in the number of vessels in CAM ex vivo (p<0,05), compared with CM from MSC cultured 

at a standard laboratory oxygen  (20%). 

Thus, the cultivation of MSC at "physiological hypoxia" leads to an upregulation of  

proangiogenic  genes   providing an increase in the concentration of proangiogenic mediators in 

CM, and elevation of  angiogenic potential of MSC in vitro and ex vivo. These results may be of 

considerable interest for the needs of cellular therapy and regenerative medicine. 

The work was supported by a grant from the Program of Scientific Research of the Presidium 

of the Russian Academy of Sciences "Fundamental research for biomedical technology" 
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ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʈɸʅ, ʄʦʩʢʚʘ 

 

ʄʠʢʨʦʛʨʘʚʠʪʘʮʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʸʪʘ, ʦʢʘʟʳʚʘʶʱʠʤ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʵʬʬʝʢʪʳ ʢʦʪʦʨʦʛʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʥʘ ʚʩʝʭ 

ʫʨʦʚʥʷʭ ï ʦʪ ʩʠʩʪʝʤ ʦʨʛʘʥʦʚ ʜʦ ʦʪʜʝʣʴʥʳʭ ʢʣʝʪʦʢ ʠ ʦʨʛʘʥʝʣʣ. ʇʨʝʙʳʚʘʥʠʝ ʚ ʥʝʚʝʩʦʤʦʩʪʠ 

ʤʝʥʷʝʪ ʩʪʨʫʢʪʫʨʫ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʷ ʝʸ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ ï 

ʧʨʝʦʙʣʘʜʘʥʠʷ ʨʝʟʦʨʙʮʠʠ ʥʘʜ ʨʝʛʝʥʝʨʘʮʠʝʡ, ʦʩʦʙʝʥʥʦ ʚʳʨʘʞʝʥʥʦʛʦ ʧʨʠ ʜʣʠʪʝʣʴʥʳʭ ʧʦʣʸʪʘʭ. 

ɺʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʵʬʬʝʢʪʦʚ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʦʩʪʥʫʶ ʪʢʘʥʴ ï ʜʝʬʠʮʠʪ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʷ ʦʧʦʨʳ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʞʠʜʢʦʩʪʥʳʭ 

ʩʨʝʜ ʦʨʛʘʥʠʟʤʘ ʚ ʢʨʘʥʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʟ-ʟʘ ʥʝʘʜʝʢʚʘʪʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʚʝʩʦʤʦʩʪʠ ʤʝʭʘʥʠʟʤʦʚ ʛʝʤʦʜʠʥʘʤʠʢʠ, ʘ ʪʘʢʞʝ ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʢʣʝʪʦʢ, ʦʙʨʘʟʫʶʱʠʭ ʢʦʩʪʥʫʶ ʪʢʘʥʴ. 

ʉʦʛʣʘʩʥʦ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʛʠʧʦʪʝʟʝ, ʤʦʣʝʢʫʣʳ ʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ, ʤʝʞʢʣʝʪʦʯʥʳʡ 

ʤʘʪʨʠʢʩ ʠ ʮʠʪʦʩʢʝʣʝʪ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʘʤʠ, ʦʧʦʩʨʝʜʫʶʱʠʤʠ ʤʝʭʘʥʦ- ʠ 

ʛʨʘʚʠʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʣʝʪʦʢ. ɺʦʟʥʠʢʘʶʱʠʝ ʚ ʤʘʪʨʠʢʩʝ ʥʘʧʨʷʞʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʤʦʛʫʪ 

ʧʝʨʝʜʘʚʘʪʴ ʩʠʛʥʘʣʳ ʯʝʨʝʟ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ ʤʦʣʝʢʫʣʳ ʘʜʛʝʟʠʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤ ʧʦʩʨʝʜʥʠʢʘʤ, 

ʚʳʟʳʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʨʝʘʢʮʠʶ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʤʦʣʝʢʫʣʳ ʘʜʛʝʟʠʠ ʢʨʦʤʝ ʬʫʥʢʮʠʠ 

ʧʨʠʢʨʝʧʣʝʥʠʷ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʧʝʨʝʜʘʪʯʠʢʦʚ ʭʠʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. ʕʪʠ ʜʚʝ ʬʫʥʢʮʠʠ 

ʧʝʨʝʢʨʸʩʪʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʳ, ʨʝʘʣʠʟʫʷʩʴ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʦʨʤʘʮʠʠ ʤʦʣʝʢʫʣʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʜʠʥ ʠʟ ʬʘʢʪʦʨʦʚ ï ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʣʠ ʭʠʤʠʯʝʩʢʠʡ, ʜʝʡʩʪʚʫʷ ʥʘ ʢʦʥʬʦʨʤʘʮʠʶ 

ʤʦʣʝʢʫʣʳ ʘʜʛʝʟʠʠ, ʧʦʪʝʥʮʠʨʫʝʪ ʜʝʡʩʪʚʠʝ ʜʨʫʛʦʛʦ ʬʘʢʪʦʨʘ. ɺʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʦʨʛʘʥʝʣʣʳ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʛʫʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʢʪʦʨʘ ʠ ʩʠʣʳ ʛʨʘʚʠʪʘʮʠʠ ʧʝʨʝʜʘʚʘʪʴ ʯʝʨʝʟ 

ʮʠʪʦʩʢʝʣʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʥʘ ʤʦʣʝʢʫʣʳ ʘʜʛʝʟʠʠ ʠ ʷʢʦʨʥʳʝ ʙʝʣʢʠ, ʠʟʤʝʥʷʷ ʠʭ 

ʢʦʥʬʦʨʤʘʮʠʶ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʝʨʝʜʘʯʝ ʭʠʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. 

ɺ ʯʘʩʪʥʦʩʪʠ, CD105 ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʦʤ ʨʝʮʝʧʪʦʨʘ TGF, ʧʦʩʨʝʜʥʠʢʘ ʩʠʛʥʘʣʴʥʦʛʦ 

ʧʫʪʠ, ʠʥʜʫʮʠʨʫʶʱʝʛʦ ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʘ RUNX2, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʤʝʝʪ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʠ ʧʨʦʣʠʬʝʨʘʮʠʠ ʦʩʪʝʦʙʣʘʩʪʦʚ. CD44 
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ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʨʝʮʝʧʪʦʨʘ ʦʩʪʝʦʧʦʥʪʠʥʘ, ʢʦʣʣʘʛʝʥʘ, ʤʘʪʨʠʢʩʥʳʭ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟ, 

ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʘʭ ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘʜʛʝʟʠʠ ʠ 

ʤʠʛʨʘʮʠʠ. ʉʫʙʲʝʜʠʥʠʮʳ Ŭ4 ʠ Ŭ5 ʠʥʪʝʛʨʠʥʘ (CD49d ʠ CD49e, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʩʧʦʩʦʙʥʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ɓ1 ʠ ɓ7 ʩʫʙʲʝʜʠʥʠʮʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʝʪʝʨʦʜʠʤʝʨʥʳʭ ʙʝʣʢʦʚ Ŭ4ɓ1, 

Ŭ4ɓ7 ʠ Ŭ5ɓ1, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʬʠʙʨʦʥʝʢʪʠʥʘ ʠ ʚʦʚʣʝʯʝʥʳ ʚ 

ʧʨʦʮʝʩʩʳ ʘʜʛʝʟʠʠ ʢ ʚʥʝʢʣʝʪʦʯʥʦʤʫ ʤʘʪʨʠʢʩʫ. CD51-61 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʮʝʧʪʦʨ 

ʚʠʪʨʦʥʝʢʪʠʥʘ, ʢʦʪʦʨʳʡ ʦʧʦʩʨʝʜʫʝʪ ʘʜʛʝʟʠʶ ʢ ʚʥʝʢʣʝʪʦʯʥʦʤʫ ʤʘʪʨʠʢʩʫ ʯʝʨʝʟ RGD ʤʦʪʠʚʳ, ʘ 

ʪʘʢʞʝ ʫʯʘʩʪʚʫʝʪ ʚ ʪʨʘʥʩʜʫʢʮʠʠ ʩʠʛʥʘʣʦʚ ʠ ʤʝʞʢʣʝʪʦʯʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʜʘʥʥʳʝ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʘʷ ʢʠʥʘʟʘ ʬʦʢʘʣʴʥʦʡ 

ʘʜʛʝʟʠʠ (FAK) ʤʦʞʝʪ ʦʩʣʘʙʣʷʪʴ ʩʠʛʥʘʣ ʦʪ ʨʝʮʝʧʪʦʨʘ ʧʘʨʘʪʛʦʨʤʦʥʘ, ʢʦʪʦʨʳʡ ʫʩʢʦʨʷʝʪ 

ʨʝʟʦʨʙʮʠʶ ʧʦʩʨʝʜʩʪʚʦʤ ʘʢʪʠʚʘʮʠʠ ʦʩʪʝʦʢʣʘʩʪʦʚ, ʘ Wnt/Ç-ʢʘʪʝʥʠʥ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʴ ʠʛʨʘʝʪ 

ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʨʘʟʚʠʪʠʷ ʠ ʬʫʥʢʮʠʠ ʦʩʪʝʦʙʣʘʩʪʦʚ, ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʩʪʥʦʛʦ ʩʢʝʣʝʪʘ ʠ ʝʛʦ 

ʧʨʦʯʥʦʩʪʠ, ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʢʦʩʪʥʦʡ ʤʘʩʩʳ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʚʘʞʥʦ 

ʧʦʥʠʤʘʪʴ, ʢʘʢ ʫʩʣʦʚʠʷ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʚʣʠʷʶʪ ʥʘ ʤʦʣʝʢʫʣʳ ʘʜʛʝʟʠʠ ʢʣʝʪʦʢ-

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʢʦʩʪʥʦʡ ʪʢʘʥʠ. ʄʝʟʝʥʭʠʤʘʣʴʥʳʝ ʩʪʨʦʤʘʣʴʥʳʝ ʢʣʝʪʢʠ (ʄʄʉʂ) ʷʚʣʷʶʪʩʷ 

ʤʝʭʘʥʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʚʦʩʧʨʠʥʠʤʘʪʴ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʩʪʠʤʫʣʳ, ʘ 

ʪʘʢʞʝ ʢʣʝʪʢʘʤʠ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʪʢʘʥʝʡ ʤʝʟʝʥʭʠʤʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʢʦʩʪʥʦʡ. ʇʦʵʪʦʤʫ ʠʤʝʥʥʦ ʦʥʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʠʟʫʯʘʣʠ ʚʦʟʜʝʡʩʪʚʠʝ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʤʦʣʝʢʫʣ ʘʜʛʝʟʠʠ ʄʄʉʂ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʞʠʨʦʚʦʡ ʪʢʘʥʠ 

ʄʄʉʂ, ʢʦʪʦʨʳʝ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʩʨʝʜʝ Ŭ-ʄɽʄ, ʩʦʜʝʨʞʘʱʝʡ 10 % ʬʝʪʘʣʴʥʦʡ ʙʳʯʴʝʡ 

ʩʳʚʦʨʦʪʢʠ, 50 ʝʜ/ʤʣ ʧʝʥʠʮʠʣʣʠʥʘ, 50 ʤʢʛ/ʤʣ ʩʪʨʝʧʪʦʤʠʮʠʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʢʣʝʪʢʠ ʠʤʝʣʠ 

ʠʤʤʫʥʦʬʝʥʦʪʠʧ CD90+, CD73+, CD105+, CD45-. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʵʢʩʧʝʠʤʝʥʪʘʣʴʥʳʭ ʩʝʨʠʷʭ: ʩʪʘʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ (ʂ), ʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ (ɼʂ), 

ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʘʥʘʣʠʟʘ ʚʢʣʘʜʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʨʝʜʳ (ʬʣʘʢʦʥ ʧʦʤʝʱʘʣʠ ʥʘʰʝʡʢʝʨ), ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʦʚ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ, ʢʦʛʜʘ ʬʣʘʢʦʥ ʧʦʤʝʱʘʣʠ ʥʘ ʧʣʘʪʬʦʨʤʫ RPM 

(RandomPositioningMachine). ɼʣʷ ʠʟʫʯʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʤʦʣʝʢʫʣ ʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ ʧʨʦʚʦʜʠʣʠ 

ʦʢʨʘʰʠʚʘʥʠʝ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʥʪʠʛʝʥʳ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ 

(BD Biosciences, ʉʐɸ) ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩʨʝʜʥʶʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʉʀʌ). 

ʆʮʝʥʠʚʘʣʠ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʤʦʣʝʢʫʣ ʤʝʞʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ - ICAM-1, HCAM (CD54 ʠ 

CD44, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʠ ʩʫʙʲʝʜʠʥʠʮ ʠʥʪʝʛʨʠʥʦʚ Ŭ4 (CD49d), Ŭ5 (CD49e), ŬV/ɓ3 (CD51-61) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʠ ʥʘ ʧʨʠʙʦʨʝ Accuri C6 (BD Biosciences, ʉʐɸ). 

ʇʦʩʣʝ 10-ʜʥʝʚʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʥʘ RPM ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ ʉʀʌ ʧʦ 

ʤʘʨʢʝʨʘʤ CD90, CD73 ʠ CD105,  ʚ ʢʫʣʴʪʫʨʘʭ, ʵʢʩʧʦʥʠʨʦʚʘʥʥʳʭ ʥʘ RPM ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʫʣʴʪʫʨʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʩʪʘʪʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʩʥʠʞʝʥʠʝ 

ʵʢʩʧʨʝʩʩʠʠ ʜʘʥʥʳʭ ʘʥʪʠʛʝʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ. Cʨʝʜʥʷʷ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʄʄʉʂ ʦʩʪʘʚʘʣʘʩʴ ʩʪʘʙʠʣʴʥʦʡ ʠ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 96% ʜʦ 98%. ʈʘʥʝʝ ʤʳ 

ʧʦʢʘʟʘʣʠ ʩʥʠʞʝʥʠʝ ʚ ʵʢʩʧʨʝʩʩʠʠ ICAM-1 ʠ HCAM ʧʨʠ 96-ʯʘʩʦʚʦʡ ʵʢʩʧʦʟʠʮʠʠ ʥʘ RPM 

(ʈʘʪʫʰʥʳʡ ʠ ʜʨ., 2017).  ʇʨʠ 10-ʜʥʝʚʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʵʢʩʧʨʝʩʩʠʠ 

ICAM-1, HCAM (CD54 ʠ CD44, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ ʪʘʢʞʝ ʅLA-ABC ʠ CD29 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ. ʊʘʢʦʝ ʥʠʚʝʣʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʘ ʤʦʛʣʦ ʙʳʪʴ 

ʚʳʟʚʘʥʦ ʤʝʭʘʥʠʟʤʘʤʠ ʘʜʘʧʪʘʮʠʠ ʥʘ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤ ʩʨʦʢʝ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʘ ʪʝʥʜʝʥʮʠʷ ʢ 

ʩʥʠʞʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʩʫʙʲʝʜʠʥʠʮ ʠʥʪʝʛʨʠʥʦʚ CD49a (VLA-1), CD49b (VLA-2). ʊʘʢʦʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪʣʠʯʠʝ ʚ ʵʢʩʧʨʝʩʩʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʘʨʢʝʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 96-ʯʘʩʦʚʦʡ 

ʵʢʩʧʦʟʠʮʠʝʡ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʘʜʘʧʪʘʮʠʶ ʄʄʉʂ ʢ ʫʩʣʦʚʠʷʤ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʟʘ 10-

ʩʫʪʦʯʥʳʡ ʧʝʨʠʦʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʠʪʝʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʦʚ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʚʳʨʘʞʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʵʢʩʧʨʝʩʩʠʠ ʤʦʣʝʢʫʣ ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʠʥʪʝʛʨʠʥʦʚ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʝʥʠʪʦʨʥʳʤ ʢʣʝʪʢʘʤ ʩʦʭʨʘʥʷʪʴ ʢʦʥʪʘʢʪʳ ʩ ʜʨʫʛʠʤʠ ʢʣʝʪʢʘʤʠ ʠ 

ʤʝʞʢʣʝʪʦʯʥʳʤ ʤʘʪʨʠʢʩʦʤ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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Microgravity is one of the space flight factors that has a significant impact on the human 

body and itôs effects can be traced at all levels - from organ systems to individual cells and 

organelles. The weightlessness changes bone tissue structure due to a disruption physiological 

remodeling - the predominance of resorption over regeneration, especially pronounced during long 

flights. There are several effects of microgravity on bone tissue - the deficit of mechanical 

stimulation due to the lack of graviry, the redistribution of body fluids in the cranial direction due to 

inadequate functioning of hemodynamic mechanisms in conditions of zero gravity, and also the 

gravitational sensitivity of cells forming bone tissue. 

According to the mechanochemical hypothesis, the cell adhesion molecules, the intercellular 

matrix and the cytoskeleton are the structures mediating the mechano- and gravity sensitivity of 

cells. The strains arising in the matrix can transmit signals through associated adhesion molecules to 

intracellular intermediaries, causing a corresponding reaction. As is known, adhesion molecules act 

as transmitters of chemical signals in addition to the attachment function. These two functions are 

cross-linked, realized by changing the conformation of the molecule. Thus, one of the factors - 

mechanical or chemical, acting on adhesion molecule conformation, potentiates the effect of another 

factor. In turn, intracellular organelles depending on the vector and the force of gravity, transmit 

through the cytoskeleton mechanical signals to adhesion molecules and anchor proteins, changing 

itôs conformation, and hence the ability to transmit chemical signals. 

In particular, CD105 is an element of the TGF receptor mediating the signaling pathway that 

induces the transcription of the RUNX2 gene, which in turn is important in regulating the processes 

of osteoblast differentiation and proliferation. CD44 acts as a receptor for osteopontin, collagen, 

matrix metalloproteinases, hyaluronic acid, and participates in intercellular interaction, adhesion and 

migration. The Ŭ4 and Ŭ5 integrin subunits (CD49d and CD49e, respectively) are able to interact 

with the ɓ1 and ɓ7 subunits to form the heterodimeric proteins Ŭ4ɓ1, Ŭ4ɓ7 and Ŭ5ɓ1, which are one 

of the main fibronectin receptors and are involved in adhesion processes to the extracellular matrix. 

CD51-61 is a vitronectin receptor that mediates adhesion to the extracellular matrix through RGD 

motifs, and also participates in transduction of signals and intercellular interaction. There is 

evidence that phosphorylated focal adhesion kinase (FAK) can weaken the signal from the 

parathyroid hormone receptor, which accelerates resorption by activating osteoclasts, and the Wnt / 

Ç-catenin signaling pathway plays a role in regulating the development and function of osteoblasts, 

in the formation of bone skeleton and its strength , reaching the required level of bone mass. 

Therefore, it is important to understand how microgravity conditions affect the adhesion molecules 

of bone progenitor cells. Mesenchymal stromal cells (MMSC) are mechanosensitive cells capable of 

perceiving gravitational stimuli, as well as precursor cells of mesenchymal tissue, including bone 

tissue. Accordingly, they were chosen as the object of experiments, in which the influence of 

microgravity on adhesion molecules expression of MMSC was studied. 

To accomplish this task, adipose-derived stromal cells was cultured in Ŭ-MEM medium 

containing 10% fetal bovine serum, 50 U / ml penicillin, 50 ɛg / ml streptomycin. The cells had the 

immunophenotype CD90 +, CD73 +, CD105 +, CD45-. The studies were carried out in the 

experimental series: static control (K), dynamic control (DK), necessary for analyzing the 

contribution of medium mixing (the vial was placed on the shaker), and modeling the effects of 

microgravity when the vial was placed on the RPM (Random Positioning Machine) platform. To 

study the expression of cell adhesion molecules, staining of the corresponding antigens with 
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commercial fluorescent antibodies (BD Biosciences, USA) was performed and medium 

fluorescence intensity (MFI) was analyzed. The level of expression of intercellular adhesion 

molecules - ICAM-1, HCAM (CD54 and CD44, respectively), and integrin subunits Ŭ4 (CD49d), 

Ŭ5 (CD49e), ŬV / ɓ3 (CD51-61) was measured using flow cytometry on Accuri C6 BD Biosciences, 

USA). 

After a 10-day exposure to RPM, there was a tendency for MFI to decrease in CD90, CD73 

and CD105 markers in cultures exposed to RPM compared to cultures under static conditions, it 

may indicate a decrease in the expression of these antigens on the surface of the cell membrane. The 

average viability of the MMSK remained stable and ranged from 96% to 98%. Previously, we 

showed a decrease in the expression of ICAM-1 and HCAM at a 96-hour exposure to RPM 

(Ratushnyi et al, 2017). At 10-day exposure, significant differences in the expression of ICAM-1, 

HCAM (CD54 and CD44, respectively), as well as HLA-ABC and CD29, were not detected 

compared to control values. Such leveling of the effect could be caused by adaptation mechanisms 

over a longer period. There is also a trend towards a decrease in the expression of integrin subunits 

CD49a (VLA-1), CD49b (VLA-2). This insignificant difference in the expression of surface 

markers in comparison with the 96-hour exposure may indicate the adaptation of MMSC to 

microgravity conditions over a 10-day period. 

Thus, long-term modeling of microgravity effects does not lead to pronounced changes in 

the expression of intercellular interaction molecules and integrins, which allows progenitor cells to 

maintain contact with other cells and the intercellular matrix. 

The work was carried out with the partial support of the fundamental research program of 

the IBMP RAS. 
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ɻʅʎ ʈʌ ï ʀʄɹʇ  ʈɸʅ, ʄʦʩʢʚʘ 

 

ʄʫʣʴʪʠʧʦʪʝʥʪʥʳʝ ʤʝʟʝʥʭʠʤʘʣʴʥʳʝ ʩʪʨʦʤʘʣʴʥʳʝ ʢʣʝʪʢʠ (ʄʉʂ) ʚʩʝ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ 

ʚ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʪʝʨʘʧʠʠ. ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ ʩʠʩʪʝʤʥʳʡ ʢʨʦʚʦʪʦʢ ʩʪʨʦʤʘʣʴʥʳʝ ʢʣʝʪʢʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ (ʕʂ), ʯʪʦ ʤʦʞʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ 

ʦʙʦʠʭ ʪʠʧʦʚ ʢʣʝʪʦʢ. ʆʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʥʝʨʝʰʝʥʥʳʤ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʤʦʛʫʪ ʣʠ  ʕʂ 

ʤʦʜʫʣʠʨʦʚʘʪʴ ʨʝʧʘʨʘʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʄʉʂ.  

ɸʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʝ ʘʫʪʦʣʦʛʠʯʥʳʭ ʠ ʘʣʣʦʛʝʥʥʳʭ 

ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʭ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʨʦʤʘʣʴʥʳʭ ʢʣʝʪʦʢ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʫʯʘʩʪʠʝʤ ʚ 

ʨʝʧʘʨʘʪʠʚʥʦʤ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʘ ʩʯʝʪ ʧʨʦʜʫʢʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʝʜʠʘʪʦʨʦʚ ʠ 

ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ (Caplan et al., 2011; Kalinina et al., 2011; Dimarino et al., 2013; 

Marquez-Curtis et al., 2015). ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʄʉʂ ʚʚʦʜʷʪ 

ʩʠʩʪʝʤʥʦ, ʣʦʢʘʣʴʥʦ (ʠʥʪʨʘʦʨʛʘʥʥʦ) ʠʣʠ ʪʨʘʥʩʧʣʘʥʪʠʨʫʶʪ ʥʘ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʥʦʩʠʪʝʣʷʭ (Leibacheretal., 2016). ɺʦʟʤʦʞʥʦʩʪʴ ʮʝʣʝʚʦʡ ʜʦʩʪʘʚʢʠ ʄʉʂ ʚ 

ʧʦʚʨʝʞʜʝʥʥʫʶ ʪʢʘʥʴ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʕʪʠ ʢʣʝʪʢʠ ʩʧʦʩʦʙʥʳ 

ʤʠʛʨʠʨʦʚʘʪʴ ʚ ʧʦʚʨʝʞʜʝʥʥʫʶ ʪʢʘʥʴ ʠʟ ʧʨʦʩʚʝʪʘ ʩʦʩʫʜʘ ʧʦ ʛʨʘʜʠʝʥʪʫ ʩʦʦʪʚʝʪʩʚʫʶʱʠʭ 

ʭʝʤʦʢʠʥʦʚ ʠ ʮʠʪʦʢʠʥʦʚ (Nitzsche etal., 2017). ʅʘʧʨʘʚʣʝʥʥʘʷ ʤʠʛʨʘʮʠʷ ʄʉʂ (ʭʦʫʤʠʥʛ) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʡ ʧʨʦʮʝʩʩ, ʚʢʣʶʯʘʶʱʠʡ ʘʜʛʝʟʠʶ ʢ ʵʥʜʦʪʝʣʠʘʣʴʥʳʤ 

ʢʣʝʪʢʘʤ ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʪʨʘʥʩʵʥʜʦʪʝʣʠʘʣʴʥʳʡ ʧʝʨʝʭʦʜ ʚ ʪʢʘʥʴ (Sohnietal., 2013; 

Leibacheretal., 2016; Nitzsche etal., 2017). ɺ ʧʨʦʮʝʩʩʝ ʭʦʫʤʠʥʛʘ ʄʉʂ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ c ʕʂ ʩ 

ʧʦʤʦʱʴʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʦʣʝʢʫʣ ʘʜʛʝʟʠʠ  (Henschler et al., 2008; Chamberlain et al., 2011). 

ʕʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʩʦʩʫʜʦʚ ʚ ʦʙʣʘʩʪʠ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʝʡʩʪʚʠʶ ʨʘʟʣʠʯʥʳʭ 



 

48 

 

ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ (ʌʅʆ-ʘʣʴʬʘ, ʀʌʅ-ʛʘʤʤʘ, ʠʥʪʝʨʣʝʡʢʠʥʳ ʠ ʜʨ.), 

ʩʝʢʨʝʪʠʨʫʝʤʳʭ ʠʤʤʫʥʥʳʤʠ ʢʣʝʪʢʘʤʠ.  ʇʨʠ ʜʝʡʩʪʚʠʠ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ ʕʂ 

ʧʝʨʝʭʦʜʷʪ ʚ ʘʢʪʠʚʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʨʦʜʫʮʠʨʫʶʪ ʨʘʟʣʠʯʥʳʝ ʭʝʤʦʢʠʥʳ, ʢʦʪʦʨʳʝ 

ʩʪʠʤʫʣʠʨʫʶʪ ʭʝʤʦʪʘʢʩʠʩ ʄʉʂ (Daneseetal., 2007; Teoetal., 2012). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʄʉʂ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʠʟ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ ʚ ʪʢʘʥʴ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʕʂ ʥʝ ʪʦʣʴʢʦ ʧʫʪʝʤ ʧʨʷʤʦʛʦ 

ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʢʦʥʪʘʢʪʘ, ʥʦ ʠ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘʢʨʠʥʥʦʡ ʨʝʛʫʣʷʮʠʠ. ɺʩʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʤ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʄʉʂ ʥʘ ʩʚʦʝʤ ʧʫʪʠ ʚ ʪʢʘʥʴ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʠʭ ʨʝʛʝʥʝʨʘʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ. 

ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ  ʥʘ ʄʉʂ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ 

ʢʣʝʪʦʯʥʦʡ ʬʠʟʠʦʣʦʛʠʠ ʠ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʳ. ʄʥʦʛʦ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʠʟʫʯʝʥʠʶ 

ʚʣʠʷʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʬʘʢʪʦʨʦʚ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʆ2, ʮʠʪʦʢʠʥʳ ʠ ʜʨ.) ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʄʉʂ (Yamomotoetal., 2013; Choietal., 2014; Buravkovaetal., 2014). ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʚʣʠʷʥʠʝ ʢʣʝʪʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ ʚ ʨʝʛʫʣʷʮʠʠ ʬʫʥʢʮʠʡ ʄʉʂ 

ʠʟʫʯʝʥʦ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ.  

ʇʦʩʢʦʣʴʢʫ ʕʂ  ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʝʨʠʚʘʩʢʫʣʷʨʥʦʡ ʪʢʘʥʝʚʦʡ ʥʠʰʠ 

ʄʉʂ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʭ ʢʣʝʪʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʢʣʝʪʦʯʥʦʡ ʬʠʟʠʦʣʦʛʠʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ invitro ʧʦʟʚʦʣʷʝʪ 

ʠʩʩʣʝʜʦʚʘʪʴ ʵʬʬʝʢʪʳ ʥʘ ʄʉʂ ʚ ʩʦʯʝʪʘʥʠʠ  ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ 

(ʛʠʧʦʢʩʠʷ, ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʮʠʪʦʢʠʥʳ ʠ ʜʨ.).  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʝʩʪʴ ʫʢʘʟʘʥʠʷ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʕʂ ʤʦʞʝʪ ʤʦʜʫʣʠʨʦʚʘʪʴ 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʦʯʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʘ ʪʘʢʞʝ ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ 

ʄʉʂ ʩʝʢʨʝʪʠʨʦʚʘʪʴ ʙʝʣʢʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ (Bidarra etal., 2011; Lin etal., 2014;Merfeld-

Claussetal., 2014; Choi etal., 2016). ʆʜʥʘʢʦ, ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʩʦʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 

ʩ ʕʂ ʥʘ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʄʉʂinvitro ʧʨʦʪʠʚʦʨʝʯʠʚʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʠʤʫʣʷʮʠʷ 

ʧʨʦʣʠʬʝʨʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʢʦʥʪʘʢʪʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʕʂ ʧʨʠ ʜʝʧʨʠʚʘʮʠʠ ʬʘʢʪʦʨʦʚ 

ʨʦʩʪʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʠʩʭʦʜʥʦ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʩʘʜʢʠ ʄʉʂ. ʇʨʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʩʘʜʢʠ 

ʠ ʥʦʨʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ ʪʘʢʦʛʦ ʵʬʬʝʢʪʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ (Bidarra etal., 

2011; Steiner etal.,  2012; Lin etal., 2014).  

ɺʳʷʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʧʨʦʬʠʣʷ ʄʉʂ  ʧʦʩʣʝ ʩʦʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʩ 

ʕʂ   ʦʪ 2 ʜʦ 15 ʜʥʝʡ, ʥʦ   ʧʝʨʝʯʝʥʴ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ ʦʪʣʠʯʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʪʘʭ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʳ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʛʝʥʦʚ-ʨʝʛʫʣʷʪʦʨʦʚ ʤʠʦʛʝʥʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ (ʤʠʦʢʘʨʜʠʥ, ʛʣʘʜʢʦʤʳʰʝʯʥʳʡ ʘʢʪʠʥ, ʢʘʣʴʧʦʥʠʥ,  ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʡ 

ʬʘʢʪʦʨ ʨʦʩʪʘ ɓ) ʠ ʦʩʪʝʦʛʝʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ (ʱʝʣʦʯʥʘʷ ʬʦʩʬʘʪʘʟʘ, ʢʦʩʪʥʳʡ 

ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʠʡ ʙʝʣʦʢ, ʢʦʩʪʥʳʡ ʩʠʘʣʦʧʨʦʪʝʠʥ, ʢʦʣʣʘʛʝʥ 1, ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ 

RUNX2).ʆʜʥʘʢʦ, ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʝ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʧʦʷʚʣʝʥʠʝʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʬʝʥʦʪʠʧʘ ʛʣʘʜʢʦʤʳʰʝʯʥʳʭ ʢʣʝʪʦʢ ʠʣʠ ʦʩʪʝʦʙʣʘʩʪʦʚ (Bidarraetal., 2011; 

Merfeld-Claussetal., 2014;Lietal., 2015). ɹʦʣʝʝ ʪʦʛʦ, ʄʉʂ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʩʦʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʩ ʕʂ ʩʦʭʨʘʥʷʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʘʜʠʧʦʛʝʥʥʦʡ ʠ ʭʦʥʜʨʦʛʝʥʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ (Linetal., 2014), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʦʭʨʘʥʝʥʠʠ ʤʫʣʴʪʠʧʦʪʝʥʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ.  

  ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʄʉʂ ʦʙʣʘʜʘʶʪ ʘʥʛʠʦʛʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʟʘ ʩʯʝʪ ʧʨʦʜʫʢʮʠʠ 

ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ, ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʩʪʘʙʠʣʠʟʘʮʠʶ ʩʦʩʫʜʠʩʪʦʡ ʩʝʪʠ 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ. ʊʘʢ, ʩʝʢʨʝʪʠʨʫʝʤʳʝ ʬʘʢʪʦʨʳ VEGF, ʀʃ6, ʀʃ8 ʠ ʜʨ. 

ʩʪʠʤʫʣʠʨʫʶʪ ʧʨʦʣʠʬʝʨʘʮʠʶ ʠ ʤʠʛʨʘʮʠʶ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ (Xuetal., 2017). ʇʨʠ ʵʪʦʤ 

ʚʜʦʣʴ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʢʘʧʠʣʣʷʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʪʷʞʝʡ  ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ, 

ʧʨʦʜʫʮʠʨʫʝʤʦʛʦ ʄʉʂ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʦʩʫʜʠʩʪʦʡ ʩʝʪʠ  (Merfeld-

Claussetal., 2010). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʕʂ ʄʉʂ ʫʚʝʣʠʯʠʚʘʶʪ ʧʨʦʜʫʢʮʠʶ 

ʙʝʣʢʦʚ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʘʥʛʠʦʛʝʥʝʟʘ (Merfeld-Claussetal.,  2014). 

ʕʂ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʤʦʜʫʣʠʨʦʚʘʪʴ ʤʠʛʨʘʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʄʉʂ. ʄʠʛʨʘʮʠʷ ʄʉʂ 

ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʩʝʢʨʝʮʠʠ ʬʝʨʤʝʥʪʦʚ, ʜʝʛʨʘʜʠʨʫʶʱʠʭ ʚʥʝʢʣʝʪʦʯʥʳʡ ʤʘʪʨʠʢʩ 

(ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ), ʠʭ ʠʥʛʠʙʠʪʦʨʦʚ ʠ ʨʝʮʝʧʪʦʨʦʚ ʢ ʭʝʤʦʢʠʥʘʤ, ʧʦ ʛʨʘʜʠʝʥʪʫ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʜʚʠʞʝʥʠʝ ʢʣʝʪʦʢ. ʕʂ ʧʘʨʘʢʨʠʥʥʦ ʚʳʟʳʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʫʢʮʠʠ 

ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʳ 2 ʠ ʩʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʙʝʣʢʘ ʠʥʪʝʛʨʠʥʘ ʘʣʴʬʘ 4 ʚ ʄʉʂ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʭ ʧʦʜʚʠʞʥʦʩʪʠ  (Choi etal., 2016). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʶʱʠʝʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʕʂ  ʤʦʜʫʣʠʨʫʶʪ ʘʢʪʠʚʥʦʩʪʴ ʩʪʨʦʤʘʣʴʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʧʨʠ ʧʨʷʤʦʤ ʤʝʞʢʣʝʪʦʯʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠ ʧʫʪʝʤ ʧʘʨʘʢʨʠʥʥʦʡ ʨʝʛʫʣʷʮʠʠ, ʠʟʤʝʥʷʷ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ, 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʦʯʥʳʡ, ʤʠʛʨʘʮʠʦʥʥʳʡ, ʘʥʛʠʦʛʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʄʉʂ. ɺʦʟʤʦʞʥʦ, ʵʪʠ 

ʵʬʬʝʢʪʳ ʤʦʛʫʪ ʦʧʨʝʜʝʣʠʪʴ ʧʫʪʠ ʨʝʘʣʠʟʘʮʠʠ ʨʝʧʘʨʘʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʄʉʂ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʥʫʞʜ ʢʣʝʪʦʯʥʦʡ ʪʝʨʘʧʠʠ ʠ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ16-15-10407.   
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Multipotent mesenchymal stromal cells (MSCs) are increasingly being used in regenerative 

therapy. The interaction of MSCs with endothelial cells (ECs) after injection into the bloodstream 

could modify the properties of both cell types. Meanwhile it is still not fully explored whether ECs 

could affect the reparative potential of MSCs and what is the role of ECs activation in above effects. 

Stromal precursors are considered to participate in reparative remodeling due to the 

production of biologically active mediators and immunomodulating properties (Caplan et al., 2011; 

Kalinina et al., 2011; Dimarino et al., 2013; Marquez -Curtis et al., 2015). Both autologous and 

allogeneic MSCs are actively used in regenerative medicine. Several ways of MSC transplantation 

could be used for therapeutic application: systemic (into the bloodstream), local (to the target 

organ), and as tissue-engineering constructs (Leibacher et al., 2016). The possibility of targeted 

delivery of MSCs to the damaged tissue is closely related to their biological properties. These cells 

possess the ability to migrate to (home in) damaged tissue from the vessels along the gradient of the 

chemokines and cytokines (Nitzsche et al., 2017). Homing is a multistage process involving 

adhesion to endothelial cells and subsequent transendothelial migration (Sohni et al., 2013, 

Leibacher et al., 2016, Nitzsche et al., 2017). MSC interact with EC by surface adhesion molecules, 

when transmigrate (Henschler et al., 2008, Chamberlain et al., 2011). Various pro-inflammatory 

cytokines (TNF-alpha, IFN-gamma, interleukins, etc.), secreted by immune cells, activate vascular 

endothelial cells in the area of damage. Activated EC produce various chemokines that stimulate 

MSC chemotaxis (Danese et al., 2007, Teo et al., 2012). When migrating from the vessel to the 

tissue, MSC interact with the EC both by direct cel-to-cell contact and through paracrine regulation. 

These interactions could affect regenerative potential of MSCs on their way to the tissue. The 

analysis of the influence of various microenvironmental factors on MSC is an important issue of 

cellular physiology and regenerative medicine. Many studies examined the influence of molecular 

microenvironmental factors (O2 concentration, cytokines, etc.) on the biological properties of MSCs 

(Yamomoto et al., 2013; Choi et al., 2014; Buravkova et al., 2014). However, the influence of the 

cellular microenvironmental components on MSC functions has been studied to a lesser extent.  

MSC-endothelial interaction is of considerable interest for cell physiology, because ECs are 

a principal component of the perivascular niche. In vitro modeling allows to examine the effects of 

intercellular interaction on MSCs, combined with various microenvironmental factors (hypoxia, 

proinflammatory cytokines, etc.). 

Some publications indicate, that interaction with ECs could modify the MSC proliferation, 

differentiation potential, motility and secretion of extracellular matrix proteins as well (Bidarra et 

al., 2011; Lin et al., 2014; Merfeld-Clauss et al., 2014; Choi et al., 2016). However, the data on the 

effects of prolonged co-cultivation with EC on MSC proliferation in vitro are controversial. It was 

shown, that MSC proliferation increased during co-cultivation with ECs under growth factor 

deprivation, as well as at initially low cell plating density. This effect was not observed under 
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normal growth factors concentration and at a high cell plating density (Bidarra et al., 2011, Steiner 

et al., 2012, Lin et al., 2014). 

A change in the transcriptional profile of MSCs after 2 to 15 days co-cultivation with ECs 

has been revealed, but the list of investigated genes varied between experiments. In particular, 

transcription of myogenic differentiation regulatory genes (myocardin, smooth muscle actin, 

calponin, transforming growth factor ɓ) and osteogenic differentiation regulatory genes (alkaline 

phosphatase, bone morphogenetic protein, bone sialoprotein, collagen 1, transcription factor 

RUNX2) was changed. Besides transcriptional changes, stromal precursors did not acquire 

functional phenotype of smooth muscle cells or osteoblasts. Moreover, precursor cells retained the 

ability for adipogenic and chondrogenic differentiation after long-term co-cultivation with ECs (Lin 

et al., 2014), which indicated the maintenance of their multipotent state. 

It is well known that MSCs possess angiogenic properties. Stromal cells produce growth 

factors, which induce endothelial cells to form and stabilize the vascular network. Thus, secreted 

VEGF, IL6, IL8, etc. stimulated the proliferation and migration of endothelial cells (Xu et al., 2017). 

At the same time, MSCs produced extracellular matrix proteins, which accumulate along the newly 

formed capillaries, stabilizing the vascular network (Merfeld-Clauss et al., 2010). Furthermore, 

upon EC-MSC interaction, it was shown an increased production of extracellular matrix proteins 

required for angiogenesis (Merfeld-Clauss et al., 2014).  

EC also could modulate MSC motility. MSC migrate, secreting enzymes for extracellular 

matrix degradation (metalloproteinases), their inhibitors and receptors to chemokines, which create 

gradient for cell movement. Paracrine action of ECs caused an increase in metalloproteinase 2 

production and a decrease in integrin alpha 4 expression in MSCs, which enhanced cell migration 

rate (Choi et al., 2016). 

Thus, the existing experimental data suggest that the EC modulate the proliferation, 

differentiation, migration, angiogenic potential of MSC by direct cell-to-cell interaction and by 

paracrine regulation. These effects probably could determine the pattern of MSC realization in cell 

therapy and regenerative medicine. 

This work is supported by RSCF grant 16-15-10407. 
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ɺ ʘʩʧʝʢʪʝ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʝʞʧʣʘʥʝʪʥʳʭ ʵʢʩʧʝʜʠʮʠʡ ʦʙʝʩʧʝʯʝʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʩʤʦʥʘʚʪʦʚ ʜʦʣʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘ ʥʦʚʦʤ 

ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʩ ʫʯʝʪʦʤ ʙʠʦʧʩʠʭʦʩʦʮʠʘʣʴʥʦʡ ʧʘʨʘʜʠʛʤʳ ʧʩʠʭʠʯʝʩʢʦʛʦ 

ʟʜʦʨʦʚʴʷ.ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʚ ʜʣʠʪʝʣʴʥʦʤ ʧʦʣʝʪʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʥʝʩʦʤʥʝʥʥʦ, 

ʩʧʦʩʦʙʥʦ ʦʢʘʟʳʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʨʛʘʥʠʟʤʘ ʚ 

ʮʝʣʦʤ ʠ ʝʛʦ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ ʚ ʯʘʩʪʥʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʙʦʷʤ ʚ ʦʧʝʨʘʪʦʨʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʫʛʨʦʟʘʤ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʶ ʫʯʘʩʪʥʠʢʦʚ ʤʝʞʧʣʘʥʝʪʥʳʭ 

ʵʢʩʧʝʜʠʮʠʡ (CananJ.W., 2013).   

ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʤʥʦʛʦʤʝʨʥʳʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʯʝʣʦʚʝʢʘ ʚ ʤʦʜʝʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ 

ʦʪʚʝʪʳ ʥʘ ʚʦʧʨʦʩʳ ʦʙ ʦʧʪʠʤʘʣʴʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʵʢʠʧʘʞʘ, ʛʝʥʜʝʨʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, 

ʵʨʛʦʥʦʤʠʢʝ, ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʞʠʤʘʭ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʧʨʝʜʩʪʦʷʱʠʭ 

ʤʝʞʧʣʘʥʝʪʥʳʭ ʧʦʣʝʪʘʭ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʠʟʫʯʝʥʠʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ 

ʘʩʧʝʢʪʦʚ ʘʜʘʧʪʘʮʠʠ ʫʯʘʩʪʥʠʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ "ʉʠʨʠʫʩ-17" ʢ ʫʩʣʦʚʠʷʤ 17-ʩʫʪʦʯʥʦʡ ʠʟʦʣʷʮʠʠ 

ʚ ʛʝʨʤʦʦʙʲʝʢʪʝ. 
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ʆʙʲʝʢʪʳ, ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʯʘʩʪʚʦʚʘʣʠ 6 ʠʩʧʳʪʘʪʝʣʝʡ-ʜʦʙʨʦʚʦʣʴʮʝʚ (3 ʤʫʞʯʠʥʳ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 33 

ʜʦ 43 ʣʝʪ ʠ 3 ʞʝʥʱʠʥʳ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 27 ʜʦ 37 ʣʝʪ), ʧʨʦʰʝʜʰʠʭ ʤʝʜʠʮʠʥʩʢʠʡ ʠ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʦʪʙʦʨ ʠ ʧʦʜʧʠʩʘʚʰʠʭ ʀʥʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʛʣʘʩʠʝ. ʇʨʦʪʦʢʦʣ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʙʳʣ ʫʪʚʝʨʞʜʝʥ  ʢʦʤʠʩʩʠʝʡ ʧʦ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʵʪʠʢʝ ɻʅʎ ʈʌ - ʀʄɹʇ ʈɸʅ. ɺʟʷʪʠʝ ʢʨʦʚʠ 

ʜʣʷ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʫʪʨʦʤ, ʥʘʪʦʱʘʢ, ʟʘ 7 ʩʫʪʦʢ ʜʦ ʥʘʯʘʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʘ 7-ʝ ʠ 14-ʝ ʩʫʪʢʠ ʠʟʦʣʷʮʠʠ, ʘ ʪʘʢʞʝ ʥʘ 2-ʝ ʠ 7-ʝ ʩʫʪʢʠ ʧʦʩʣʝ ʝʝ ʦʢʦʥʯʘʥʠʷ. ɺ 

ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʠʩʧʳʪʘʪʝʣʝʡ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʥʘʙʦʨʦʚ ʨʝʘʛʝʥʪʦʚ 

ʦʧʨʝʜʝʣʷʣʠ ʟʥʘʯʝʥʠʷ 45 ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʙʠʦʭʠʤʠʯʝʩʢʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʘʪʦʨʝ "TargaBT 3000" ʬʠʨʤʳ "BiotechnikaInstruments" 

(ʀʪʘʣʠʷ), ʙʠʦʭʠʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʘʪʦʨʝ "Clima 15" ʬʠʨʤʳ "RAL" (ʀʩʧʘʥʠʷ) ʠ ʘʥʘʣʠʟʘʪʦʨʝ 

ʵʣʝʢʪʨʦʣʠʪʦʚ "EasyLiteNa/K/Ca/pH" ʬʠʨʤʳ "Medica" (ʉʐɸ).  

ʇʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʰʣʠ 5 ʠʩʧʳʪʘʪʝʣʝʡ, ʧʝʨʚʠʯʥʦʝ ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ 7 

ʩʫʪʦʢ ʜʦ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʚʪʦʨʥʦʝ - ʥʘ ʩʣʝʜʫʶʱʠʝ ʩʫʪʢʠ ʧʦʩʣʝ ʝʛʦ ʦʢʦʥʯʘʥʠʷ. ʏʣʝʥʘʤ 

ʵʢʠʧʘʞʘ "ʉʠʨʠʫʩ-17" ʜʣʷ ʧʠʩʴʤʝʥʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʨʝʜʣʘʛʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʠʢʠ: 

"ʐʢʘʣʘ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʝʩʩʘ", ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ʅ.ɽ. ɺʦʜʦʧʴʷʥʦʚʦʡ (ɺʦʜʦʧʴʷʥʦʚʘ ʅ.ɽ., 

2009)  ʨʫʩʩʢʦʷʟʳʯʥʘʷ  ʚʝʨʩʠʷ ʪʝʩʪʘ "PsychologicalStressMeasurement (PSM-25)" (LemyreL., 

TessierR., FillionL., 1991); ʰʢʘʣʘ "ɼʫʰʝʚʥʘʷ ʙʦʣʴ",  ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ʊ.ɺ. ɾʫʨʘʚʣʝʚʦʡ ʩ 

ʩʦʘʚʪʦʨʘʤʠ (ɾʫʨʘʚʣʝʚʘ ʊ.ɺ., ʏʠʩʪʦʧʦʣʴʩʢʘʷ ʂ.ɸ., ɽʥʠʢʦʣʦʧʦʚ ʉ.ʅ.., 2016),  ʨʫʩʩʢʦʷʟʳʯʥʘʷ  

ʚʝʨʩʠʷ ʪʝʩʪʘ "ThePsychacheScale" (HoldenR.R., MehtaK. etal., 2001);ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ 

ʣʠʯʥʦʩʪʥʳʡ ʦʧʨʦʩʥʠʢ (ʄʃʆ) "ɸʜʘʧʪʠʚʥʦʩʪʴ" ɸ.ɻ. ʄʘʢʣʘʢʦʚʘ ʠ ʉ.ɺ. ʏʝʨʤʷʥʠʥʘ (ɹʝʨʛ ʊ.ʅ., 

2005); ʦʧʨʦʩʥʠʢ "ʉʪʨʘʪʝʛʠʠ ʧʨʝʦʜʦʣʝʥʠʷ ʩʪʨʝʩʩʦʚʳʭ ʩʠʪʫʘʮʠʡ" - ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ʅ.ɽ. 

ɺʦʜʦʧʴʷʥʦʚʦʡ ʠ ɽ.ʉ. ʉʪʘʨʯʝʥʢʦʚʦʡ (ɺʦʜʦʧʴʷʥʦʚʘ ʅ.ɽ., 2009) ʨʫʩʩʢʦʷʟʳʯʥʘʷ  ʚʝʨʩʠʷ ʪʝʩʪʘ 

"StrategicApproachtoCopingScale (SACS)" (HobfollS.E., DunahooC. L. etal., 1993); 

ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʠʡ ʦʧʨʦʩʥʠʢ "ʉʘʤʦʯʫʚʩʪʚʠʝ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ" ɸ. ɺʦʣʢʦʚʘ ʠ ʅ.ɽ. 

ɺʦʜʦʧʴʷʥʦʚʦʡ (ɺʦʜʦʧʴʷʥʦʚʘ ʅ.ɽ., 2009); ʤʝʪʦʜʠʢʘ "ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʡ 

ʩʥʠʞʝʥʥʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ" - ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ɸ. ɹ. ʃʝʦʥʦʚʦʡ ʠ ʉ. ɹ. ɺʝʣʠʯʢʦʚʩʢʦʡ 

(ɺʦʜʦʧʴʷʥʦʚʘ ʅ.ɽ., 2009), ʨʫʩʩʢʦʷʟʳʯʥʘʷ  ʚʝʨʩʠʷ ʪʝʩʪʘ "Ermuedung-Monotonie-Saetting-Stress 

(BMSII)" (PlathH. E., RichterP., 1984).  ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʘʢʝʪ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ StatisticaforWindows, ʚʝʨʩʠʷ 6.0.  ɺʳʯʠʩʣʷʣʠ ʤʝʜʠʘʥʫ (ʄʝ),  

ʥʠʞʥʶʶ ʠ ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʳ ʠʥʪʝʨʢʚʘʨʪʠʣʴʥʳʭ ʦʪʨʝʟʢʦʚ (LQr, UQr). ɼʦʩʪʦʚʝʨʥʦʩʪʴ 

ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʝʨʚʠʯʥʦʛʦ ʠ ʧʦʚʪʦʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʡ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʢʨʠʪʝʨʠʷ ɺʠʣʢʦʢʩʦʥʘ. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ, ʠʟʤʝʨʝʥʥʳʤʠ ʥʘ ʩʣʝʜʫʶʱʠʝ ʩʫʪʢʠ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʮʝʥʠʚʘʣʠ 

ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɸʥʘʣʠʟ   ʜʘʥʥʳʭ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʪʝʩʪʠʨʦʚʘʥʠʡ ʥʘʯʠʥʘʣʠ ʩ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʰʢʘʣʳ "ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ" ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʣʠʯʥʦʩʪʥʦʛʦ ʦʧʨʦʩʥʠʢʘ 

"ɸʜʘʧʪʠʚʥʦʩʪʴ". ɺʩʝ ʠʩʧʳʪʘʪʝʣʠ ʥʘʙʨʘʣʠ ʧʦ ʜʘʥʥʦʡ ʰʢʘʣʝ ʦʪ 1 ʜʦ 4 ʙʘʣʣʦʚ ʠ ʧʨʠ 

ʧʝʨʚʠʯʥʦʤ, ʠ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʪʝʩʪʠʨʦʚʘʥʠʷʭ. ʇʨʠ ʢʦʣʠʯʝʩʪʚʝ ʙʘʣʣʦʚ ʤʝʥʝʝ 10 ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ ʦʙʲʝʢʪʠʚʥʳʤʠ (ɹʝʨʛ ʊ.ʅ., 2005). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʰʢʘʣʘʤ ʪʝʩʪʦʚ 

"ɼʫʰʝʚʥʘʷ ʙʦʣʴ", "ʉʪʨʘʪʝʛʠʠ ʧʨʝʦʜʦʣʝʥʠʷ ʩʪʨʝʩʩʦʚʳʭ ʩʠʪʫʘʮʠʡ" ʠ "ʉʘʤʦʯʫʚʩʪʚʠʝ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ" ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʦʮʝʥʢʘʤʠ ʧʝʨʚʠʯʥʦʛʦ ʠ ʧʦʚʪʦʨʥʦʛʦ 

ʪʝʩʪʠʨʦʚʘʥʠʡ ʥʝ ʚʳʷʚʣʝʥʦ. ʏʪʦ ʢʘʩʘʝʪʩʷ "ʐʢʘʣʳ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʝʩʩʘ", ʪʦ ʠʟʤʝʨʷʝʤʳʡ 

ʝʶ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʩʠʭʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ (ʀʇʇʅ) ʫ ʠʩʧʳʪʘʪʝʣʝʡ 

ʫʚʝʣʠʯʠʣʩʷ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʦʣʝʝ ʯʝʤ ʚ 1,5 ʨʘʟʘ (ʨ<0.05). ʆ ʪʦʤ, ʯʪʦ ʯʣʝʥʳ ʵʢʠʧʘʞʘ 

"ʉʠʨʠʫʩ-17" ʠʩʧʳʪʳʚʘʣʠ ʩʪʨʝʩʩ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʠ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦ ʤʝʪʦʜʠʢʝ 

"ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʡ ʩʥʠʞʝʥʥʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ". ʀʥʜʝʢʩ ʩʪʨʝʩʩʘ 

(ʀʉ), ʠʟʤʝʨʷʝʤʳʡ ʦʜʥʦʡ ʠʟ ʰʢʘʣ ʚʳʰʝʥʘʟʚʘʥʥʦʛʦ ʪʝʩʪʘ, ʫʚʝʣʠʯʠʣʩʷ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ 

1,3 ʨʘʟʘ (ʨ<0.05). ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʄʃʆ "ɸʜʘʧʪʠʚʥʦʩʪʴ" 

ʚʳʷʚʣʝʥʦ ʩʥʠʞʝʥʠʝ ʚ 1,2 ʨʘʟʘ (ʨ<0.05) ʥʝʨʚʥʦ-ʧʩʠʭʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʅʇʋ). ʆʜʥʘʢʦ 

ʧʨʠ ʵʪʦʤ ʣʠʯʥʦʩʪʥʳʡ ʘʜʘʧʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʅʇʋ, ʥʝ 
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ʠʟʤʝʥʠʣʩʷ.  

ɹʘʣʣʳ ʅʇʋ, ʀʉ ʠ ʀʇʇʅ ʥʘ 2-ʝ ʩʫʪʢʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ  ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʢʨʦʚʠ ʩʚʦʙʦʜʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ (r=0.912, ʨ<0.05; 

r=0.963, ʨ<0.01; r=0.986, ʨ<0.01 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʢʦʥʮʝʥʪʨʘʮʠʝʡ ɓ-ʛʠʜʨʦʢʩʠʙʫʪʠʨʘʪʘ 

(r=0.888, ʨ<0.05; r=0.989, ʨ<0.01; r=0.943, ʨ<0.05 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʉ-ʨʝʘʢʪʠʚʥʦʛʦ ʙʝʣʢʘ (r=0.953, ʨ<0.05; r=0.964, ʨ<0.01; r=0.885, 

ʨ<0.05 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʘʢʪʠʚʥʦʩʪʴʶ Ŭ-ʘʤʠʣʘʟʳ (r=0.940, ʨ<0.05; r=0.969, ʨ<0.01; r=0.882, 

ʨ<0.05 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʘʣʠʷ ʚ ʢʨʦʚʠ ʙʘʣʣʳ ʚʩʝʭ ʪʨʝʭ ʚʳʰʝʥʘʟʚʘʥʥʳʭ 

ʰʢʘʣ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦ (r= -0.906, ʨ<0.05; r= -0.890, ʨ<0.05; r= -0.888, ʨ<0.05 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɹʘʣʣʳ ʅʇʋ, ʢʨʦʤʝ ʪʦʛʦ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʭʦʣʝʩʪʝʨʠʥʘ ʣʠʧʦʧʨʦʪʝʠʜʦʚ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ (r=0.886, ʨ<0.05) ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʘʧʦʣʠʧʦʧʨʦʪʝʠʥʘ ɸ1 (r=0.893, ʨ<0.05). ɺʳʷʚʣʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʪʘʢ ʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʩʪʨʝʩʩʘ ʫ 

ʠʩʧʳʪʘʪʝʣʝʡ, ʧʦʩʢʦʣʴʢʫ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʩʪʨʝʩʩʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʘʪʝʭʦʣʘʤʠʥʦʚ ʧʦʚʳʰʘʝʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʢʨʦʚʠ ʤʝʜʠʘʪʦʨʦʚ ʦʪʚʝʪʘ ʦʩʪʨʦʡ ʬʘʟʳ, ʚʦʟʜʝʡʩʪʚʠʝ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʦʚ 

ʘʢʪʠʚʠʨʫʝʪ ʧʨʦʮʝʩʩʳ ʛʣʠʢʦʣʠʟʘ ʠ ʛʣʶʢʦʥʝʦʛʝʥʝʟʘ, ʧʨʦʠʩʭʦʜʠʪ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʠʟ ʞʠʨʦʚʳʭ 

ʜʝʧʦ ʣʠʧʠʜʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʫʙʩʪʘʥʮʠʡ, ʚ ʢʨʦʚʠ ʧʦʚʳʰʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʬʦʨʤ ʭʦʣʝʩʪʝʨʠʥʘ (ʇʦʨʷʜʠʥ ɻ.ɺ., 2009), ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʤʠʥʝʨʘʣʦʢʦʨʪʠʢʦʠʜʦʚ ʫʩʠʣʠʚʘʝʪʩʷ ʵʢʩʢʨʝʮʠʷ ʢʘʣʠʷ ʩ ʤʦʯʦʡ (ʇʦʩʪʥʠʢʦʚ ɸ.ɸ., 2006). ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ, ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ ʠʤʝʥʥʦ ʪʝʭ ʩʫʙʩʪʨʘʪʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʤʝʪʘʙʦʣʠʟʤʘ, 

ʢʦʨʨʝʣʷʮʠʠ ʢʦʪʦʨʳʭ ʩ ʦʮʝʥʠʚʘʝʤʳʤʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʥʘʤʠ ʦʙʥʘʨʫʞʝʥʳ. 

ɺʳʚʦʜʳ 

ʋ ʫʯʘʩʪʥʠʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ "ʉʠʨʠʫʩ-17" ʚʳʷʚʣʝʥʦ ʧʦʚʳʰʝʥʠʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʩʪʨʝʩʩʘ. ʉʪʨʝʩʩ ʫʤʝʨʝʥʥʦ ʚʳʨʘʞʝʥ, ʘʜʝʢʚʘʪʥʦ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ 

ʦʨʛʘʥʠʟʤʦʤ ʠ ʥʝ ʪʨʝʙʫʝʪ ʢʦʨʨʝʢʮʠʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ. ʃʠʯʥʦʩʪʥʳʡ ʘʜʘʧʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʢʘʞʜʦʛʦ ʠʟ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ ʦʪʨʘʞʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʢ ʤʦʜʝʣʠʨʫʝʤʳʤ 

ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʟʜʦʨʦʚʴʷ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʥʘʚʳʢʦʚ 

ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ.    

 

PSYCHOLOGICAL AND CLINICAL -BIOCHEMICAL ASPECTS OF ADAPTATION OF 

HEALTHY PERSONS TO CONFINEMENT CONDITIONS IN HERMETIC OBJECT  

 

Zhuravleva T.V. 
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SRC RF - IBMP RAS, Moscow 

 

In aspect of a strategic planning of interplanetary expeditions a maintenance of activity and 

working capacity of cosmonauts should be carried out at new qualitative level taking into account a 

biopsychosocial paradigm of a mental health.Occurrence in long-term flight of psychological 

problems, undoubtedly, is capable to have negative influence on a physiological condition of whole 

organism and its sensory systems in particular, that can lead to failures in operator activity and, as 

consequence, threats to life and health of participants of interplanetary expeditions (Canan J.W., 

2013).  

The interdisciplinary multidimensional approach to studying of adaptable possibilities of a 

person in simulated conditions of an artificial inhabitancy will allow receiving answers to questions 

about optimal quantitative and gender membership of crew, the ergonomics, and necessary modes of 

preventive actions in forthcoming interplanetary flights. 

      A study of psychological and metabolic aspects of adaptation of participants of experiment 

"Sirius-17" to conditions of 17-day isolation in hermetic object was the goal of research. 

Objects, materials and research methods 

6 subjects-volunteers (3 men aged 33-43 years and 3 women aged 27-37 years) who have 

participated in research, previously had passed medical both psychological selection and had signed 
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the Informed consent. The program of experiment was confirmed by the commission on biomedical 

ethics of SRC RF IBMP of the Russian Academy of Sciences. 

The withdrawal of blood for biochemical analyses was done in the morning, on an empty 

stomach, 7 days before the beginning of experiment, on 7-th and 14-th days of confinement, and on 

2 and 7 days after its end. The levels of 45 biochemical parameters in blood serum of volunteers 

were determined by means of standard commercial sets of reagents. Measurements were done by 

use of the biochemical automatic analyzer "Targa BT 3000 of "Biotechnika Instruments company" 

(Italy), the biochemical analyzer "Clima 15" "RAL" company (Spain) and the analyzer of 

electrolytes "EasyLite Na/K/Ca/pH" "Medica Co." (USA).  

5 volunteers have passed psychological testing - initial 7 days before the beginning of 

experiment, repeated - next day after its termination. The following questionnaires were offered to 

crew-members of "Sirius-17" for written filling: "Scale of psychological stress", adapted by N.E. 

Vodopjanova (Vodopjanova N.E., 2009); the Russian version of the test "Psychological Stress 

Measurement (PSM-25)" (Lemyre L., Tessier R., Fillion L., 1991); a scale "The mental anguish", 

adapted by T.V. Zhuravleva with co-authors (Zhuravleva T.V., Chistopolskaja K.A., Enikopolov 

S.N., 2016); the Russian version of the test "The Psychache Scale" (Holden R.R., Mehta K. et al., 

2001); a multilevel personal questionnaire (MPQ) of A.G. Maklakova and S.V.Chermjanina 

"Adaptability"(Berg T.N., 2005); a questionnaire "Strategy of overcoming of stressful situations"- 

adapted by N.E. Vodopjanova and by E.S.Starchenkova (Vodopjanova N.E., 2009); the Russian 

version of the test "Strategic Approach to Coping Scale (SACS)" (Hobfoll S. E., Dunahoo C. L. et 

al., 1993); the symptomatic questionnaire "State of health in extreme conditions" of A.Volkov and 

N.E. Vodopjanova (Vodopjanova N.E., 2009); test "The differential estimation of conditions of the 

lowered working capacity" ï adapted by A.B. Leonova and S.B. Velichkovskaya (Vodopjanova 

N.E., 2009);  the Russian version of the test "Ermuedung-Monotonie-Saetting-Stress (BMSII)" 

(Plath H. E., Richter P., 1984).  

The package of applied programs Statistica for Windows, version 6.0 was used for 

statistical data processing.  Medians (ʄʝ), the low and high borders of interquartile intervals (LQr, 

UQr) were calculated. Significance of distinctions between results of primary and repeated tests 

was defined by means of Wilcoxon Matched Pairs Test. Interrelation between the psychological 

and biochemical indicators measured on the next day after the termination of experiment was 

assessed by means of Pearsonôs correlation. 

Results of research 

The analysis of the given psychological tests has been begun with processing of results of a 

scale "Reliability of results of research" of multilevel personal questionnaire "Adaptability". All 

volunteers have got within the given scale from 1 to 4 points both at primary, and at repeated 

testing. At quantity of points less than 10 the results can be considered as objective (Berg T.N., 

2005). It is necessary to note, that in scales of tests "Mental anguish", "Strategy of overcoming of 

stressful situations" and "The State of health in extreme conditions" significant distinctions 

between estimations of primary and repeated tests were not revealed. As to "The Scale of 

psychological stress" the integrated indicator of mental tension (IIMT) measured by it was 

increased in volunteers after experiment more than at 1,5 times (ʨ<0.05). The results of test "The 

Differential estimation of conditions of the lowered working capacity" also testify that 

crewmembers of "Sirius-17" have experienced stress. The stress index (SI), measured by one of 

scales of the above-named test, has been increased after experiment at 1,3 times (ʨ<0.05). Besides, 

the decrease at 1,2 times (ʨ<0.05) of neuropsychological stability (NPS) was found by results of 

test MPQ "Adaptability" while the personal adaptive potential (which component is NPS) has been 

not changed.  

Values of NPS, SI and IIMT on the second day of the readaptation period positively 

correlated with blood concentrations of free fatty acids (r=0.912, ʨ<0.05; r=0.963, ʨ<0.01; r=0.986, 

ʨ<0.01,respectively), ɓ-hydroxybutirate (r=0.888, ʨ<0.05; r=0.989, ʨ<0.01; r=0.943, ʨ<0.05, 

respectively), high-sensitive C-reactive protein (r=0.953, ʨ<0.05; r=0.964, ʨ<0.01; r=0.885, ʨ<0.05, 

respectively) and with activity of Ŭ-amylase (r=0.940, ʨ<0.05; r=0.969, ʨ<0.01; r=0.882, ʨ<0.05, 
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respectively). All three above-named scales negatively correlated with blood potassium 

concentration (r =-0.906, ʨ<0.05; r =-0.890, ʨ<0.05; r =-0.888, ʨ<0.05, respectively). Points of 

NPS, besides, positively correlated with cholesterol high-density lipoproteinsô concentration 

(r=0.886, ʨ<0.05) and with apolipoprotein A1 concentration (r=0.893, ʨ<0.05). The revealed 

correlations between psychological and biochemical parameters also confirm the presence of stress 

in volunteers as it is well-known, that in stress - blood concentrations of  transmitters of acute phase 

answer are raised under the influence of catecholamines, processes of glycolysis and 

gluconeogenesis are activated by impact of glucocorticoids, there is a liberation from fatty depots of 

lipid high-energy substances, blood concentration of transport forms of cholesterol is raised 

(Poryadin G. V, 2009), urine potassium excretion under the influence of mineralocorticoids goes up  

(Postnikov A.A., 2006), i.e. changes of those substrata and products of metabolism occur, which 

correlations with estimated psychological indicators are exactly found out by us. 

Summary 

Theincrease of psychological and biochemical markers of stress at participants of 

experiment "Sirius-17" is revealed. The stress is moderately expressed, adequately compensated by 

organism and does not demand correction by experts. The personal adaptive potential of each  

crewmember reflects high level of the adaptation to simulated conditions of inhabitancy with 

preservation  of health, working capacity and skills of effective decisions of assigned tasks. 

 

ɺʃʀʗʅʀɽ 17-ʉʋʊʆʏʅʆʁ ʀɿʆʃʗʎʀʀ ɺ ɻɽʈʄʆʆɹʒɽʂʊɽ ʉ ʂʈɸʊʂʆɺʈɽʄɽʅʅʆʁ 

ɼɽʇʈʀɺɸʎʀɽʁ ʉʅɸ ʅɸ ʂʃɽʊʆʏʅʓɽ ʌɸʂʊʆʈʓ ʀʄʄʋʅʅʆʁ ʉʀʉʊɽʄʓ 

ʏɽʃʆɺɽʂɸ 

 

ʂʘʶʥʦʚʘ ʉ.ʄ. 

ɻʅʎ ʈʌ ï ʀʄɹʇ ʈɸʅ, ʄʦʩʢʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʢ.ʤ.ʥ.ʇʦʥʦʤʘʨʸʚ ʉ.ɸ. 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʠʤʤʫʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ 

ʘʜʘʧʪʠʚʥʦʩʪʠ. ɺ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ çSIRIUS-2017è ʧʨʦʚʦʜʠʣʠʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ 17-ʩʫʪʦʯʥʦʡ ʠʟʦʣʷʮʠʠ ʚ ʛʝʨʤʦʦʙʲʝʢʪʝ ʩ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ 

ʜʝʧʨʠʚʘʮʠʝʡ ʩʥʘ ʠ ʧʦʚʳʰʝʥʥʦʡ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ ʩʠʩʪʝʤʫ ʚʨʦʞʜʸʥʥʦʛʦ ʠ 

ʘʜʘʧʪʠʚʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ. ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʤʘʪʝʨʠʘʣʘʭ ʢʨʦʚʠ 6 ʜʦʙʨʦʚʦʣʴʮʝʚ-

ʠʩʧʳʪʘʪʝʣʝʡ (3 ʞʝʥʱʠʥ ʠ 3 ʤʫʞʯʠʥ), ʚʟʷʪʦʡ ʚ ʬʦʥʦʚʦʤ ʧʝʨʠʦʜʝ ʜʦ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚʦ 

ʚʨʝʤʷ ʜʝʧʨʠʚʘʮʠʠ ʩʥʘ ʥʘ 15-ʩʫʪʢʠ ʧʨʝʙʳʚʘʥʠʷ ʚ ʛʝʨʤʦʦʙʲʝʢʪʝ ʠ ʥʘ 1-ʝ ʩʫʪʢʠ ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ 17-ʩʫʪʦʯʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʚ ʛʝʨʤʦʦʙʲʝʢʪʝ. ʉ ʧʦʤʦʱʴ ʤʝʪʦʜʘ ʧʨʦʪʦʯʥʦʡ 

ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʫʙʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʣʠʤʬʦʮʠʪʦʚ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ, ʘ ʠʤʝʥʥʦ ʊ-ʢʣʝʪʦʢ ʧʘʤʷʪʠ (CD4+CD45Rɸ+, CD4+CD45Rʆ+),  ʢʣʝʪʦʢ 

ʊ-ʭʝʣʧʝʨʦʚ (CD4+), ʤʦʥʦʮʠʪʦʚ ʠ ʛʨʘʥʫʣʦʮʠʪʦʚ, ʥʝʩʫʱʠʭ ʦʙʨʘʟ-ʨʘʩʧʦʟʥʘʶʱʠʝ Toll-like 

ʨʝʮʝʧʪʦʨʳ (TLR1-9), ʘ ʪʘʢʞʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʠʣʣʝʨʦʚ ɽʂ-ʢʣʝʪʦʢ (CD3-CD16+/ʉD56+). ʂʨʦʤʝ 

ʪʦʛʦ, ʧʘʨʘʣʣʝʣʴʥʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦʙ ʘʙʩʦʣʶʪʥʦʤ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʧʦʧʫʣʷʮʠʡ ʣʝʡʢʦʮʠʪʦʚ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʕɼʊɸ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʦʮʝʥʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʤʝʪʦʜʫ ʧʘʨʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩʨʝʜʥʠʭ ʧʦ ʢʨʠʪʝʨʠʶ ɺʠʣʢʦʢʩʦʥʘ. 

ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʢʣʝʪʦʢ ʤʦʥʦʮʠʪʘʨʥʦʛʦ, ʛʨʘʥʫʣʦʮʠʪʘʨʥʦʛʦ 

ʠ ʣʠʤʬʦʮʠʪʘʨʥʦʛʦ ʨʷʜʦʚ ʥʝ ʚʳʷʚʠʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʭ ʦʪʣʠʯʠʡ ʟʥʘʯʝʥʠʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʚʦ ʚʨʝʤʷ ʠ ʧʦʩʣʝ ʠʟʦʣʷʮʠʠ, ʠ ʬʦʥʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ.  

ʂʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʟʘʧʫʩʢʝ ʩʠʩʪʝʤʳ ʚʨʦʞʜʸʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʧʨʠ ʢʦʥʪʘʢʪʝ ʦʨʛʘʥʠʟʤʘ ʩ 

ʚʥʝʰʥʠʤʠ ʠ ʚʥʫʪʨʝʥʥʠʤʠ ʧʘʪʦʛʝʥʘʤʠ ʠʛʨʘʶʪ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ TLR, ʧʝʨʝʜʘʶʱʠʝ ʩʠʛʥʘʣ 

ʚʥʫʪʨʴ ʢʣʝʪʢʠ, ʚʳʟʳʚʘʷ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʠʟʤʝʥʝʥʠʝ ʧʨʦʬʠʣʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʠ ʟʘʧʫʩʢ 

ʨʝʘʢʮʠʠ ʚʦʩʧʘʣʝʥʠʷ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʜʝʧʨʠʚʘʮʠʠ ʩʥʘ ʚ 

ʫʩʣʦʚʠʷʭ 17-ʩʫʪʦʯʥʦʡ ʠʟʦʣʷʮʠʠ ʚ ʛʝʨʤʦʦʙʲʝʢʪʝ, ʥʝ ʚʳʷʚʠʣʠ cʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʣʠʯʝʩʪʚʝ ʤʦʥʦʮʠʪʦʚ ʠ ʛʨʘʥʫʣʦʮʠʪʦʚ, ʥʝʩʫʱʠʭ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ TLR 1-9. 

ʆʜʥʘʢʦ ʥʘ 1 ʩʫʪʢʠ ʧʦʩʣʝ ʚʳʭʦʜʘ ʠʟ ʛʝʨʤʦʦʙʲʝʢʪʘ ʫ ʠʩʧʳʪʘʪʝʣʝʡ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʯʠʩʣʘ 
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ʤʦʥʦʮʠʪʦʚ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʤʝʤʙʨʘʥʥʳʝ TLR 4, 5, 6 ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ TLR 3, 8, 9, ʘ 

ʪʘʢʞʝ ʛʨʘʥʫʣʦʮʠʪʦʚ ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʤʝʤʙʨʘʥʥʳʝ TLR 1, 2, 4, 5, 6 ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ TLR 

3, 8, 9. ʆʧʠʨʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʝʙʳʚʘʥʠʝ ʚ ʠʟʦʣʷʮʠʠ ʚ 

ʛʝʨʤʦʦʙʲʝʢʪʝ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʜʝʧʨʠʚʘʮʠʝʡ ʩʥʘ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʠʩʪʝʤʫ 

ʚʨʦʞʜʸʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, ʘ ʠʤʝʥʥʦ ʥʘ ʵʪʘʧ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʘʪʦʛʝʥʦʚ ʠ ʟʘʧʫʩʢʘ ʧʝʨʚʠʯʥʦʛʦ 

ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ.  

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʵʪʘʧʦʚ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʥʘ ʚʥʝʰʥʶʶ ʫʛʨʦʟʫ, ʙʫʜʴ ʪʦ 

ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʧʘʪʦʛʝʥʳ (ʛʨʘʤʤʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʛʨʘʤʤʦʪʨʠʮʘʪʝʣʴʥʳʝ ʠʣʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ), 

ʚʠʨʫʩʳ ʠʣʠ ʧʨʦʩʪʝʡʰʠʝ, ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʘʮʠʷ ʩʠʩʪʝʤʳ ʝʩʪʝʩʪʚʝʥʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ, 

ʦʩʥʦʚʥʳʤ ʢʣʝʪʦʯʥʳʤ ʬʘʢʪʦʨʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʢʣʝʪʢʠ ʝʩʪʝʩʪʚʝʥʥʳʝ ʢʠʣʣʝʨʳ (ɽʂ-ʢʣʝʪʢʠ),  

ʧʨʦʷʚʣʷʶʱʠʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚ ʦʧʫʭʦʣʝʚʳʭ ʠ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ 

ʧʘʪʦʛʝʥʦʤ ʢʣʝʪʦʢ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ ʜʦʩʪʦʚʝʨʥʦ ʟʥʘʯʠʤʦʝ ʩʥʠʞʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ɽʂ-ʢʣʝʪʦʢ (CD3-CD16+ /ʉD56+), ʘ ʪʘʢʞʝ ʊNK-ʢʣʝʪʦʢ 

(CD3+CD16+ /ʉD56+), ʦʙʣʘʜʘʶʱʠʭ ʩʚʦʡʩʪʚʘʤʠ ʊ- ʠ EK-ʢʣʝʪʦʢ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ 

ʠʩʧʳʪʘʪʝʣʝʡ ʥʘ 1 ʩʫʪʢʠ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʝʙʳʚʘʥʠʷ ʚ ʛʝʨʤʦʦʙʲʝʢʪʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʬʦʥʦʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʆʜʥʘʢʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠ 

ʘʙʩʦʣʶʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ EK ʠ TNK-ʢʣʝʪʦʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʦʥʦʚʳʤ ʟʥʘʯʝʥʠʷʤ 

ʥʘʙʣʶʜʘʣʦʩʴ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦʜʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʥʘʨʫʰʝʥʠʷʭ ʚ ʩʠʩʪʝʤʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʦʤʧʣʝʢʩʘ ʬʘʢʪʦʨʦʚ, 

ʚʢʣʶʯʘʶʱʠʭ ʠʟʦʣʷʮʠʶ ʚ ʛʝʨʤʦʦʙʲʝʢʪʝ ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʫʶ ʜʝʧʨʠʚʘʮʠʶ ʩʥʘ. 

ʅʘ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʵʪʘʧʘʭ ʟʘʧʫʩʢʘʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩ ʘʢʪʠʚʘʮʠʝʡ ʘʜʘʧʪʠʚʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, ʢʣʝʪʦʯʥʳʝ ʬʘʢʪʦʨʳ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʧʫʣʷʮʠʷʤʠ ʊ- ʠ ɺ-ʣʠʤʬʦʮʠʪʦʚ. ɿʘʧʫʩʢʘʝʤʳʡ ʊ-ʭʝʣʧʝʨʥʳʤʠ ʢʣʝʪʢʘʤʠ, 

ʘʜʘʧʪʠʚʥʳʡ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʢʣʝʪʦʯʥʦʤʫ (ʊ-ʢʠʣʣʝʨʳ) ʠ ʛʫʤʦʨʘʣʴʥʦʤʫ (ɺ-

ʢʣʝʪʢʠ) ʧʫʪʠ, ʧʨʠʚʦʜʷ ʚ ʠʪʦʛʝ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʣʝʪʦʢ ʧʘʤʷʪʠ ʠ ʜʣʠʪʝʣʴʥʦʤʫ ʧʦʜʜʝʨʞʘʥʠʶ 

ʟʘʱʠʪʥʦʛʦ ʪʠʪʨʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʘʥʪʠʪʝʣ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ ʦʨʛʘʥʠʟʤʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

17-ʩʫʪʦʯʥʦʡ ʠʟʦʣʷʮʠʠ ʫ ʜʦʙʨʦʚʦʣʴʮʝʚ-ʠʩʧʳʪʘʪʝʣʝʡ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʩʦʜʝʨʞʘʥʠʠ ʉD19+ ɺ-ʢʣʝʪʦʢ ʠ CD3+ʊ-ʢʣʝʪʦʢ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʠ ʘʙʩʦʣʶʪʥʳʤ 

ʟʥʘʯʝʥʠʷʤ. ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʥʘʠʚʥʳʭ ʊ-ʢʣʝʪʦʢ (CD4+CD45RA+), ʘ ʪʘʢʞʝ ʊ-ʢʣʝʪʦʢ ʧʘʤʷʪʠ 

(CD4+CD45RO+) ʪʘʢʞʝ ʥʝ ʚʳʷʚʠʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ,17-ʩʫʪʦʯʥʘʷ ʠʟʦʣʷʮʠʷ ʚ ʛʝʨʤʦʦʙʲʝʢʪʝ ʩ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʜʝʧʨʠʚʘʮʠʝʡ ʩʥʘ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʠʩʪʝʤʫ ʘʜʘʧʪʠʚʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʝʜʸʥʥʳʝ ʚʳʰʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʝʨʠʦʜ 

ʨʘʥʥʝʡ ʘʜʘʧʪʘʮʠʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʢ ʢʦʤʧʣʝʢʩʫ ʬʘʢʪʦʨʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ 17-ʩʫʪʦʯʥʦʡ 

ʠʟʦʣʷʮʠʝʡ ʚ ʛʝʨʤʦʦʙʲʝʢʪʝ ʩ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʜʝʧʨʠʚʘʮʠʝʡ ʩʥʘ ʠ ʧʦʚʳʰʝʥʥʦʡ 

ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʚʨʦʞʜʸʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, 

ʨʝʘʣʠʟʫʝʤʳʝ ʯʝʨʝʟ ʧʨʦʬʠʣʴ TLR ʠ ʩʠʩʪʝʤʫ ʝʩʪʝʩʪʚʝʥʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ. ʉʠʩʪʝʤʘ 

ʘʜʘʧʪʠʚʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ.  
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As known, the immune system exhibits a high degree of plasticity and adaptability. Within 

the framework of the international experiment "SIRIUS-2017", studies were conducted to assess the 

effect of 17-day isolation with short-term sleep deprivation and increased psycho-emotional effect 

on the system of innate and adaptive immunity. The study was carried out on the blood materials of 

6 volunteers (3 women and 3 men) taken in the background before the experiment, during sleep 
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deprivation on the 15th day of isolation and on the 1st day after experiment completion . With the 

help of the flow cytofluorimetry method, the subpopulation composition of peripheral blood 

lymphocytes was determined: memory T-cells (CD4 + CD45RA +, CD4 + CD45RO +), T-helper 

cells (CD4 +), monocytes and granulocytes having image-recognition Toll- like receptors (TLR1-9), 

as well as natural killer cells (EK cells) (CD3-CD16 + / CD56 +). In addition, data on the absolute 

and relative content of leukocyte subsets in peripheral blood stabilized by EDTAwere obtained. The 

statistical estimation was carried out by the method of pairwise comparison of means by the 

Wilcoxon test. 

Analysis of the content of monocytes, granulocytes and lymphocytes in peripheral blood 

revealed no statistically significant differences between the values obtained during and after 

isolation and background indices. 

A key role ininnate immunity activationupon contacts with external and internal pathogens is 

played by conservative TLRs, which transmit the signal inside the cell, eventually resulting in a 

change in the gene expression profile and the initiation of the inflammation reaction. The data 

obtained from the results of short-term sleep deprivation in the conditions of 17-day isolation did 

not reveal statistically significant changes in the number of monocytes and granulocytes with TLR 

1-9 on their surface. However, on the 1 day after the exit from the isolation volunteers had a 

decrease in the number of monocytes expressing membrane TLR- 4, 5, 6 and intracellular TLR- 3, 

8, 9, as well as granulocytes expressing membrane TLR- 1, 2, 4, 5, 6 and intracellular TLR- 3, 8, 9. 

Based on this data, it can be assumed that staying in in combination with deprivation of sleep has a 

negative impact on the system of innate immunity, specifically on the recognition of pathogens and 

the initiation of a primary immune response. 

One of the first stages of the body's reaction to an external threat, whether bacterial 

pathogens (gram-positive, gram-negative or intracellular), viruses or protozoa, is the activation of a 

system of natural cytotoxicity, the main cellular factor of which are natural killer cells (EK cells) 

that exhibit cytotoxic activity against tumor and pathogen-infected cells. Analysis of the obtained 

data demonstrates a authentically significant decrease in the relative content of EK cells (CD3-

CD16 + / CD56 +), as well as TNK-cells (CD3 + CD16 + / CD56 +), which have properties T- and 

EK-cells, in the peripheral blood of the volunteers  onthe 1 dayafter the exit from the isolation in 

comparison with background indices. However, a slight decrease in the relative and absolute values 

of EK and TNK-cells quantity to baseline values was observed at all stages of the experiment. 

Similar results may indicate negative changes in the system of natural cytotoxicity under the 

influence of a complex of factors, including isolation in the and short-term sleep deprivation. 

At later stages, a specific immune response is triggered, associated with activation of 

adaptive immunity, the cellular factors of which are represented by subsets  of T- and B- 

lymphocytes. Triggered by T-helper cells, the adaptive immune response develops along the cellular 

(T-killers) and humoral (B-cell) pathways, resulting in the formation of memory cells and the 

prolonged maintenance of the protective titer of specific antibodies in body fluids. As a result of 17-

day isolation in volunteers, there were no significant changes in the content of CD19 + B cells and 

CD3 + T cells by relative and absolute values. Analysis of naive T cells (CD4 + CD45RA +) and 

memory T cells (CD4 + CD45RO +) also revealed no statistically significant changes during the 

experiment. Thus, we can say that, despite the individual variability, 17-day isolation with short-

term sleep deprivation does not significantly affect the system of adaptive immunity. 

In this way, the obtained data indicate that during the early adaptation of the immune system 

to the complex of factors associated with 17-day isolation with short-term sleep deprivation and 

increased psychoemotional stress, changes occur in the system of innate immunity, realized through 

the profile of TLR and a system of natural cytotoxicity. The system of adaptive immunity under 

these conditions does not demonstrate significant rearrangements. 
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ʋʈʆɺɽʅʔ ʌʀɿʀʏɽʉʂʆʁ ʇʆɼɻʆʊʆɺʃɽʅʅʆʉʊʀ ʂʆʉʄʀʏɽʉʂʀʍ ʊʋʈʀʉʊʆɺ ʂ 

ɺʓʇʆʃʅɽʅʀʖ ʂʆʉʄʀʏɽʉʂʆɻʆ ʇʆʃɽʊɸ ʅɸ ʇʈɽɼʇʆʃɽʊʅʆʄ ʕʊɸʇɽ 

ʇʆɼɻʆʊʆɺʂʀ 

 

ʂʦʚʠʥʩʢʠʡ ɸ.ɸ. 

ʌɻɹʋ çʅʀʀ ʎʇʂ ʠʤʝʥʠ ʖ.ɸ. ɻʘʛʘʨʠʥʘè, 

ɿʚʸʟʜʥʳʡ ʛʦʨʦʜʦʢ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʩʤʦʩ, ʪʫʨʠʟʤ, ʢʦʩʤʠʯʝʩʢʠʡ ʪʫʨʠʟʤ, ʈʦʩʩʠʷ, ʢʦʩʤʦʥʘʚʪʳ, ʄʂʉ, 

ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ, ʢʦʩʤʠʯʝʩʢʠʡ ʪʫʨʠʩʪ, ʬʠʟʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ. 

 

ɿʘ 18 ʣʝʪ ʧʠʣʦʪʠʨʫʝʤʳʭ ʧʦʣʝʪʦʚ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ (ʄʂʉ) 

ʜʝʩʷʪʴʶ ʥʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʢʦʩʤʦʥʘʚʪʘʤʠ ï ʫʯʘʩʪʥʠʢʘʤʠ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ 

ʚʳʧʦʣʥʝʥʦ ʦʜʠʥʥʘʜʮʘʪʴ ʧʦʣʝʪʦʚ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʧʠʣʦʪʠʨʫʝʤʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ 

(ʇʂɸ). ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʨʘʟʚʠʪʠʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʪʫʨʠʟʤʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʝʢʪʘʤʠ 

ʧʠʣʦʪʠʨʫʝʤʳʭ ʢʦʨʘʙʣʝʡ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʢʦʩʤʠʯʝʩʢʠʡ 

ʪʫʨʠʟʤ ʙʫʜʝʪ ʧʦʧʫʣʷʨʥʦʡ ʦʪʨʘʩʣʴʶ ʚ ʤʠʨʝ, ʥʦ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʦʚʝʨʰʠʪʴ ʢʦʩʤʠʯʝʩʢʠʡ ʧʦʣʝʪ 

ʥʫʞʥʦ ʦʙʣʘʜʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤ ʟʘʧʘʩʦʤ çʧʨʦʯʥʦʩʪʠè, ʪʦ ʝʩʪʴ ʦʨʛʘʥʠʟʤ ʜʦʣʞʝʥ ʙʳʪʴ 

ʬʠʟʠʯʝʩʢʠ ʧʦʜʛʦʪʦʚʣʝʥ ʢ ʧʝʨʝʛʨʫʟʘʤ, ʥʝʚʝʩʦʤʦʩʪʠ ʠ ʜʨʫʛʠʤ ʬʘʢʪʦʨʘʤ. ʇʦʩʪʘʚʣʝʥʘ ʮʝʣʴ 

ʨʘʟʨʘʙʦʪʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʦʙʱʝʡ ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʜʣʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʪʫʨʠʩʪʦʚ ʚ ʈʦʩʩʠʠ ʠ ʤʠʨʝ ʜʣʷ ʩʦʚʝʨʰʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʇʂɸ.  

ʇʦʩʣʝ ʨʘʟʚʘʣʘ ʉʉʉʈ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʛʦ ʧʨʝʢʨʘʱʝʥʠʷ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ 

ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʚ ʈʦʩʩʠʠ çʚʳʞʠʣʠè ʠ ʩʪʘʣʠ ʧʦʩʪʝʧʝʥʥʦ ʧʦʩʣʝʜʥʠʝ 10-15 ʣʝʪ 

ʨʘʟʚʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʪʝ ʧʨʝʜʧʨʠʷʪʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳ, ʠ ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʤʦʛʣʘ ʠʤʝʪʴ ʧʨʠʢʣʘʜʥʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʕʪʦ 

ʩʦʟʜʘʣʦ ʫʩʣʦʚʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ, ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ. 

ʂʦʩʤʠʯʝʩʢʠʡ ʪʫʨʠʟʤ ʤʦʞʝʪ ʧʨʠʥʦʩʠʪʴ ʠ ʫʞʝ ʧʨʠʥʦʩʠʪ ʥʝʧʣʦʭʠʝ ʩʨʝʜʩʪʚʘ çʢʦʩʤʠʯʝʩʢʠʤè 

ʩʪʨʘʥʘʤ [1]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʫʩʣʦʚʣʝʥʘʧʦʷʚʣʝʥʠʝʤ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʪʫʨʠʩʪʦʚ(ʚʦʟʨʘʩʪ ʢʦʪʦʨʳʭ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 20 ʜʦ 65 ʣʝʪ), ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʦʜʛʦʪʦʚʣʝʥʳ ʢ ʨʘʟʣʠʯʥʦʡ ʢʫʣʴʪʫʨʥʦ-ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ, ʥʘʫʯʥʦʡ ʠ ʜʨʫʛʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʘʤʦʝ 

ʛʣʘʚʥʦʝ, ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʶ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʬʘʢʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʠ ʚʦʟʤʦʞʥʳʤ ʝʛʦ ʧʦʩʣʝʜʩʪʚʠʷʤ. 

ɸʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʢʦʩʤʠʯʝʩʢʦʛʦ ʪʫʨʠʟʤʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ 

ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʨʘʟʚʠʪʠʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʪʫʨʠʟʤʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʝʢʪʳ ʧʠʣʦʪʠʨʫʝʤʳʭ 

ʢʦʨʘʙʣʝʡ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ: ʧʠʣʦʪʠʨʫʝʤʳʡ ʢʦʨʘʙʣʴ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ çʌʝʜʝʨʘʮʠʷè (ʈʦʩʩʠʷ), 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʠʣʦʪʠʨʫʝʤʳʡ ʢʦʨʘʙʣʴ çOrionè (ʉʐɸ), ʯʘʩʪʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ 

ʢʦʨʘʙʣʠ: Starliner (CST-100) ʢʦʤʧʘʥʠʠ Boeing, çDragonè ʢʦʤʧʘʥʠʠ SpaceX, çDreamChaserè ʦʪ 

SierraNevadaCorporation, çNewShepardè ʢʦʤʧʘʥʠʠ BlueOrigin. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 

ʧʨʦʝʢʪʘʤ ʩʫʙʦʨʙʠʪʘʣʴʥʳʭ ʢʦʨʘʙʣʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʦʟʜʘʥʠʶ ʨʘʢʝʪʦʧʣʘʥʦʚ çSpaceShipTwoè ʠ 

ʥʦʩʠʪʝʣʷ çWhiteKnightTwoè ʢʦʤʧʘʥʠʠ VirginGalactic [2]. 

ɺ ʜʘʥʥʦʝ ʚʨʝʤʷ ʚ ʉʐɸ ʢʦʩʤʠʯʝʩʢʠʡ ʪʫʨʠʟʤ ʩʯʠʪʘʝʪʩʷ ʩʘʤʦʡ ʜʠʥʘʤʠʯʥʦ 

ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʯʘʩʪʴʶ ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. ʏʘʩʪʥʳʝ ʢʦʨʧʦʨʘʮʠʠ ʚʢʣʘʜʳʚʘʶʪ ʦʛʨʦʤʥʳʝ 

ʜʝʥʴʛʠ ʚ ʨʘʟʨʘʙʦʪʢʫ ʩʦʙʩʪʚʝʥʥʳʭ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ, ʩʫʙʦʨʙʠʪʘʣʴʥʳʭ ʠ ʦʨʙʠʪʘʣʴʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʝʡ, ʜʘʞʝ ʦʨʙʠʪʘʣʴʥʳʭ ʛʦʩʪʠʥʠʮ ʜʣʷ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʪʫʨʠʩʪʦʚ ʥʘ 

ʦʨʙʠʪʝ. ʉʦʟʜʘʝʪʩʷ ʠ ʥʘʟʝʤʥʘʷ ʪʫʨʠʩʪʠʯʝʩʢʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʫʞʝ ʧʦʩʪʨʦʝʥ ʧʝʨʚʳʡ ʚ ʤʠʨʝ 

ʢʦʩʤʦʧʦʨʪ çAmericaè. ʇʣʘʥʠʨʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʝʪʠ ʢʦʩʤʦʧʦʨʪʦʚ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʙʦʨʙʠʪʘʣʴʥʳʭ ʢʦʩʤʦʣʘʡʥʝʨʦʚ ʫʞʝ ʚ ʙʣʠʞʘʡʰʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʫʚʝʣʠʯʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʣʶʜʝʡ, ʧʦʙʳʚʘʚʰʠʭ ʚ ʢʦʩʤʦʩʝ ʚ ʩʦʪʥʠ ʨʘʟ. 

ʈʘʟʚʠʪʠʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʪʫʨʠʟʤʘ ʚ ʙʫʜʫʱʝʤ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʩʦʟʜʘʥʠʷ ʨʘʟʚʝʪʚʣʝʥʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʢʦʩʤʠʯʝʩʢʦʡ ʠʥʜʫʩʪʨʠʠ ʪʫʨʠʟʤʘ.  

http://www.sncorp.com/prod/iss/default.shtml
http://www.blueorigin.com/
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ʇʨʦʙʣʝʤʘ ʪʘʢʞʝ ʘʢʪʫʘʣʠʟʠʨʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʘʷ ʧʨʦʛʨʘʤʤʘ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ 

ʢʦʩʤʦʥʘʚʪʦʚ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʛʦʪʦʚʢʠ ʢ ʧʦʣʝʪʘʤ ʚ ʎʇʂ ʠʤʝʥʠ ʖ.ɸ. ɻʘʛʘʨʠʥʘ ʢ 

ʚʳʧʦʣʥʝʥʠʶ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ ʥʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʢʦʩʤʦʥʘʚʪʘʤʠ ʥʘ ʄʂʉ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʪʫʨʠʩʪʦʚ ʧʦ ʜʨʫʛʠʤ ʢʦʤʤʝʨʯʝʩʢʠʤ ʧʨʦʛʨʘʤʤʘʤ.  

ɺ ʮʝʣʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʝʥʦ: 

 ʫ ʢʦʩʤʠʯʝʩʢʦʛʦ ʪʫʨʠʩʪʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ, 

ʤʦʪʠʚʠʨʦʚʘʥʥʦʩʪʴ ʢ ʧʦʣʝʪʫ, ʪʦ ʝʩʪʴ ʥʫʞʥʦ ʙʦʣʴʰʝ ʧʦʧʫʣʷʨʠʟʠʨʦʚʘʪʴ ʠ ʨʘʟʚʠʚʘʪʴ 

ʢʦʩʤʠʯʝʩʢʠʡ ʪʫʨʠʟʤ, ʥʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦ ʧʦʣʝʪʘʭ, ʧʦʜʛʦʪʦʚʢʝ ʠ ʜʨʫʛʠʭ ʘʩʧʝʢʪʘʭ ʟʥʘʶʪ ʥʝ 

ʤʥʦʛʠʝ; 

 ʚʦ ʚʨʝʤʷ ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʥʘ ʧʨʝʜʧʦʣʝʪʥʦʤ ʵʪʘʧʝ ʥʫʞʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʠ ʨʘʟʚʠʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ, ʩʧʦʩʦʙʥʦʩʪʠ ʪʘʢʠʝ ʢʘʢ:ʩʪʘʪʠʯʝʩʢʘʷ 

ʚʳʥʦʩʣʠʚʦʩʪʴ; ʜʚʠʛʘʪʝʣʴʥʦ-ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ, ʣʦʚʢʦʩʪʴ (ʩʦʭʨʘʥʠʪʴ ʨʘʚʥʦʚʝʩʠʝ; 

ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʪʦʯʥʳʝ ʜʚʠʞʝʥʠʷ ʚ ʪ.ʯ. ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʫʩʠʣʠʷ; ʫʤʝʥʠʝ 

ʨʘʩʩʣʘʙʣʷʪʴʩʷ, ʵʢʦʥʦʤʠʯʥʦ ʚʳʧʦʣʥʷʪʴ ʜʚʠʞʝʥʠʷ, ʧʨʝʦʜʦʣʝʚʘʪʴ ʤʳʰʝʯʥʫʶ ʥʘʧʨʷʞʸʥʥʦʩʪʴ); 

 ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ, ʩʧʦʩʦʙʥʦʩʪʠ ʪʦʞʝ ʥʫʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʠ 

ʨʘʟʚʠʚʘʪʴ ʥʘ ʜʦʣʞʥʦʤ ʜʣʷ çʦʪʣʠʯʥʦʛʦè ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʨʦʚʥʷ, ʪʘʢ ʢʘʢ ʙʝʟ 

ʩʧʝʮʠʘʣʴʥʦʡ ʠ ʦʙʱʝʡ ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʣʠʯʥʦʩʪʠ ʥʝʚʦʟʤʦʞʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʢʦʩʤʠʯʝʩʢʠʤ ʧʝʨʝʛʨʫʟʢʘʤ, ʥʝʚʝʩʦʤʦʩʪʠ, ʯʫʚʩʪʚʫ ʪʷʞʝʩʪʠ ʠ ʤʥʦʛʠʤ ʜʨʫʛʠʤ ʬʘʢʪʦʨʘʤ. 
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During the 18 years of manned flights on the International Space Station (ISS), ten non-

professional cosmonauts-participants in space flights carried out eleven flights on Russian manned space 

crafts. In the world practice, the development of space tourism is represented by the projects of manned 

spacecrafts of the new generation. Thus, in a few years space tourism will be a popular industry in the 

world, but in order to accomplish a space flight one must have a certain margin of "strength", that is, the 

body must be physically prepared for overloads, weightlessness and other factors. The goal is to develop 

an optimal combination of general and special physical training for space tourists in Russia and the 

world to make space flight on various manned spacecrafts. 

After the collapse of the USSR and the almost complete cessation of funding for the space 

industry, only those space industry enterprises that were competitive and whose activities could have 

applied have gradually "survived" in Russia over the last 10-15 years. This created conditions, including, 

for the emergence of commercial space projects. Space tourism can bring and already brings good funds 

to "space" countries [1].  

Thus, the relevance of research is due to the emergence in different countries of space travel 

(whose age ranges from 20 to 65 years), which must be prepared for various cultural, educational, 

scientific and other activities, most importantly, ensuring life safety, counteracting unfavorable factors of 

space flight and possible its consequences. 

Analysis and generalization of literary data of space tourism shows that in the world practice the 

development of space tourism presents the projects of manned new-generation vehicles: the new-

generation manned space vehicle Federation (Russia), the multipurpose manned vehicle Orion (USA), 

private spacevehicles: Starliner CST-100) of Boeing, Dragon's company SpaceX, Dream Chaser from 

Sierra Nevada Corporation, New Shepard of Blue Origin. Particular attention is paid to the projects of 
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suborbital vehicles, in particular the creation of rockets "SpaceShipTwo" and carrier "WhiteKnightTwo" 

of VirginGalactic [2]. 

Currently in the US, space tourism is considered the most dynamically developing part of the 

space industry. Private corporations invest huge amounts of money in developing their own carrier 

rockets, suborbital and orbital vehicles, even orbital hotels for long stay of tourists in orbit. The ground 

tourist infrastructure is being created, the first in the world spaceport "America" has already been built. It 

is planned to create a network of spaceports around the world, which will make it possible to increase 

the number of people who have been in space hundreds of times using suborbital space vehicles in the 

coming decades. 

The development of space tourism in the future is impossible without the creation of an extensive 

infrastructure of the space tourism industry. 

The problem is also actualized by the fact that the existing life support program for astronauts, as 

well as the results of preparations for flights to the CTC named after Yu.A. Gagarin to perform space 

flights by non-professional cosmonauts on the ISS can be used to prepare space tourists for other 

commercial programs. 

In general, according to the results of the research, it was determined: 

 a space tourist should first of all be interested in, motivated to fly, that is, it is necessary to 

promote and develop space tourism more, but at the moment few people know about flights, training 

and other aspects; 

 during physical training in the pre-flight stage, it is necessary first of all to maintain and 

develop physical qualities, abilities such as: static endurance; motor coordination abilities, dexterity 

(keep balance, ability to perform precise movements including differentiate effort, ability to relax, 

economically perform movements, overcome muscle tension). 

all other physical qualities and abilities should also be maintained and developed at the proper level for 

the "excellent" physical state of the level, since without special and general physical preparation of the 

individual it is impossible to adapt to cosmic overloads, weightlessness, feeling of heaviness and many 

other factors. 

 

ɺʃʀʗʅʀɽ ɸʅʊʀʆʈʊʆʉʊɸʊʀʏɽʉʂʆʁ ɻʀʇʆʂʀʅɽɿʀʀ ʅɸ ɾɸɾɼʋ ʀ ʉʆʃɽɺʆʁ 

ɸʇʇɽʊʀʊ ʋ ʄʓʐɽʁ 

ʃʘʛʝʨʝʚʘ ɽ.ɸ.
1
, ɻʦʨʰʢʦʚʘ ɸ.ɸ.

2
 

1 ï ɻʅʎ ʈʌ ï ʀʄɹʇ ʈɸʅ, ʄʦʩʢʚʘ, 2 ï ʄɻʋ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ 

 

ɸʜʘʧʪʘʮʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ ʢ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ, 

ʠʥʠʮʠʠʨʫʝʪʩʷʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʞʠʜʢʦʩʪʠ ʚ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʪʝʣʘ ʠʟ ʥʠʞʥʝʡ 

ʧʨʠʠʩʯʝʟʥʦʚʝʥʠʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ. ɻʠʜʨʦʩʪʘʪʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪ 

ʜʘʚʣʝʥʠʷ ʫ ʤʳʰʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʳʨʘʞʝʥ, ʦʜʥʘʢʦ ʨʝʘʢʮʠʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ 

ʤʳʰʝʡ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʦʣʝʪʝ ʠ ʚ ʧʦʩʣʝʧʦʣʝʪʥʳʡ ʧʝʨʠʦʜ ʩʭʦʞʠ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʫ ʣʶʜʝʡ.ʕʪʦʪ 

ʬʘʢʪ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʘʞʥʦʩʪʴ ʥʝʟʘʚʠʩʷʱʠʭ ʦʪ ʨʘʟʤʝʨʦʚ ʪʝʣʘ ʬʘʢʪʦʨʦʚ ʚ ʘʜʘʧʪʘʮʠʠ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʢ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʟʘʚʠʩʠʤʳʭ ʦʪ ʨʘʟʤʝʨʘ ʪʝʣʘ ʤʝʭʘʥʠʟʤʦʚ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʚʦʜʥʦ-ʩʦʣʝʚʦʡ ʦʙʤʝʥ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʥʘʭʦʜʷʱʠʡʩʷ ʧʦʜ ʮʝʥʪʨʘʣʴʥʳʤ ʥʝʡʨʦ-ʛʫʤʦʨʘʣʴʥʳʤ ʢʦʥʪʨʦʣʝʤ ʚʦʜʥʦ-ʩʦʣʝʚʦʡ ʘʧʧʝʪʠʪ ʠ 

ʚʩʘʩʳʚʘʥʠʝ ʚʦʜʳ ʠ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚ ʢʠʰʝʯʥʠʢʝ. ʀʟʤʝʥʝʥʠʷ ʛʝʤʦʜʠʥʘʤʠʢʠ,ʥʘʙʣʶʜʘʶʱʠʝʩʷ 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʬʘʢʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ, ʤʦʛʫʪ ʪʘʢʞʝ ʚʥʦʩʠʪʴ ʚʢʣʘʜ ʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʠʰʝʯʥʠʢʘ, ʠ ʥʘʦʙʦʨʦʪ, ʪʘʢ ʢʘʢ ʧʨʠʤʝʨʥʦ ʯʝʪʚʝʨʪʴ ʩʝʨʜʝʯʥʦʛʦ 

ʚʳʙʨʦʩʘ ʧʦʩʪʫʧʘʝʪ ʚ ʯʨʝʚʥʫʶ ʦʙʣʘʩʪʴ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʧʝʨʝʩʪʨʦʡʢʝ ʚʦʜʥʦ-

ʩʦʣʝʚʦʛʦ ʦʙʤʝʥʘ ʚ ʫʩʣʦʚʠʷʭ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʡ ʪʨʘʢʪ, ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʫʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʜʳ ʠ ʩʦʣʝʡ ʚ ʦʨʛʘʥʠʟʤ.ʉ 

ʮʝʣʴʶ ʦʮʝʥʢʠʚʢʣʘʜʘ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ ʚ ʠʟʤʝʥʝʥʠʷ ʚʦʜʥʦ-ʩʦʣʝʚʦʛʦ ʦʙʤʝʥʘ ʚ 

ʫʩʣʦʚʠʷʭ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ, ʤʳ ʨʝʰʠʣʠ ʠʩʩʣʝʜʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ 

ʚʦʜʥʦ-ʩʦʣʝʚʦʛʦ ʘʧʧʝʪʠʪʘ ʫ ʤʳʰʝʡ ʧʨʠʘʥʪʠʦʨʪʦʩʪʘʪʠʯʝʩʢʦʤ ʚʳʚʝʰʠʚʘʥʠʠ. 
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ʉʘʤʮʦʚ ʤʳʰʝʡ ʣʠʥʠʠ BALB/c ʧʦʜʚʝʨʛʘʣʠ ʘʥʪʠʦʨʪʦʩʪʘʪʠʯʝʩʢʦʤʫ ʚʳʚʝʰʠʚʘʥʠʶ 

(Ferreira J.A. etal, 2011).ʀʩʧʦʣʴʟʦʚʘʣʠ ʜʚʝ ʛʨʫʧʧʳ ʢʦʥʪʨʦʣʴʥʳʭ ʤʳʰʝʡ: 1) çʧʨʠʢʨʝʧʣʝʥʥʳʝè, 

ʠ 2) ʩʦʜʝʨʞʘʱʠʝʩʷ ʠʟʦʣʠʨʦʚʘʥʥʦ ʚ ʢʣʝʪʢʘʭ ʜʣʷ ʚʳʚʝʰʠʚʘʥʠʷ (N=12 ʚ ʛʨʫʧʧʝ). ʈʝʛʠʩʪʨʘʮʠʶ 

ʬʦʥʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 6 ʩʫʪʦʢ ʘʜʘʧʪʘʮʠʠ ʢ ʫʩʣʦʚʠʷʤ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘ 

ʟʘʪʝʤ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʦʪʨʝʙʣʝʥʠʝ ʚʦʜʳ ʠ 0.9% ʨʘʩʪʚʦʨʘ NaCl ʚ ʫʩʣʦʚʠʷʭ ʩʚʦʙʦʜʥʦʛʦ ʚʳʙʦʨʘ 

ʚ ʪʝʯʝʥʠʝ 14 ʩʫʪʦʢʚʦʟʜʝʡʩʪʚʠʷ ʠ 7 ʩʫʪʦʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʮʝʥʠʚʘʣʠ 

ʨʷʜ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʆʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʧʦʪʨʝʙʣʷʝʤʦʡ ʞʠʜʢʦʩʪʠ ʫ ʚʳʚʝʰʝʥʥʳʭ 

ʞʠʚʦʪʥʳʭʚʧʝʨʚʳʝ 4 ʩʫʪʦʢʚʳʚʝʰʠʚʘʥʠʷ ʩʥʠʞʘʣʩʷ ʥʘ 20-30%, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʝ ʦʪʣʠʯʘʣʩʷ ʦʪ 

ʧʦʪʨʝʙʣʝʥʠʷ ʫ ʢʦʥʪʨʦʣʴʥʳʭ ʤʳʰʝʡ. ɺ ʧʝʨʠʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʦʟʨʘʩʪʘʣ ʥʘ 

50-60%. ʇʦʪʨʝʙʣʝʥʠʝ NaCl ʫ ʤʳʰʝʡ ʦʙʝʠʭ ʢʦʥʪʨʦʣʴʥʳʭ ʛʨʫʧʧ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʣʦ, 

ʜʦʩʪʠʛʘʷ å150%ʦʪ ʬʦʥʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ 21ʝ ʩʫʪʢʠ, ʘ ʫ ʚʳʚʝʰʝʥʥʳʭ ï ʦʩʪʘʚʘʣʦʩʴ 

ʥʝʠʟʤʝʥʥʳʤ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʚʳʚʝʰʠʚʘʥʠʷʠ ʩʥʠʞʘʣʦʩʴ ʚ ʧʝʨʠʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ʇʦʪʨʝʙʣʝʥʠʝ ʢʦʨʤʘ (å150 ʛ/ʢʛ/ʩʫʪ), ʚʪʦʨʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘʪʨʠʷ, ʙʳʣʦ ʦʜʠʥʘʢʦʚʳʤʫ ʞʠʚʦʪʥʳʭ 

ʚʩʝʭ ʛʨʫʧʧ ʠ ʥʝ ʤʝʥʷʣʦʩʴ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʚʳʚʝʰʠʚʘʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ʀʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʪʝʣʘ ʠ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ, ʘ ʪʘʢʞʝ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʳʣʠ 

ʪʠʧʠʯʥʳ ʜʣʷ ʤʦʜʝʣʠ ʘʥʪʠʦʨʪʦʩʪʘʪʠʯʝʩʢʦʡ ʛʠʧʦʢʠʥʝʟʠʠ (ʇʦʧʦʚʘ ɸ.ʉ. ʠ ʜʨ., 2017). ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʩʝʤʝʥʥʠʢʦʚ ʫ ʚʳʚʝʰʝʥʥʳʭ ʞʠʚʦʪʥʳʭ(F (2,15) 

=1,313; P=0,2982)) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʞʠʚʦʪʥʳʤʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʝ 

ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʪʝʩʪʦʩʪʝʨʦʥʘ.ʇʦ ʢʣʶʯʝʚʳʤ ʧʘʨʘʤʝʪʨʘʤ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʧʨʠʢʨʝʧʣʝʥʥʳʤʠ ʠ 

ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʞʠʚʦʪʥʳʤʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ 

ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʧʨʠʢʨʝʧʣʝʥʠʝʤ ʩʪʨʝʩʩʘ ʥʘ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʉʥʠʞʝʥʠʝ ʩʦʣʝʚʦʛʦ ʘʧʧʝʪʠʪʘ ʫ ʤʳʰʝʡ, ʢʘʢ ʦʜʠʥ ʠʟ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ,ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʘʥʪʠʦʨʪʦʩʪʘʪʠʯʝʩʢʦʡ ʛʠʧʦʢʠʥʝʟʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʦʩʣʝ,ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʠʟʤʝʥʝʥʠʷʭ ʝʛʦ ʥʝʡʨʦ-ʛʫʤʦʨʘʣʴʥʦʡ ʨʝʛʫʣʷʮʠʠ ʠ ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʜʘʥʥʳʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʞʠʚʦʪʥʳʭ(LarinaI.M. et. al, 2013).ɺ ʥʘʰʠʭ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʫʜʝʪ ʚʳʷʩʥʝʥʦ, ʣʝʞʘʪ ʣʠ ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʢʠʰʝʯʥʠʢʘ ʚ ʦʩʥʦʚʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʥʘʤʠ ʚʧʝʨʚʳʝ ʠʟʤʝʥʝʥʠʷ ʚʦʜʥʦ-ʩʦʣʝʚʦʛʦ ʘʧʧʝʪʠʪʘ 

ʫ çʚʳʚʝʰʝʥʥʳʭè ʤʳʰʝʡ. 
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Cardiovascular system adaptation of human to microgravity is known to be initiated by 

redistribution of fluid from the lower part of the body to the upper, caused by the disappearance of 

the hydrostatic pressure gradient. Hydrostatic pressure gradient in mice is negligible, but 

cardiovascular system reactions in mice during microgravity and in post-microgravity conditions are 

similar to those in humans. This fact indicates the importance of factors which is not affected by 

body size in the mammalian cardiovascular system adaptation to microgravity. One of these factors 

can be water-salt metabolism, and particularly water-salt appetite and the absorption of water and 

electrolytes in the intestine, which is undercentral neuro-humoral control.Hemodynamic changes 

observed during space flight can also contribute to functional changes in the intestine, and vice 

versa, intestine can affect changes in cardiovascular system,since the visceralregion may require up 

to a quarter of the cardiac output.It can be assumed that the intestine can play a great role in 

electrolyte balance changes under the microgravity conditions, as it is a single way to get water and 

electrolytes into the body. In order to assess the contribution of the intestine in electrolyte balance 

changes under the conditions of simulated microgravity, it was decided to investigate the water and 

sodium appetite in mice in the model of anti-orthostatic hypokinesia. 

Male BALB/c mice were subjected to hindlimb unloading (Ferreira J.A. et al, 2011). Two 
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control groups were used ï attached mice (attachment was the same as in unloaded mice), and 

isolated mice (without attachment and unloading). All mice were housed in the same cages, n=12 in 

group. Background parameters were registered for 6 days during the adaptation period. Then the 

water and saline (0.9% NaCl) consumption were registered for 14 days followed by 7 days of 

recovery period. A number of morphometric and hematological parameters were evaluated during 

the experiment.  

It was found that the total volume ofconsumed liquid in hindlimb unloadedmice decreased 

by 20-30%in the first 4 days of unloading, and hereinafter wasnôt different from the consumption of 

control mice. During the recovery period this value has increased by 50-60%. Saline consumption in 

control mice of both groups increased, reaching å150% of the background values to the day 21. In 

unloaded mice saline consumption was unchanged during the entire period of the unloading and 

decreased in the recovery period. Chow consumption (å150 g/kg/day), as the other source of 

sodium, was the same in the animals of all groups and didnôt change during the whole period of 

unloading out and recovery. Body massand organs weight as well as hematological parameters were 

typical for mice in HLU model (Popova A. S. et al., 2017). It should be noted a significant decrease 

in testes weight in hindlimb unloadedmice (F (2,15) =1,313; P=0,2982) compared with control 

animals, indicating a possible decrease in testosterone levels. There were no crucial differences in 

the key parametersbetween attached and isolated animals, indicating a slight effect of the stress 

caused by the attachment on the observed parameters. 

Reduced sodium appetite in mice as one of the adaptation processes, indicates alterations of 

neurohumoral regulation and correlates well with data obtained on larger animalsand humans under 

the influence of antiorthostatic hypokinesia and in the recovery period (Larina I. M. et. al, 2013). In 

our further researches it will be found out, whether changes of morphological and functional 

conditions of intestine could be the basis of the of water-salt appetite change registered by us for the 

first time at hindlimb unloaded mice. 

 

 

ʉɸʅʀʊɸʈʅʆ-ʍʀʄʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʆʃʀʄɽʈʅʓʍ ʂʆʄʇʆɿʀʊʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ ʅɸ ʆʉʅʆɺɽ ʋɻʃɽʈʆɼʅʆʁ ʊʂɸʅʀ ʀ ʉɺʗɿʋʖʑɽɻʆ ʕʅʌɹ ɼʃʗ 

ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɺ ʆɹʀʊɸɽʄʓʍ ʆʊʉɽʂɸʍ ʇɽʈʉʇɽʂʊʀɺʅʓʍ 

ʂʆʉʄʀʏɽʉʂʀʍ ʂʆʈɸɹʃɽʁ. 

 

ʃʘʰʫʢʦʚ ʇ.ɺ., ʎʘʨʴʢʦʚ ɼ.ʉ. 

ɻʅʎ ʈʌ ï ʀʄɹʇ ʈɸʅ, ʄʦʩʢʚʘ 

 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʠʣʦʪʠʨʫʝʤʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʇʂɸ), 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ   ʤʝʞʧʣʘʥʝʪʥʳʝ ʧʦʣʝʪʳ, ʧʨʠʦʨʠʪʝʪʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʥʠʞʝʥʠʶ 

ʚʝʩʘ ʠʟʜʝʣʠʡ ʟʘ ʩʯʝʪ ʨʘʩʰʠʨʝʥʠʷ ʜʦʣʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʠ ʦʙʦʨʫʜʦʚʘʥʠʠ ʢʦʨʘʙʣʝʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ, ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ, ʧʦ ʫʜʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ, ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʚʩʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ 

ʧʦʣʠʤʝʨʥʳʝ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ. ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʦʪʥʦʩʷʪʩʷ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʇʂʄ), ʚʥʝʜʨʝʥʠʝ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ 

ʩʘʥʠʪʘʨʥʦ-ʭʠʤʠʯʝʩʢʦʡ ʠ ʛʠʛʠʝʥʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʟʜʦʨʦʚʴʶ 

ʵʢʠʧʘʞʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʨʠ ʩʪʘʨʝʥʠʠ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ (ʇʄ) ʚʳʜʝʣʷʶʪ 

ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʝ ʣʝʪʫʯʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (ʃʆʉ) ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʦʧʘʩʥʦʩʪʠ, ʠ 

ʠʭ ʧʨʠʛʦʜʥʦʩʪʴ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʥʦʨʤʘʪʠʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ (ʇɼʂ).  

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʦʮʝʥʠʪʴ ʩʦʩʪʘʚ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʛʘʟʦʚʳʜʝʣʝʥʠʠ ʠʟ 

ʇʂʄ ʠ ʦʧʨʝʜʝʣʠʪʴ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʠ ʩʪʘʨʝʥʠʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ɻʆʉʊ ʈ 50804-95.   
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ʄʝʪʦʜ ʫʩʢʦʨʝʥʥʦʛʦ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʇʄ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʬʠʟʠʯʝʩʢʠʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʚ 

ʇʂʄ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʚʳʜʝʣʷʶʱʠʭʩʷ ʃʆʉ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʧʨʦʜʫʢʪʘʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʤʝʨʦʚ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʘʨʘʤʝʪʨʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʇʂɸ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 ʉʘʥʠʪʘʨʥʦ-ʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ, ʚ ʩʦʩʪʘʚʝ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʫʛʣʝʧʣʘʩʪʠʢʦʚ 

ʙʳʣʠ ʥʘ ʦʜʠʥ, ʜʚʘ ʠ ʪʨʠ ʧʦʨʷʜʢʘ ʥʠʞʝ ʟʥʘʯʝʥʠʡ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. 

ʏʨʝʟʚʳʯʘʡʥʦ ʪʦʢʩʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʚʦʟʜʝʡʩʪʚʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 90-100 
0
ʉ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʦʚʳʜʝʣʝʥʠʡ, ʦʜʥʘʢʦ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʠ ʘʥʘʣʦʛʠʯʝʥ 

ʚʝʱʝʩʪʚʘʤ, ʚʳʜʝʣʷʝʤʳʤ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 40
0
ʉ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʵʢʩʧʦʟʠʮʠʠ ʜʦ 

14 ʩʫʪʦʢ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʉʦʩʪʘʚ ʛʘʟʦʚʳʜʝʣʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʠʤʝʨʥʳʤ 

ʩʦʩʪʘʚʦʤ ʩʚʷʟʫʶʱʝʛʦ. ʆʜʥʘʢʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʚʝʱʝʩʪʚ, ʟʘʚʠʩʷʪ ʦʪ ʥʘʩʳʱʝʥʥʦʩʪʠ 

ʩʚʷʟʫʶʱʝʛʦ ʚ ʇʂʄ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʜʦʧʫʩʪʠʤʳʝ ʦʙʲʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʦʙʠʪʘʝʤʳʭ ʦʪʩʝʢʘʭ ʇʂɸ.  

 ʕʪʦ ʧʦʣʦʞʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʚ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʇʂʄ 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʥʘ ʦʜʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʣʝʥʪʝ, ʥʦ ʩ ʨʘʟʥʳʤʠ ʚʠʜʘʤʠ ʩʚʷʟʫʶʱʝʛʦ, ʦʪʣʠʯʘʶʪʩʷ ʧʦ 

ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʦʚʳʜʝʣʝʥʠʷ. ʊʘʢ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʵʧʦʢʩʠʜʥʦ-ʧʦʣʠʩʫʣʴʬʦʥʦʚʦʛʦ ʩʚʷʟʫʶʱʝʛʦ, ʚ ʩʦʩʪʘʚʝ ʛʘʟʦʚʳʜʝʣʝʥʠʡ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʚ 3 ʨʘʟʘ ʙʦʣʴʰʝ ʚʝʱʝʩʪʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʘʪʝʨʠʘʣʦʚ ʩʦ ʩʚʷʟʫʶʱʠʤ ʥʘ 

ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʨʝʰʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʂʄ ʚ ʦʙʠʪʘʝʤʳʭ ʦʪʩʝʢʘʭ ʇʂɸ ʧʦ ʛʠʛʠʝʥʠʯʝʩʢʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʢʘʟʘʣʠ, ʯʪʦ, 10-ʣʝʪʥʝʝ ʩʪʘʨʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʇʂʄ ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʭ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʜʝʩʪʨʫʢʮʠʠ ʩʚʷʟʫʶʱʝʛʦ.  
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When designing advanced spacecraft oriented to interplanetary flights, special attention is 

paid to reducing the weight of products by increasing the proportion of polymeric materials used in 

the construction and equipment of ships characterized by high wear resistance, low density, 

resistance to aggressive media, specific strength and rigidity superior to all widely used structural 

polymeric and metallic materials. Such promising materials include polymer composite materials 

(PCM), implementation of which requires a sanitary, chemical and hygienic assessment aimed at 

reducing the risk to the health of the crew. 

In the process of operation and aging of polymer matrix (PM) are releases highly toxic 

volatile chemical compounds (VCCs) different classes of hazard, and their suitability is regulated by 

regulatory requirements. 

The purpose of this study was Assessment of the composition in outgassing from PCM and 

determines dynamics of composition of outgassing from the investigated materials with aging for 

compliance with regulatory requirements GOST R 50804-95. 

Climatic accelerated aging method comprises subjecting the PM climatic factors that lead to 

physical and chemical transformations in the PCM. Quantitative and Quality composition evolved 
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VCCs, which are products of physical and chemical degradation of the polymer is one of parameters 

for assessing the condition of working characteristics of the material and the possibility of its use in 

the spacecraft during use. 

Sanitary and chemical research found that the concentration of the identified substances in 

the composition of the outgassing researched PCM were at one, two and three orders of magnitude 

below the values the maximum permissible concentration. Extremely toxic chemical compounds 

were not detected. With increasing exposure temperature up to 90 -100
0
C, an increase quantitative 

composition of outgassing components, but does not change the qualitative composition and similar 

substances are released when exposed to a temperature of 40
0
C with exposure duration of 14 days. 

Research have shown that the composition of outgassing defines camping polymeric binder 

composition.However, the concentrations of these substances,depends onsaturationbinding in PCM 

and, therefore, has an influence onpermissible volumes of use of these materials in the habitable 

compartments of the spacecraft. 

 This situation is confirmed by studies which demonstrated that PCM made on one carbon 

tape, but with a different type of binder, differ in chemical composition of gassing component. Thus, 

using a modified epoxy-polysulfone binder, in the outgassing is identified in 3 times more 

substances, in contrast to materials with a binder based on modified epoxy resins. This circumstance 

is important consider when deciding the possibility of using PCM in the living compartments of 

spacecraft for hygiene indicators. Studies have shown that 10 years she studied aging PCM not 

accompanying the advent of highly volatile organic compounds characteristic of binder degradation. 

 

ʃɽʁʎʀʅ-ɿɸɺʀʉʀʄɸʗ ɸʂʊʀɺɸʎʀʗ ʕʂʉʇʈɽʉʉʀʀ ɻɽʅɸ IGF1 ʀIGF1-

ɿɸɺʀʉʀʄʓʍ ɻɽʅʆɺ ɺ ʏɽʃʆɺɽʏɽʉʂʀʍ ʄʀʆɹʃɸʉʊɸʍ 

 

ʃʝʜʥʝʚ ɽ.ʄ., ʂʨʘʚʯʝʥʢʦ ʀ.ɺ., ʌʫʨʘʣʝʚ ɺ.ɸ., ʃʳʩʝʥʢʦ ɽ.ɸ., ʇʦʧʦʚ ɼ.ɺ. 

ɻʅʎ ʈʌ-ʀʄɹʇ ʈɸʅ, ʛ.ʄʦʩʢʚʘ; 

ʌɻɹʋʅ çʌʀʎ ɹʠʦʪʝʭʥʦʣʦʛʠʠ ʈɸʅè, ʛ.ʄʦʩʢʚʘ; 

ʌʌʄ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ.ʄʦʩʢʚʘ 

 

ʋ ʚʟʨʦʩʣʦʛʦ ʯʝʣʦʚʝʢʘ ʠʥʩʫʣʠʥʦʧʦʜʦʙʥʳʡ ʬʘʢʪʦʨ ʨʦʩʪʘ 1 (IGF1) ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʨʝʛʫʣʷʮʠʠ ʛʦʤʝʦʩʪʘʟʘ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ, ʢʦʩʪʥʦʡ ʠ ʤʳʰʝʯʥʦʡ ʪʢʘʥʝʡ. ʀʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʫʯʘʩʪʠʝʤ ʛʨʳʟʫʥʦʚ (PedrosoJ.A.etal., 2013; TeodoroG.F. etal., 2012; PedrosaR.G. etal., 2013) 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠʝʤ ʣʝʡʮʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ IGF1 ʥʘ ʩʠʩʪʝʤʥʦʤ ʫʨʦʚʥʝ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʣʝʡʮʠʥʘ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ IGF1 ʠ 

IGF1-ʟʘʚʠʩʠʤʳʭ ʛʝʥʦʚ ʚ ʢʫʣʴʪʫʨʝ ʯʝʣʦʚʝʯʝʩʢʠʭ ʤʠʦʙʣʘʩʪʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʢʣʝʪʦʯʥʳʭ 

ʢʫʣʴʪʫʨʘʭ HeLa, HEK293T ʠ COS7 ʣʝʡʮʠʥ-ʟʘʚʠʩʠʤʘʷ ʘʢʪʠʚʘʮʠʷ ʢʦʤʧʣʝʢʩʘ mTORC1 ʤʦʞʝʪ 

ʙʳʪʴ ʤʥʦʛʦʢʨʘʪʥʦ ʫʩʠʣʝʥʘ ʟʘ ʩʯʝʪ ʧʨʝʜʠʥʢʫʙʘʮʠʠ ʢʣʝʪʦʢ ʩ ʥʝʢʦʪʦʨʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ, 

ʥʘʧʨʠʤʝʨ, ʩ ʘʨʛʠʥʠʥʦʤ (DyachokJ. etal., 2016). ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʣʝʡʮʠʥ ʤʦʞʝʪ 

ʘʢʪʠʚʠʨʦʚʘʪʴ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʘ IGF1 ʠ IGF1-ʟʘʚʠʩʠʤʳʭ ʛʝʥʦʚ ʚ ʢʫʣʴʪʫʨʝ ʯʝʣʦʚʝʯʝʩʢʠʭ 

ʤʠʦʙʣʘʩʪʦʚ, ʠ ʵʪʦ ʚʣʠʷʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʫʩʠʣʝʥʦ ʟʘ ʩʯʝʪ ʧʨʝʜʠʥʢʫʙʘʮʠʠ ʤʠʦʙʣʘʩʪʦʚ ʩ 

ʘʨʛʠʥʠʥʦʤ. 

ʄʠʦʙʣʘʩʪʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʙʠʦʧʩʠʯʝʩʢʦʡ ʧʨʦʙʳ, ʚʟʷʪʦʡ ʠʟ ʣʘʪʝʨʘʣʴʥʦʡ ʛʦʣʦʚʢʠ 

ʯʝʪʳʨʝʭʛʣʘʚʦʡ ʤʳʰʮʳ ʙʝʜʨʘ (ʥʝʪʨʝʥʠʨʦʚʘʥʥʳʡ ʤʦʣʦʜʦʡ ʤʫʞʯʠʥʘ). ɼʠʬʬʝʨʝʥʮʠʘʮʠʶ 

ʤʠʦʙʣʘʩʪʦʚ ʚ ʤʠʦʪʫʙʳ (>70% ʩʦʜʝʨʞʘʥʠʷ) ʠʥʠʮʠʠʨʦʚʘʣʠ ʩʤʝʥʦʡ ʩʨʝʜʳ ʥʘ DMEM ʩ 2% 

ʩʦʜʝʨʞʘʥʠʝʤ ʣʦʰʘʜʠʥʦʡ ʩʳʚʦʨʦʪʢʠ (5-7 ʜʥʝʡ). ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ 1 ʧʦʩʣʝ ʩʪʘʨʚʘʮʠʠ (ʨʘʩʪʚʦʨ 

ʂʨʝʙʩʘ-ʈʠʥʛʝʨʘ, 1 ʯ) ʤʠʦʪʫʙʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʨʘʩʪʚʦʨʝ ʂʨʝʙʩʘ-ʈʠʥʛʝʨʘ ʩ ʘʨʛʠʥʠʥʦʤ (0,4 

ʤʄ, 30 ʤʠʥ), ʣʠʙʦ ʩ ʣʝʡʮʠʥʦʤ (0,8 ʤʄ, 30 ʤʠʥ), ʣʠʙʦ ʩ ʘʨʛʠʥʠʥʦʤ, ʘ ʟʘʪʝʤ ʩ ʣʝʡʮʠʥʦʤ; ʚ 

ʢʦʥʪʨʦʣʴʥʦʤ ʦʧʳʪʝ ʢʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʨʘʩʪʚʦʨʝ ʂʨʝʙʩʘ-ʈʠʥʛʝʨʘ. ʋʨʦʚʝʥʴ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʤʠʰʝʥʝʡ ʢʦʤʧʣʝʢʩʘ mTORC1 ï 4EBP1
Thr37/46

 ʠ S6K1
Thr389

 ʦʧʨʝʜʝʣʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ɺʝʩʪʝʨʥ ʙʣʦʪʘ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ 2 ʧʦʩʣʝ ʩʪʘʨʚʘʮʠʠ (ʨʘʩʪʚʦʨ ʂʨʝʙʩʘ-ʈʠʥʛʝʨʘ, 20% 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʣʘʟʤʳ, 1 ʯ) ʢʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠʩʴ ʚ ʩʨʝʜʝ ʩ ʣʝʡʮʠʥʦʤ (0,8 ʤʄ, 24 ʯ) ʠʣʠ ʩ 
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ʘʨʛʠʥʠʥʦʤ (0,4 ʤʄ, 1 ʯ) ʠ ʟʘʪʝʤ ʩ ʣʝʡʮʠʥʦʤ (0,8 ʤʄ, 24 ʯ); ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʦʧʳʪʝ ʢʣʝʪʢʠ 

ʧʨʦʜʦʣʞʘʣʠ ʠʥʢʫʙʠʨʦʚʘʪʴ ʚ ʨʘʩʪʚʦʨʝ ʂʨʝʙʩʘ-ʈʠʥʛʝʨʘ ʩ 20% ʩʦʜʝʨʞʘʥʠʝʤ ʧʣʘʟʤʳ (24 ʯ). 

ʕʢʩʧʨʝʩʩʠʶ ʛʝʥʘ IGF1 ʠ IGF1-ʟʘʚʠʩʠʤʳʭ ʛʝʥʦʚ COL1A1, COL3A1, COL5A1, SREBF1, 

HMGCR, LOX ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ɸʨʛʠʥʠʥ ʥʝ ʧʦʚʣʠʷʣ ʥʘ ʫʨʦʚʝʥʴ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ S6K1
Thr389
, ʪʦʛʜʘ ʢʘʢ ʣʝʡʮʠʥ 

ʫʚʝʣʠʯʠʣ ʝʛʦ ʚ 10 ʨʘʟ. ʀʥʢʫʙʘʮʠʷ ʩ ʘʨʛʠʥʠʥʦʤ ʠ ʟʘʪʝʤ ʩ ʣʝʡʮʠʥʦʤ ʫʚʝʣʠʯʠʣʘ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ. ɸʨʛʠʥʠʥ ʪʘʢʞʝ ʥʝ ʦʢʘʟʘʣ ʚʣʠʷʥʠʷ ʥʘ ʫʨʦʚʝʥʴ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ 

ʙʝʣʢʘ 4EBP1
Thr37/46

, ʪʦʛʜʘ ʢʘʢ ʣʝʡʮʠʥ ʧʨʠʚʝʣ ʢ ʨʦʩʪʫ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ 3,5 ʨʘʟʘ, ʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʠʥʢʫʙʘʮʠʷ ʩ ʦʙʝʠʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʫʚʝʣʠʯʠʣʘ ʝʛʦ ʚ 6 ʨʘʟ. ʃʝʡʮʠʥ ʦʢʘʟʘʣ 

ʩʣʘʙʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʩʧʨʝʩʩʠʶ IGF1 ʠ IGF1-ʟʘʚʠʩʠʤʳʭ ʛʝʥʦʚ. ʆʜʥʘʢʦ ʠʥʢʫʙʘʮʠʷ ʤʠʦʪʫʙ ʚ 

ʨʘʩʪʚʦʨʝ ʩ ʘʨʛʠʥʠʥʦʤ ʠ ʟʘʪʝʤ ʩ ʣʝʡʮʠʥʦʤ ʧʨʠʚʝʣʘ ʢ ʨʦʩʪʫ ʵʢʩʧʨʝʩʩʠʠ ʤʈʅʂ IGF-1Ea ʚ 3 ʨʘʟʘ 

ʠ MGF ʚ 5,8 ʨʘʟʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ COL1A1 ʚ 3,6 ʨʘʟ, COL5A1 ʚ 1,4 ʨʘʟʘ, 

SREBF1 ʚ 1,4 ʨʘʟʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʵʬʬʝʢʪ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ ʘʢʪʠʚʘʮʠʠ ʢʦʤʧʣʝʢʩʘ mTORC1 (ʩʝʥʩʠʪʠʟʘʮʠʷ 

ʘʨʛʠʥʠʥʦʤ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʝʛʦ ʘʢʪʠʚʘʮʠʷ ʣʝʡʮʠʥʦʤ) ʙʳʣ ʧʦʢʘʟʘʥ ʥʘ ʢʫʣʴʪʫʨʝ ʤʠʦʪʫʙ 

ʯʝʣʦʚʝʢʘ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʣʝʡʮʠʥ-ʟʘʚʠʩʠʤʦʡ ʨʝʛʫʣʷʮʠʠ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ: ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʘʷ  ʘʢʪʠʚʘʮʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ IGF1 ʠ IGF1-ʟʘʚʠʩʠʤʳʭ 

ʛʝʥʦʚ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʠʥʢʫʙʘʮʠʠ ʩ ʘʨʛʠʥʠʥʦʤ ʠ ʩ ʣʝʡʮʠʥʦʤ. ʇʦ-

ʚʠʜʠʤʦʤʫ, ʘʢʪʠʚʘʮʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ IGF1 ʠ IGF1-ʟʘʚʠʩʠʤʳʭ ʛʝʥʦʚ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʘʢʪʠʚʘʮʠʝʡ ʢʦʤʧʣʝʢʩʘ mTORC1, ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʜʚʘ ʵʪʘʧʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʟʠʜʠʫʤʘ ʈɸʅ 

çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡè ʥʘ 2018 ï 2020 ʛʛ. 
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IGF1 plays an important role in the regulation of connective tissue, bone and muscle 

homeostasis in adults. Experiments in rodents demonstrated that leucine (Leu) intake increases the 

systemic IGF1 level (Teodoro G.F. et al., 2012; Pedroso J.A.et al., 2013; Pedrosa R.G. et al., 2013). 

Studies in HeLa, HEK293T and COS7 cells revealed an obligate two-step mechanism of mTORC1 

regulation: pre-activation (priming) by arginine (Arg) and then activation by Leu (Dyachok J. et al., 

2016). The aim of our research was to investigate effect of Leu on expression of IGF1 and IGF-1-

dependent genes in human myoblasts. We have assumed that Leu may regulate the gene expression 

in human myotubes, and this effect may be improved by pre-activation with Arg. 

After starvation (1 h), myotubes were incubated with Arg (0,4 mM, 30 min), or Leu (0,8 mM, 

30 min), or Arg and then Leu. The 4E-BP1
Thr37/46 

and S6K1
Thr389

 phosphorylation (targets of 

mTORC1) was evaluated by Western blot. In the second experiment, after starvation (1 h) myotubes 

were incubated with Leu (0,8 mM, 24 h), or Arg (0,4 mM, 24 h) and then Leu (24 h). Expression of 

IGF1, COL1A1, COL3A1, COL5A1, SREBF1, HMGCR, LOX genes was measured by qPCR. 

Arg did not affect the S6K1
Thr389  

or 4E-BP1
Thr37/46 

phosphorylation, whereas Leu increased 

proteins phosphorylation (10-fold and 3,5-fold, respectively), but the most significant effect was 

related with consecutive Arg-Leu stimulation. Leu had little effect on the IGF1 and IGF1-dependent 

genes expression. The consecutive Arg-Leu stimulation increased expression of IGF-1Ea, MGF, 

COL1A1, COL5A1 and SREBF1 (3-fold, 5,8-fold, 3,6-fold, 1,4-fold, and 1,4-fold, respectively). 

Two-step mTORC1 activation by Arg and Leu in human myoblasts was shown. The same 

effect for leucine-stimulated gene expression was found: the consecutive Arg-Leu stimulation leads 
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to the most significant activation of genes expression. It means that expression of IGF1 and IGF1-

dependent genes is regulated by amino acids via a two-step mechanism. 

The study was supported by the Science research program of RAS presidium çFundamental 

research for biomedical technologiesè for 2018-2020 yy. 

 

 

ʇʈʆɼʋʂʊʀɺʅʓɽ ʂɸʏɽʉʊɺɸ ʗʇʆʅʉʂʀʍ ʇɽʈɽʇɽʃʆɺ ʇʈʀ ʈɸɿʅʓʍ ʉʇɽʂʊʈɸʍ 

ʆʉɺɽʑɽʅʀʗ 

 

ʃʠʪʚʠʥ ɽ.ɼ. 

ɻʅʎ ʈʌ ï ʀʄɹʇ ʈɸʅ, ʄʦʩʢʚʘ 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʩʚʝʪʘ ʨʘʟʣʠʯʥʦʛʦ ʩʧʝʢʪʨʘ 

(ʞʝʣʪʳʡ, ʩʠʥʠʡ, ʙʝʣʳʡ) ʥʘ ʧʨʦʜʫʢʪʠʚʥʳʝ ʢʘʯʝʩʪʚʘ ʷʧʦʥʩʢʠʭ ʧʝʨʝʧʝʣʦʚ (Coturnix Cotunix 

Japonica), ʢʘʢ ʢʦʤʧʦʥʝʥʪʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ (ɹʉɾʆ). 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʞʝʣʪʦʛʦ, ʩʠʥʝʛʦ, ʙʝʣʦʛʦ ʩʧʝʢʪʨʘ ʩʚʝʪʘ 

ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʥʘ ʷʠʯʥʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʷʠʮ ʠ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʧʪʠʮʳ. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʦʩʚʝʱʝʥʠʝ 

ʧʪʠʯʥʠʢʦʚ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʥʳʭ ʩʧʝʢʪʨʦʚ ʦʩʚʝʱʝʥʠʷ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʩʪʘʪʫʩ ʷʧʦʥʩʢʦʛʦ ʧʝʨʝʧʝʣʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦ, ʘ ʟʘʜʘʯʘ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʳʙʦʨʘ ʩʧʝʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʚʟʨʦʩʣʳʭ ʧʦʣʦʚʦʟʨʝʣʳʭ ʧʝʨʝʧʝʣʘʭ. ɺ ʚʦʟʨʘʩʪʝ 21ʥʝʜʝʣʠ 

ʦʪʦʙʨʘʥʥʳʝ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʘʤʢʠ ʙʳʣʠ ʧʦʜʝʣʝʥʳ ʥʘ ʪʨʠ ʛʨʫʧʧʳ ʧʦ 18ʛʦʣʦʚ ʚ ʢʘʞʜʦʡ 

ʛʨʫʧʧʝ ʩ ʨʘʟʣʠʯʥʳʤ ʩʧʝʢʪʨʦʤ ʦʩʚʝʱʝʥʠʷ: 

1ʛʨ. ʦʩʚʝʱʝʥʠʝ ʞʝʣʪʳʤ ʩʚʝʪʦʤ, ʜʣʠʥʘ ʚʦʣʥʳ 570 <ɚ> 590; 

2ʛʨ.  ʦʩʚʝʱʝʥʠʝ ʩʠʥʠʤ ʩʚʝʪʦʤ, ʜʣʠʥʘ ʚʦʣʥʳ 450 <ɚ> 500; 

3ʛʨ. ʢʦʥʪʨʦʣʴ ï ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ. 

ʌʦʨʤʠʨʦʚʘʥʠʠ ʛʨʫʧʧ ʚ 3-ʥʝʜʝʣʴʥʦʤ ʚʦʟʨʘʩʪʝ ʞʠʚʘʷ ʤʘʩʩʘ ʧʪʠʮ ʚʦ ʚʩʝʭ ʛʨʫʧʧʘʭ ʙʳʣʘ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʡ, ʪʘʢ ʢʘʢ ʛʨʫʧʧʳ ʢʦʤʧʣʝʢʪʦʚʘʣʠʩʴ ʧʪʠʮʝʡ ʤʝʪʦʜʦʤ ʧʘʨ ʘʥʘʣʦʛʦʚ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 8 ʤʝʩʷʮʝʚ. 

ʇʦ ʧʨʦʛʨʘʤʤʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʘ ʧʪʠʮʝʡ ʚʝʣʦʩʴ ʥʘʙʣʶʜʝʥʠʝ, ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʝʞʝʤʝʩʷʯʥʦʝ 

ʚʟʚʝʰʠʚʘʥʠʝ ʧʪʠʮʳ, ʦʮʝʥʢʘ ʷʡʮʝʥʦʩʢʦʩʪʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʷʡʮʝʢʣʘʜʢʠ, ʤʘʩʩʘ ʷʡʮʘ ʠ 

ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʷʡʮʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɿʘ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦ ʚʩʝʭ ʛʨʫʧʧʘʭ ʩʦʭʨʘʥʥʦʩʪʴ 

ʧʝʨʝʧʝʣʦʚ ʙʳʣʘ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʳʡ 

ʩʦʩʪʘʚ ʩʚʝʪʘ ʥʝ ʦʢʘʟʘʣ ʚʣʠʷʥʠʷ ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʝʧʝʣʦʚ. 

ɺ ʚʦʟʨʘʩʪʥʦʡ ʧʝʨʠʦʜ (21-32 ʥʝʜʝʣʴ) ʧʝʨʝʧʝʣʘ ʫʞʝ ʟʘʢʦʥʯʠʣʠ ʩʚʦʡ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ, ʠ 

ʨʘʟʣʠʯʠʷ ʧʦ ʞʠʚʦʡ ʤʘʩʩʝ ʤʦʛʣʠ ʙʳʪʴ ʩʚʷʟʘʥʳ ʪʦʣʴʢʦ ʩ ʨʘʟʚʠʪʠʝʤ ʦʨʛʘʥʦʚ ʨʘʟʤʥʦʞʝʥʠʷ 

(ʷʠʯʥʠʢʘ ʠ ʷʡʮʝʚʦʜʘ) ʠ ʧʨʠʩʫʪʩʪʚʠʝʤ ʷʡʮʘ ʚ ʧʦʣʦʚʳʭ ʧʫʪʷʭ ʩʘʤʢʠ ʚ ʤʦʤʝʥʪ ʚʟʚʝʰʠʚʘʥʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʞʠʚʘʷ ʤʘʩʩʘ ʧʝʨʝʧʝʣʦʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʚʦ ʚʩʝ ʚʦʟʨʘʩʪʥʳʝ 

ʧʝʨʠʦʜʳ ʙʳʣʘ ʚʳʰʝ ʞʠʚʦʡ ʤʘʩʩʳ ʩʘʤʦʢ ʦʧʳʪʥʳʭ ʛʨʫʧʧ. ʅʘʠʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʥʘʙʣʶʜʘʣʠʩʴ 

ʤʝʞʜʫ ʧʝʨʝʧʝʣʘʤʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʧʝʨʝʧʝʣʘʤʠ ʛʨʫʧʧʳ 2, ʛʜʝ ʦʩʚʝʱʝʥʠʝ ʧʝʨʝʧʝʣʦʚ 

ʙʳʣʦ ʩʠʥʠʤ ʩʚʝʪʦʤ.  

ɽʞʝʜʥʝʚʥʳʡ ʫʯʝʪ ʷʡʮʝʥʦʩʢʦʩʪʠ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʦ ʷʠʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʧʝʨʝʧʝʣʦʚ. ʉ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʥʘʙʣʶʜʝʥʠʡ (21-ʥʝʜʝʣʴʥʳʡ ʚʦʟʨʘʩʪ) ʚʦ ʚʩʝʭ ʛʨʫʧʧʘʭ 

ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʷʡʮʝʥʦʩʢʦʩʪʠ. ʅʘʠʙʦʣʴʰʘʷ ʷʡʮʝʥʦʩʢʦʩʪʴ ʫ ʩʘʤʦʢ ʙʳʣʘ ʚ ʚʦʟʨʘʩʪʝ 

21-25 ʥʝʜʝʣʴ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ (ʛʨʫʧʧʘ 3) ʠ ʚʦ 2 ʛʨʫʧʧʝ (ʩʠʥʠʡ ʩʚʝʪʦʬʠʣʴʪʨ). ɺ ʚʦʟʨʘʩʪʝ 

25-29 ʥʝʜʝʣʴ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʷʠʮ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʦʪ ʩʘʤʦʢ ʚ ʛʨʫʧʧʝ 2, ʘ ʚ ʧʝʨʠʦʜ 29-

33 ʥʝʜʝʣʠ ʣʫʯʰʠʤʠ ʧʦ ʷʡʮʝʥʦʩʢʦʩʪʠ ʦʢʘʟʘʣʠʩʴ ʩʘʤʢʠ ʚ ʛʨʫʧʧʘʭ 1 ʠ 2. ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʧʦ 

ʷʡʮʝʥʦʩʢʦʩʪʠ ʧʝʨʝʧʝʣʦʚ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ (21-33 ʥʝʜʝʣʠ) ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ 
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ʙʦʣʴʰʘʷ ʷʡʮʝʥʦʩʢʦʩʪʴ ʙʳʣʘ ʫ ʩʘʤʦʢ ʚʦ 2 ʛʨʫʧʧʝ, ʩʦʜʝʨʞʘʚʰʠʭʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʝʛʦ ʩʚʝʪʦʬʠʣʴʪʨʘ.  

ɼʘʥʥʳʝ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʷʡʮʝʢʣʘʜʢʠ ʩʘʤʦʢ ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʚʦ ʚʩʝʭ ʛʨʫʧʧʘʭ 

ʧʝʨʝʧʝʣʦʚ ʙʳʣʠ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. ɼʘʞʝ ʚ ʧʝʨʠʦʜ 21-25 ʥʝʜʝʣʴ ʩʘʤʘʷ ʥʠʟʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʷʡʮʝʢʣʘʜʢʠ ʚ ʛʨʫʧʧʝ 1 ʙʳʣʘ ʙʣʠʟʢʘ ʢ 70%. ʇʨʠ ʪʘʢʦʡ ʷʡʮʝʥʦʩʢʦʩʪʠ ʟʘ ʛʦʜ ʦʪ ʥʝʩʫʰʢʠ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ 253 ʷʡʮʘ. ʉʘʤʘʷ ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʷʡʮʝʥʦʩʢʦʩʪʠ ʩʦʩʪʘʚʣʷʣʘ 96,4% ʠ 

ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʚʦʟʨʘʩʪʥʦʡ ʧʝʨʠʦʜ 25-29 ʥʝʜʝʣʴ ʚʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ, ʛʜʝ ʧʝʨʝʧʝʣʘ ʥʘʭʦʜʠʣʠʩʴ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʩʠʥʝʛʦ ʩʧʝʢʪʨʘ.  

ɼʘʥʥʳʝ ʧʦ ʢʘʯʝʩʪʚʫ ʷʠʮ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʧʝʨʝʧʝʣʦʚ ʚ ʚʦʟʨʘʩʪʝ 21 ʠ 29 ʥʝʜʝʣʴ, ʠʤʝʣʠ 

ʦʜʠʥʘʢʦʚʫʶ ʧʣʦʪʥʦʩʪʴ ʠ ʧʦ ʢʘʯʝʩʪʚʫ ʙʝʣʢʘ ʠ ʞʝʣʪʢʘ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʧʦʛʨʫʧʧʘ ʥʝ 

ʦʙʥʘʨʫʞʝʥʦ, ʠʥʜʝʢʩʳ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʳʣʠ ʦʜʠʥʘʢʦʚʳ. 

 ɼʘʥʥʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʷʠʮ ʦʪ ʧʝʨʝʧʝʣʦʚ 29-ʥʝʜʝʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʧʦ ʧʣʦʪʥʦʩʪʠ, ʬʦʨʤʝ ʷʠʮ, ʪʦʣʱʠʥʝ ʩʢʦʨʣʫʧʳ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʘʩʩʝ ʞʝʣʪʢʘ ʠ ʙʝʣʢʘ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚʦ ʚʩʝʭ ʛʨʫʧʧʘʭ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ.  

ʆʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʟʚʠʪʠʝ ʦʨʛʘʥʦʚ ʨʘʟʤʥʦʞʝʥʠʷ ʫ ʧʪʠʮ, 

ʩʦʜʝʨʞʘʚʰʠʭʩʷ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʩʚʝʪʦʤ ʨʘʟʥʦʛʦ ʩʧʝʢʪʨʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ 

ʨʘʟʚʠʪʠʶ ʷʠʯʥʠʢʘ ʠ ʷʡʮʝʚʦʜʘ ʫ ʩʘʤʦʢ ʠʟ ʢʦʥʪʨʦʣʴʥʦʡ ʠ ʦʧʳʪʥʳʭ ʛʨʫʧʧ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʪʦʤ, ʯʪʦ ʨʘʟʤʝʨ ʷʡʮʝʚʦʜʘ ʠ ʝʛʦ ʤʘʩʩʘ ʫ ʩʘʤʦʢ ʠʟ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʫʩʪʫʧʘʣʠ ʧʝʨʝʧʝʣʘʤ 

ʦʧʳʪʥʳʭ ʛʨʫʧʧ. ɼʣʠʥʘ ʷʡʮʝʚʦʜʘ ʫ ʧʝʨʝʧʝʣʦʚ, ʥʘʭʦʜʠʚʰʠʭʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʞʝʣʪʦʛʦ ʠ 

ʩʠʥʝʛʦ ʩʚʝʪʦʬʠʣʴʪʨʘ, ʙʳʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʡ, ʪʦʛʜʘ ʢʘʢ ʢʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ ʥʝʩʢʦʣʴʢʦ 

ʫʩʪʫʧʘʣʘ ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʚʟʨʦʩʣʳʭ ʩʘʤʦʢ ʧʝʨʝʧʝʣʦʚ ʞʝʣʪʦʛʦ ʠʣʠ ʩʠʥʝʛʦ 

ʩʚʝʪʦʬʠʣʴʪʨʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʞʠʚʦʡ ʤʘʩʩʳ ʧʪʠʮʳ. ʉʘʤʢʠ ʧʝʨʝʧʝʣʦʚ ʠʟ ʢʦʥʪʨʦʣʴʥʦʡ 

ʛʨʫʧʧʳ ʧʨʝʚʦʩʭʦʜʠʣʠ ʧʦ ʞʠʚʦʡ ʤʘʩʩʝ ʩʘʤʦʢ ʠʟ ʦʧʳʪʥʳʭ ʛʨʫʧʧ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ - 233,3 ï 215,0 ʛ, ʚ ʦʧʳʪʥʳʭ ʛʨʫʧʧʘʭ -224,5-188,3 ʛ. 

2. ʅʘʠʚʳʩʰʘʷ ʷʡʮʝʥʦʩʢʦʩʪʴ ʟʘ  ʪʨʠ 4-ʥʝʜʝʣʴʥʳʭ ʧʝʨʠʦʜʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʚ ʛʨʫʧʧʝ 

ʧʝʨʝʧʝʣʦʚ, ʦʩʚʝʱʘʚʰʠʭʩʷ ʩʠʥʠʤ ʩʚʝʪʦʤ. ʅʘ ʩʨʝʜʥʶʶ ʥʝʩʫʰʢʫ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

71,1 ʷʡʮʦ, ʚ ʛʨʫʧʧʝ ʩ ʞʝʣʪʳʤ ʩʚʝʪʦʤ ï 67,0 ʠ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ï 68,3 ʷʡʮʘ. 

3. ɿʘ ʩʯʝʪ ʙʦʣʴʰʝʡ ʷʡʮʝʥʦʩʢʦʩʪʠ ʠ ʩʨʝʜʥʝʡ ʤʘʩʩʳ ʷʠʮ ʦʪ ʛʨʫʧʧʳ ʧʝʨʝʧʝʣʦʚ 

ʩʦʜʝʨʞʘʚʰʠʭʩʷ ʩ ʩʠʥʠʤ ʩʚʝʪʦʤ, ʥʘ ʩʨʝʜʥʶʶ ʥʝʩʫʰʢʫ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʟʘ ʪʨʠ 4-ʥʝʜʝʣʴʥʭ 

ʧʝʨʠʦʜʘ (84 ʜʥʷ)ï 797,5 ʛ ʷʠʯʥʦʡ ʤʘʩʩʳ, ʦʪ ʛʨʫʧʧ ʩ ʞʝʣʪʳʤ ʩʚʝʪʦʤ ï 735,9 ʛ ʠ ʦʪ ʢʦʥʪʨʦʣʴʥʦʡ 

ʛʨʫʧʧʳ ï 776,0 ʛ. 
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The article presents the results of studying the effect of light in various spectra (yellow, blue 

and white) on the productive qualities of Japanese quails (Coturnix Cotunix Japonica) as a 

component of biological life support systems (BSGO). 

The aim of the work was to study the effect of a yellow, blue, white light spectrum of different 

wavelengths on egg production and morphological quality of eggs and the viability of a bird. 

One of the most important components of the technological process is lighting of poultry 

houses. 

Investigation of the influence in different illumination spectra on the productivity and 

physiological status of the Japanese quail is currently relevant, and the main task of developing and 

selecting special radiation sources is very paramount. 

The experiment was conducted on adult mature quails. At the age of 21 weeks, the females 

which selected for the experiment were divided into three groups of 18 animals in each group with a 
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different spectrum of illumination: 

1gr. illumination with yellow light, wavelength 570 <ɚ> 590; 

2gr. illumination with blue light, wavelength 450 <ɚ> 500; 

3gr. control - a wide range. 

Formation of groups at 3 weeks of age the live weight of birds in all groups was 

approximately the same, as the groups were equipped with a bird by the method of pairs of 

analogues. 

The duration of the experiment was about 8 months. 

According to the experimental program, the bird was monitored and monthly bird weighing, 

egg production evaluated, laying intensity, weight and components ratio of eggs were carried out. 

Results of the study. During the period of research in all groups, the safety of quails was at a high 

level. Thus, it can be stated that the spectral composition of light did not affect the viability of 

quails. 

At the age of 21-32 weeks, the quail has already completed its growth, upgrowth and differences in 

live weight could only be related to the extension of the reproductive organs (ovary and oviduct) 

and the presence of the egg in the female genital tract at the time of weighing. It should be noted 

that the live weight of the quails of the control group in all age periods was higher than the live 

weight of the females of the experimental groups. The greatest differences were observed between 

the quail of the control group and quails of group 2, where the illumination of the quail was blue 

light. 

Daily accounting of egg production allowed to obtain data on the egg productivity of quails. 

Since the beginning of observations (21-week-old age), an increase in egg production has been 

observed in all groups. The greatest egg lay in females was at the age of 21-25 weeks in the control 

group (group 3) and in the 2nd group (blue filter). At the age of 25-29 weeks, the greatest number of 

eggs was obtained from females in group 2, and in the period of 29-33 weeks the best in laying were 

the females in groups 1 and 2. Analyzing the data on the egg production of quail during the whole 

observation period (21-33 weeks) it can be seen that a large egg lay was in females in group 2, 

exposed to light using a blue filter.  

The data on the intensity of oviposition of females during the observation period in all quail 

groups were at a high level. Even during the period of 21-25 weeks, the lowest egg-laying rate in 

group 1 was close to 70%. With such egg laying, it is possible to get 253 eggs per year from the hen. 

The highest intensity of egg production was 96.4% and was observed in the 25-29 week age group 

in the second group, where the quail was exposed to the light of the blue spectrum. 

 Data on the quality of eggs obtained from quails at the age of 21 and 29 weeks had the same 

density and no significant differences were observed in the quality of the protein and yolk in the 

group, the indices of these indices were the same. 

The data of the morphological analysis of eggs from quails of the 29-week-old age showed 

that no significant changes are observed in all groups in density, shape of eggs, shell thickness, 

relative mass of yolk and protein in all groups. 

Of particular interest is the development of reproductive organs in birds kept under 

illumination of different spectra. Experimental data on the development of the ovary and oviduct in 

females from the control and experimental groups, suggest that the size of the oviduct and its mass 

in females from the control group were inferior to quails of experimental groups. The length of the 

oviduct in the quails that were exposed to the yellow and blue filter was almost the same, while the 

control group was somewhat inferior in this indicator. 

Thus, the obtained data allowed to draw the following conclusions: 

1. The use of a quail of a yellow or blue filter to illuminate adult females results in a decrease 

in the live weight of the bird. Female quails from the control group exceeded the live weight of 

females from the experimental groups, respectively, in the control group - 233.3 - 215.0 g, in the 

experimental groups -224.5-188.3 g. 

2. The highest egg production in the three 4-week periods of the experiment was in a group of 

quails illuminated with blue light. The average layer for this period was 71.1 eggs, in the group with 
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yellow light - 67.0 and in the control group - 68.3 eggs. 

3. Due to the greater egg-laying and the average weight of eggs from the group of quails 

contained with blue light, the average layer was obtained for three 4-week periods (84 days) - 797.5 

g of egg mass, from groups with yellow light - 735.9 g and from the control group - 776.0 g. 

 

ʉʆʉʊʆʗʅʀɽ ʍʆʃɽʉʊɽʈʀʅʆɺʆɻʆ ʆɹʄɽʅɸ ʋ ʋʏɸʉʊʅʀʂʆɺ ʕʂʉʇɽʈʀʄɽʅʊɸ 

ʉ ʀɿʆʃʗʎʀɽʁ ɺ ɻɽʈʆʄʆʆɹʒɽʄɽ ñʉʀʈʀʋʉ 17ò 

 

ʄʘʨʢʠʥʘ ɽ.ɸ. 

ɻʅʎ ʈʌ ʀʄɹʇ ʈɸʅ, ʄʦʩʢʚʘ 

 

ɼʣʠʪʝʣʴʥʦʝ ʥʘʭʦʞʜʝʥʠʝ  ʯʝʣʦʚʝʢʘ ʚ ʫʩʣʦʚʠʷʭ ʦʨʙʠʪʘʣʴʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʦʛʦ ʫʨʦʚʥʷ  ʛʦʤʝʦʩʪʘʟʘ, ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʣʷ ʜʘʥʥʦʡ ʩʨʝʜʳ 

ʦʙʠʪʘʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʩʜʚʠʛʘʤʠ ʨʘʟʣʠʯʥʳʭ ʟʚʝʥʴʝʚ ʤʝʪʘʙʦʣʠʟʤʘ (ɻʘʟʝʥʢʦ ʆ.ɻ., 

ɽʛʦʨʦʚ ɸ.ɼ., 1984). ɺ ʯʘʩʪʥʦʩʪʠ, ʦʪʤʝʯʝʥʳ ʠʟʤʝʥʝʥʠʷ ʭʦʣʝʩʪʝʨʠʥʦʚʦʛʦ ʦʙʤʝʥʘ, ʦʪʨʘʞʘʶʱʠʝ 

ʘʢʪʠʚʘʮʠʶ ʘʪʝʨʦʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʟʘ ʩʯʝʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʬʨʘʢʮʠʡ ʭʦʣʝʩʪʝʨʠʥʘ (Markin ɸ., StrogonovaL. ,BalashovO. etal., 1998). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʧʦʚʳʰʝʥʠʝ ʚ ʢʨʦʚʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʝʛʦ ʘʪʝʨʦʛʝʥʥʳʭ ʬʨʘʢʮʠʡ  ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʴʶ ʠ ʩʤʝʨʪʥʦʩʪʴʶ ʦʪ ʠʰʝʤʠʯʝʩʢʦʡ ʙʦʣʝʟʥʠ ʩʝʨʜʮʘ  (ʂʦʤʠʩʩʘʨʝʥʢʦ ʀ.ɸ., 2014). 

ʉʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʚʝʜʫʱʝʡ ʧʨʠʯʠʥʦʡ ʜʠʩʢʚʘʣʠʬʠʢʘʮʠʠ 

ʢʦʩʤʦʥʘʚʪʦʚ  ʠ  ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʠʭ ʩʤʝʨʪʠ (ʄʫʭʘʤʝʜʠʝʚʘ ʃ.ʅ., ʄʘʨʢʠʥʘ ɽ.ɸ., ɾʫʨʘʚʣʝʚʘ 

ʆ.ɸ. ʠ ʜʨ., 2018). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʦʩʪʨʦʤ ʧʝʨʠʦʜʝ ʘʜʘʧʪʘʮʠʠ ʢ ʫʩʣʦʚʠʷʤ ʧʦʣʝʪʘ,  ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ 

ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ   ʦʧʨʝʜʝʣʷʶʪ ʜʘʣʴʥʝʡʰʝʝ ʩʦʩʪʦʷʥʠʝ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ  

ʵʢʩʧʝʜʠʮʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʥʘʠʙʦʣʝʝ ʨʘʥʥʠʝ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʚʰʠʝʩʷ 

ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʙʦʨʪʦʚʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʢʦʥʪʨʦʣʷ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʦʣʴʢʦ ʥʘ 25-30 

ʩʫʪʢʠ ʦʨʙʠʪʘʣʴʥʦʛʦ ʧʦʣʝʪʘ (ʅʠʯʠʧʦʨʫʢ ʀ.ɸ., 2011;ʄʘʨʢʠʥ ɸ.ɸ., ɾʫʨʘʚʣʝʚʘ ʆ.ɸ., ʂʫʟʠʯʢʠʥ 

ɼ.ʉ., 2013) . ʅʝʪ ʩʦʤʥʝʥʠʡ, ʯʪʦ  ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʯʝʣʦʚʝʢʘ ʚ 

ʦʩʪʨʦʤ ʧʝʨʠʦʜʝ ʘʜʘʧʪʘʮʠʠ ʢ ʫʩʣʦʚʠʷʤ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʚʦʟʤʦʞʥʦ  ʪʦʣʴʢʦ ʚ ʥʘʟʝʤʥʳʭ 

ʤʦʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ.  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʦ  120-ʩʫʪʦʯʥʦʡ ʘʥʪʠʦʨʪʦʩʪʘʪʠʯʝʩʢʦʡ ʛʠʧʦʢʠʥʝʟʠʝʡ, ʤʦʜʝʣʴʶ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʜʝʡʩʪʚʠʷ ʥʝʚʝʩʦʤʦʩʪʠ (ʂʦʚʘʣʝʥʢʦ 

ɽ.ɸ., 1980), ʫʞʝ ʚ ʢʦʥʮʝ ʧʝʨʚʦʡ ʥʝʜʝʣʠ ʚʦʟʜʝʡʩʪʚʠʷ ʫ ʠʩʧʳʪʘʪʝʣʝʡ ʦʙʦʝʛʦ ʧʦʣʘ ʥʘʙʣʶʜʘʣʠʩʴ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʩʜʚʠʛʠ ʭʦʣʝʩʪʝʨʠʥʦʚʦʛʦ ʦʙʤʝʥʘ (ʄʫʭʘʤʝʜʠʝʚʘ ʃ.ʅ., ʄʘʨʢʠʥʘ ɽ.ɸ., 

ɾʫʨʘʚʣʝʚʘ ʆ.ɸ. ʠ ʜʨ., 2018). 

ʄʦʜʝʣʴ ʩ ʠʟʦʣʷʮʠʝʡ ʚ ʛʝʨʤʦʦʙʲʝʤʝ ʧʦʟʚʦʣʷʝʪ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʤʥʦʛʠʝ ʬʘʢʪʦʨʳ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ, ʢʨʦʤʝ ʥʝʚʝʩʦʤʦʩʪʠ, ʠ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʵʢʩʧʝʜʠʮʠʠ ʢ 

ʃʫʥʝ ʠ ʄʘʨʩʫ (StusterJ., 2005). ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ  ʠʟʦʣʷʮʠʝʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 105 ʜʦ 240 

ʩʫʪʦʢ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʠʧʦʜʠʥʘʤʠʷ,  ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʛʝʨʤʦʦʙʲʝʤʘ, ʪʘʢʠʭ ʢʘʢ ʠʟʤʝʥʝʥʥʳʝ 

ʛʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʨʝʜʳ, ʜʘʚʣʝʥʠʝ, ʚʣʘʞʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ, ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ  ʩʜʚʠʛʦʚ 

ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʩʭʦʜʥʳʭ ʩ ʪʝʤʠ, ʯʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʨʝʘʣʴʥʦʤ ʢʦʩʤʠʯʝʩʢʦʤ ʧʦʣʝʪʝ (ʄʘʨʢʠʥ 

ɸ.ɸ., ɾʫʨʘʚʣʝʚʘ ʆ.ɸ., ʄʦʨʫʢʦʚ ɹ.ɺ., 2010). ʉʨʝʜʠ ʥʠʭ ʥʘʙʣʶʜʘʶʪʩʷ  ʠʟʤʝʥʝʥʠʷ  ʦʙʤʝʥʘ 

ʭʦʣʝʩʪʝʨʠʥʘ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚ ʢʨʦʚʠ   ʘʪʝʨʦʛʝʥʥʳʭ ʬʨʘʢʮʠʡ ʣʠʧʦʧʨʦʪʝʠʜʦʚ.  

ʋ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ ʞʝʥʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ 8-ʩʫʪʦʯʥʦʡ ʠʟʦʣʷʮʠʝʡ ʚ ʛʝʨʤʦʦʙʲʝʤʝ 

ñʃʫʥʘ 2015ò,  ʦʙʥʘʨʫʞʝʥʳ ʧʨʠʟʥʘʢʠ ʠʟʤʝʥʝʥʠʡ ʭʦʣʝʩʪʝʨʠʥʦʚʦʛʦ ʦʙʤʝʥʘ  [ʄʘʨʢʠʥ ɸ.ɸ., 

ɾʫʨʘʚʣʝʚʘ ʆ.ɸ., ʂʫʟʠʯʢʠʥ ɼ.ʉ., 2016]. 

ʉ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ  ʦʙʤʝʥʘ 

ʭʦʣʝʩʪʝʨʠʥʘ ʧʨʠ ʘʜʘʧʪʘʮʠʠ ʯʝʣʦʚʝʢʘ ʢ ʫʩʣʦʚʠʷʤ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ  ʧʦʢʘʟʘʪʝʣʝʡ ʭʦʣʝʩʪʝʨʠʥʦʚʦʛʦ 

ʦʙʤʝʥʘ ʫ ʠʩʧʳʪʘʪʝʣʝʡ-ʜʦʙʨʦʚʦʣʴʮʝʚ ʚ ʜʠʥʘʤʠʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ 17-ʩʫʪʦʯʥʦʡ ʠʟʦʣʷʮʠʝʡ ʚ 

ʛʝʨʤʦʦʙʲʝʤʝ. 
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ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ.  ɺ  ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ 17-ʩʫʪʦʯʥʦʡ ʠʟʦʣʷʮʠʝʡ ʚ ʛʝʨʤʦʦʙʲʝʤʝ, 

ʧʨʦʚʝʜʝʥʥʦʤ ʥʘ ʙʘʟʝ ʥʘʟʝʤʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʀʥʩʪʠʪʫʪʘ ʤʝʜʠʢʦ-

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʦʙʩʣʝʜʦʚʘʣʠ ʵʢʠʧʘʞ, ʩʦʩʪʦʷʱʠʡ ʰʝʩʪʠ ʯʝʣʦʚʝʢ ʦʙʦʝʛʦ ʧʦʣʘ 

ʚʦʟʨʘʩʪʝ  ʦʪ 27 ʜʦ 43 ʣʝʪ. ɺʟʷʪʠʝ ʚʝʥʦʟʥʦʡ ʢʨʦʚʠ ʧʨʦʚʦʜʠʣʦʩʴ ʫʪʨʦʤ, ʥʘʪʦʱʘʢ ʟʘ 7 ʩʫʪʦʢ ʜʦ 

ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʘ 7 ʠ 14 ʩʫʪʢʠ ʠʟʦʣʷʮʠʠ, ʘ ʪʘʢʞʝ ʥʘ 2 ʠ 7 ʩʫʪʢʠ ʧʝʨʠʦʜʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʇɺ).  

ɺ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʦʧʨʝʜʝʣʷʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʙʱʝʛʦ ʭʦʣʝʩʪʝʨʠʥʘ, ʭʦʣʝʩʪʝʨʠʥʘ 

ʣʠʧʦʧʨʦʪʝʠʜʦʚ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʃʇɺʇ) ʠ ʪʨʠʛʣʠʮʝʨʠʜʦʚ (ʊɻ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʥʘʙʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ ñDiaSysò, ʌʈɻ. ʂʦʥʮʝʥʪʨʘʮʠʶ 

ʭʦʣʝʩʪʝʨʠʥʘ ʣʠʧʦʧʨʦʪʝʠʜʦʚ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʃʇʅʇ), ʭʦʣʝʩʪʝʨʠʥʘ ʣʠʧʦʧʨʦʪʝʠʜʦʚ ʦʯʝʥʴ 

ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʃʇʆʅʇ), ʘ ʪʘʢʞʝ  ʚʝʣʠʯʠʥʫ ʠʥʜʝʢʩʘ ʘʪʝʨʦʛʝʥʥʦʩʪʠ (ʀɸ) ʨʘʩʩʯʠʪʳʚʘʣʠ, 

ʠʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʂʘʤʳʰʥʠʢʦʚ ɺ.ʉ., 2009). ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠ ʥʘ  ʙʠʦʭʠʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʘʪʦʨʝ ñTargaBT 3000ò, BiotecnicaInstruments,  ʀʪʘʣʠʷ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʘʤʠ ʚʘʨʠʘʮʠʦʥʥʦʡ 

ʩʪʘʪʠʩʪʠʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ   ʢʨʠʪʝʨʠʷ ʋʠʣʢʦʢʩʦʥʘ (ʈʝʙʨʦʚʘ ʆ.ʖ., 2006).     

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ.  ɿʥʘʯʝʥʠʷ ʤʝʜʠʘʥ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʥʘʭʦʜʠʣʠʩʴ ʚʥʫʪʨʠ ʜʠʘʧʘʟʦʥʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʥʦʨʤʳ, ʝʜʠʥʦʡ ʜʣʷ ʤʫʞʯʠʥ ʠ ʞʝʥʱʠʥ 

(ʭʦʣʝʩʪʝʨʠʥ 2,8-5,2 ʤʤʦʣʴ/ʣ; ʭʦʣʝʩʪʝʨʠʥ ʃʇɺʇ >0,91 ʤʤʦʣʴ/ʣ; ʭʦʣʝʩʪʝʨʠʥ ʃʇʅʇ <4,0 

ʤʤʦʣʴ/ʣ; ʭʦʣʝʩʪʝʨʠʥ ʃʇʆʅʇ 0,10-1,35 ʤʤʦʣʴ/ʣ; ʪʨʠʛʣʠʮʝʨʠʜʳ 0,55-2,30 ʤʤʦʣʴ/ʣ;  ʀɸ  2,20-

3,50 (HeilW., SchuckliesF., ZawtaB., 1994). ɺ ʦʪʜʝʣʴʥʳʭ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ ʚʝʣʠʯʠʥʳ 

ʧʘʨʘʤʝʪʨʦʚ ʭʦʣʝʩʪʝʨʠʥʦʚʦʛʦ ʦʙʤʝʥʘ ʚʳʭʦʜʠʣʠ ʟʘ ʛʨʘʥʠʮʳ ʨʝʬʝʨʝʥʪʥʳʭ ʚʝʣʠʯʠʥ. 

ɿʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʢʨʦʚʠ ʠʩʧʳʪʘʪʝʣʝʡ  ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʠʟʦʣʷʮʠʠ 

ʧʦʚʳʰʘʣʠʩʴ ʥʘ 7-13%, , ʦʜʥʘʢʦ ʚʩʝ ʠʟʤʝʥʝʥʠʷ ʙʳʣʠ ʥʝʜʦʩʪʦʚʝʨʥʳʤʠ. ʅʘ 7 ʩʫʪʢʠ ʇɺ 

ʧʦʚʳʰʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʩʪʘʣʦ ʜʦʩʪʦʚʝʨʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʬʦʥʦʚʦʛʦ ʫʨʦʚʥʷ, ʦʜʥʘʢʦ ʚʩʝʛʦ ʥʘ 

4%. ʉʦʜʝʨʞʘʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ ʃʇɺʇ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʟʘʤʝʪʥʦ ʥʝ ʦʪʣʠʯʘʣʦʩʴ ʦʪ ʬʦʥʦʚʦʛʦ, 

ʦʜʥʘʢʦ ʥʘ ʚʪʦʨʳʝ ʩʫʪʢʠ ʇɺ ʩʪʘʣʘ ʧʨʦʩʣʝʞʠʚʘʪʴʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʝʛʦ ʫʚʝʣʠʯʝʥʠʶ ʥʘ 8%, ʘ ʥʘ 

ʩʝʜʴʤʳʝ ï ʢ ʜʦʩʪʦʚʝʨʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʥʘ 10%. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʜʠʥʘʤʠʢʫ ʫʨʦʚʥʷ 

ʦʙʱʝʛʦ ʭʦʣʝʩʪʝʨʠʥʘ, ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʥʪʠʘʪʝʨʦʛʝʥʥʦʡ ʬʨʘʢʮʠʠ 

ʷʚʣʷʝʪʩʷ ʢʦʤʧʝʥʩʘʪʦʨʥʳʤ. 

ʋʨʦʚʝʥʴ ʘʪʝʨʦʛʝʥʥʦʡ ʬʨʘʢʮʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ï ʭʦʣʝʩʪʝʨʠʥʘ ʃʇʅʇ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʤʝʥʷʣʩʷ 

ʚʦ ʚʩʝ ʩʨʦʢʠ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʦʜʥʘʢʦ ʥʘʭʦʜʠʣʩʷ ʚ ʦʙʱʝʤ ʪʨʝʥʜʝ ʧʨʝʜʳʜʫʱʠʭ ʜʚʫʭ ʧʦʢʘʟʘʪʝʣʝʡ: 

ʧʦʚʳʰʝʥʠʝ ʚ ʭʦʜʝ ʠʟʦʣʷʮʠʠ ʠ ʩʥʠʞʝʥʠʝ ʚ ʧʝʨʠʦʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɸʥʘʣʦʛʠʯʥʦ  ʠʟʤʝʥʷʣʘʩʴ 

ʢʦʥʮʝʥʪʨʘʮʠʷ  ʜʚʫʭ  ʜʨʫʛʠʭ  ʢʦʤʧʦʥʝʥʪʦʚ  ʘʪʝʨʦʛʝʥʥʦʡ ʬʨʘʢʮʠʠ ʣʠʧʠʜʦʚ ï ʭʦʣʝʩʪʝʨʠʥʘ 

ʃʇʆʅʇ ʠ ʊɻ, ʥʦ ʥʘ ʩʝʜʴʤʳʝ ʩʫʪʢʠ ʠʟʦʣʷʮʠʠ ʧʦʚʳʰʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 33% ʠ ʩʦʭʨʘʥʷʣʦʩʴ ʥʘ 

ʵʪʦʤ ʫʨʦʚʥʝ ʚʧʣʦʪʴ ʜʦ 14 ʩʫʪʦʢ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʊɻ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʥʘ ʩʪʨʝʩʩʦʚʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʜʦʩʪʘʪʦʯʥʦʡ ʩʠʣʳ (ʂʘʤʳʰʥʠʢʦʚ ɺ.ʉ., 2009) ʠ ʩʚʷʟʘʥʦ ʩ ʠʭ ʤʦʙʠʣʠʟʘʮʠʝʡ ʠʟ 

ʞʠʨʦʚʳʭ ʜʝʧʦ.  ɺ ʜʠʥʘʤʠʢʝ ʇɺ ʦʪʤʝʯʘʣʩʷ ʪʨʝʥʜ ʢ ʩʥʠʞʝʥʠʶ ʟʥʘʯʝʥʠʡ ʵʪʠʭ ʜʚʫʭ 

ʧʦʢʘʟʘʪʝʣʝʡ.  

ɼʠʥʘʤʠʢʘ ʠʥʜʝʢʩʘ ʘʪʝʨʦʛʝʥʥʦʩʪʠ, ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʦʪʨʘʞʘʝʪ ʪʝʥʜʝʥʮʠʠ, 

ʥʘʙʣʶʜʘʚʰʠʝʩʷ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʂ 14 ʩʫʪʢʘʤ ʠʟʦʣʷʮʠʠ ʚʝʣʠʯʠʥʘ ʀɸ ʠʤʝʣʘ ʪʝʥʜʝʥʮʠʶ ʢ 

ʚʦʟʨʘʩʪʘʥʠʶ, ʘ ʥʘ 7 ʩʫʪʢʠ  ʇɺ ʝʛʦ ʟʥʘʯʝʥʠʝ ʧʦʥʠʞʘʣʦʩʴ ʚʧʣʦʪʴ ʜʦ ʬʦʥʦʚʦʛʦ ʫʨʦʚʥʷ. 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ  

ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʧʫʪʝʤ ʠʟʦʣʷʮʠʠ ʠʩʧʳʪʘʪʝʣʝʡ ʚ ʛʝʨʤʦʦʙʲʝʤʝ, ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʜʦ 17 ʩʫʪʦʢ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ 

ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʭʦʣʝʩʪʝʨʠʥʦʚʦʛʦ ʦʙʤʝʥʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʦ ʭʘʨʘʢʪʝʨʝ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʦʩʪʨʦʡ ʩʪʘʜʠʠ ʘʜʘʧʪʘʮʠʠ ʢ ʫʩʣʦʚʠʷʤ ʧʦʣʝʪʘ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 

ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʠ, ʩʦʟʜʘʶʱʠʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʞʠʜʢʠʭ ʩʨʝʜ ʦʨʛʘʥʠʟʤʘ ʠ 

ʨʘʟʛʨʫʟʢʫ ʘʥʪʠʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʤʳʰʮ ï ñʩʫʭʫʶò  ʠʤʤʝʨʩʠʶ (EpsteinM.,1976) 

ʠʘʥʪʠʦʨʪʦʩʪʘʪʠʯʝʩʢʫʶʛʠʧʦʢʠʥʝʟʠʶ (ʂʦʚʘʣʝʥʢʦɽ.ɸ., 1980). 
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Long-term presence of a person in conditions of orbital space flight leads to the formation of a 

new level of homeostasis, optimal for a given habitat and characterized by shifts in various parts of 

the metabolism (Gazenko O.G., Egorov A.D., 1984). In particular, changes in cholesterol 

metabolism, reflecting the activation of atherogenetic processes due to unfavorable redistribution of 

cholesterol fractions, were noted (Markin ɸ., Strogonova L. , Balashov O. et al., 1998). At the same 

time, the increase in the concentration of cholesterol and its atherogenic fractions in the blood 

correlates with morbidity and mortality from coronary heart disease (Komissarenko I.A., 2014). 

Cardiovascular diseases are the leading cause of cosmonauts disqualification and the main cause of 

their death (Moukhamedieva L.N., Markina A.A., Zhuravleva O.A., 2018).  

It is obvious that in the acute period of adaptation to flight conditions, metabolic reactions of 

the body determine the further state of metabolism during the expedition. Despite this, the earliest 

biochemical studies carried out under the on-board medical control program took place only for 25-

30 days of orbital flight (Nichiporuk I.A., 2011; Markin A.A., Zhuravleva O.A., Kuzichkin D.S., 

2013). There is no doubt that a detailed study of metabolic reactions in the acute period of 

adaptation to space flight conditions is only possible in ground-based simulation experiments. 

In experiments with the 120-day antiorthostatic hypokinesia, as a model that can simulate the 

physiological effects of microgravity (Kovalenko E. A., 1980), at the end of the first week of 

exposure, the team of both sexes was observed unfavorable changes of cholesterol metabolism 

(Moukhamedieva L.N., Markina A.A., Zhuravleva O.A., 2018). 

A model with isolation in a hermetic chamber allows to simulate many factors of space flight, 

except for weightlessness, and to recreate the main stages of the expedition to the Moon and Mars 

(Stuster J., 2005). In experiments with isolation lasting from 105 to 240 days, it is shown that 

hypodynamia, the influence of factors of hermetic volume, such as changed gas composition of the 

medium, pressure, humidity, temperature, are the cause of metabolic shifts similar to those observed 

in real space flight (Markin A.A., Zhuravleva O.A., Morukov B.V., 2010). Among them, there are 

changes in cholesterol metabolism with a predominance of blood levels of atherogenic fractions of 

lipoproteins. 

The crew members of the women's experiment with 8-day isolation in the ñLuna 2015", found 

signs of changes in cholesterol metabolism (Markin A.A., Zhuravleva O.A., Kuzichkin D.S., 2016). 

Taking into account the results of earlier studies, the study of the features of cholesterol 

metabolism in adapting humans to space flight conditions is of great interest. The aim of this work 

was to study the cholesterol metabolism in  volunteers in the dynamics of the experiment with 17-

day isolation in the hermetic chamber. 

Materi als and methods. In an experiment with 17-day isolation in the hermetic chamber, 

conducted on the basis of the Ground experimental complex of the Institute of biomedical problems, 

examined the crew consisting of six people of both sexes aged from 27 to 43 years. Capture of 

venous blood was carried out in the morning, on an empty stomach for 7 days prior to experiment, 

on 7 and 14 days of isolation, and also on 2 and 7 days of the recovery period (RP).  

Serum concentrations of total cholesterol, high density lipoprotein (HDL) cholesterol, and 

triglycerides (TG) were determined using standard commercial kits manufactured by ñDiaSysò, 

Germany. The concentration of low density lipoprotein (LDL) cholesterol, very low density 

lipoprotein (VLDL) cholesterol, and the value of the atherogenicity index (AI) were calculated 

using the values of the above indices (Kamuishnikov V.S., 2009).  

Results and discussion. The median values of all the studied parameters were within the 

range of the physiological norm unified for men and women (cholesterol 2.8-5.2 mmol / L, HDL 

cholesterol> 0.91 mmol / L, LDL cholesterol <4.0 mmol / L, cholesterol VLDL 0.10-1.35 mmol / L, 
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triglycerides 0.55-2.30 mmol / l, and IA 2.20-3.50 (Heil W., Schucklies F., Zawta B., 1994). In 

single cases, the values of the parameters of the cholesterol metabolism exceeded the boundaries of 

the reference values. 

The values of cholesterol concentrations in the blood of volunteers throughout the isolation 

increased by 7-13%, but all the changes were unreliable. On the 7th day of RP, the the increase in 

cholesterol became significantly different from the background level, however, only 4%. The 

content of HDL cholesterol did not differ much from the background one, but on the second day of 

the RP, the tendency to increase it by 8%, and on the seventh - to a significant increase of 10%. 

Taking into account the dynamics of the total cholesterol  level, it can be assumed that an increase in 

the content of the anti-atherogenic fraction is compensatory. 

The level of the atherogenic fraction of cholesterol-LDL cholesterol did not change reliably 

during all periods of the examination, however it was in the general trend of the previous two 

indices: increase during isolation and decrease in the recovery period. Similarly, the concentration 

of the other two components of the atherogenic lipid fraction ï LDL cholesterol and TG, but on the 

seventh day of isolation increased by 33% and remained at this level until 14 days of the 

experiment. It is known that the increase in TG content is one of the metabolic reaction components 

of the body to the stress effect of sufficient force (Kamyshnikov V. S., 2009) and is connected with 

their mobilization from fatty depots. The trend towards a decrease in the values of these two indices 

was observed in the dynamics of the RP. 

Analyzing the obtained data, it can be concluded that when modeling a space flight by 

isolating volunteers in a hermetic volume, a short-term exposure of up to 17 days does not lead to 

the development of any significant changes in the cholesterol metabolism. For the solution of a 

question of the nature of metabolic reactions in a acute stage of adaptation to flight conditions, most 

likely, it is necessary to use the models creating redistribution of body fluids and unloading of anti-

gravitational muscles ï a "dry" immersion (Epstein M., 1976) and anti-orthostatic hypokinesia 

(Kovalenko E.A., 1980). 
 

ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʌʀɹʈʀʃʃʗʈʅʓʍ ʂʆʄʇʆʅɽʅʊʆɺ ɺʅɽʂʃɽʊʆʏʅʆɻʆ 

ʄɸʊʈʀʂʉɸ ʄʋʃʔʊʀʇʆʊɽʅʊʅʓʍ ʄɽɿɽʅʍʀʄɸʃʔʅʓʍ ʉʊʈʆʄɸʃʔʅʓʍ 

ʂʃɽʊʆʂ (ʄʄʉʂ) INVITRO  
 

ʄʘʪʚʝʝʚʘ ɼ.ʂ.1,2, ɾʠʚʦʜʝʨʥʠʢʦʚ ʀ.ɺ.2 

1 - ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, ɹʠʦʣʦʛʠʯʝʩʢʠʡ 

ʬʘʢʫʣʴʪʝʪ, ʂʘʬʝʜʨʘ ʢʣʝʪʦʯʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʛʠʩʪʦʣʦʛʠʠ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; 2 - ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ï ʀʥʩʪʠʪʫʪ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʈɸʅ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʝ ʤʝʟʝʥʭʠʤʘʣʴʥʳʝ ʩʪʨʦʤʘʣʴʥʳʝ ʢʣʝʪʠ (ʄʄʉʂ) 

ʰʠʨʦʢʦ ʠʟʫʯʘʶʪʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʢʣʝʪʦʢ ʜʣʷ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʳ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʄʄʉʂ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʬʘʢʪʦʨʦʚ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʦʙʥʦʚʣʝʥʠʶ, ʤʫʣʴʪʠʣʠʥʝʡʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʠ ʠʤʤʫʥʥʦʛʝʥʥʳʤ ʩʚʦʡʩʪʚʘʤ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʪʨʦʤʘʣʴʥʦ-

ʚʘʩʢʫʣʷʨʥʦʡ ʥʠʰʠ ʄʄʉʂ ʷʚʣʷʝʪʩʷ ʚʥʝʢʣʝʪʦʯʥʳʡ ʤʘʪʨʠʢʩ (ɺʂʄ). ʄʦʣʝʢʫʣʳ ʤʘʪʨʠʢʩʘ 

ʩʦʝʜʠʥʝʥʳ ʚ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʫʶ ʪʨʝʭʤʝʨʥʫʶ ʩʝʪʴ, ʢʦʪʦʨʘʷ ʤʦʜʫʣʠʨʫʝʪ ʘʜʛʝʟʠʶ, ʤʠʛʨʘʮʠʶ, 

ʧʨʦʣʠʬʝʨʘʮʠʶ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʠ ʚʳʞʠʚʘʝʤʦʩʪʴ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʘʢ 

ʨʝʟʝʨʚʫʘʨ ʜʣʷ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ, ʜʝʣʘʷ ʠʭ ʚʨʝʤʝʥʥʦ ʥʝʨʘʩʪʚʦʨʠʤʳʤʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ɺʂʄ 

- ʵʪʦ ʜʠʥʘʤʠʯʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʦʜʚʝʨʛʘʶʱʘʷʩʷ ʧʦʩʪʦʷʥʥʦʡ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʢʣʝʪʦʯʥʳʤʠ ʠ ʥʝʢʣʝʪʦʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʫʨʦʚʝʥʴ ʢʠʩʣʦʨʦʜʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʦʨʛʘʥʠʟʤʝ  ʢʣʝʪʢʠ ʥʘʭʦʜʷʪʩʷ ʧʨʠ 

ʧʦʥʠʞʝʥʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʪʤʦʩʬʝʨʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ï ʚ çʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡè 

ʛʠʧʦʢʩʠʠ. ɸʜʘʧʪʘʮʠʷ ʢʣʝʪʦʢ ʢ ʪʘʢʠʤ ʫʩʣʦʚʠʷʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʧʨʦʜʫʢʪʳ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʶʪ ʚ 

ʨʘʟʣʠʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʘʪʨʠʢʩʘ. 
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʬʠʙʨʠʣʣʷʨʥʦʛʦ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʄʄʉʂ ʠʟ 

ʞʠʨʦʚʦʡ ʪʢʘʥʠ ʯʝʣʦʚʝʢʘ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʧʨʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ (5%) ʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʘʪʤʦʩʬʝʨʥʦʤ (20%) ʫʨʦʚʥʝ ʢʠʩʣʦʨʦʜʘ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʣʝʪʦʢ (5000/ʩʤ
2
) - 3 

ʥʝʜʝʣʠ ʠ ʚʳʩʦʢʦʡ (15000/ʩʤ
2
) - 2 ʥʝʜʝʣʠ. ɼʣʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʧʨʦʜʫʢʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʤʘʪʨʠʢʩʘ ʜʦʙʘʚʣʷʣʠ ʚ ʩʨʝʜʫ ʘʩʢʦʨʙʘʪ ʥʘʪʨʠʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 50 ʤʢʛ/ʤʣ. 

ɼʝʮʝʣʣʶʣʷʨʠʟʠʨʦʚʘʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʄʄʉʂ ʧʦʣʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʚʦʨʦʤ ʜʝʪʝʨʛʝʥʪʘ (0,5% Triton-X100 ʚ PBS, ʩʦʜʝʨʞʘʱʝʛʦ 20 mM NH4OH) ʚ 37 

C 5 ʤʠʥ. ɼʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʪʨʠʢʩʘ ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜʳ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ 

SiriusRed,  ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʠ ʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʢʩʧʨʝʩʩʠʠ ʤʘʪʨʠʢʩ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ ʄʄʉʂ, 

ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʢʠʩʣʦʨʦʜʘ, ʧʦʢʘʟʘʣ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʜʚʫʤʷ ʛʨʫʧʧʘʤʠ ʢʣʝʪʦʢ. ʆʜʥʘʢʦ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʪʣʠʯʠʷ ʚʥʝʢʣʝʪʦʯʥʦʛʦ 

ʤʘʪʨʠʢʩʘ ʙʳʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ. ʋʣʴʪʨʘʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʩ 

ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʥʘ ʢʣʝʪʦʯʥʳʭ ʠ ʜʝʮʝʣʣʶʣʷʟʠʨʦʚʘʥʥʳʭ 

ʧʨʝʧʘʨʘʪʘʭ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʩʝʪʴ ʚʦʣʦʢʦʥ ʤʘʪʨʠʢʩʘ, ʟʘʥʠʤʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ 

ʢʣʝʪʢʘʤʠ ʠ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʭʦʜʝ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʛʦ ʠ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʠʙʨʠʣʣʷʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ɺʂʄ - ʬʠʙʨʦʥʝʢʪʠʥ ʠ ʢʦʣʣʘʛʝʥ. ɹʦʣʴʰʘʷ 

ʯʘʩʪʴ ʢʦʣʣʘʛʝʥʘ I ʪʠʧʘ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦ ʠ ʧʨʠ ʠʤʤʫʥʦʮʠʪʦʭʠʤʠʯʝʩʢʦʤ 

ʦʢʨʘʰʠʚʘʥʠʠ ʚʳʷʚʣʷʝʪʩʷ ʪʦʯʝʯʥʦ ʚ ʦʢʦʣʦʷʜʝʨʥʦʡ ʟʦʥʝ, ʪʦʛʜʘ ʢʘʢ ʬʠʙʨʦʥʝʢʪʠʥ ʦʙʨʘʟʫʝʪ ʩʝʪʴ 

ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʜʣʠʥʥʳʭ ʚʦʣʦʢʦʥ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʝ ʤʝʟʝʥʭʠʤʘʣʴʥʳʝ ʩʪʨʦʤʘʣʴʥʳʝ ʢʣʝʪʢʠ, 

ʢʫʣʴʪʠʚʠʨʫʝʤʳʝ ʚ ʫʩʣʦʚʠʷʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʛʠʧʦʢʩʠʠ ʠ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʢʠʩʣʦʨʦʜʘ, ʧʨʦʜʫʮʠʨʫʶʪ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʡ ʬʠʙʨʠʣʣʷʨʥʳʡ ʚʥʝʢʣʝʪʦʯʥʳʡ ʤʘʪʨʠʢʩ. ʕʪʦ 

ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʤʘʪʨʠʢʩʘ ʄʄʉʂ ʥʘ ʘʢʪʠʚʥʦʩʪʴ 

ʜʨʫʛʠʭ ʪʠʧʦʚ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʠʤʦ ʚ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʝ, ʢʘʢ 

ʠʩʪʦʯʥʠʢ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʢʘʬʬʦʣʜʦʚ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ 43ʇ. 
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At present, multipotent mesenchymal stromal cells (MMSCs) are extensively used as a 

perspective source of cells in regenerative medicine. It is known that the properties and functional 

activity of MMSCs are directly dependent on the microenvironment, supporting their ability to self-

renewal, multilinear potential to differentiation and immunogenic qualities. Extracellular matrix 

(ECM) is an important component of the stromal-vascular niche of MMSCs. Matrix molecules form 

a strictly defined three-dimensional network that supports adhesion, migration, proliferation, 

differentiation and survival of cells, and also functions as a reservoir of growth factors making them 

temporarily insoluble.  It is worth noting that the ECM is a dynamic molecular structure that 

undergoes a constant restructuring upon interaction with cellular and non-cellular factors of the 

microenvironment, among which an important role is played by the oxygen level. It has been 

established that stem cells for numerous organs are located in the regions with a reduced oxygen 

level relative to atmospheric in the çphysiologicalè hypoxia. Adaptation of cells to such conditions 

occurs through various molecular mechanisms regulating the expression of genes, whose products 

are involved in various biological processes, including matrix remodeling. 

In order to investigate components of fibrillar extracellular matrix human adipose tissue 

MMSC were cultivated under physiological (5%) and standard (20%) oxygen levels. Planting 

density was 5000/ cm2 and 15000 cm2 during 3 and 2 weeks, respectively. To stimulate a 

production of matrix components 50 ug/mL of sodium ascorbate was added in the medium. 

Decellularization was provided with 0,5% Triton-X100 in PBS containing 20 mM NH4OH at 37
o
C, 
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5 min. The characteristics and structure of matrix components were analyzed by conventional 

histology (Sirius Red), immunocytochemistry and scanning electron microscopy (SEM).  

The data of the whole-genome array of ECM gene expression revealed a significant 

difference between MMSCs under different oxygen levels, while morphological differences were 

negligible. The SEM analysis of the extracellular matrix on intact and cell-free preparations 

revealed ECM fibrillar network that fills on MMSC surface and in the gaps between cells. The 

histological staining and immunocytochemistry helped to identify fibrillar components of ECM. 

The immunocytochemical analysis revealed that type I collagen was localized mostly intracellularly 

with fragmented fibers on cell surfaces, while fibronectin formed a network of intersected long 

fibres and was localized extracellularly.  

Therefore, MMSCs, cultivated at çphysiologicalè hypoxia as well as at standard laboratory 

oxygen levels, producea significant amount of fibrillar ECM. The further analysis of MMSC matrix 

effects of other cell types at óphysiologicalô hypoxia is a promising area of research. Moreover, 

extracellular matrix is a perspective source for biocompatible materials scaffold coatings in 

regenerative medicine. 

The research was supported in part with Program ̄ 43 of the Presidium of the Russian 

Academy of Science. 
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ʈʝʛʫʣʷʨʥʳʝ ʫʧʨʘʞʥʝʥʠʷ (ʪʨʝʥʠʨʦʚʢʘ) ʚʳʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʙʝʣʢʦʚ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮʘʭ, ʢʦʪʦʨʳʝ ʫʣʫʯʰʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ. 

ɸʜʘʧʪʘʮʠʷ ʢ ʪʨʝʥʠʨʦʚʢʝ ʩʚʷʟʘʥʘ ʩ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʧʦʩʣʝ 

ʢʘʞʜʦʛʦ ʫʧʨʘʞʥʝʥʠʷ. ʆʜʥʘʢʦ ʪʨʝʥʠʨʦʚʢʘ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʤʥʦʛʠʭ ʛʝʥʦʚ ʚ 

ʙʘʟʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʡ ʥʘʛʨʫʟʢʠ). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʷ ʚ ʪʨʘʥʩʢʨʠʧʪʦʤʝ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʦʙʳʯʥʦ ʦʮʝʥʠʚʘʶʪʩʷ ʧʦʩʣʝ ʦʜʥʦʢʨʘʪʥʦʛʦ 

ʫʧʨʘʞʥʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʣʠʷʥʠʝ ʪʨʝʥʠʨʦʚʢʠ ʥʘ ʠʟʤʝʥʝʥʠʝ ʙʘʟʘʣʴʥʦʛʦ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʥʝ 

ʠʟʫʯʝʥʦ. ʎʝʣʴʶ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʘʵʨʦʙʥʦʡ ʪʨʝʥʠʨʦʚʢʠ ʥʘ 

ʠʟʤʝʥʝʥʠʷ ʙʘʟʘʣʴʥʦʛʦ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʚ ʩʢʝʣʝʪʥʦʡ ʤʳʰʮʝ ʯʝʣʦʚʝʢʘ. ʊʨʘʥʩʢʨʠʧʪʦʤ ʚ 

ʙʘʟʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʮʝʥʠʚʘʣʠ ʜʦ ʠ ʧʦʩʣʝ ʪʨʝʥʠʨʦʚʢʠ (8-ʥʝʜʝʣʴʥʘʷ ʪʨʝʥʠʨʦʚʢʘ, 5 ʨʘʟ ʚ ʥʝʜ., 

1 ʯ ʚ ʜʝʥʴ) ʚ ʙʠʦʧʩʠʯʝʩʢʠʭ ʧʨʦʙʘʭ, ʚʟʷʪʳʭ ʠʟ ʥʘʨʫʞʥʦʡ ʛʦʣʦʚʢʠ ʯʝʪʳʨʝʭʛʣʘʚʦʡ ʤʳʰʮʳ ʙʝʜʨʘ 

(m. vastuslateralis) ʫ 7 ʤʫʞʯʠʥ. ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʈʅʂ ʚʳʧʦʣʥʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʣʘʪʬʦʨʤʳ 

NextSeq 500. ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, 8-ʥʝʜʝʣʴʥʘʷ ʪʨʝʥʠʨʦʚʢʘ ʧʦʚʳʩʠʣʘ ʘʵʨʦʙʥʫʶ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ ɸɼʌ-ʟʘʚʠʩʠʤʦʛʦ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʜʳʭʘʥʠʷ ʚ ʤʳʰʝʯʥʳʭ 

ʚʦʣʦʢʥʘʭ ʠ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ I ï V. ʅʘʰʠ 

ʧʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʜʥʦʢʨʘʪʥʦʝ ʫʧʨʘʞʥʝʥʠʝ ʚʣʠʷʝʪ ʥʘ ʵʢʩʧʨʝʩʩʠʶ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʛʝʥʦʚ. ʅʝʦʞʠʜʘʥʥʦ, ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʪʨʝʥʠʨʦʚʢʘ ʠʟʤʝʥʠʣʘ 

ʵʢʩʧʨʝʩʩʠʶ ʙʦʣʝʝ ʯʝʤ 2000 ʛʝʥʦʚ ʚ ʙʘʟʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʯʝʨʝʟ 48 ʯʘʩʦʚ ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʛʦ 

ʫʧʨʘʞʥʝʥʠʷ), ʧʨʠʯʝʤ ʧʦʣʦʚʠʥʘ ʵʪʠʭ ʛʝʥʦʚ ʩʥʠʟʠʣʦ ʩʚʦʶ ʵʢʩʧʨʝʩʩʠʶ. ɼʣʷ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʝ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ ʙʝʣʢʠ, ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʠ ʨʝʛʫʣʷʪʦʨʳ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʦʙʥʘʨʫʞʝʥʦ ʢʘʢ 

ʩʥʠʞʝʥʠʝ, ʪʘʢ ʠ ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʝʥʳ, ʢʦʜʠʨʫʶʱʠʝ ʮʠʪʦʢʠʥʳ ʠ 

ʬʘʢʪʦʨʳ ʨʦʩʪʘ, ʙʳʣʠ ʚ ʦʩʥʦʚʥʦʤ ʘʢʪʠʚʠʨʦʚʘʥʳ. ʇʨʠ ʵʪʦʤ ʛʝʥʳ, ʫʚʝʣʠʯʠʚʰʠʝ ʠ ʩʥʠʟʠʚʰʠʝ 

ʵʢʩʧʨʝʩʩʠʶ, ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɺ ʟʘʢʣʶʯʝʥʠʝ, 

ʘʜʘʧʪʘʮʠʷ ʤʳʰʮ ʯʝʣʦʚʝʢʘ ʢ ʘʵʨʦʙʥʦʡ ʪʨʝʥʠʨʦʚʢʝ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʫʧʨʘʞʥʝʥʠʷ, ʥʦ 

ʠ ʩ ʚʳʨʘʞʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚ ʙʘʟʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʅʌ (14-15-00768). 
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EFFECT OF AEROBIC TRAINING ON BASAL TRANSCRIPTOME  

IN HUMAN SKELETAL MUSCLE 

 

MakhnovskiiP.A.,
1,2 

, Lysenko E.A.,
1,2 

, Kurochkina N.S.,
1
, Popov D.V.

1,2 
, 

1 Institute of Biomedical problems of the RAS, Moscow, Russia 
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Regular exercise (exercise training) leads to expression of specific proteins in skeletal muscle, 

which improve its physiological function. The adaptation to training is related to transitory changes 

in gene expression after each acute exercise. However, exercise training may affect the expression 

of many genes during the basal conditions (several days after the last exercise session). Importantly, 

exerciserelated changes in skeletal muscle transcriptome usually are evaluated before and after 

acute exercise, while training-induced transcriptome changes are not clear. The goal of our study 

was to investigate the effect of aerobic training on changes in the transcriptome in the basal 

conditions in human skeletal muscle. The transcriptome in the basal conditions was evaluated prior 

to and after exercise training (8 wk cycling training, 5/wk, 1 h/day) in biopsy samples from m. 

vastus lateralis of 7 males. RNA-seq was performed by NextSeq 500. As expected 8 wk training 

increased endurance performance, ADPstimulated mitochondrial respiration in muscle fibers, and 

content of proteins related to mitochondrial complexes I ï V. Our previous studies showed that acute 

exercise affects the expression of several hundred genes. Surprisingly, here, exercise training 

changed the expression of 2000 genes in the basal conditions (48 h after the last exercise) and a half 

of these genes were downregulated. Many genes, encoding mitochondrial proteins, protein kinases, 

and transcriptional regulators, were both up- and down-regulated, while genes, encoding cytokines 

and growth factors, were mainly up-regulated. These up- and down-regulated genes were associated 

with different biological process. In conclusion, the adaptation of human muscles to aerobic training 

associates not only with the transitory changes in gene expression after each exercise session, but 

also with the marked changes in gene expression in the basal conditions. 

This work was supported by the Russian Science Foundation (14-15-00768). 
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ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʨʘʟʛʨʫʟʢʘ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ 

ʘʪʨʦʬʠʠ. ʂʘʪʘʙʦʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʤʳʰʮʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʙʦʪʦʡ 

ʫʙʠʢʚʠʪʠʥ-ʧʨʦʪʝʘʩʦʤʥʦʡ ʩʠʩʪʝʤʳ, ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ɽ3-ʫʙʠʢ- 

ʚʠʪʠʥʣʠʛʘʟʳ, ʚ ʯʘʩʪʥʦʩʪʠ MuRF1 ʠ MAFbx [1]. ʄʳ ʠʩʩʣʝʜʦʚʘʣʠ ʪʨʠʛʛʝʨʥʳʝ ʤʝʭʘʥʠʟʤʳ, 

ʟʘʧʫʩʢʘʶʱʠʝ ʵʢʩʧʨʝʩʩʠʶ ɽ3-ʣʠʛʘʟ ʧʨʠ ʨʘʟʛʨʫʟʢʝ ʤʳʰʮ. Moresi ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʠʛʥʘʣʴʥʳʡ ʢʘʩʢʘʜ ʛʠʩʪʦʥʜʝʘʮʝʪʠʣʘʟ 4 ʠ 5 (HDAC 4 ʠ 5) ʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʵʢʩʧʨʝʩʩʠʶ 

MuRF1 ʠ MAFbx ʯʝʨʝʟ ʘʢʪʠʚʘʮʠʶ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ ʤʠʦʛʝʥʠʥʘ ʧʨʠ ʜʝʥʝʨʚʘʮʠʠ 

[2]. ʄʳ ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʣʠ ʚʦʧʨʦʩ, ʨʝʛʫʣʠʨʫʶʪ ʣʠ HDAC 4 ʠ 5 ʵʢʩʧʨʝʩʩʠʶ ɽ3-ʣʠʛʘʟ ʥʘ 

ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʘʟʛʨʫʟʢʠ ʤʳʰʮ, ʠ ʧʨʠʥʠʤʘʝʪ ʣʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ 

ʤʠʦʛʝʥʠʥ ʚ ʵʪʦʤ ʫʯʘʩʪʠʝ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʜʝʣʴ ʚʳʚʝʰʠʚʘʥʠʷ 

[3] ʠ ʠʥʛʠʙʠʨʦʚʘʣʠ HDAC 4/5 ʪʨʠʭʦʩʪʘʪʠʥʦʤ ɸ. 24 ʢʨʳʩʳ ɺʠʩʪʘʨ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ 

ʛʨʫʧʧʳ ʧʦ 8 ʢʨʳʩ: ʢʦʥʪʨʦʣʴ (C), 3ʭ-ʜʥʝʚʥʦʝ ʚʳʚʝʰʠʚʘʥʠʝ ʩ ʚʚʝʜʝʥʠʝʤ ʪʨʠʭʦʩʪʘʪʠʥʘ ɸ (HST), 

ʠ ʚʳʚʝʰʠʚʘʥʠʝ (HS) ʩ ʧʣʘʮʝʙʦ. ʇʦʩʣʝ 3 ʩʫʪʦʢ ʚʳʚʝʰʠʚʘʥʠʷ ʚ ʛʨʫʧʧʝ HST ʦʙʥʘʨʫʞʝʥʦ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ HDAC 4 ʚ ʷʜʝʨʥʦʡ ʬʨʘʢʮʠʠ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʛʨʫʧʧʳ HS) ʠ 
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ʫʚʝʣʠʯʝʥʠʝ ʚ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ (p<0,05)).  ʅʘʧʨʦʪʠʚ, ʫʨʦʚʝʥʴ 

HDAC 5 ʚ ʷʜʝʨʥʦʡ ʬʨʘʢʮʠʠ HST ʛʨ. ʥʝ ʦʪʣʠʯʘʣʩʷ ʦʪ ʛʨ. ʂʦʥʪʨʦʣʷ, ʪʦʛʜʘ ʢʘʢ ʚ ʛʨ. HS ʦʥ ʙʳʣ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʝʥ (p<0,05). ʋʨʦʚʝʥʴ ʤʠʦʛʝʥʠʥʘ ʚ ʛʨʫʧʧʝ HST ʥʝ ʦʪʣʠʯʘʣʩʷ ʦʪ ʛʨʫʧʧʳ 

ʢʦʥʪʨʦʣʷ, ʪʦʛʜʘ ʚ ʛʨʫʧʧʝ HS -ʟʥʘʯʠʪʝʣʴʥʦ ʝʛʦ ʧʨʝʚʳʰʘʣ (p<0,05).  

ʕʢʩʧʨʝʩʩʠʷ ʤʈʅʂ MAFbx ʚ ʛʨʫʧʧʝ HST ʥʝ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʢʦʥʪʨʦʣʷ, ʘ ʚ ʛʨʫʧʧʝ HS 

ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʝʥʘ (p<0,05). ʕʢʩʧʨʝʩʩʠʷ ʤʈʅʂ ɽ3-ʣʠʛʘʟʳ MuRF1 ʙʳʣʘ ʧʦʚʳʰʝʥʘ 

ʚ ʦʙʝʠʭ ʚʳʚʝʰʝʥʥʳʭ ʛʨʫʧʧʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʳ ʢʦʥʪʨʦʣʷ (ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʚʝʜʝʥʠʷ 

ʧʨʝʧʘʨʘʪʘ). ɺʳʚʦʜ: ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ ʤʠʦʛʝʥʠʥ ʥʘ ʨʘʥʥʠʭ ʩʨʦʢʘʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʨʘʟʛʨʫʟʢʠ ʤʳʰʮ ʨʝʛʫʣʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ɽ3-ʣʠʛʘʟʳ MAFbx. ʀʥʛʠʙʠʨʦʚʘʥʠʝ HDAC 4 ʠ 5 ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʨʝʛʫʣʷʮʠʶ ʵʢʩʧʨʝʩʩʠʠ ɽ3-ʣʠʛʘʟʳ MuRF1. ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʌʌʀ ˉ17- 

04-01838 

ʀʩʪʦʯʥʠʢʠ ʠ ʣʠʪʝʨʘʪʫʨʘ: 
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THE ROLE OF MYOGENIN AND CLASS II HDACS IN THE REGULATION OF E3 -

LIGASES MURF-1 AND MAFBX EXPRESSION IN RAT SOLEUS AT THE EARLY STAGE 

OF DISUSE ATROPHY 

 

Mochalova E.P., Belova S.P., Nemirovskaya T.L. 

 

Muscle unloading lead to its atrophy development. MuRF-1 and MAFbx E3-ligases 

expression is increasing under this condition. Moresi et al. have shown that the histone deacetylases 

4 and 5 signaling cascade (HDAC4/5) may regulate the expression of MuRF1 and MAFbx through 

the myogenin activation in time of muscleôs denervation. We hypothesized that the HDAC 4 and 5 

may regulates of E3 ligases expression in the early stages of muscle unloading, and the myogenin 

may be involve in this process. We checked this hypothesis by trichostatin A (inhibitor of HDACs) 

administration in male Wistar rats in time of 3-day hindlimb suspension. 24 animals were divided 

into 3 groups (n=8 in each): C-control, HST-hindlimb suspension with Trichostatin A, or placebo 

(HS group) administration. HDAC4 content in soleus of HST group have decreased in nuclear 

fraction (in contrast to HS group) and increased in cytoplasmic fraction (vs control group (p <0.05)). 

On the contrary, nuclear content of HDAC 5 in the HST group didnôt differ from those of 

Control group, while this parameter in HS group was found to be significantly reduced (p <0.05). 

Myogenin content in the HST group did not differ from that of the control group, while its amount 

in the HS group was significantly higher (p <0.05). As for E3-lygases expression, MAFbx level in 

the HST group did not differ from those of control, while in the HS group it was significantly 

increased (p <0.05). The expression of MuRF1was increased in both suspended groups relative to 

the control (p <0.05). It could be concluded that myogenin regulates the expression of MAFbx E3 

ligase in the early stages of unloading. Inhibition of HDAC 4 and 5 does not affect on the regulation 

of MuRF1 E3 ligase expression. ThisworkwassupportedbyRFBR (grant ˉ 17-04-01838). 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɹɸʈʆʈɽʌʃɽʂʊʆʈʅʆʁ ʈɽɻʋʃʗʎʀʀ ʉɽʈɼɽʏʅʆɻʆ 

ʈʀʊʄɸ ʉ ʇʆʄʆʑʔʖ ʀʅɼɽʂʉɸ ʌɸɿʆɺʆʁ ʉʀʅʍʈʆʅʀɿɸʎʀʀ 

ɸʈʊɽʈʀɸʃʔʅʆɻʆ ɼɸɺʃɽʅʀʗ ʀ ʇʋʃʔʉʆɺʆɻʆ ʀʅʊɽʈɺɸʃɸ ʋ 

ʃɸɹʆʈɸʊʆʈʅʓʍ ɾʀɺʆʊʅʓʍ ʀ ʏɽʃʆɺɽʂɸ 

 

ʅʝʛʫʣʷʝʚ ɺ.ʆ.  

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 

ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʢʘʬʝʜʨʘ ʬʠʟʠʦʣʦʛʠʠ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ, ʄʦʩʢʚʘ 

  

ʀʟʫʯʝʥʠʝ ʩʧʦʥʪʘʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ (ɸɼ) ʠ ʯʘʩʪʦʪʳ ʩʝʨʜʝʯʥʳʭ 

ʩʦʢʨʘʱʝʥʠʡ ʠʣʠ ʧʫʣʴʩʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ (ʇʀ) ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ 

ʬʠʟʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʦʣʝʙʘʥʠʷ, ʦʪʨʘʞʘʶʱʠʝ ʨʘʙʦʪʫ 

ʙʘʨʦʨʝʬʣʝʢʩʘ - ʦʜʥʦʛʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʷʮʠʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ. 

ʉʠʛʥʘʣʳ ʦʪ ʙʘʨʦʨʝʮʝʧʪʦʨʦʚ ʤʦʜʫʣʠʨʫʶʪ ʚʣʠʷʥʠʷ ʘʚʪʦʥʦʤʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʪʦʥʫʩ 

ʩʦʩʫʜʦʚ ʠ ʨʘʙʦʪʫ ʩʝʨʜʮʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʦʤʧʝʥʩʘʪʦʨʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ɸɼ. ʇʦʩʢʦʣʴʢʫ ʵʪʘ 

ʨʝʘʢʮʠʷ ʨʘʟʚʠʚʘʝʪʩʷ ʩ ʥʝʢʦʪʦʨʦʡ ʟʘʜʝʨʞʢʦʡ, ʚ ʙʘʨʦʨʝʬʣʝʢʪʦʨʥʦʤ ʢʦʥʪʫʨʝ ʚʦʟʥʠʢʘʶʪ 

ʢʦʣʝʙʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪ ʚʦʣʥʘʤʠ ʄʘʡʝʨʘ. ʏʘʩʪʦʪʘ ʚʦʣʥ ʄʘʡʝʨʘ ʫ ʢʨʳʩ ʩʦʩʪʘʚʣʷʝʪ ~ 0,4 

ɻʮ, ʘ ʫ ʣʶʜʝʡ ~ 0,1 ɻʮ.  

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ɸɼ ʠ ʇʀ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʳ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠ ʢʨʦʩʩ-ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʫʜʝʣʷʶʪ ʚʥʠʤʘʥʠʝ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, 

ʘʥʘʣʠʟʫ ʘʤʧʣʠʪʫʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʣʝʙʘʥʠʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʬʘʟʦʚʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʚʥʝʰʥʠʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ, ʯʝʤ ʝʝ ʘʤʧʣʠʪʫʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʠʤʝʥʥʦ ʬʘʟʦʚʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʛʝʤʦʜʠʥʘʤʠʢʠ ʧʦʟʚʦʣʠʪ ʧʦʥʷʪʴ ʪʦʥʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ 

ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʚʟʘʠʤʦʚʣʠʷʥʠʷ. ɼʣʷ ʦʮʝʥʢʠ ʬʘʟʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ɸɼ ʠ ʇʀ ʧʨʠ ʢʨʦʩʩ-

ʩʧʝʢʪʨʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʠʩʧʦʣʴʟʫʶʪ ʧʦʢʘʟʘʪʝʣʴ ʢʦʛʝʨʝʥʪʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩ ʵʪʦʡ ʮʝʣʴʶ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʠʥʜʝʢʩ ʬʘʟʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ (ʀʌʉ), ʦʜʥʘʢʦ ʚʦʧʨʦʩ ʦʙ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʀʌʉ ʢʘʢ ʧʦʢʘʟʘʪʝʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʙʘʨʦʨʝʬʣʝʢʩʘ ʧʦʢʘ 

ʠʟʫʯʝʥ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʌʉ 

ɸɼ ʠ ʇʀ ʜʣʷ ʦʮʝʥʢʠ ʙʘʨʦʨʝʬʣʝʢʪʦʨʥʦʡ ʨʝʛʫʣʷʮʠʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ. ɹʳʣʠ ʧʦʩʪʘʚʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 1) ʩʦʧʦʩʪʘʚʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʙʘʨʦʨʝʬʣʝʢʪʦʨʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩ 

ʧʦʤʦʱʴʶ ʀʌʉ ʠ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ; 2) ʧʨʦʩʣʝʜʠʪʴ ʜʠʥʘʤʠʢʫ 

ʠʟʤʝʥʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʙʘʨʦʨʝʬʣʝʢʪʦʨʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚʦ ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ; 3) 

ʦʮʝʥʠʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʙʘʨʦʨʝʬʣʝʢʩʘ ʫ ʣʶʜʝʡ, ʠʩʧʦʣʴʟʫʷ ʀʌʉ.  

ɺ ʢɻʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʢʨʳʩʘʭ ɺʠʩʪʘʨ (n=25) ʨʝʛʠʩʪʨʘʮʠʶ ɸɼ ʠ ʇʀ ʧʨʦʚʦʜʠʣʠ ʚ 

ʙʦʜʨʩʪʚʫʶʱʝʤ ʩʦʩʪʦʷʥʠʠ ʩ ʧʦʤʦʱʴʶ ʚʞʠʚʣʝʥʥʦʛʦ ʚ ʙʝʜʨʝʥʥʫʶ ʘʨʪʝʨʠʶ ʢʘʪʝʪʝʨʘ. ʏʪʦʙʳ 

ʧʨʦʩʣʝʜʠʪʴ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʙʘʨʦʨʝʬʣʝʢʪʦʨʳʭ ʢʦʣʝʙʘʥʠʡ ʚʦ ʚʨʝʤʷ ʢʨʦʚʦʧʦʪʝʨʠ, ʫ ʢʨʳʩ 

ʧʦʩʣʝ ʬʦʥʦʚʦʡ ʟʘʧʠʩʠ ʟʘʙʠʨʘʣʠ ʢʨʦʚʴ (20 ʤʣ/ʢʛ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ) ʯʝʨʝʟ ʢʘʪʝʪʝʨ ʚ ʩʦʥʥʦʡ 

ʘʨʪʝʨʠʠ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʫʯʘʩʪʠʝʤ ʤʦʣʦʜʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʠʩʧʳʪʫʝʤʳʭ-

ʜʦʙʨʦʚʦʣʴʮʝʚ (n=10) ʧʨʦʚʦʜʠʣʠ ʥʝʧʨʝʨʳʚʥʦʝ ʠʟʤʝʨʝʥʠʝ ɸɼ (ʤʝʪʦʜʦʤ ʨʘʟʛʨʫʞʝʥʥʦʡ 

ʘʨʪʝʨʠʠ) ʠ ʕʂɻ. ʇʦʩʣʝ 15-ʤʠʥʫʪʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʧʦʣʦʞʝʥʠʠ ʣʝʞʘ ʧʨʦʚʦʜʠʣʠ ʧʘʩʩʠʚʥʳʡ 

ʦʨʪʦʩʪʘʪʠʯʝʩʢʠʡ ʪʝʩʪ (ʧʝʨʝʚʦʜʠʣʠ ʦʨʪʦʩʪʦʣ ʚ ʧʦʣʦʞʝʥʠʝ 60Á ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ) ʠ ʧʨʦʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʷ ʝʱʝ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ.  

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʀʌʉ ʠʥʬʦʨʤʘʪʠʚʥʦ ʦʪʨʘʞʘʝʪ ʬʘʟʦʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ɸɼ ʠ ʇʀ ʥʘ 

ʯʘʩʪʦʪʝ ʚʦʣʥ ʄʘʡʝʨʘ. ʇʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʟʘʧʠʩʷʤ ɸɼ ʠ ʇʀ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 20-30 ʤʠʥʫʪ 

ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʩʧʝʢʪʨʳ ʀʌʉ ʜʣʷ ʛʨʫʧʧʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʨʳʩ, ʥʘ ʢʦʪʦʨʳʭ ʙʳʣ ʚʠʜʝʥ 

ʦʪʯʝʪʣʠʚʳʡ ʧʠʢ ʥʘ ʯʘʩʪʦʪʝ ~ 0.4 ɻʮ, ʚ ʵʪʦʡ ʞʝ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʣʩʷ ʧʠʢ ʥʘ ʩʧʝʢʪʨʝ 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʚʟʘʠʤʦʩʚʷʟʠ ɸɼ ʠ ʇʀ ʩ ʧʦʤʦʱʴʶ ʀʌʉ ʠ 

ʢʨʦʩʩ-ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʳ ʩʦʧʦʩʪʘʚʠʣʠ ʟʥʘʯʝʥʠʷ ʀʌʉ ʠ ʢʦʛʝʨʝʥʪʥʦʩʪʠ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ (ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ 
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r=0.920, p<0.0001), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʀʌʉ ʜʣʷ ʦʮʝʥʢʠ ʚʟʘʠʤʦʩʚʷʟʠ 

ʙʘʨʦʨʝʬʣʝʢʪʦʨʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʛʝʤʦʜʠʥʘʤʠʢʠ.  

ɺʤʝʩʪʝ ʩ ʪʝʤ ʀʌʉ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʤʝʪʦʜʦʤ ʦʮʝʥʢʠ ʚʟʘʠʤʦʩʚʷʟʠ 

ʢʦʣʝʙʘʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʛʝʤʦʜʠʥʘʤʠʢʠ, ʯʝʤ ʢʦʛʝʨʝʥʪʥʦʩʪʴ. ʏʪʦʙʳ ʜʦʢʘʟʘʪʴ ʵʪʦ, ʥʘ ʟʘʧʠʩʷʭ 

ɸɼ ʠ ʇʀ ʪʨʝʭ ʩʣʫʯʘʡʥʦ ʚʳʙʨʘʥʥʳʭ ʢʨʳʩ ʚʳʜʝʣʷʣʠ ʢʦʨʦʪʢʠʝ ʠʥʪʝʨʚʘʣʳ, ʘ ʠʤʝʥʥʦ ï ʪʨʠ 

ʠʥʪʝʨʚʘʣʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 1 ʤʠʥʫʪʘ (ʪ.ʝ. ʩʫʤʤʘʨʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʟʘʧʠʩʠ 

ʩʦʩʪʘʚʣʷʣʘ 3 ʤʠʥʫʪʳ). ɼʣʷ ʦʮʝʥʢʠ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ɸɼ ʠ ʇʀ ʪʘʢʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʟʘʧʠʩʠ ʦʢʘʟʘʣʘʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦʡ: ʚʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʝ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʰʫʤʘ. ʆʜʥʘʢʦ ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʞʝ ʪʘʢʦʡ ʢʦʨʦʪʢʦʡ ʟʘʧʠʩʠ ʥʘ ʩʧʝʢʪʨʘʭ 

ʀʌʉ ʙʳʣ ʚʠʜʝʥ ʦʪʯʝʪʣʠʚʳʡ ʧʠʢ ʥʘ ʯʘʩʪʦʪʝ 0.4 ɻʮ, ʩʧʝʢʪʨʳ ʥʝ ʩʦʜʝʨʞʘʣʠ ʰʫʤʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʣʦ ʦʧʨʝʜʝʣʷʪʴ ʟʥʘʯʝʥʠʝ ʀʌʉ ʚ ʠʥʪʝʨʝʩʫʶʱʝʤ ʥʘʩ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʀʌʉ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʛʝʨʝʥʪʥʦʩʪʠ, ʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ ʚʟʘʠʤʦʩʚʷʟʴ 

ʙʘʨʦʨʝʬʣʝʢʪʦʨʥʳʭ ʢʦʣʝʙʘʥʠʡ ɸɼ ʠ ʇʀ ʥʘ ʢʦʨʦʪʢʠʭ ʠʥʪʝʨʚʘʣʘʭ ʟʘʧʠʩʠ.  

ɺʘʞʥʦ, ʯʪʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʌʉ ʤʦʞʥʦ ʧʨʦʩʣʝʞʠʚʘʪʴ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ 

ʚʟʘʠʤʦʩʚʷʟʠ ʙʘʨʦʨʝʬʣʝʢʪʦʨʥʳʭ ʢʦʣʝʙʘʥʠʡ ɸɼ ʠ ʇʀ ʚʦ ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʢʨʦʚʦʧʦʪʝʨʝʡ. ɺ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 10 ʤʠʥʫʪ ʢʨʦʚʦʧʦʪʝʨʠ ɸɼ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʣʦʩʴ, ʘ ʇʀ ʟʘʤʝʪʥʦ ʫʢʦʨʘʯʠʚʘʣʩʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʘʢʪʠʚʘʮʠʠ 

ʙʘʨʦʨʝʬʣʝʢʩʘ; ʀʌʉ ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʣ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʡ ʢʨʦʚʦʧʦʪʝʨʝ 

ʙʘʨʦʨʝʬʣʝʢʪʦʨʥʳʭ ʚʣʠʷʥʠʡ ʙʳʣʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʘʜʝʥʠʷ ɸɼ, ʧʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʀʌʉ.  

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʣʶʜʷʭ, ʚ ʢʦʪʦʨʳʭ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ɸɼ ʠ 

ʏʉʉ ʚ ʧʦʣʦʞʝʥʠʠ ʣʝʞʘ ʠ ʧʨʠ ʦʨʪʦʩʪʘʟʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʪʝʣʘ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʨʘʙʦʪʳ ʙʘʨʦʨʝʬʣʝʢʩʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʀʌʉ ʧʨʠ ʦʨʪʦʩʪʘʟʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʪʝʣʘ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʧʦʚʳʰʝʥʠʝ 

ʙʘʨʦʨʝʬʣʝʢʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʠʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʀʌʉ ʜʣʷ ʦʮʝʥʢʠ ʚʟʘʠʤʦʩʚʷʟʠ ʙʘʨʦʨʝʬʣʝʢʪʦʨʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ 

ʛʝʤʦʜʠʥʘʤʠʢʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʯʠʩʣʝʥʠʝ ʀʌʉ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʠʟʫʯʝʥʠʶ 

ʚʟʘʠʤʦʩʚʷʟʠ ɸɼ ʠ ʇʀ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥ ʄʘʡʝʨʘ, ʪ.ʝ. ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʮʝʥʢʠ ʙʘʨʦʨʝʬʣʝʢʪʦʨʥʦʡ ʨʝʛʫʣʷʮʠʠ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʛʨʘʥʪ ˉ 17-04-01943).  
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THE STUDY OF CARDIAC RHYTHM BAROREFLEX CONTROL USING THE 

PHASE SYNCHRONIZATION INDEX OF ARTERIAL PRESSURE AND PULSE 

INTERVAL IN LABORATORY ANIMALS AND HUMANS  

 

Negulyaev V.O. 

M.V. Lomonosov Moscow State University, Faculty of Biology, Department of Human 

and Animal Physiology, Moscow  

  

The study of spontaneous oscillations of arterial pressure (AP) and heart rate or pulse interval 

(PI) is an actual task of modern physiology and medicine. The oscillations that reflect the 

functioning of the arterial baroreflex, an important mechanism of cardiovascular control, are of 

primary interest. Signals generated by baroreceptors modulate the influences of autonomic nervous 

system on vascular tone and heart activity, which results in compensatory change of AP. Due to 

time delay in the control loop baroreflex activity results in the generation of oscillations (Mayer 

waves). The frequency of Mayer waves is ~ 0,4 Hz in rats and ~ 0,1 Hz in humans.  

Spectral and cross-spectral analysis methods are usually used to analyze the oscillations of 

AD and PI with an attention mainly to the analysis of the amplitude characteristics of the 

oscillations. At the same time, the phase characteristics of the oscillatory system are more sensitive 

to external influences than its amplitude characteristics, so studying the phase relationships of the 

hemodynamic parameters will enable us to understand their regulatory interference in more details. 

To estimate the phase relationships of blood pressure and PI in the cross-spectral analysis, the 

coherence index is used. The phase synchronization index (PSI) may be also used for this purpose, 

but the question of PSI informative value as an indicator of the arterial baroreflex functioning has 

not been studied yet. 

The aim of this work was to test the applicability of PSI of AD and PI for evaluation of heart 

rate baroreflex regulation. The tasks of the study were: 1) to compare the results of the estimation of 

baroreflex oscillations with the use of PSI and coherence under stationary conditions; 2) to follow 

the relationship of baroreflex oscillations during transition processes; 3) to evaluate the functioning 

of the baroreflex in humans using PSI. 

In conscious Wistar rats (n=25), AP and PI were recorded through femoral artery catheter. To 

study the dynamics of baroreflex oscillations during the hemorrhage, blood was gradually 

withdrawn (20 ml/kg during 30 min) through a catheter in carotid artery. In young healthy 

volunteers, AP (Finometer technique) and ECG were continuously recorded. After 15-min recording 

in supine position, a passive orthostatic test was performed (60Á head up tilt for 15 min). 

According to our results, the PSI informatively describes the phase relations of AD and PI at 

the frequency of Mayer waves. PSI spectra calculated from 20-30-min-long recordings 

demonstrated a distinct peak at a frequency of ~ 0.4 Hz, and a peak in the coherence spectrum was 

observed in the same frequency region. To compare the results of the evaluation of the relationship 

between BP and PI with the use of PSI and cross-spectral analysis, we compared the values of IPS 

and coherence at the frequency of 0,4 Hz. It turned out that these indicators correlate well with each 

other (Pearson correlation coefficient r = 0.920, p <0.0001), which indicates the applicability of PSI 

for the evaluation of the relationship between baroreflex oscillations of hemodynamic parameters. 

Along with that, PSI is a more sensitive method for assessing the relationship between 

hemodynamic fluctuations than coherence. To prove this, three intervals of 1 min duration (total 

duration of the analyzed record was 3 minutes) were taken from recordings of three randomly 

selected rats. Such short recording time was not sufficient to estimate the coherence because of the 

large amount of noise. However, PSI spectra contained no noise and showed a distinct peak at a 

frequency of 0,4 Hz, which allowed us to determine the value of the PSI in the frequency range of 

the interest. Thus, with the use of PSI, unlike coherence, it is possible to evaluate the relationship 

between baroreflex oscillations of BP and PI at short recording intervals. 
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Importantly, with the use of PSI it is possible to follow the changes in the relationship 

between baroreflex oscillations of AP and PI during transient processes, this was shown in 

experiments with hemorrhage. During the first 10 min of blood loss, AP did not change much but PI 

was noticeably shortened, which indicates the activation of the baroreflex. In this case the PSI 

increased significantly. With further blood loss, baroreflex effects were not sufficient to prevent a 

fall in blood pressure, under such conditions a decrease in PSI was observed. 

In addition, PSI was estimated in volunteers in the supine and then head-up positions. It is 

known that orthostasis leads to a change in baroreflex functioning. The value of PSI in orthostasis 

was significantly higher than in the supine position, which reflects an increase in baroreflex activity. 

This result is one more confirmation of the applicability of PSI for the evaluation of the relationship 

between baroreflex oscillations of hemodynamic parameters. 

Thus, the calculation of the PSI is an informative approach to the study of the relationship 

between BP and PI in the frequency range of Mayer waves, i.e. this indicator can be used to 

evaluate the baroreflex regulation of the heart rhythm. 

The study was supported by the Russian Foundation for Basic Research (grant ˉ 17-04-

01943).  

 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʆʂɸɿɸʊɽʃɽʁ ɹʆʃɽɺʆʁ ʏʋɺʉʊɺʀʊɽʃʔʅʆʉʊʀ 

ʅɸ ʌʆʅɽ ʀɿʆʃʗʎʀʀ ɺ ɻɽʈʄʆʆɹʒɽʄɽ 

 

ʅʠʷʟʦʚ ɸ.ʈ., ʈʫʢʘʚʠʰʥʠʢʦʚ ʀ.ɺ., ʌʝʜʷʡ ʉ.ʆ. 

ɻʅʎ ʈʌ ï ʀʄɹʇ ʈɸʅ, ʄʦʩʢʚʘ 

 

ɺʚʝʜʝʥʠʝ. ʇʨʦʙʣʝʤʘ ʦʮʝʥʢʠ ʙʦʣʝʚʦʛʦ ʩʠʥʜʨʦʤʘ ʢʨʘʡʥʝ ʚʘʞʥʘ ʧʨʠ ʦʢʘʟʘʥʠʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʦʣʝʪʝ (ʂʇ). ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʦʣʠ 

ʷʚʣʷʝʪʩʷ ʧʦʨʦʛ ʙʦʣʝʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (ʇɹʏ) ï ʤʠʥʠʤʘʣʴʥʘʷ ʩʠʣʘ ʨʘʟʜʨʘʞʠʪʝʣʷ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʦʥ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ, ʢʘʢ ʙʦʣʝʟʥʝʥʥʳʡ.  

ʎʝʣʴ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʦʣʝʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʫ ʯʝʣʦʚʝʢʘ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʡ 

ʠʟʦʣʷʮʠʠ. 

ʄʝʪʦʜʠʢʘ. ʆʙʲʝʢʪʦʤ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʠʣʠ ʵʢʠʧʘʞ ʠ ʜʫʙʣʝʨʳ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ 17-ʩʫʪʦʯʥʦʛʦ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʤʠʪʘʮʠʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ çSIRIUS-17è. ʇʨʦʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʇɹʏ 

ʤʝʪʦʜʘʤʠ ʪʝʥʟʦ- ʠ ʪʝʨʤʦʘʣʴʛʦʤʝʪʨʠʠ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʪʨʠʞʜʳ ʚ ʜʝʥʴ, ʜʦ, ʚʦ ʚʨʝʤʷ ʠ 

ʧʦʩʣʝ ʠʟʦʣʷʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʇɹʏ ʚ ʪʝʯʝʥʠʝ 

ʜʥʷ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ. ʊʘʢʞʝ ʥʝ ʧʦʣʫʯʝʥʦ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʡ ʜʦ, ʚʦ 

ʚʨʝʤʷ ʠ ʧʦʩʣʝ ʠʟʦʣʷʮʠʠ. 

ɺʳʚʦʜʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ 

ʮʠʨʢʦʜʠʘʥʥʳʭ ʨʠʪʤʦʚ ʥʘ ʇɹʏ. ʊʘʢʞʝ, ʟʥʘʯʝʥʠʷ ʇɹʏ ʦʩʪʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʳʤʠ ʥʘ 

ʬʦʥʝ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʂʇ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʦʣʷʮʠʝʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʦʧʨʦʩ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ 

ʠʟʦʣʷʮʠʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʫʪʦʯʥʝʥʠʷ. 

 

INVESTIGATION OF PAIN SENSITIVITY INDICATORS DURING ISOLATION  

 

Niiazov A.R., Rukavishnikov I.V., Fedyay S.O. 

IBMP RAS, Moscow 

 

Introduction.  Assessing the intensity of the pain syndrome is very important in the providing 

of medical care in spaceflight (SF). One of the main characteristics of pain is the pain threshold 

(PT) - the minimum intensity of the stimulus that is perceived as painful. 

Purpose: to study pain sensitivity in humans in conditions of prolonged isolation. 
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Methodology. The object of this study was the crew and back-ups of the international 

analogue 17-day isolation experiment "SIRIUS-17" that simulated the impact of SF factors. The 

measurement of PT by the methods of tenso- (pressure pain threshold) and thermoalgometry (heat 

pain threshold) was carried out. Measurements were carried out three times a day, before, during 

and after isolation. 

Results. There were no statistically significant differences between PT values during the day. 

Also, there was no difference between results before, during and after isolation. 

Conclusions. Results may indicate an insignificant effect of the daily biological rhythms on 

PT. Also, the values of PT remain quite stable against the influence of the SF factors related to 

isolation. Furtherresearchesarerequired. 

 

ʅʋʂʃɽʀʅʆɺʓɽ ʂʀʉʃʆʊʓ ʂɸʂ ʄɸʈʂɽʈʓ ʄɽʊɸɹʆʃʀʏɽʉʂʀʍ ʅɸʈʋʐɽʅʀʁ 

ʋ ʏɽʃʆɺɽʂɸ ɺ ʋʉʃʆɺʀʗʍ ʀɿʆʃʗʎʀʀ ɺ ɻɽʈʄʆʆɹʒɽʄɽ 
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1 ɻʅʎ ʈʌ ï ʀʄɹʇ ʈɸʅ, ʄʦʩʢʚʘ; 2 ʈʋɼʅ, ʄʦʩʢʚʘ 

 

ɺʚʝʜʝʥʠʝ. ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʥʘ ʤʳʰʘʭ ʚ ʫʩʣʦʚʠʷʭ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʧʦʣʝʪʘ (ʂʇ) ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʘʨʫʰʝʥʠʷ ʣʠʧʠʜʥʦʛʦ ʦʙʤʝʥʘ ʧʝʯʝʥʠ, ʩʧʦʩʦʙʥʳʝ ʧʨʠʚʝʩʪʠ ʚ 

ʜʣʠʪʝʣʴʥʦʤ ʂʇ ʢ ʨʘʟʚʠʪʠʶ ʥʝʘʣʢʦʛʦʣʴʥʦʡ ʞʠʨʦʚʦʡ ʙʦʣʝʟʥʠ ʧʝʯʝʥʠ (ʅɸɾɹʇ).  

ʎʝʣʴ: ʠʩʩʣʝʜʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʥʝʢʦʪʦʨʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʥʫʢʣʝʠʥʦʚʳʭ 

ʢʠʩʣʦʪ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʠʢʪʦʨʦʚ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʠʟʦʣʷʮʠʠ ʚ 

ʛʝʨʤʦʦʙʲʝʤʝ. 

ʄʝʪʦʜʠʢʘ. ʆʙʲʝʢʪʦʤ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʠʣ ʵʢʠʧʘʞ (N =6) ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʘʥʘʣʦʛʦʚʦʛʦ 17-ʩʫʪʦʯʥʦʛʦ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʤʠʪʘʮʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ 

ʂʇ SIRIUS-17è. ɿʘʙʦʨ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʟʘ 7 ʩʫʪʦʢ ʜʦ ʠʟʦʣʷʮʠʠ, ʥʘ 14-ʝ ʩʫʪʢʠ 

ʠʟʦʣʷʮʠʠ ʠ ʯʝʨʝʟ 7 ʩʫʪʦʢ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʠʟʦʣʷʮʠʠ. ʇʨʦʚʦʜʠʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ï ʧʦʢʘʟʘʪʝʣʝʡ ʣʠʧʠʜʥʦʛʦ ʠ ʫʛʣʝʚʦʜʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ: ʦʙʱʝʛʦ 

ʭʦʣʝʩʪʝʨʠʥʘ, ʪʨʠʛʣʠʮʝʨʠʜʦʚ, ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʃʇɺʇ), ʣʠʧʦʧʨʦʪʝʠʥʦʚ 

ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʃʇʅʇ), ʣʠʧʦʧʨʦʪʝʠʥʦʚ ʦʯʝʥʴ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʃʇʆʅʇ), ʠʥʜʝʢʩʘ 

ʘʪʝʨʦʛʝʥʥʦʩʪʠ, ʣʠʧʦʧʨʦʪʝʠʥʘ (ʘ), ʘʧʦʣʠʧʦʧʨʦʪʝʠʥʘ ɸ1, ʘʧʦʣʠʧʦʧʨʦʪʝʠʥʘ ɺ, ʛʣʶʢʦʟʳ, 

ʠʥʩʫʣʠʥʘ, ʠʥʜʝʢʩʘ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ (HOMA-IR) ʠ ʣʝʧʪʠʥʘ. ʊʘʢʞʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʬʠʣʷ ʠ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʤʠʢʨʦʈʅʂ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʠ ʦʙʨʘʟʮʘʭ ʙʫʢʢʘʣʴʥʳʭ 

ʩʦʩʢʦʙʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʤʠʢʨʦʈʅʂ ʙʳʣʠ ʚʳʙʨʘʥʳ let-7a, miR-21, -22, -34ʘ, -122, -

124, -126 ʠ -145, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩ ʅɸɾɹʇ. ɼʣʷ 

ʥʦʨʤʘʣʠʟʘʮʠʠ ʵʢʩʧʨʝʩʩʠʦʥʥʳʭ ʜʘʥʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʵʥʜʦʛʝʥʥʦʛʦ ʨʝʬʝʨʝʥʩʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʠʢʨʦʈʅʂ miR-103. 

ʈʝʟʫʣʴʪʘʪʳ. ɺʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʩʪʘʚʘʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʨʝʬʝʨʝʥʩʥʳʭ ʟʥʘʯʝʥʠʡ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦʝ ʩʥʠʞʝʥʠʝ ʃʇɺʇ ʚʦ ʚʨʝʤʷ ʠʟʦʣʷʮʠʠ ʠ ʧʦʩʣʝ ʥʝʝ (<0,05), ʫʚʝʣʠʯʝʥʠʝ ʠʥʜʝʢʩʘ 

ʘʪʝʨʦʛʝʥʥʦʩʪʠ ʚʦ ʚʨʝʤʷ ʠʟʦʣʷʮʠʠ (<0,05) ʠ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʣʠʧʦʧʨʦʪʝʠʥʘ (ʘ) (<0,05) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʫʨʦʚʥʝʤ. ʊʘʢʞʝ ʦʪʤʝʯʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʛʣʶʢʦʟʳ ʧʦʩʣʝ 

ʠʟʦʣʷʮʠʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʦ ʠ ʚʦ ʚʨʝʤʷ ʥʝʝ (<0,05).  

ɺ 100% ʦʙʨʘʟʮʦʚ ʧʣʘʟʤʳ ʢʨʦʚʠ ʠ ʙʫʢʢʘʣʴʥʳʭ ʩʦʩʢʦʙʦʚ ʜʝʪʝʢʪʠʨʦʚʘʣʠʩʴ ʤʠʢʨʦʈʅʂ let-

7a, miR-103, -21, - 22 ʠ -145.ʇʨʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʚʳʷʚʣʝʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ miR-145ʚʦ ʚʨʝʤʷ ʠʟʦʣʷʮʠʠ (<0,05), ʠ ʧʦʚʳʰʝʥʠʝ miR-

122 ʧʦʩʣʝ ʠʟʦʣʷʮʠʠ (<0,05) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ ʜʦ ʠʟʦʣʷʮʠʠ, ʚ ʦʙʨʘʟʮʘʭ 

ʙʫʢʢʘʣʴʥʳʭ ʩʦʩʢʦʙʦʚ ʚʳʷʚʣʝʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ miR-

22 ʚʦ ʚʨʝʤʷ ʠ ʧʦʩʣʝ ʠʟʦʣʷʮʠʠ (<0,05). 

ɺʳʚʦʜʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʷʭ, ʩʧʦʩʦʙʥʳʭ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʬʘʢʪʦʨʦʚ ʂʇ ʧʨʠʚʦʜʠʪʴ ʢ ʅɸɾɹʇ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʠʢʨʦʈʅʂ ʚ ʨʦʣʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 
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ʧʨʝʜʠʢʪʦʨʦʚ ʨʘʟʚʠʪʠʷ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʉʦʧʦʩʪʘʚʠʤʳʡ ʧʨʦʬʠʣʴ ʵʢʩʧʨʝʩʩʠʠ 

ʤʠʢʨʦʈʅʂ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʠ ʦʙʨʘʟʮʘʭ ʙʫʢʢʘʣʴʥʳʭ ʩʦʩʢʦʙʦʚ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʩʣʝʜʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʥʝʠʥʚʘʟʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʙʠʦʤʘʪʝʨʠʘʣʘ. ɼʣʷ 

ʫʪʦʯʥʝʥʠʷ ʜʘʥʥʳʭ ʠ ʦʪʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʝʜʝʥʠʝ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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Background. Violations of lipid metabolism of the liver, which could lead to the development 

of non-alcoholic fatty liver disease (NAFLD) in long-term spaceflight (SF) were detected according 

to a study conducted in mice in SF conditions.  

Aim:  to investigate the dynamics of some biochemical markers and nucleic acids as predictors 

of pathological processes in conditions of isolation. 

Methodology. The object of this study was the crew (N =6) of the international analogue 17-

day isolation experiment "SIRIUS-17" that simulated the impact of SF factors. Sampling was 

carried out 7 days before the isolation, on the 14th day of isolation and 7 days after the end of the 

isolation. Biochemical parameters lipid and carbohydrate metabolism parameters: total cholesterol, 

triglycerides, high density lipoproteins (HDL), low density lipoproteins (LDL), very low density 

lipoproteins (VLDL), atherogenicity index, lipoprotein (a), apolipoprotein A1, apolipoprotein B, 

glucose, insulin, insulin resistance index (HOMA-IR) and leptin were measured. The profile and 

level of microRNAs expression in blood plasma and samples of buccal scrapings were also 

determined. Let-7a, miR-21, -22, -34a, -122, -124, -126 and -145 were selected as the investigated 

miʩroRNAs, which were associated with NAFLD with data from literature sources. MicroRNA 

miR-103 was used as an endogenous reference control to normalize the expression data. 

Results. All investigated biochemical parameters throughout the experiment remained within 

reference values. Statistically significant decrease of HDL during and after isolation (<0.05), 

increase of atherogenic index during isolation (<0.05) and increase of lipoprotein (a) level (<0.05) 

during isolation compared with baseline were observed. Also there was decrease of glucose after 

isolation in comparison with the values obtained before and during it (<0.05).  

MicroRNAs let-7a, miR-103, -21, - 22 ʠ -145 were detected in 100% samples of blood plasma 

and buccal scrapings. Normalization revealed a statistically significant decrease of miR-145 

expression level during isolation (<0.05) and an increase in miR-122 after isolation (<0.05) 

compared to their expression level prior to isolation in blood plasma. In buccal scrapings samples 

significant increase of miR-22 expression level during and after isolation was revealed (<0.05). 

Conclusions. Revealed results may indicate metabolic changes, capable lead to NAFLD in 

prolonged exposure of SF factors. Obtained results allow to consider microRNA as a potential 

predictor of the development of pathological processes. The comparable profile of microRNA 

expression in plasma and samples of buccal scrapings allows the latter to be used as an alternative 

non-invasive source of biomaterial. Furtherresearchesarerequired. 
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ʄʝʞʧʣʘʥʝʪʥʳʝ ʤʠʩʩʠʠ ʠ ʤʠʩʩʠʠ ʥʘ ʃʫʥʫ ʩʦʧʨʷʞʝʥʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʨʝʜʳ. 

ɺ ʯʠʩʣʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ï ʩʣʘʙʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʬʦʥ, ʩʠʣʴʥʦ 

ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ʬʦʥʘ ɿʝʤʣʠ. ʄʝʞʧʣʘʥʝʪʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 5-100ʥʊʣ, 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʃʫʥʳ ʠʤʝʝʪ ʥʝʧʦʩʪʦʷʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʦʣʷ 

ʨʘʚʥʳʤ 500ʥʊʣ. ʇʨʦʙʣʝʤʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʬʦʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʠʤʝʝʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʠ ʩʣʦʞʥʦ ʚʳʯʣʝʥʠʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʯʘʩʪʦʪʳ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʥʘ ʦʩʥʦʚʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʳʡ ʜʠʟʘʡʥ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʢʘʞʜʦʛʦ ʠʟ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʬʘʢʪʦʨʦʚ.  

ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʫʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʵʢʨʘʥʠʨʦʚʢʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʧʨʦʮʝʩʩʘʭ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ. ʆʜʥʘʢʦ ʵʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʝ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʤʝʪʦʜʫ ʵʢʨʘʥʠʨʦʚʢʠ ʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʪ 

ʢʨʠʪʠʯʝʩʢʠʭ ʦʙʟʦʨʦʚ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʦʩʧʦʣʥʷʝʪ ʜʘʥʥʳʡ ʧʨʦʙʝʣ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥ ʩʧʝʢʪʨ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʙʦʨʪʫ ʧʠʣʦʪʠʨʫʝʤʳʭ ʢʦʨʘʙʣʝʡ ʠ ʩʪʘʥʮʠʡ, ʥʦ ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ 2,4ɻɻʮ ʥʘʜ ʚʩʝʤʠ ʦʩʪʘʣʴʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʷʚʣʷʝʪʩʷ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʦʡ ʜʣʷ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ 

ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʪʨʝʙʫʝʪʩʷ ʦʩʦʙʳʡ ʜʠʟʘʡʥ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ.  
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Interplanetary missions and missions to the Moon are associated with different factors of the 

cosmic environment such as low magnetic field and electromagnetic background, which is differing 

from the background of the Earth. The interplanetary magnetic field has been counted from 5 to 100 

nT, magnetic field of the Moon has inconstant structure with the maximal value of the field about 

500 nT. The problem of electromagnetic background has been formulated, that electromagnetic 

radiation has an enormous range and it has been proven hard to single out biologically important 

frequencies. In the work, on the basis of literary data, the possible design of experiments, with the 

help of which the level of the impact on the living creatures will be estimated, was discussed. From 

the literature data was found that the shielding of the magnetic field of the Earth leads to changes in 

https://maps.google.com/?q=%D0%9C%D0%BE%D1%81%D0%BA%D0%B2%D0%B0,+%D1%83%D0%BB.+%D0%A2%D1%80%D1%83%D0%B1%D0%B5%D1%86%D0%BA%D0%B0%D1%8F,+%D0%B4.8,+%D1%81%D1%82%D1%80.+2&entry=gmail&source=g
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the ongoing processes in the living organisms. However, the experiments were not classified by the 

method of the shielding and there are no critical reviews of these experiments. This work fills in the 

space. According to nowadays the specter of electromagnetic radiation on the board of the piloting 

ships and stations is not sufficiently studied, but it can be said with the confidence that the 

technological frequency is more then 2,4 GHz over other frequencies of the electromagnetic 

radiation. This technological frequency appeared as a resonance frequency for molecules of  water 

and according to this the special design, which will fully accomplish to estimate the intensity of the 

impact, is needed. 
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1
ʌɹɻʋʅ ɻʅʎ ʈʌ ʀʥʩʪʠʪʫʪ ʄʝʜʠʢʦ-ɹʠʦʣʦʛʠʯʝʩʢʠʭ ʇʨʦʙʣʝʤ ʈɸʅ, ʛ. ʄʦʩʢʚʘ 

2
ʌɻɸʆʋ ɺʆ ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ ʄʀʉʀʉ, 

ʛ. ʄʦʩʢʚʘ 
3
ʅʀʀ ʢʦʩʤʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ ʌɻɹʋ ʌʅʂʎ ʌʄɹɸ ʈʦʩʩʠʠ, ʛ. ʄʦʩʢʚʘ 

4
ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪè, ʛ. ʄʦʩʢʚʘ 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʨʘʜʠʘʮʠʦʥʥʫʶ 

ʦʙʩʪʘʥʦʚʢʫ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ ʥʘ ʣʶʙʦʡ ʚʳʩʦʪʝ, ʥʘʯʠʥʘʷ ʦʪ ʫʨʦʚʥʷ ʤʦʨʷ ʠ ʢʦʥʯʘʷ ʚʳʩʦʪʦʡ 

400 ʢʤ. ʄʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ 

ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʤʝʪʦʜʦʚ ʄʦʥʪʝ-ʂʘʨʣʦ (GEANT4), ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʯʠʪʳʚʘʪʴ ʢʘʩʢʘʜʥʳʝ ʷʚʣʝʥʠʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʫ. ʄʦʜʝʣʴ 

ʫʯʠʪʳʚʘʝʪ ʢʘʢ ʩʦʣʥʝʯʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʪʘʢ ʠ ʛʝʦʤʘʛʥʠʪʥʦʝ ʦʙʨʝʟʘʥʠʝ ʩʧʝʢʪʨʘ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ. ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ 

ʫʯʠʪʳʚʘʪʴ ʣʶʙʦʡ ʪʠʧ ʘʪʤʦʩʬʝʨʳ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʧʨʦʬʠʣʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ, ʘ ʪʘʢ ʞʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʳʩʦʪ ʧʦʢʘʟʘʥ ʧʨʦʬʠʣʴ ʬʫʥʢʮʠʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ ʵʥʝʨʛʠʶ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ,  ʢʦʪʦʨʳʝ ʜʘʶʪ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʢʣʘʜ ʚ ʩʫʤʤʘʨʥʫʶ ʜʦʟʫ ʠʟʣʫʯʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʝʥ ʩʧʝʢʪʨ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʧʨʦʪʦʥʦʚ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʧʝʢʪʨ ʘʣʴʬʘ-ʯʘʩʪʠʮ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʠʣʘ 

ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʘʪʤʦʩʬʝʨʥʳʡ ʢʘʩʢʘʜ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʧʝʨʚʠʯʥʳʤʠ ʧʨʦʪʦʥʘʤʠ ʠ ʘʣʴʬʘ-

ʯʘʩʪʠʮʘʤʠ ʠ  ʚʪʦʨʠʯʥʳʤʠ ʯʘʩʪʠʮʘʤʠ (ʥʝʡʪʨʦʥʘʤʠ, ʧʨʦʪʦʥʘʤʠ, ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ, ʵʣʝʢʪʨʦʥʘʤʠ, 

ʧʦʟʠʪʨʦʥʘʤʠ, ʤʶʦʥʘʤʠ ʠ ʟʘʨʷʞʝʥʥʳʤʠ ʧʠʦʥʘʤʠ). ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʣʥʝʯʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʦʢʘʟʳʚʘʝʪ ʥʘ ʘʣʴʬʘ-ʯʘʩʪʠʮʳ. 
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The numerical model for calculating the radiation conditions of the Earthôs atmosphere has 

been calculated at different height from the sea level to the height of 400 km, is represented in this 

work. The model is based on the numerical modeling of the cosmic rays passing in the Earthôs 

atmosphere with the using of Monte-Carlo methods (GEANT4), which makes possible to account 
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cascade phenomenon during the cosmic rays passing through the atmosphere. The model into 

accounts the solar activity and as well geomagnetic circumcision range of the cosmic rays 

depending on the geographic location. Model parameters help to calculate every type of the 

atmosphere. In the work are represented radiation profiles according to the height and also for the 

various heights the profile of efficiency function is achieved, which represent the energy of the 

cosmic rays, which maximize the total dosage of radiation. Spectra of the galactic protons and 

modified spectra of the alpha-particles were shown during the different levels of the solar activity. 

Our model was used to simulate the atmosphere cascade, induced by primary protons, alpha-

particles and secondary protons (neutrons, protons, gamma-quantum, electrons, positrons, muons 

and charged pions). The powerful impact was made by the solar activity on the alpha-particles. 

 

 

 ʆʉʆɹɽʅʅʆʉʊʀ ɺɿɸʀʄʆɺʃʀʗʅʀʗ ʇʆʂɸɿɸʊɽʃɽʁ ʎɽʅʊʈɸʃʔʅʆʁ 

ɻɽʄʆɼʀʅɸʄʀʂʀ ʇʈʀ ʄʓʐɽʏʅʓʍ ʉʆʂʈɸʑɽʅʀʗʍ ʉ ʈɸɿʃʀʏʅʆʁ 

ʀʅʊɽʅʉʀɺʅʆʉʊʔʖ ʀ ʏɸʉʊʆʊʆʁ 
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ɻʅʎ ʈʌ ï ʀʄɹʇ ʈɸʅ, ʄʦʩʢʚʘ 

 

ɺʚʝʜʝʥʠʝ. ɺʳʩʦʢʘʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʧʦʨʪʩʤʝʥʦʚ, ʪʨʝʥʠʨʫʶʱʠʭ ʘʵʨʦʙʥʫʶ 

ʚʳʥʦʩʣʠʚʦʩʪʴ, ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʘʢʪʠʚʥʦ ʩʦʢʨʘʱʘʶʱʠʭʩʷ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ. 

ʇʨʠ ʨʠʪʤʠʯʝʩʢʠʭ ʩʦʢʨʘʱʝʥʠʷʭ ʢʨʦʚʦʪʦʢ ʤʠʥʠʤʘʣʝʥ ʚ ʬʘʟʫ ʥʘʧʨʷʞʝʥʠʷ ʠ ʤʘʢʩʠʤʘʣʝʥ ʚ ʧʝʨʠʦʜ 

ʨʘʩʩʣʘʙʣʝʥʠʷ. ʦʧʪʠʤʘʣʴʥʦʝ ʥʘʩʳʱʝʥʠʝ ʢʠʩʣʦʨʦʜʦʤʵʪʠʭ ʤʳʰʮ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ 

ʦʪʠʭʢʨʦʚʦʦʙʝʩʧʝʯʝʥʠʷ.ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʚʳʷʩʥʠʪʴ: (1) ʢʘʢ ʚʣʠʷʝʪ ʩʠʣʘ ʠ 

ʯʘʩʪʦʪʘ ʨʠʪʤʠʯʝʩʢʠʭ ʩʦʢʨʘʱʝʥʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ 

ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʨʘʙʦʪʘʶʱʝʡ ʤʳʰʮʳ; (2) ʢʘʢʦʡ ʨʝʞʠʤ ʤʳʰʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʙʦʪʳ çʤʳʰʝʯʥʦʛʦ ʥʘʩʦʩʘè.  

ʄʝʪʦʜʳ:ɺ ʠʩʩʣʝʜʦʚʘʥʠʠʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ 15 ʥʝʪʨʝʥʠʨʦʚʘʥʥʳʭ ʤʦʣʦʜʳʭ ʤʫʞʯʠʥ 

(ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ 24 (ʦʪ 22 ʜʦ 26 ʣʝʪ) ʛʦʜʘ. 9 ʠʩʧʳʪʫʝʤʳʭ ʪʨʝʥʠʨʦʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 8 ʥʝʜʝʣʴ (1 ʯ 

ʚ ʜʝʥʴ, 5 ʨʘʟ ʚ ʥʝʜʝʣʶ) ʥʘ ʚʝʣʦʵʨʛʦʤʝʪʨʝ. ɼʦ ʠ ʧʦʩʣʝ ʧʝʨʠʦʜʘ ʪʨʝʥʠʨʦʚʢʠ ʠʩʧʳʪʫʝʤʳʝ 

ʚʳʧʦʣʥʷʣʠ ʪʝʩʪ ʨʘʟʛʠʙʘʥʠʝ ʦʜʥʦʡ ʥʦʛʠ ʚ ʢʦʣʝʥʥʦʤ ʩʫʩʪʘʚʝ (ʈʅʂʉ) ʩ ʧʦʚʳʰʘʶʱʝʡʩʷ ʥʘʛʨʫʟʢʦʡ 

ʜʦ ʦʪʢʘʟʘ (5 ɺʪ/ʤʠʥ). ʆʩʪʘʣʴʥʳʝ 6 ʠʩʧʳʪʫʝʤʳʭ ʚʳʧʦʣʥʷʣʠ (ʈʅʂʉ)ʜʚʘʞʜʳ ʩ ʨʘʟʥʳʤʠ ʯʘʩʪʦʪʘʤʠ 

0,5 ʠ 1 ɻʮ (2 ʅʤ/ʤʠʥ). ɺʦ ʚʨʝʤʷ ʪʝʩʪʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʤʦʱʥʦʩʪʴ ʥʘʛʨʫʟʢʠ (Biodex,     ʉʐɸ); 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʕʄɻ-ʘʢʪʠʚʥʦʩʪʴ m. vastuslateralis(ʤʠʦʛʨʘʬ CP511,Grass,ʉʐɸ);ʠʟʤʝʥʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʦʙʱʝʛʦ ʛʝʤʦʛʣʦʙʠʥʘ (CHb) ʚ ʨʘʙʦʪʘʶʱʝʡ ʤʳʰʮʝ (ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨ NIRO-

200,Hamamatsu, ʗʧʦʥʠʷ), ʜʘʪʯʠʢ ʩʧʝʢʪʨʦʤʝʪʨʘ ʨʘʩʧʦʣʘʛʘʣʠ ʥʘ ʢʦʞʝ ʨʷʜʦʤ ʩ ʕʄɻ-ʵʣʝʢʪʨʦʜʘʤʠ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʤʳʰʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʦʧʨʝʜʝʣʷʣʠ: ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʕʄɻ-ʘʢʪʠʚʥʦʩʪʠ, 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʝʤʦʛʣʦʙʠʥʘ (CHbmax), ʨʘʟʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʡ CHb (ȹCHb), ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʨʘʟʥʦʩʪʠ (ȹCHbN = ȹCHb/CHb). 

ʈʝʟʫʣʴʪʘʪʳ:ɺ ʪʝʩʪʝ ʩ ʯʘʩʪʦʪʦʡ ʜʚʠʞʝʥʠʡ 0.5  ʛʮ ʜʦʣʷ CHb,  ʢʦʪʦʨʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʦʢʨʘʱʝʥʠʷ ʚʳʪʝʩʥʷʝʪʩʷ ʠʟ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʚ ʚʝʥʦʟʥʫʶ ʯʘʩʪʴ ʢʨʦʚʝʥʦʩʥʦʛʦ ʨʫʩʣʘ(ȹCHbN), 

ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʯʘʩʪʦʪʝ ʜʚʠʞʝʥʠʡ 1 ʛʮ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʝʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʬʘʟʳ ʨʘʩʩʣʘʙʣʝʥʠʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʢʨʦʚʝʥʦʩʥʦʝ ʨʫʩʣʦ ʫʩʧʝʚʘʝʪ ʥʘʧʦʣʥʠʪʴʩʷ ʙʦʣʴʰʠʤ 

ʦʙʝ̡ʤʦʤ ʢʨʦʚʠ.ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʤʳʰʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʤʝʩʪʝ ʨʝʛʠʩʪʨʘʮʠʠ  (ʕʄɻn) 

ʠʟʤʝʥʷʝʪʩʷ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʦʙʲʝʤʘ ʢʨʦʚʠ, ʚʳʪʝʩʥʷʝʤʦʡ ʠʟ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ, ʤʘʢʩʠʤʫʤ 

ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 50% ʜʦ 60% ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʕʄɻ-

ʘʢʪʠʚʥʦʩʪʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʦʣʷ ʢʨʦʚʠ, ʚʳʪʝʩʥʷʝʤʦʡ ʠʟ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʧʨʠ ʩʦʢʨʘʱʝʥʠʷʭ, 

ʩʥʠʞʘʝʪʩʷ ʧʨʠʫʚʝʣʠʯʝʥʠʷ ʩʠʣʳ ʩʦʢʨʘʱʝʥʠʷ. ɼʦ 8-ʥʝʜʝʣʴʥʦʡ ʪʨʝʥʠʨʦʚʢʠ ȹCHbN ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʷʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʪʝʩʪʘ, ʧʦʩʣʝ ʪʨʝʥʠʨʦʚʢʠ, ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʫʩʠʣʠʷʭ (ʚ ʥʘʯʘʣʝ ʪʝʩʪʘ) 

ʦʥʘ ʫʚʝʣʠʯʠʣʘʩʴ, ʘ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʥʘʛʨʫʟʢʠ ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʘʣʘʩʴ. ʊʘʢʠʝ ʨʘʟʣʠʯʠʷ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʳ ʩ ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʵʨʦʙʥʳʭ ʪʨʝʥʠʨʦʚʦʢ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠ 

ʨʝʛʫʣʷʪʦʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʩʦʩʫʜʠʩʪʦʤ ʨʫʩʣʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʢʨʦʚʦʩʥʘʙʞʝʥʠʝ 
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ʪʨʝʥʠʨʫʝʤʳʭ ʤʳʰʮ. 

ɿʘʢʣʶʯʝʥʠʝ: ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʣʷ ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʤʳʰʝʯʥʦʡ 

ʪʢʘʥʠ ʢʨʦʚʠ, ʢʦʪʦʨʘʷ ʚʳʪʝʩʥʷʝʪʩʷ ʚ ʚʝʥʦʟʥʦʝ ʨʫʩʣʦ ʧʨʠ ʨʠʪʤʠʯʝʩʢʠʭ ʩʦʢʨʘʱʝʥʠʷʭ ʤʳʰʮʳ 

(ȹCHbN), ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳʩʦʢʨʘʱʝʥʠʡ: ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʩʦʢʨʘʱʝʥʠʡ ʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʪɻʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. ʊʘʢʞʝ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʠʣʳ ʩʦʢʨʘʱʝʥʠʡ, ʧʨʠʯʝʤ ʵʪʦʪ ʵʬʬʝʢʪ ʟʘʚʠʩʠʪ ʦʪ ʘʵʨʦʙʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʳʰʮʳ 

(ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʥʝʪʨʝʥʠʨʦʚʘʥʥʦʡ ʤʳʰʮʝ).  

 

CHARACTERISTICS OF INTERACTION BETWEEN PARAMETERS OF CENTRAL 

HEMODYNAMICS DURING MUSCLE CONTRACTIONS WITH DIFFERENT 

INTENSITY AND FREQUENCY  

 

Orlova EA 

SSC RF - IBMP RAS, Moscow 

 

Introduction.High performance of endurance athletes depends on the level of blood supply to 

contracting skeletal muscles. With rhythmic contractions, the blood flow is minimal during the 

contraction phase and is maximal during the relaxation period. The optimal oxygen saturation of these 

muscles will depend on their blood supply Therefore, the purpose of this studywas to find out: (1) how the 

optimal conditions for blood supply to the working muscledepend onthe force and frequency of rhythmic 

contractions; (2) which  patternof muscle contraction provides optimal conditions for the activityof the 

"muscle pump". 

METHODS: 15 untrained young men with a median age24 (interquartile range: 22-24) participated in 

the study. 9 subjects were trained for 8 weeks (1 hour per day, 5 times per week) on a cycling ergometer. 

Before and after the training period, subjects performed incremental ramp one-legged knee extension test 

(5 W / min) till exhaustion, the remaining 6 subjects performed the same test twice with different 

frequencies of 0.5 and 1 Hz (2 Nm / min). During the test, the power output/muscle torque (Biodex, 

USA), the surface EMG activity of m. vastus lateralis (CP5 myograph 11, Grass, USA), changes in the 

content of total hemoglobin (CHb) in the working muscle (NIRO-200, Hamamatsu, Japan)were 

recorded.The spectrometersensor  was located on the skin next to the EMG electrodes. EMG activity, the 

maximum hemoglobin content (CHbmax), the difference between the maximum and minimum values of 

CHb (ȹCHb), the normalized value of this difference (ȹCHbN = ȹCHb / CHb) were determined. 

Results: In a test with a frequency of 0.5 cps, the proportion of CHb that is displaced/expelled from the 

muscle tissue to the venous part of circulation (ȹCHbN) as a result of contraction is greater than at a 

frequency of 1 Hz, which is apparently associated with a longer duration of the relaxation phase , during 

which the blood vessels can be filled with a larger volume of blood. As muscle activity increases at the 

place of registration (EMGn), the absolute blood volume displaced from muscle tissue during contraction 

changes, the maximum of this index is in the range of 50% to 60% of the maximum value of EMG 

activity. At the same time, the proportion of blood displaced from muscle tissue during contractions 

decreases with an increase in the force of contraction. Until 8-week training ȹCHbn is virtually 

unchanged throughout the test, after training, with low efforts (at the beginning of the test) it increased, 

and decreased, with increasing load. Such differences seem to be associated with structural and regulatory 

changes in the vascular bed resulting from aerobic training, ensuring blood supply to the trained muscles. 

Conclusion: Our studies showed for the first time that the portion of blood in the muscle tissue that is 

displaced into the venous bed with rhythmic muscle contractions (ȹCHbn) depends on the frequency of 

contraction: an increase in the frequency of contractions leads to a decrease in this index. It is also shown 

for the first time that a decrease in this index occurs when the contraction force increases, and this effect 

depends on the aerobic capacity of the muscle (absent in the untrained muscle). 
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ʀɿʄɽʅɽʅʀʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʇʈʆʀɿɺʆʃʔʅʓʍ ɼɺʀɾɽʅʀʁ ʇʆʉʃɽ 

ɼʃʀʊɽʃʔʅʓʍ ʂʆʉʄʀʏɽʉʂʀʍ ʇʆʃɽʊʆɺ 

 

ʆʩʝʮʢʠʡ ʅ.ʖ., ʂʠʪʦʚ ɺ.ɺ., ʉʦʩʥʠʥʘ ʀ.ʉ., ʃʳʩʦʚʘ ʅ.ʖ., ɸʤʠʨʦʚʘ ʃ.ɽ., 

ʈʦʟʝʥʙʝʨʛ ʄ., ʈʫʢʘʚʠʰʥʠʢʦʚ ʀ.ɺ. 

ɻʅʎ ʈʌ ï ʀʄɹʇ ʈɸʅ, ʄʦʩʢʚʘ 

 

ɼʣʠʪʝʣʴʥʳʡ ʢʦʩʤʠʯʝʩʢʠʡ ʧʦʣʝʪ ʧʦʜʚʝʨʛʘʝʪ ʯʝʣʦʚʝʢʘ ʚʦʟʜʝʡʩʪʚʠʶ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, 

ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʚʩʝ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ. ʉʨʝʜʠ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʥʝʚʝʩʦʤʦʩʪʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ 

ʚʝʩʪʠʙʫʣʷʨʥʳʡ ʘʧʧʘʨʘʪ, ʦʧʦʨʥʦʡ ʜʝʧʨʠʚʘʮʠʝʡ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ 

ʧʨʦʧʨʠʦʮʝʧʪʠʚʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʠʪʦʢʘ (ɻʨʠʛʦʨʴʝʚ ɸ.ʀ. ʠ ʩʦʘʚʪ.  2004, ʂʦʟʣʦʚʩʢʘʷ 

ʀ.ɹ., 2011). ɼʘʥʥʳʝ ʬʘʢʪʦʨʳ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʪʦʯʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʜʚʠʞʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ - ʪʘʢʠʭ ʩʣʦʞʥʳʭ, ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʢ ʪʦʯʥʦʩʪʥʳʝ ʜʚʠʞʝʥʠʷ 

ʨʫʢ ʠ ʧʨʦʠʟʚʦʣʴʥʘʷ ʭʦʜʴʙʘ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʜʚʠʞʝʥʠʡ ʜʦ ʠ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʠʝ ʜʠʥʘʤʠʢʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ 

ʨʦʩʩʠʡʩʢʦ-ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ çʇʦʣʝʚʦʡ ʪʝʩʪè. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠʥʷʣʦ ʫʯʘʩʪʠʝ 11 ʨʦʩʩʠʡʩʢʠʭ ʢʦʩʤʦʥʘʚʪʦʚ (ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʦʙʨʘʙʦʪʘʥʳ ʜʘʥʥʳʝ ʧʦ 4 ʢʦʩʤʦʥʘʚʪʘʤ). ʉʝʨʠʷ ʚʳʧʦʣʥʷʝʤʳʭ ʢʦʩʤʦʥʘʚʪʘʤʠ ʜʚʠʛʘʪʝʣʴʥʳʭ 

ʟʘʜʘʯ ʩʦʩʪʦʷʣʘ ʠʟ 2-ʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʧʦʣʥʷʝʤʳʭ ʪʝʩʪʦʚ: ʧʨʦʠʟʚʦʣʴʥʘʷ ʭʦʜʴʙʘ ʩ 

ʦʛʠʙʘʥʠʝʤ ʧʨʝʧʷʪʩʪʚʠʷ ʠ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯʠ ʛʨʘʜʘʮʠʠ ʫʩʠʣʠʡ ʩ ʧʦʤʦʱʴʶ ʨʫʯʥʦʛʦ 

ʜʠʥʘʤʦʤʝʪʨʘ (ʩʝʨʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʶʱʠʭ ʧʦ ʫʩʠʣʠʶ ʩʞʘʪʠʡ ʜʠʥʘʤʦʤʝʪʨʘ ʩ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʨʘʟʥʠʮʝʡ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʫʩʠʣʠʷʤʠ). ɼʣʷ ʦʮʝʥʢʠ 

ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʪʯʠʢʠ ʠʥʝʨʮʠʦʥʥʦʡ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Emerald. 

ɺ ʟʘʜʘʯʝ ʧʨʦʠʟʚʦʣʴʥʦʡ ʭʦʜʴʙʳ ʩ ʦʛʠʙʘʥʠʝʤ ʧʨʝʧʷʪʩʪʚʠʷ ʦʮʝʥʠʚʘʣʠ ʩʨʝʜʥʶʶ ʚʳʩʦʪʫ ʠ 

ʜʣʠʥʫ ʰʘʛʘ, ʘ ʪʘʢʞʝ ʚʨʝʤʷ ʦʪ ʢʦʤʘʥʜʳ ʥʘ ʥʘʯʘʣʦ ʜʦ ʤʦʤʝʥʪʘ ʚʦʟʚʨʘʱʝʥʠʷ ʚ ʠʟʥʘʯʘʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʝ. ɺ ʟʘʜʘʯʝ ʥʘ ʛʨʘʜʘʮʠʶ ʫʩʠʣʠʡ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʥʳʭ ʩʪʫʧʝʥʝʡ 

(ʛʨʘʜʘʮʠʡ), ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ (ʩʣʫʯʘʝʚ, ʚ ʢʦʪʦʨʳʭ ʧʦʩʣʝʜʫʶʱʝʝ ʜʚʠʞʝʥʠʝ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ 

ʠʣʠ ʨʘʚʥʦ ʧʦ ʩʠʣʝ ʧʨʝʜʳʜʫʱʝʤʫ), ʤʠʥʠʤʘʣʴʥʦʝ ʫʩʠʣʠʝ (ʘʙʩʦʣʶʪʥʳʡ ʧʦʨʦʛ) ʠ ʩʨʝʜʥʶʶ 

ʘʤʧʣʠʪʫʜʫ ʧʨʠʨʦʩʪʘ ʫʩʠʣʠʷ. 

ʌʦʥʦʚʳʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ 60 ʠ 30 ʩʫʪʦʢ ʜʦ ʩʪʘʨʪʘ, ʧʦʩʣʝʧʦʣʝʪʥʳʝ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ï ʚ ʜʝʥʴ ʚʦʟʚʨʘʱʝʥʠʷ (ʚ ʧʘʣʘʪʢʝ ʥʘ ʤʝʩʪʝ ʧʦʩʘʜʢʠ), ʥʘ 3-4-ʝ, 6-8-ʝ ʠ 12-ʝ ʩʫʪʢʠ 

ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʝʨʚʳʭ ʯʝʪʳʨʝʭ ʫʯʘʩʪʥʠʢʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʛʣʫʙʦʢʠʝ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʠʟʚʦʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʜʝʥʴ 

ʟʘʚʝʨʰʝʥʠʷ ʧʦʣʝʪʘ. ɼʣʠʥʘ ʰʘʛʘ ʚ ʟʘʜʘʯʝ ʧʨʦʠʟʚʦʣʴʥʦʡ ʭʦʜʴʙʳ ʚ ʬʦʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ (L-

30) ʩʦʩʪʘʚʣʷʣʘ 1,32Ñ0,10 ʤ, ʜʦʩʪʦʚʝʨʥʦ ʩʥʠʞʘʷʩʴ ʚ ʜʝʥʴ ʧʦʩʘʜʢʠ ʜʦ 0,73Ñ0,08ʤ. ɺ 

ʧʦʩʣʝʜʫʶʱʠʭ ʩʝʩʩʠʷʭ ʩʨʝʜʥʷʷ ʜʣʠʥʥʘ ʰʘʛʘ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʬʦʥʦʚʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʭʦʜʷʩʴ ʚ ʧʨʝʜʝʣʘʭ 1,26-1,32 ʤ. ɸʥʘʣʦʛʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʚ 

ʩʨʝʜʥʝʡ ʚʳʩʦʪʝ ʰʘʛʘ: ʚ ʧʨʝʜʧʦʣʝʪʥʳʭ ʩʝʩʩʠʷʭ ʦʥʘ ʩʦʩʪʘʚʣʷʣʘ 0,15Ñ0,02 ʤ ʠ 0,085Ñ0,01 ʤ - ʚ 

ʜʝʥʴ ʟʘʚʝʨʰʝʥʠʷ ʧʦʣʝʪʘ. ʅʘ 4-ʝ ʠ 7-ʝ ʩʫʪʢʠ ʧʦʩʣʝ ʧʦʣʝʪʘ ʚʳʩʦʪʘ ʰʘʛʘ ʙʳʣʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʰʝ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ, ʩʦʩʪʘʚʣʷʷ 0,168 Ñ 0,02 ʤ ʠ 0,162 Ñ 0,02 ʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ 12-ʝ 

ʩʫʪʢʠ ʧʝʨʠʦʜʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʠʥʘ ʰʘʛʘ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʣʘ 0,144 Ñ 0,008 ʤ. ʂʦʣʠʯʝʩʪʚʦ 

ʰʘʛʦʚ, ʪʨʝʙʫʶʱʠʭʩʷ ʢʦʩʤʦʥʘʚʪʫ ʜʣʷ ʦʛʠʙʘʥʠʷ ʧʨʝʧʷʪʩʪʚʠʷ, ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʣʦ ʚ ʩʨʝʜʥʝʤ ʥʘ 

70% ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʂʇ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʘ ʥʘ ʛʨʘʜʘʮʠʶ ʫʩʠʣʠʡ ʪʘʢʞʝ ʚʳʷʚʠʣʠ ʚʠʜʠʤʦʝ 

ʩʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷʤʠ: ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ 

ʧʦʨʦʛ ʚ ʧʝʨʚʳʝ ʩʫʪʢʠ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʦʣʝʪʘ ʧʦʚʳʰʘʣʩʷ ʥʘ 23.7 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʬʦʥʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ; ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 5.6 %, ʩʨʝʜʥʠʡ ʧʨʠʨʦʩʪ ʫʩʠʣʠʷ 
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ʫʚʝʣʠʯʠʣʩʷ ʥʘ 6.9%. ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʩʝʩʩʠʷʭ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʩʪʝʧʝʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ; ʥʘ 7-ʝ ʩʫʪʢʠ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʦʣʝʪʘ ʧʦʢʘʟʘʪʝʣʠ ʪʝʩʪʘ ʜʦʩʪʦʚʝʨʥʦ 

ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʠʩʭʦʜʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ 

ʚʠʜʠʤʦʝ ʩʥʠʞʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʧʦʣʝʪʦʚ, ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʝ ʚ ʦʩʪʨʦʤ ʧʝʨʠʦʜʝ ʨʝʘʜʘʧʪʘʮʠʠ ʢ ʟʝʤʥʳʤ ʫʩʣʦʚʠʷʤ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʝʡ ʥʘʫʢ (ʪʝʤʘ 63.1). 

 

CHANGES IN THE CHARACTERISTICS OF VOLUNTARY MOVEMENTS AFTER 

LONG TERM SPACE FLIGHTS  

Osetskiy N.Y., Kitov V.V., Sosnina I.S., Lysova N.Yu., Amirova L.E., 

Rosenberg M., I.V. Rukavishnikov I.V. 

SSC RF - IBMP RAS, Moscow 

A long-term space flight exposes a person to a number of factors that adversely affect all the 

body systems. Among these factors, weightlessness characterized by a specific influence on the 

vestibular apparatus, support deprivation, and a significant decrease in the proprioceptive 

information inflow (Grigoriev AI et al., 2004, Kozlovskaya IB, 2011) is the first to be noted. These 

factors negatively affect the accuracy of performing voluntary movements, in particular, such 

complicated, complex processes as precision hand movements and voluntary walking. 

The purpose of this work was to study the characteristics of voluntary movements before 

and after long term space flights, as well as a description of the restoration dynamics of the 

investigated parameters. 

This study was conducted using data obtained during the Russian-American experiment 

"Field Test". To date, 11 Russian cosmonauts have taken part in the experiment (data for 4 

cosmonauts have so far been processed). The series of motor tasks performed by cosmonauts 

consisted of 2 successive tests: standing from the sitting position, voluntarywalking with avoiding 

of the obstacle and performing the task of grading the effort with a hand dynamometer (a series of 

dynamometer compressions that consistently increase in the force with the smallest possible 

difference between neighboring efforts). To assess the biomechanical parameters of the voluntary 

movements, the Emerald inertial navigation system sensors were used. 

In the task of voluntarywalking with avoiding the obstacles, we assessed the height and 

length of the step, and the time from the command to the moment of return in the original position. 

In the task of grading efforts, the number of steps (gradations) performed, the number of errors (the 

cases in which the subsequent effort does not exceed or equal to the strength of the previous one), 

the minimal force (absolute threshold) and the average amplitude of the effort increase were 

analyzed. 

Background examinations were conducted 60 and 30 days before the start, post-flight 

surveys - on the landing day (in the tent at the landing site), on the 3-4th, 6-8th and 12th days after 

the completion of the space flight. 

Analysis of the data of the first four participants of the study showed that the most profound 

changes in the characteristics of voluntary movements are recorded on the day of completion of the 

flight. The step length in the task of voluntarywalking in background studies (L-30) was 1.32 Ñ 0.10 

m, significantly decreasing on the day of landing to 0.73 Ñ 0.08 m. In subsequent sessions, the mean 

length of the step was not significantly different from the background study, being within 1.26-1.32 

m. Similar changes were observed with the height of the step it the task of voluntarywalking: in 

preflight sessions it was 0.15 Ñ 0.02 m and 0.085 Ñ 0.006 m on the day of completion the flight. On 

the 4th and 7th days the step height was slightly higher than the initial values, amounting 0.158 Ñ 

0.02 m and 0.162 Ñ 0.02 m, respectively. On the 12th day of the restoration period, the length of the 

step averaged 0.144 Ñ 0.008 m.  
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The number of steps required for avoiding the obstacle was also decreased by 70% after 

space flight accomplishment. The results of the test for grading the efforts revealed a visible 

decrease in the accuracy capabilities of the motor control system: the differential threshold 

increased by 23.7% in the first day after the flight, compared to the background values; the number 

of errors increased by 5.6%, the average increase in effort increased by 6.9%. In subsequent 

sessions, gradual recovery of the parameters under study was observed; on the 7th day after the 

completion of the flight, the test parameters did not differ significantly from the initial ones. Thus, 

the performed study demonstrated a visible decrease in functional capacity after long term space 

flights, most pronounced in the acute period of re-adaptation to terrestrial conditions. 

The work is supported by the Russian Academy of Sciences (topic 63.1). 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʧʨʦʨʘʙʘʪʳʚʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʩʠʩʪʝʤ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ 

ʵʢʠʧʘʞʝʡ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʣʠʞʘʡʰʝʡ ʟʘʜʘʯʠ 

ʢʦʩʤʦʥʘʚʪʠʢʠ ï ʦʩʚʦʝʥʠʷ ʃʫʥʳ ʠ ʦʢʦʣʦʣʫʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʨʷʜʝ ʨʘʙʦʪ ʙʳʣʘ ʦʙʦʩʥʦʚʘʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʠʧʘʞʘ ʚ ʜʣʠʪʝʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʸʪʘʭ ʭʦʨʦʰʦ ʫʩʚʦʷʝʤʳʤʠ 

ʚʠʪʘʤʠʥʘʤʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʠʪʘʤʠʥʦʤ ʉ (ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ) ʠ ʚʠʪʘʤʠʥʦʤ ɸ 

(ʨʝʪʠʥʦʣʦʤ) ʟʘ ʩʯʸʪ ʚʳʨʘʱʠʚʘʥʠʷ ʣʠʩʪʦʚʳʭ ʦʚʦʱʝʡ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʦʨʘʥʞʝʨʝʝ (ʂʆ). ɺ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʝʢʪʘʭ ʢʦʩʤʠʯʝʩʢʠʭ ʦʨʘʥʞʝʨʝʡ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ 

ʨʘʩʪʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʚʝʪʦʜʠʦʜʦʚ (ʉɼ), ʦʙʣʘʜʘʶʱʠʭ ʨʷʜʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ (Zabeletal., 2016; ɹʝʨʢʦʚʠʯ ʠ ʜʨ., 2005). ʆʧʪʠʤʠʟʘʮʠʷ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʩʚʝʱʝʥʠʷ 

ʧʦʩʝʚʦʚ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʠʟ-ʟʘ ʤʥʦʛʦʟʥʘʯʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʨʷʜʘ ʧʘʨʘʤʝʪʨʦʚ 

ʦʩʚʝʱʝʥʠʷ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʤʝʭʘʥʠʟʤʘʭ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʪʦʚʦʛʦ ʨʝʞʠʤʘ ʥʘ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʨʘʟʨʘʙʦʪʘʥʳ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʪʘʢʠʝ ʤʝʭʘʥʠʟʤʳ, ʯʪʦ ʥʝ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʨʘʥʝʝ ʚʳʯʠʩʣʷʪʴ ʜʣʷ ʧʦʩʝʚʦʚ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ʩʧʝʢʪʨ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʧʦ ʚʨʝʤʝʥʠ ʠ ʜʨ.). ʆʧʫʙʣʠʢʦʚʘʥʳ ʜʘʥʥʳʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʪʦʤ, ʯʪʦ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʚʝʪʦʚʦʛʦ ʨʝʞʠʤʘ ʚ ʂʆ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴʩʷ ʩ ʚʦʟʨʘʩʪʦʤ 

ʨʘʩʪʝʥʠʡ. ʅʘʤʠ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʘʜʘʧʪʠʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʫʨʦʚʥʷ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʬʦʪʦʥʦʚ 

(ʇʇʌ) ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʣʠʩʪʦʚʳʭ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʚ 

ʚʠʪʘʤʠʥʥʦʡ ʂʆ ʧʦʜ ʩʚʝʪʠʣʴʥʠʢʦʤ ʥʘ ʦʩʥʦʚʝ ʙʝʣʳʭ ʠ ʢʨʘʩʥʳʭ ʉɼ. ʕʪʦʪ ʤʝʪʦʜ ʩʦʩʪʦʠʪ ʚ 

ʥʝʧʨʝʨʳʚʥʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʳʭ ʚʝʣʠʯʠʥ ʠ ʩʦʦʪʥʦʰʝʥʠʡ ʧʣʦʪʥʦʩʪʠ 

ʩʚʝʪʦʚʳʭ ʧʦʪʦʢʦʚ ʦʪ ʢʨʘʩʥʳʭ ʠ ʙʝʣʳʭ ʩʚʝʪʦʜʠʦʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ, ʥʘʧʨʠʤʝʨ, ʪʝʢʫʱʝʤʫ 

ʟʥʘʯʝʥʠʶ ʚʝʣʠʯʠʥʳ max Qʚ= (ʉɸĀʄ) ʄ/ɽ, ʛʜʝ ʄ ï ʧʨʠʨʦʩʪ ʩʫʭʦʡ ʙʠʦʤʘʩʩʳ ʧʦʩʝʚʘ ʢʠʪʘʡʩʢʦʡ 

ʢʘʧʫʩʪʳ ʟʘ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʉɸ ï ʩʦʜʝʨʞʘʥʠʝ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʩʫʭʦʡ ʤʘʩʩʝ 

ʧʦʩʝʚʘ, ɽ ï ʵʥʝʨʛʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʘʜʘʶʱʝʛʦ ʥʘ ʧʦʩʝʚ ʟʘ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʪʝʥʜ (ʀʉ) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʟʨʘʯʥʫʶ ʨʦʩʪʦʚʫʶ ʢʘʤʝʨʫ ʦʙʲʸʤʦʤ 81 ʜʤ
3
 ʩ 

ʧʨʦʟʨʘʯʥʦʡ ʧʣʦʪʥʦ ʟʘʢʨʳʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ, ʥʘʜ ʢʦʪʦʨʦʡ ʧʦʜʚʝʰʝʥ ʩʚʝʪʠʣʴʥʠʢ ʩ ʢʨʘʩʥʳʤʠ 

ʠ ʙʝʣʳʤʠ ʩʚʝʪʦʜʠʦʜʘʤʠ. ʉʚʝʪʠʣʴʥʠʢ ʠʟʛʦʪʦʚʣʝʥ ʥʘ ʦʩʥʦʚʝ ʉɼ ʩ ʙʝʣʳʤ (ʮʚʝʪʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

4000ʂ) ʠ ʢʨʘʩʥʳʤ (ʜʣʠʥʘ ʚʦʣʥʳ 660 ʥʤ) ʠʟʣʫʯʝʥʠʝʤ. ʉ ʧʦʤʦʱʴʶ ʫʧʨʘʚʣʝʥʠʷ ʪʦʢʘʤʠ ʧʠʪʘʥʠʷ 

ʩʚʝʪʦʜʠʦʜʦʚ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʇʇʌ ʥʘ ʫʨʦʚʥʝ ʚʝʨʭʥʠʭ ʣʠʩʪʴʝʚ ʧʦʩʝʚʘ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 100 

ʜʦ 1000 ʤʢʤʦʣʴ/(ʤ
2
Āʩ) ʥʝʟʘʚʠʩʠʤʦ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʉɼ ʠ ʠʟʤʝʥʷʪʴ ʜʦʣʶ ʢʨʘʩʥʦʛʦ ʩʚʝʪʘ ʚ 

ʩʧʝʢʪʨʝ ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ 73%, ʩ ʫʯʸʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʢʨʘʩʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ 
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ʩʧʝʢʪʨʝ ʙʝʣʳʭ ʉɼ. ɺʥʫʪʨʠ ʧʨʦʟʨʘʯʥʦʡ ʨʦʩʪʦʚʦʡ ʢʘʤʝʨʳ ʫʩʪʘʥʦʚʣʝʥ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ 

ʚʝʥʪʠʣʷʪʦʨ ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 ʧʦ ʦʙʲʸʤʫ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʠʪʝʣʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ. ʏʝʨʝʟ ʰʪʫʮʝʨʳ ʚ ʙʦʢʦʚʳʭ ʩʪʝʥʢʘʭ ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʸʤ ʢʘʤʝʨʳ 

ʩʦʝʜʠʥʷʝʪʩʷ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ ʩ ʤʝʤʙʨʘʥʥʦʡ ʚʦʟʜʫʭʦʜʫʚʢʦʡ ʠ ʉʆ2-ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʦʤ (ɻɸ). 

ʀʥʬʨʘʢʨʘʩʥʳʡ ɻɸ ʤʘʨʢʠ çʂʝʜʨ ɸè ʩ ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʨʝʥʠʡ ʜʦ 1000 ppm ʠ ʦʰʠʙʢʦʡ 

ʠʟʤʝʨʝʥʠʷ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ Ñ25 ppm ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʝʢʫʱʠʭ ʠʟʤʝʨʝʥʠʡ ʢʘʞʫʱʝʛʦʩʷ 

ʬʦʪʦʩʠʥʪʝʟʘ ʧʦʩʝʚʘ. ʇʥʝʚʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩ ʵʣʝʢʪʨʦʢʣʘʧʘʥʘʤʠ, ʨʦʪʘʤʝʪʨʦʤ ʠ ʦʩʫʰʠʪʝʣʝʤ 

ʚʦʟʜʫʭʘ ʧʦʟʚʦʣʷʝʪ ʣʠʙʦ ʧʦʜʘʚʘʪʴ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʠʟ ʨʦʩʪʦʚʦʡ ʢʘʤʝʨʳ ʥʘ ɻɸ ʩ ʚʦʟʚʨʘʪʦʤ ʚ 

ʢʘʤʝʨʫ, ʣʠʙʦ ʧʨʦʚʝʪʨʠʚʘʪʴ ʵʪʫ ʢʘʤʝʨʫ ʚʦʟʜʫʭʦʤ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʉʆ2 ʧʦʩʣʝ 

ʢʘʞʜʦʛʦ ʩʝʘʥʩʘ ʠʟʤʝʨʝʥʠʡ ʚʠʜʠʤʦʛʦ ʬʦʪʦʩʠʥʪʝʟʘ. ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʨʦʩʪʦʚʦʡ ʢʘʤʝʨʳ 

ʚʢʣʶʯʘʝʪʩʷ ʪʘʢʞʝ ʢʦʥʪʫʨ ʦʩʫʰʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʝ ʧʫʪʸʤ ʧʨʦʜʫʚʢʠ ʝʛʦ ʯʝʨʝʟ ʧʘʪʨʦʥ ʩ 

ʥʘʧʦʣʥʠʪʝʣʝʤ ʠʟ ʩʠʣʠʢʘʛʝʣʷ. ʇʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʉʆ2 ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʨʦʩʪʦʚʦʡ ʢʘʤʝʨʝ ʚ ʨʝʞʠʤʝ ʧʨʦʜʫʚʢʠ. ɺ ʀʉ ʙʳʣʘ 

ʠʟʤʝʨʝʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʢʘʞʫʱʝʛʦʩʷ ʬʦʪʦʩʠʥʪʝʟʘ ʧʦʩʝʚʘ ʢʠʪʘʡʩʢʦʡ 

ʢʘʧʫʩʪʳ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʢʨʘʩʥʳʤ ʩʚʝʪʦʤ (660 ʥʤ) ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʠʷʭ ʇʇʌ 500 ʤʢʤʦʣʴ/(ʤ
2
Āʩ) 

ʠ 900 ʤʢʤʦʣʴ/(ʤ
2
Āʩ) ʠ ʦʙʨʘʪʥʦ. ʀʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ ʧʦʩʝʚʘ ʚ ʀʉ ʧʨʦʠʟʚʦʜʠʣʠ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʝʨʝʜ ʠʟʤʝʨʝʥʠʷʤʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʚʢʣʶʯʘʣ ʚʦʟʜʫʭʦʜʫʚʢʫ ʠ ʢʦʥʪʫʨ 

ʦʩʫʰʢʠ ʚʦʟʜʫʭʘ, ʠ ʨʦʩʪʦʚʘʷ ʢʘʤʝʨʘ ʩ ʨʘʩʪʝʥʠʷʤʠ ʧʨʦʚʝʪʨʠʚʘʣʘʩʴ ʚʦʟʜʫʭʦʤ ʠʟ ʢʦʤʥʘʪʳ, 

ʦʙʦʛʘʱʸʥʥʳʤ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ, ʩ ʮʝʣʴʶ ʫʜʘʣʝʥʠʷ ʠʟʣʠʰʥʝʡ ʪʨʘʥʩʧʠʨʘʮʠʦʥʥʦʡ ʚʣʘʛʠ ʠ 

ʧʦʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2. ʇʨʦʮʝʩʩ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʨʦʜʦʣʞʘʣʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʪʝʯʝʥʠʝ 

4-5 ʤʠʥʫʪ ʜʦ ʧʦʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2ʚ ʚʦʟʜʫʭʝ ʨʦʩʪʦʚʦʡ ʢʘʤʝʨʳ ʜʦ 600 ppm. 

ʆʩʫʰʝʥʠʝ ʚʦʟʜʫʭʘ ʧʨʦʚʦʜʠʣʠ ʜʦ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ (60Ñ10)% ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʧʦʛʨʝʰʥʦʩʪʠ ʧʦʢʘʟʘʥʠʡ ɻɸ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʝ ʩ ʨʘʩʪʝʥʠʷʤʠ ʚʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʡ 

ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 26-28 Üʉ. ʇʦʩʣʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʦ ʩʠʛʥʘʣʫ ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

ʚʦʟʜʫʰʥʳʝ ʵʣʝʢʪʨʦʢʣʘʧʘʥʳ ʧʝʨʝʢʨʳʚʘʣʠ ʩʦʦʙʱʝʥʠʝ ʨʦʩʪʦʚʦʡ ʢʘʤʝʨʳ ʩ ʢʦʤʥʘʪʦʡ ʠ ʧʦʪʦʢ 

ʚʦʟʜʫʭʘ ʦʪ ʚʦʟʜʫʭʦʜʫʚʢʠ ʧʦʩʪʫʧʘʣ ʯʝʨʝʟ ʦʩʫʰʠʪʝʣʴ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜ ɻɸ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʦʟʚʨʘʱʝʥʠʝʤ ʚ ʨʦʩʪʦʚʫʶ ʢʘʤʝʨʫ. ɿʘʪʝʤ ʧʝʨʝʢʣʶʯʘʣʠ ʩʚʝʪ ʥʘ ʜʨʫʛʦʝ ʟʥʘʯʝʥʠʝ ʇʇʌ 

(ʥʘʧʨʠʤʝʨ, ʩ 500 ʜʦ 900 ʤʢʤʦʣʴ/(ʤ
2
Āʩ). ɼʘʣʝʝ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ. ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʟʘʧʠʩʳʚʘʣ ʩ 

ʚʳʭʦʜʘ ɻɸ ʜʠʥʘʤʠʢʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 ʚ ʨʦʩʪʦʚʦʡ ʢʘʤʝʨʝ ʩ ʧʦʩʝʚʦʤ, ʦʪʨʘʞʘʶʱʫʶ ʨʘʟʥʦʩʪʴ 

ʤʝʞʜʫ ʩʢʦʨʦʩʪʷʤʠ ʧʦʛʣʦʱʝʥʠʷ ʉʆ2 ʠ ʜʳʭʘʥʠʷ ʨʘʩʪʝʥʠʡ ʚ ʢʘʤʝʨʝ (ʚʠʜʠʤʳʡ ʬʦʪʦʩʠʥʪʝʟ). 

ɿʘʪʝʤ ʵʣʝʢʪʨʦʢʣʘʧʘʥʳ ʧʦ ʢʦʤʘʥʜʝ ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʩʥʦʚʘ ʧʝʨʝʢʣʶʯʘʣʠ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʦʪ 

ʚʦʟʜʫʭʦʜʫʚʢʠ ʩ ʢʦʥʪʫʨʘ ɻɸ ʥʘ ʨʝʞʠʤ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʢʘʤʝʨʳ. ɼʘʣʝʝ ʧʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʷʣʘʩʴ 

ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʚʘʨʠʘʥʪʘ ʩʚʝʪʦʚʦʛʦ ʨʝʞʠʤʘ. ʋʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2ʚ ʢʦʥʮʝ ʧʝʨʠʦʜʘ 

ʠʟʤʝʨʝʥʠʡ ʬʦʪʦʩʠʥʪʝʟʘ ʥʝ ʦʧʫʩʢʘʣʩʷ ʥʠʞʝ 370 ppm ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʦʧʳʪʦʚ. ʊʘʢʦʝ 

ʧʦʥʠʞʝʥʠʝ ʥʝ ʦʢʘʟʳʚʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ ʛʘʟʦʦʙʤʝʥʘ ʧʦʩʝʚʦʚ. ɼʠʩʧʝʨʩʠʷ 

ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʚʠʜʠʤʦʛʦ ʬʦʪʦʩʠʥʪʝʟʘ, ʚʳʯʠʩʣʝʥʥʳʭ ʧʦ ʬʦʨʤʫʣʝ ʌ=30ĀCĀm (ʛʜʝ 

ʨʘʟʤʝʨʥʦʩʪʴ ʧʝʨʝʧʘʜʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 ( C) ʚ ppm, ʘ mï ʤʘʩʩʘ ʚʦʟʜʫʭʘ ʚ ʤʛ ʚ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʢʘʤʝʨʝ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʝʨʠʦʜ ʠʟʤʝʨʝʥʠʡ.), ʧʦ ʧʷʪʠ 

ʧʦʚʪʦʨʥʦʩʪʷʤ ʥʝ ʧʨʝʚʳʰʘʣʘ 8,1% ʦʪ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʩʚʝʪʦʚʳʭ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʩʠʥʪʝʟʘ ʧʨʠ ʣʶʙʦʤ ʚʦʟʨʘʩʪʝ ʧʦʩʝʚʘ ʠ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʘʨʠʘʥʪʘʭ ʩʢʘʯʢʦʚ ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʣʘ 90 ʩ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʦʟʨʘʩʪʘ ʨʘʩʪʝʥʠʡ ʦʪ 15 ʩʫʪʦʢ ʜʦ 25 ʩʫʪʦʢ, ʘ ʣʠʩʪʦʚʦʛʦ ʠʥʜʝʢʩʘ ʧʦʩʝʚʘ ʦʪ 3,5 ʜʦ 

12,8 ʢʘʞʫʱʠʡʩʷ ʬʦʪʦʩʠʥʪʝʟ ʧʦʩʝʚʘ ʧʦʜ ʢʨʘʩʥʳʤʠ ʉɼ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʥʘʯʝʥʠʷʭ ʇʇʌ 

ʚʦʟʨʘʩʪʘʣ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 50%. ɺ ʮʝʣʦʤ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʀʉ ʧʦʢʘʟʘʣʦ ʝʛʦ ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʡ ʘʜʘʧʪʠʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʫʨʦʚʥʷ ʇʇʌ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟʣʫʯʝʥʠʷ ʜʣʷ 

ʧʦʩʝʚʦʚ ʣʠʩʪʦʚʳʭ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ. 
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At the present time, the concept of life support systems for spacecraft crews is being actively 

developed, designed to realize the immediate task of astronautics - the exploration of the moon and 

near-moon space. In a number of works, the necessity of providing the crew with long-term space 

flights with well-assimilated vitamins, first of all with vitamin C (ascorbic acid) and vitamin A 

(retinol), was justified by growing leafy vegetables in a space greenhouse (SG). In modern projects 

of space greenhouses, artificial illumination of plants based on light-emitting diodes (LEDs) with a 

number of technical and operational advantages is usually used (Zabel et al., 2016; Berkovich et al., 

2005). Optimization of LED lighting of crops is a difficult task due to the multivalued impact of a 

number of lighting parameters on the growth and development of plants, and also due to a lack of 

information on the mechanisms of the effect of various parameters of the light regime on these 

parameters. For this reason, up to the present time, universal mathematical models have not been 

developed that describe such mechanisms. It makes impossible to calculate in advance the optimal 

parameters for LED lighting (spectrum, intensity, light flux distribution over time, etc.). Data have 

been published showing that the optimal parameters of the light regime in the space greenhouse can 

vary significantly with the age of the plants. We propose a method of adaptive optimization of the 

level of photosynthetic photons flux density (PPFD) and the spectral composition of radiation for 

leafy vegetable crops grown in vitamin SG under a luminaries based on white and red LEDs. This 

method consists in the continuous automatic search for optimal PPFD and ratios of light fluxes from 

red and white LEDs, corresponding, for example, to the current value of max QB = (CAĀM) M/E. 

Here M is the increment of dry biomass of Chinese cabbage crop during the experiment, CA - the 

content of ascorbic acid in the dry mass of crop, E - the energy of the light flux falling on the crop 

during the experiment. The measuring bench (MB) includes a transparent growth chamber with a 

volume of 81 dm
3
 with a transparent close-fitting lid above over which luminaires with red and 

white LEDs are suspended. The luminaire is made on the basis of LEDs with white (color 

temperature 4000K) and red (wavelength 660 nm) radiation. By controlling the current supply of the 

LEDs, it is possible to adjust the PPFD at the level of the top leaves of the crop within the limits of 

100 to 1000 ɛmol/(m
2
Ās) independently for each type of LED and to change the fraction of red light 

in the radiation spectrum in the range from 0 to 73%, taking into account the content of the red 

component in the spectrum of white LEDs. Inside the transparent growth chamber, a horizontal fan 

is installed to equalize the CO2 concentration across the volume, as well as temperature and 

humidity meters. Through the fittings in the side walls, the internal volume of the chamber is 

connected by pipelines with a membrane blower and a CO2 gas analyzer (GA). Infrared GA brand 

"Kedr A" has a range of measurements up to 1000 ppm and a measurement error not exceeding Ñ 25 

ppm and is used for current measurements of the crop apparent photosynthesis. The pneumatic 

circuit with solenoid valves, rotameter and air drier allows either air flow from the growth chamber 

to the GA to return to the chamber, or to ventilate this chamber with enriched in CO2 air after each 

measurement of apparent photosynthesis. During the ventilation of the growth chamber, the 

dehumidification circuit of the air in the chamber is also switched on by blowing it through a 

cartridge filled with silica gel. The characteristics of the dynamics of the CO2 concentration and the 

relative humidity inside the empty growth chamber through the ventilations runs are given. In the 

MB, the duration of transient processes of photosynthesis of Chinese cabbage crop was measured 

under red illumination (660 nm) after PPFD switching between 500 ɛmol/(m
2
Ās) and 900 

ɛmol/(m
2
Ās). Measurements of the apparent photosynthetic rate of crop in the MB were carried out 
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as follows. Before the measurements, the microcontroller included a blower and air 

dehumidification circuit, and the growth chamber with the plants was ventilated with air from the 

room in order to raise CO2 concentration and remove excess transpiration moisture. Usually the 

process of ventilation continued for 4-5 minutes till increase of the CO2 concentration in the growth 

chamber to 600 ppm. Air dehumidification was carried out till relative humidity values of (60 Ñ 

10)% to reduce the error of GA readings. The air temperature in the chamber with plants during the 

measurements was in the range 26-28 Üʉ. After aeration, on the signal from the microcontroller the 

air electro valves blocked the communication of the growth chamber with the room and the air flow 

from the blower came to the entrance of the GA, followed by a return to the growth chamber. Then, 

the light was switched to another PPFD level, from 500 to 900 ɛmol/(m
2
Ās) or back. For 20 minutes, 

the microcontroller recorded from the GA output CO2 concentration in the growth chamber with 

crop, reflecting the difference between the rates of CO2 absorption and respiration (apparent 

photosynthesis). Then the solenoid valves, under command from the microcontroller, again 

switched the air flow from the blower from the GA loop to the chamber ventilation mode, and then 

the procedure was repeated for the next light regime. The level of CO2 concentration at the end the 

period of measurements of photosynthesis did not drop below 370 ppm for all variants of the 

experiments. This decrease did not significantly affect the rate of gas exchange of crops. The 

dispersion of apparent photosynthesis rate calculated by the formula F = 30 Å ȹC Å m (where the 

CO2 drop (ȹC) in ppm, and m is the mass of air inside the chamber in mg at the corresponding 

temperature during the measurement period) for five replicates did not exceed 8.1% of the mean 

values. It was found that the duration of the light transient processes of photosynthesis at any age of 

crop and all the investigated variants of the LED radiation jumps did not exceed 90 sec. With an 

increase in the plant age from 15 days to 25 days and the crop leaf area index from 3.5 to 12.8, the 

apparent photosynthesis of crop under red LEDs for identical PPFD increased by approximately 

50%. In general, MB testing showed its suitability for the subsequent adaptive optimization of the 

PPFD level and the light spectral composition for the leafy vegetable crops. 

 

ʎɽʅʊʈɸʃʔʅɸʗ ʀ ʇɽʈʀʌɽʈʀʏɽʉʂɸʗ ɻɽʄʆɼʀʅɸʄʀʂɸ ʏɽʃʆɺɽʂɸ ɺ ʍʆɼɽ 

ʀɿʆʃʗʎʀʆʅʅʆɻʆ ʕʂʉʇɽʈʀʄɽʅʊɸ çʉʀʈʀʋʉ-17è 

 

ʇʘʤʦʚʘ ɸ.ʇ. 

ɻʅʎ ʈʌ ï ʀʄɹʇ ʈɸʅ, ʄʦʩʢʚʘ 

 

ʅʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʘʤʢʘʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʘʜʘʧʪʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʪʜʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʸʪʘ ʚ ʫʩʣʦʚʠʷʭ, ʦʩʥʦʚʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʣʘʩʴ ʠʟʦʣʷʮʠʷ ʚ ʛʝʨʤʦʦʙʲʝʢʪʝ ʩ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʨʝʜʦʡ ʦʙʠʪʘʥʠʷ. ɺʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʦʙʨʦʚʦʣʴʮʳ 17 ʩʫʪʦʢ ʥʘʭʦʜʠʣʠʩʴ ʚ 

ʫʩʣʦʚʠʷʭ ʠʟʦʣʷʮʠʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʠʤʠʪʘʮʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʸʪʘ ʜʦ ʃʫʥʳ, ʝʸ ʦʙʣʸʪʫ ʠ 

ʚʦʟʚʨʘʱʝʥʠʶ ʥʘ ɿʝʤʣʶ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʦʮʝʥʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʩʪʦʷʥʠʠ ʤʠʢʨʦʮʠʨʢʫʣʷʪʦʨʥʦʛʦ (ʄʎʈ) ʨʫʩʣʘ 

ʚʝʨʭʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʩʣʦʚʠʡ ʠʟʦʣʷʮʠʠ ʩ ʩʦʚʤʝʩʪʥʦʡ ʦʮʝʥʢʦʡ ʠʟʤʝʥʝʥʠʡ 

ʮʝʥʪʨʘʣʴʥʦʡ ʛʝʤʦʜʠʥʘʤʠʢʠ. 

ʄʝʪʦʜʠʢʘ: ʚ ʠʩʧʳʪʘʥʠʷʭ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʜʝʚʷʪʴ ʯʝʣʦʚʝʢ. ʐʝʩʪʴ ʯʝʣʦʚʝʢ, ʢʦʪʦʨʳʝ 

ʧʦʜʚʝʨʛʣʠʩʴ ʠʟʦʣʷʮʠʠ, ʷʚʣʷʣʠʩʴ ʦʩʥʦʚʥʳʤ ʵʢʠʧʘʞʝʤ (ʪʨʦʝ ʤʫʞʯʠʥ ʠ ʪʨʦʝ ʞʝʥʱʠʥ). ʊʨʠ 

ʯʝʣʦʚʝʢʘ ʷʚʣʷʣʠʩʴ ʜʫʙʣʠʨʫʶʱʠʤ ʵʢʠʧʘʞʝʤ ʠ ʠʟʦʣʷʮʠʠ ʥʝ ʧʦʜʚʝʨʛʘʣʠʩʴ (ʜʚʦʝ ʤʫʞʯʠʥ ʠ 

ʞʝʥʱʠʥʘ). ɺʩʝ ʠʩʧʳʪʘʪʝʣʠ ʠʤʝʣʠ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. ʉʦʩʪʦʷʥʠʝ 

ʮʝʥʪʨʘʣʴʥʦʡ ʛʝʤʦʜʠʥʘʤʠʢʠ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʤʦʥʠʪʦʨʘ ʨʝʘʥʠʤʘʪʦʣʦʛʘ (ʄʇʈ 6-03, 

ʈʦʩʩʠʷ). ʀʟʤʝʨʷʣʠ ʩʠʩʪʦʣʠʯʝʩʢʦʝ ʠ ʜʠʘʩʪʦʣʠʯʝʩʢʦʝ ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ (ʉɸɼ ʠ ɼɸɼ), 

ʫʜʘʨʥʳʡ ʦʙʲʝʤ ʠ ʫʜʘʨʥʳʡ ʠʥʜʝʢʩ (ʋʆ, ʋʀ), ʩʠʩʪʦʣʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʠ ʚʳʙʨʦʩ (ʉʀ, ʉɺ), ʦʙʱʝʝ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦʩʫʜʦʚ (ʆʇʉʉ), ʥʘʩʳʱʝʥʠʝ ʘʨʪʝʨʠʘʣʴʥʦʡ ʢʨʦʚʠ 

ʢʠʩʣʦʨʦʜʦʤ (SpO2) ʠ ʯʘʩʪʦʪʫ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ (ʏʉʉ). ʉʦʩʪʦʷʥʠʝ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ 

ʛʝʤʦʜʠʥʘʤʠʢʠ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʢʘʧʠʣʣʷʨʦʩʢʦʧʠʠ (ʂʘʧʠʣʣʷʨʦʩʢʘʥ-01, 
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ʆʆʆ çʅʦʚʳʝ ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʊʝʭʥʦʣʦʛʠʠè, ʈʦʩʩʠʷ), ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʡ 

ɼʦʧʧʣʝʨʦʚʩʢʦʡ ʬʣʦʫʤʝʪʨʠʠ - ʃɼʌ (ʃɸʂʂ-02 çʃɸɿʄɸè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ). ʀʟʤʝʨʷʣʠ 

ʧʝʨʠʢʘʧʠʣʣʷʨʥʫʶ ʟʦʥʫ (ʇɿ) (ʤʢʤ), ʢʦʣʠʯʝʩʪʚʦ ʢʘʧʠʣʣʷʨʦʚ ʚ 1 ʤʤ
2
(ʰʪ.) ʚ ʢʦʞʝ ʥʦʛʪʝʚʦʛʦ 

ʚʘʣʠʢʘ ʚʝʨʭʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ, ʘʤʧʣʠʪʫʜʫ ʘʢʪʠʚʥʳʭ ʠ ʧʘʩʩʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʦʥʫʩʘ ʩʦʩʫʜʦʚ: ɸʵ (ʵʥʜʦʪʝʣʠʘʣʴʥʘʷ), ɸʥ (ʥʝʡʨʦʛʝʥʥʘʷ), ɸʤ (ʤʠʦʛʝʥʥʘʷ), ɸʩ (ʩʝʨʜʝʯʥʘʷ), ɸʜ 

(ʜʳʭʘʪʝʣʴʥʘʷ). ɼʘʪʯʠʢ ʃɼʌ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʥʘ ʧʨʝʜʧʣʝʯʴʝ ʚ ʧʦʣʦʞʝʥʠʠ ʣʸʞʘ ʥʘ ʩʧʠʥʝ ʚ ʟʦʥʝ 

ɿʘʭʘʨʴʠʥʘ-ɻʝʜʘ (ʟʦʥʘ ʩʝʨʜʮʘ). ɸʜ ʦʮʝʥʠʚʘʣʠ ʩʪʨʦʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʯʘʩʪʦʪʦʡ ʜʳʭʘʪʝʣʴʥʳʭ 

ʜʚʠʞʝʥʠʡ (ʏɼɼ), ɸʩ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʏʉʉ. ʊʘʢ ʞʝ ʠʟʤʝʨʷʣʠ ʇʄ (ʧʬ.ʝʜ.) ï ʧʦʢʘʟʘʪʝʣʴ 

ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ (ʃɼʌ). ʀʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʚ 3 ʵʪʘʧʘ: ʜʦ, ʚʦ ʚʨʝʤʷ (2, 7, 14 

ʩʫʪʢʠ) ʠ ʧʦʩʣʝ ʠʟʦʣʷʮʠʠ ʫ ʦʩʥʦʚʥʦʛʦ ʵʢʠʧʘʞʘ, ʘ ʪʘʢʞʝ ʜʦ ʠ ʧʦʩʣʝ ʫ ʜʫʙʣʝʨʦʚ. ɸʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ STATISTICA 10 ʠ Excel 2016, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʱʝʧʨʠʥʷʪʳʭ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʋʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ ʨ< 0,05. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʣʝʝ ʚ ʚʠʜʝ ʤʝʜʠʘʥ ʠ ʢʚʘʨʪʠʣʝʡ Me 

[Q25;Q75]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ: ʚʥʘʯʘʣʝ ʩ ʧʦʤʦʱʴʶ U ï ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ ï ʋʠʪʥʠ ʦʮʝʥʠʣʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʜʚʫʭ ʚʳʙʦʨʦʢ ʠʩʧʳʪʘʪʝʣʝʡ ʢ ʦʜʥʦʡ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ. ʆʢʘʟʘʣʦʩʴ, 

ʯʪʦ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʮʝʥʪʨʘʣʴʥʦʡ ʛʝʤʦʜʠʥʘʤʠʢʠ ʜʘʥʥʳʝ ʠʩʧʳʪʘʪʝʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʥʝ 

ʨʘʟʣʠʯʘʶʪʩʷ ʨ> 0,05, ʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʄʎʈ, ʪʘʢ ʜʣʷ ʢʦʣʠʯʝʩʪʚʘ ʢʘʧʠʣʣʷʨʦʚ p< 

0,001, N=9, ʦʩʥʦʚʥʦʡ ʵʢʠʧʘʞ: 102 [82;112]; ʟʘʧʘʩʥʦʡ: 74 [58;88]; ʧʦ ɸʜ, p< 0,001, N=9 

ʦʩʥʦʚʥʦʡ: 0,12 [0,11;0,12]; ʟʘʧʘʩʥʦʡ: 0,08 [0,04;0,09]. ɺ ʮʝʣʦʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʳʙʦʨʢʠ 

ʠʩʧʳʪʘʪʝʣʝʡ ʧʦʜʦʙʨʘʥʳ ʦʜʥʦʨʦʜʥʦ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʤʦʞʝʤ ʩʨʘʚʥʠʪʴ ʠʭ ʚ ʧʝʨʠʦʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɼʘʣʝʝ, ʧʦ ʤʝʪʦʜʫ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʤʳ ʚʠʟʫʘʣʴʥʦ ʦʮʝʥʠʣʠ ʦʜʥʦʨʦʜʥʦʩʪʴ ʚʳʙʦʨʦʢ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʮʝʥʪʨʘʣʴʥʦʡ ʠ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʛʝʤʦʜʠʥʘʤʠʢʠ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʫ ʦʜʥʦʛʦ ʠʩʧʳʪʘʪʝʣʷ ʦʩʥʦʚʥʦʛʦ ʵʢʠʧʘʞʘ 

ʧʦʢʘʟʘʪʝʣʠ ʄʎʈ ʚʳʭʦʜʠʣʠ ʟʘ ʧʨʝʜʝʣʳ 2 ʩʠʛʤ, ʧʦʵʪʦʤʫ, ʤʳ ʠʩʢʣʶʯʠʣʠ ʝʛʦ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ 

ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ ʄʎʈ. ʇʦʩʣʝ ʵʪʦʛʦ, ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʛʝʤʦʜʠʥʘʤʠʢʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ U ï ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ ï ʋʠʪʥʠ ʩʦʩʪʘʚʠʣʦ ʨ> 0,05. ɼʘʣʝʝ ʧʘʨʘʤʝʪʨʳ 

ʮʝʥʪʨʘʣʴʥʦʡ ʛʝʤʦʜʠʥʘʤʠʢʠ ʦʩʥʦʚʥʦʛʦ ʵʢʠʧʘʞʘ ʤʳ ʦʮʝʥʠʣʠ ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ʌʨʠʜʤʘʥʘ, 

ʨ< 0,05 ʧʨʠ N = 6 ʜʣʷ ʋʆ, ʉʀ, ʏʉʉ. ɺ ʢʘʯʝʩʪʚʝ ʘʧʦʩʪʝʨʠʦʨʥʦʛʦ ʪʝʩʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʨʠʪʝʨʠʡ 

ɺʠʣʢʦʢʩʦʥʘ ʩ ʚʚʝʜʝʥʠʝʤ ʧʦʧʨʘʚʢʠ ɹʦʥʬʝʨʨʦʥʠ, ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ, ʧʨʠ ʵʪʦʤ, ʤʝʥʴʰʝ ʠʣʠ 

ʨ< 0,01. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʠʟʤʝʥʠʣʩʷ ʋʆ (ʨ = 0,003), ʦʥ ʧʘʜʘʣ ʢ ʧʝʨʠʦʜʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʪʦʨʳʤʠ ʩʫʪʢʘʤʠ ʠʟʦʣʷʮʠʠ ʩ 89 [76;99] ʜʦ 56 [51;74]. ʊʦ ʞʝ 

ʤʳ ʚʳʧʦʣʥʷʣʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʛʝʤʦʜʠʥʘʤʠʢʠ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʦ ʠʟʤʝʥʷʣʘʩʴ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʘ ʇɿ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʥʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʢ 14 ʩʫʪʢʘʤ 

ʠʟʦʣʷʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʪʦʨʳʤʠ ʩʫʪʢʘʤʠ ʠ ʚʦʟʚʨʘʱʘʣʘʩʴ ʢ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʚ 

ʧʝʨʠʦʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ɺʠʣʢʦʢʩʦʥ, ʨ = 0,004, N=5) ʩ 72 [64;84] ʜʦ 84 [78;117]. ɼʨʫʛʠʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʤʝʣʠʩʴ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʪʝʥʜʝʥʮʠʠ ʫ ʥʝʢʦʪʦʨʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʅʘʧʨʠʤʝʨ, ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʘʤʧʣʠʪʫʜʘ ɸʜ, ʯʪʦ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʇɿ ʤʦʞʝʪ ʢʦʩʚʝʥʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʘʨʫʰʝʥʠʠ ʧʨʦʮʝʩʩʦʚ 

ʨʝʘʙʩʦʨʙʮʠʠ ʚ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʘʜʝʥʠʝʤ ʋʆ ʠʤʝʣʘʩʴ 

ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ ʋʀ ʠ ʫʚʝʣʠʯʝʥʠʶ ʏʉʉ ʠ ʏɼɼ ʢ ʧʝʨʠʦʜʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʅʘʙʣʶʜʘʣʠ 

ʠ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʢʘʧʠʣʣʷʨʦʚ ʚ ʢʦʞʝ ʥʦʛʪʝʚʦʛʦ ʚʘʣʠʢʘ ʚʝʨʭʥʠʭ 

ʢʦʥʝʯʥʦʩʪʝʡ ʢ 14 ʩʫʪʢʘʤ ʠʟʦʣʷʮʠʠ, ʘ ʪʘʢʞʝ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚ ʧʝʨʠʦʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɼʣʷ 

ʦʮʝʥʢʠ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʫʩʪʦʡʯʠʚʦ ʧʦʤʝʥʷʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʢ ʧʝʨʠʦʜʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʨʠʪʝʨʠʡ ɺʠʣʢʦʢʩʦʥʘ (p<0,05) ʜʣʷ ʛʨʫʧʧʳ ʦʩʥʦʚʥʦʛʦ ʠ ʜʫʙʣʠʨʫʶʱʝʛʦ 

ʵʢʠʧʘʞʝʡ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʫ ʛʨʫʧʧʳ ʦʩʥʦʚʥʦʛʦ ʵʢʠʧʘʞʘ ʫʚʝʣʠʯʝʥʠʝ ʏʉʉ ʠ ʏɼɼ ʙʳʣʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʫʙʣʠʨʫʶʱʝʡ ʛʨʫʧʧʦʡ ʨ< 0,05 (ʫ ʢʦʪʦʨʳʭ ʜʘʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʟʘ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʧʦʤʝʥʷʣʠʩʴ). ʉʥʠʞʝʥʠʝ ʋʆ ʪʘʢ ʞʝ ʙʳʣʦ ʫʩʪʦʡʯʠʚʦ 

ʥʠʞʝ ʨ< 0,05.  

ɿʘʢʣʶʯʝʥʠʝ: ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʦʟʥʘʯʥʦ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʫʩʣʦʚʠʷ ʠʟʦʣʷʮʠʠ ʩ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ 

ʛʝʤʦʜʠʥʘʤʠʢʠ. ʇʨʠ ʵʪʦʤ, ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʛʝʤʦʜʠʥʘʤʠʢʠ, ʧʦ ʚʩʝʡ 
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ʚʠʜʠʤʦʩʪʠ, ʣʠʰʴ ʢʦʩʚʝʥʥʦʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʛʝʤʦʜʠʥʘʤʠʢʠ ʧʦʚʣʝʢʫʪ 

ʟʘ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ, ʥʦ ʜʣʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ, ʪʦ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʠʟʦʣʷʮʠʠ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʏʉʉ ʠ ʏɼɼ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʋʆ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʳ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʪʨʝʩʩʘ ʠ/ʠʣʠ ʩʥʠʞʝʥʠʝʤ ʢʦʤʧʝʥʩʘʪʦʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʷʮʠʠ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʩʣʝ 14 ʩʫʪʦʢ, ʩʫʜʷ ʧʦ ʚʩʝʤʫ, ʥʘʯʘʣʘʩʴ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʜʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʪʦ ʝʩʪʴ ʧʦʷʚʠʣʠʩʴ ʧʨʠʟʥʘʢʠ ʘʜʘʧʪʘʮʠʠ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ.  

 

 

HUMAN CENTRAL AND PERIPHERAL HEMODYNAMICS DURING ISOLATION 

EXPERIMENT ñSIRIUS ï 17ò 

 

Pamova A.P. 

Institute of Biomedical Problems of the RAS, Moscow 

 

Our research was carried out as a part of comprehensive study of the adaptation processes 

occurring in the human body during modeling of space flight. The main condition of this study was 

human isolation in a hermetic object with an artificial habitat. Volunteers were in isolation condition 

during 17 days and this simulate of space flight to the moon, its circumnavigation and return to the 

Earth.  

The purpose of this study: wasto evaluate changes on microcirculation of upper limbs in the 

influence of isolation with a joint assessment of changes in central hemodynamic. 

Methods: The experimental group consist of nine healthy volunteers divided into two paths: 

main crew ï was in isolation during 17 days (three men and three women) and backup crew ï they 

werenôt in isolation (two men and woman). The state of the central hemodynamics was examined 

with the help of the bedside monitor (MPR 6-03, Russia). Systolic and diastolic arterial pressure 

(SBP and DBP), stroke output and stroke index (SO, SI), systolic volume index (SVI), peripheral 

vascular resistance (PVR), arterial oxygen saturation (SpO2) and frequency heart rate (HR) were 

measured. Functional state of the skin microcirculation was checked with a LDF LAKK-02 

(ñLAZMAò, Russia). Capillary parameters were assessed in the nail fold at the same time with LDF 

by means of a computer capillaroscopy CAPILLAROSCAN-01 (ñAdvanced Energy Technologiesò 

Ltd, Russia). We estimate pericapillary zone (PZ, ɛm), the number of capillaries (pcs), the 

amplitude of the active and passive mechanisms of the vascular tone formation: Ae (endothelial), An 

(neurogenic), Am (myogenic) Ac (cardiac), Ar (respiratory), PM ï the level of microcirculation 

perfusion (pf.). The LDF probe was place on forearm on the heart zone (Greenberg S.A., 2003). 

Parameters were checked in 3 stages: background, 2-7-14 days of isolation and recovery (main 

crew), background and ñrecoveryò ï backup crew. Nonparametric statistical analyses were 

performed via STATISTICA 10 and Excel 2016 (significant level p<0,05). The results are presented 

as medians and quartiles: Me [Q25; Q75]. 

Results and discussion: with Mann-Whitney U test the main and backup crews was estimated. 

According to the parameters of the central hemodynamics these crews do not statistically 

significantly different (N=9), p> 0.05. Microcirculation parameters: the number of capillaries p 

<0.001, N = 9, the main crew: 102 [82; 112]; backup: 74 [58; 88]; LDF parameter: Ad, p <0.001, N 

= 9 main: 0.12 [0.11, 0.12]; backup: 0.08 [0.04, 0.09]. Further, by the method of the main 

components, we visually assessed the homogeneity of the samples according to the parameters of 

the central and peripheral hemodynamics. It was revealed that one volunteer from main crew was 

exceeded the limits of two ů, we excluded him from the further analysis of the microcirculation 

parameters. Consequently, in the future we can compare them in the recovery period. After this, 

according to the parameters of peripheral hemodynamics, the statistical value of the Mann-Whitney 

U test was p > 0,05. After this we use Friedmanôs test for all parameters, p <0.05 for N = 6 (main 

crew) for SO, SVI, HR. Wilcoxon's test was used as post hoc analysis with Bonferroni correction, 
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the level of significance p <0.01. Statistically significant changes in SO (p = 0.003), decreased to 

the recovery period compared to the second day of isolation from 89 [76, 99] to 56 [51, 74]. The 

same was done with the parameters of peripheral hemodynamics, it turned out that only the value of 

PZ was statistically significant, in particular, it increased to 14 days of isolation in comparison with 

the second day and returned to the initial values in the recovery period (Wilcoxonôs test, p = 0.004, 

N = 5) from 72 [64; 84] to 84 [78, 117]. There were no other statistically significant changes. 

Nevertheless, there were certain trends in some parameters. For example, the amplitude of Ad 

increased, which, simultaneously with the increase in PZ, can indirectly indicate a violation of 

reabsorption processes in the interstitial space. Simultaneously with the decrease of SO, there was a 

tendency for a decrease in SI and an increase in HR and the rate of respiration for the recovery 

period. We also observed, that the number of functioning capillaries in the skin of the nail bad was 

decrease on the upper limbs to 14 days of isolation and then an acute increase in the recovery 

period. We can say, that in recovery period parameters of main crew didnôt returned to normal 

values: Wilcoxsonôs test (p <0.05, N=8) between group of main and backup crews. It turned out that 

in the main crew the increase of HR and rate of respiration was statistically significant in 

comparison with the backup crew p <0.05 (in backup crew these parameters did not change during 

the experiment). The decrease in SO was also stable below background values p <0.05. 

Conclusion: Thus, isolation conditions with limited physical activity effect on the state of 

central hemodynamics. At the same time, the influence on peripheral hemodynamics, apparently, is 

only indirect. It is obvious that changes in central hemodynamics will lead to changes in 

microcirculation, it is necessary longer isolation to assess these changes. A statistically significant 

increase of HR and rate of respiration, as well as a decrease in SO, can be caused by stress and / or a 

decrease in compensatory regulation mechanisms of the cardiovascular system. Nevertheless, after 

14 days of isolation occurred the physiological compensation of these changes.  

 

 

ʀɿʋʏɽʅʀɽ ɺʃʀʗʅʀʗ ʄɽʍɸʅʀʏɽʉʂʆʁ ʉʊʀʄʋʃʗʎʀʀ ʆʇʆʈʅʓʍ 

ɸʌʌɽʈɽʅʊʆɺ ʂɸʄɹɸʃʆɺʀɼʅʆʁ ʄʓʐʎʓ ʂʈʓʉ ʅɸ ʊʈɸʌʀʂ HDAC5 ʀ 

ʕʂʉʇʈɽʉʉʀʖ E3-ʋɹʀʂɺʀʊʀʅʃʀɻɸɿ ʅɸ ʈɸʅʅʀʍ ʕʊɸʇɸʍ ʄʆɼɽʃʀʈʋɽʄʆʁ 

ɻʈɸɺʀʊɸʎʀʆʅʅʆʁ ʈɸɿɻʈʋɿʂʀ. 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ-ʜ.ʙ.ʥ., ʧʨʦʬʝʩʩʦʨ ʐʝʥʢʤʘʥ ɹ.ʉ. 

ɻʅʎ ʈʌ ï ʀʄɹʇ  ʈɸʅ, ʄʦʩʢʚʘ 

 

ʇʨʠ ʜʝʡʩʪʚʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʨʘʟʛʨʫʟʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʚʠʪʠʝ ʤʳʰʝʯʥʦʡ ʘʪʨʦʬʠʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ 

ʩʠʥʪʝʟʘ ʙʝʣʢʘ (Bodineetal., 2013). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʠʩʪʦʥʜʝʘʮʝʪʠʣʘʟʳ (HDAC) ʢʣʘʩʩʘ IIa 

ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟ (Moresietal., 2010; DuBoisetal., 2017). 

ʕʢʩʧʨʝʩʩʠʷ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʨʘʟʛʨʫʟʢʠ 

(Bodineetal., 2001). ʈʘʥʝʝ ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʷʜʝʨʥʦ-

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʪʨʘʬʠʢʘ HDAC ʢʣʘʩʩʘ IIa ʧʨʠ ʜʝʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʠ ɸʄʌ-

ʘʢʪʠʚʠʨʫʝʤʦʡ ʧʨʦʪʝʠʥʢʠʥʘʟʳ (ɸʄʈʂ) ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʨʘʟʛʨʫʟʢʠ 

(Vilchinskayaetal., 2017). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʫʩʪʨʘʥʝʥʠʠ ʦʧʦʨʳ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʢʨʘʪʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ m. soleus ʢʨʳʩʳ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʢʨʘʱʘʝʪʩʷ 

(Kozlovskaya et al, 1987; Alford et al., 1987; Kawano et al, 2002; De-Doncker et al, 2005). 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʩʪʠʤʫʣʷʮʠʷ ʦʧʦʨʥʳʭ ʟʦʥ ʩʪʦʧʳ ʫ ʯʝʣʦʚʝʢʘ ʥʘ ʬʦʥʝ ʦʧʦʨʥʦʡ ʨʘʟʛʨʫʟʢʠ 

ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʪʦʥʠʯʝʩʢʫʶ ʩʦʢʨʘʪʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʩʪʫʨʘʣʴʥʦʡ ʢʘʤʙʘʣʦʚʠʜʥʦʡ 

ʤʳʰʮʳ (ɻʨʠʛʦʨʴʝʚ ʠ ʜʨ., 2004; ʐʝʥʢʤʘʥ ʠ ʜʨ., 2004). ʎʝʣʴ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʣʘ ʚ 

ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ ʦʧʦʨʥʳʭ ʘʬʬʝʨʝʥʪʦʚ ʥʘ ʬʦʥʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 

ʨʘʟʛʨʫʟʢʠ ʥʘ ʪʨʘʬʠʢ HDAC5 ʠ ʵʢʩʧʨʝʩʩʠʶ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟ ʚ m. soleus ʢʨʳʩʳ. ɼʣʷ ʵʪʦʛʦ 

ʧʨʦʚʦʜʠʣʦʩʴ 1 ʩʫʪʦʯʥʦʝ ʘʥʪʠʦʨʪʦʩʪʘʪʠʯʝʩʢʦʝ ʚʳʚʝʰʠʚʘʥʠʝ ʟʘʜʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ʢʨʳʩ ʧʦ 
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ʤʝʪʦʜʠʢʝ ʀʣʴʠʥʘ-ʅʦʚʠʢʦʚʘ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʄʦʨʝʡ-ʍʦʣʪʦʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʧʦʨʥʦʡ 

ʩʪʠʤʫʣʷʮʠʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ 104 ʤʤ ʨʪ ʩʪ. ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 4 ʯʘʩʘ ʩ ʯʘʩʪʦʪʦʡ 1 

ʛʮ. ʇʦʩʣʝ ʯʝʛʦ ʩʦʜʝʨʞʘʥʠʝ pAMPK(Thr172), pPKD(Ser485/491) ʠ HDAC5 ʚ ʷʜʝʨʥʦʡ ʬʨʘʢʮʠʠ 

m. soleus ʢʨʳʩʳ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʛʝʣʴ-ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʠʤʤʫʥʦʙʣʦʪʪʠʥʛʦʤ. ʋʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ MuRF-1 ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ PCR-RT. ɺ ʨʝʟʫʣʴʪʘʪʝ 

1-ʩʫʪʦʯʥʦʛʦ ʚʳʚʝʰʠʚʘʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʦʡ AMPK (Thr172) ʥʘ 37% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ, ʘ ʚ ʛʨʫʧʧʝ ʩ 

ʦʧʦʨʥʦʡ ʩʪʠʤʫʣʷʮʠʝʡ ʜʦʩʪʦʚʝʨʥʳʭ ʦʪʣʠʯʠʡ ʦʪ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʇʦʩʣʝ 1-

ʩʫʪʦʯʥʦʛʦ ʚʳʚʝʰʠʚʘʥʠʷ ʚʳʷʚʣʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ HDAC5 ʚ ʷʜʝʨʥʦʡ 

ʬʨʘʢʮʠʠ ʙʝʣʢʦʚ ʥʘ 47% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʫʧʧʦʡ ʢʦʥʪʨʦʣʷ. ʇʨʠ ʵʪʦʤ ʚ ʛʨʫʧʧʝ ʩ ʦʧʦʨʥʦʡ 

ʩʪʠʤʫʣʷʮʠʝʡ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʳʭ ʦʪʣʠʯʠʡ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʦʪ ʫʨʦʚʥʷ ʢʦʥʪʨʦʣʴʥʦʡ 

ʛʨʫʧʧʳ. ʆʙʥʘʨʫʞʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ ʜʚʫʢʨʘʪʥʦʝ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʦʡ 

ʧʨʦʪʝʠʥʢʠʥʘʟʳ D (PKD) (Ser485/491) ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʳ ʢʦʥʪʨʦʣʷ ʧʦʩʣʝ 1-ʩʫʪʦʯʥʦʛʦ 

ʚʳʚʝʰʠʚʘʥʠʷ, ʧʨʠ ʵʪʦʤ ʛʨʫʧʧʝ ʚʳʚʝʰʠʚʘʥʠʷ ʩ ʦʧʦʨʥʦʡ ʩʪʠʤʫʣʷʮʠʝʡ ʜʦʩʪʦʚʝʨʥʳʭ ʦʪʣʠʯʠʡ 

ʦʪ ʛʨʫʧʧʳ ʢʦʥʪʨʦʣʷ ʥʝ ʚʳʷʚʣʝʥʦ. ʇʦʩʣʝ 1-ʩʫʪʦʯʥʦʛʦ ʚʳʚʝʰʠʚʘʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ɽ3 ʫʙʠʢʚʠʪʠʥ ʣʠʛʘʟʳ MuRF-1 ʥʘ 57% ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʳ ʢʦʥʪʨʦʣʷ, 

ʘ ʚ ʛʨʫʧʧʝ ʩ ʦʧʦʨʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʦʪʣʠʯʠʡ ʦʪ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʭʘʥʦʩʪʠʤʫʣʷʮʠʠ ʩʪʦʧʳ 

ʞʠʚʦʪʥʦʛʦ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʤʦʜʝʣʠʨʫʝʤʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʨʘʟʛʨʫʟʢʠ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʘʜʝʥʠʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ɸʄʈʂ. ʊʘʢʞʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʨʘʥʥʠʭ ʩʨʦʢʘʭ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʨʘʟʛʨʫʟʢʠ ɸʄʈʂ ʠ PKD 

ʥʘʭʦʜʷʪʩʷ ʚ ʨʝʮʠʧʨʦʢʥʳʭ ʦʪʥʦʰʝʥʠʷʭ: ʧʨʠ ʧʘʜʝʥʠʠ ʘʢʪʠʚʥʦʩʪʠ ɸʄʈʂ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ PKD, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʵʢʩʧʦʨʪʫ HDAC5 ʠʟ ʷʜʝʨ, ʢʦʪʦʨʳʡ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʩʠʣʝʥʠʝʤ ʵʢʩʧʨʝʩʩʠʠ ɽ3 ʫʙʠʢʚʠʪʠʥ ʣʠʛʘʟʳ MuRF-1. ʕʪʠ ʵʬʬʝʢʪʳ 

ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʶʪʩʷ ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʪʦʥʠʯʝʩʢʦʡ ʩʦʢʨʘʪʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʢʘʤʙʘʣʦʚʠʜʥʦʡ ʤʳʰʮʳ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʦʩʪʠʤʫʣʷʮʠʠ ʦʧʦʨʥʳʭ ʘʬʬʝʨʝʥʪʦʚ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʇʨʦʛʨʘʤʤʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɻʅʎ ʈʌ ʀʄɹʇ ʈɸʅ 

(ʪʝʤʘ 65.3) ʠ ʛʨʘʥʪʦʤ ʈʌʌʀ 17-29-01029. ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʉ.ɸ. 

ʊʳʛʘʥʦʚʫ ʟʘ ʵʬʬʝʢʪʠʚʥʫʶ ʙʠʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞʢʫ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
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It has been shown, that muscle atrophy develops under hindlimb unloading condition as a 

result of decreased protein synthesis and increased protein degradation (Bodine et al., 2013). It is 

known, that class IIa histone deacetylases (HDAC) are involved in the regulation of the expression 

of E3-ubiquitin ligases (Moresi et al., 2010, DuBois et al., 2017), and E3-ubiquitin ligases 

expression  is increased under  gravitational unloading (Bodine et al., 2001). In our laboratory 

previous studies, we have observed the alteration in the nuclear-cytoplasmic traffic of HDAC by the 

dephosphorylation of AMP-activated protein kinase (AMPK) at the early stages of gravitational 

unloading (Vilchinskaya et al., 2017). It is known, that the electrical and contractile activity of rat 

soleus muscle almost stops (Kozlovskaya et al, 1987; Alford et al., 1987; Kawano et al, 2002; De-

Doncker et al, 2005) when support loading is removed.  Mechanical stimulation of the human 

plantar foot surface allows to preserve tonic contractile activity of postural soleus muscle under 

mechanical unloading condition (Grigoriev et al., 2004; Shenkman et al., 2004).  The purpose of the 

present study was to examine the effect of plantar mechanical stimulation on HDAC5 traffic and 
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E3-ubiquitin ligase expression in rat soleus muscle at the early stages of mechanical unloading. A 

standard 1-day hindlimb suspension (HS) was performed in order to simulate the effects of 

microgravity on rat soleus muscle. One of the HS groups was subjected to plantar mechanical 

stimulation for 4 hours per day. After that, the contents of pAMPK (Thr172), pPKD (Ser485 / 491) 

and HDAC5 in the nuclear fraction of rat soleus muscle were analyzed by gel electrophoresis 

followed by immunoblotting. The expression level of MuRF-1 mRNA was determined by RT PCR. 

There was a significant decrease in AMPK (Thr172) phosphorylation by 37% (p<0.05) in the HS 

group compared to the control group, nevertheless, we did not observe such differences in the HS + 

plantar mechanical stimulation group. A significant decrease by 47% (p<0.05) was found for 

HDAC5 content in the nuclear protein fraction of HS group compared to the control group. At the 

same time, there were no significant differences in HDAC 5 content in the HS +plantar mechanical 

stimulation group compared to the control group. A significant twofold increase (p<0.05) was 

detected in protein kinase D (PKD) (Ser485/491) phosphorylation after a 1-day HS relative to the 

control group, and plantar foot stimulation prevented this increase. There was also a significant 

increase in the expression of E3 ubiquitin ligase MuRF-1 by 57% (p<0.05) in the HS group as 

compared to the control group, and again, plantar foot stimulation group did not differ from the 

control group. Thus, the obtained data show that the application of plantar mechanical stimulation at 

the early stage of gravitational unloading helps to prevent the fall of AMPK phosphorylation in rat 

soleus muscle. Our results also suggest that there may be reciprocal relations between AMPK and 

PKD at early stages of gravitational unloading: when AMPK activity decreases, PKD activity 

increases, which can lead to the export of HDAC5 from the nucleus, which in turn is accompanied 

by an increase in the expression of E3-ubiquitin ligase MuRF-1. These effects were completely 

prevented by maintaining the tonic contractility of the soleus muscle by the plantar mechanical 

stimulation. 
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3D ʂʆʅʋʉʅʆ-ʃʋʏɽɺɸʗ ʂʆʄʇʔʖʊɽʈʅɸʗ ʊʆʄʆɻʈɸʌʀʗ ʏɽʈɽʇʅʆ-

ʃʀʎɽɺʆɻʆ ʉʂɽʃɽʊɸ, ʂɸʂ ʄɽʊʆɼ ʆʊɹʆʈɸ ʀ ɽɾɽɻʆɼʅʆɻʆ ʆɹʉʃɽɼʆɺɸʅʀʗ 

ʃʀʎ ʆʇɸʉʅʓʍ ʇʈʆʌɽʉʉʀʁ ɺʈɸʏʆʄ-ʉʊʆʄɸʊʆʃʆɻʆʄ. 
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ɻʅʎ ʈʌ ïʀʄɹʇ ʈɸʅ, ʛ. ʄʦʩʢʚʘ 

 

ʉʪʘʪʴʷ 3 ʌɿ çʆ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷè ˉ3-ʌɿ ʦʪ 9 ʷʥʚʘʨʷ 1996 ʛʦʜʘ 

ʧʨʝʜʧʠʩʳʚʘʝʪ ʧʨʠʥʮʠʧ ʦʙʦʩʥʦʚʘʥʠʷ ï ʟʘʧʨʝʱʝʥʠʷ ʚʩʝʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʩʪʦʯʥʠʢʦʚ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʥʘʷ ʜʣʷ ʯʝʣʦʚʝʢʘ 

ʠ ʦʙʱʝʩʪʚʘ ʧʦʣʴʟʘ ʥʝ ʧʨʝʚʳʰʘʝʪ ʨʠʩʢ ʚʦʟʤʦʞʥʦʛʦ ʚʨʝʜʘ, ʧʨʠʯʠʥʸʥʥʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢ 

ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʨʘʜʠʘʮʠʦʥʥʦʤʫ ʬʦʥʫ ʦʙʣʫʯʝʥʠʝʤ, ʘ ʧʫʥʢʪ 7.3 ʉʘʥʇʠʅ 2.6.1.1192-03 ʛʣʘʩʠʪ, 

ʯʪʦ ʧʘʮʠʝʥʪ ʠʤʝʝʪ ʧʨʘʚʦ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʤʝʜʠʮʠʥʩʢʠʭ ʨʝʥʪʛʝʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʮʝʣʷʭ ʚʳʷʚʣʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ, 

ʦʧʘʩʥʳʭ ʚ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ. ʇʫʥʢʪ 7.9.ʪʦʛʦ ʞʝ ʜʦʢʫʤʝʥʪʘʫʩʪʘʥʘʚʣʠʚʘʝʪ 

ʥʦʨʤʘʪʠʚ ʛʦʜʦʚʦʛʦ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ 

ʤʝʜʠʮʠʥʩʢʠʭ ʨʝʥʪʛʝʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ 

ʟʜʦʨʦʚʳʭ ʣʠʮ 1 ʤɿʚ (1000 ʤʢɿʚ). 

ɺʩʝ ʢʣʠʥʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʠʘʛʥʦʟʘʭ ʟʘʙʦʣʝʚʘʥʠʠ ʟʫʙʦʯʝʣʶʩʪʥʦʠ 

ʩʠʩʪʝʤʳ, ʟʘʪʨʘʛʠʚʘʶʱʠʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʪʢʘʥʠ ʨʪʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʣʠʥʠʯʝʩʢʠʭ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʠ ʜʠʘʛʥʦʟʝ çʂʘʨʠʝʩ ʟʫʙʦʚè, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʦʙʷʟʘʪʝʣʴʥʫʶ ʦʜʥʦʢʨʘʪʥʫʶ 

ʜʠʘʛʥʦʩʪʠʢʫ ʩʦʩʪʦʷʥʠʷ ʟʫʙʦʯʝʣʶʩʪʥʦʠ ʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʣʫʯʝʚʦʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ. ʆʬʠʮʠʘʣʴʥʳʠ ʢʦʤʤʝʥʪʘʨʠʠ ʇʨʝʟʠʜʝʥʪʘ ʉʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʡ ɸʩʩʦʮʠʘʮʠʠ 

ʈʦʩʩʠʠ ʉʘʜʦʚʩʢʦʛʦ ɺ. ɺ.ʦ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʜʫʨʳ çʆʨʪʦʧʘʥʪʦʤʦʛʨʘʬʠʷè ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
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ʂʣʠʥʠʯʝʩʢʦʠ ʨʝʢʦʤʝʥʜʘʮʠʝʠ (ʇʨʦʪʦʢʦʣʦʤ ʣʝʯʝʥʠʷ) ʧʨʠ ʜʠʘʛʥʦʟʝ çʧʘʨʦʜʦʥʪʠʪè ʟʘ ʩʯʝʪ 

ʩʨʝʜʩʪʚ ʌʆʄʉ ʦʪ 1 ʤʘʨʪʘ 2016 ʜʘʝʪ ʨʘʟʲʷʩʥʝʥʠʷ ʊʨʝʙʦʚʘʥʠʠ ʢ ʜʠʘʛʥʦʩʪʠʢʝ ʘʤʙʫʣʘʪʦʨʥʦ-

ʧʦʣʠʢʣʠʥʠʯʝʩʢʦʠ, ʚʚʦʜʷ ʚ ʩʪʘʥʜʘʨʪ ʣʫʯʝʚʦʠ ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʩʪʦʤʘʪʦʣʦʛʠʠ ʠʤʝʥʥʦ 

ʦʨʪʦʧʘʥʪʦʤʦʛʨʘʤʤʫ, ʥʦ ʧʨʠ ʵʪʦʤ ï ʦʪʤʝʯʘʝʪ, ʯʪʦ ʚʢʣʶʯʝʥʠʝ ʚ ʂʣʠʥʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ 

(ʇʨʦʪʦʢʦʣʳ ʣʝʯʝʥʠʷ) ʪʦʠ ʠʣʠ ʠʥʦʠ ʣʝʯʝʙʥʦʠ ʧʨʦʮʝʜʫʨʳ ʠʣʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʜʝʠʩʪʚʠʷ ʥʝ 

ʠʤʝʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʩʣʫʞʠʪ ʣʠʰʴ ʘʨʛʫʤʝʥʪʦʤ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʜʘʥʥʦʠ 

ʫʩʣʫʛʠ ʥʘ ʦʩʥʦʚʝ ʜʦʢʘʟʘʪʝʣʴʥʦʠ ʤʝʜʠʮʠʥʳ. ʇʨʠʢʘʟ ˉ244 ʦʪ 21.11.2016 ɻʦʩʢʦʨʧʦʨʘʮʠʠ 

ñʈʦʩʢʦʩʤʦʩò ʢʘʢ ʩʪʘʥʜʘʨʪ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʟʫʙʦʯʝʣʶʩʪʥʦʠ ʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʣʫʯʝʚʦʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʦʪ ʧʨʝʪʝʥʜʝʥʪʦʚ ʥʘ ʜʦʣʞʥʦʩʪʴ 

ʢʘʥʜʠʜʘʪʘ ʚ ʢʦʩʤʦʥʘʚʪʳ ʦʨʪʦʧʘʥʪʦʤʦʛʨʘʤʤʫ ʠ ʨʝʥʪʛʝʥʦʛʨʘʤʤʫ ʦʢʦʣʦʥʦʩʦʚʳʭ ʧʘʟʫʭ ʚ ʥʦʩʦ-

ʧʦʜʙʦʨʦʜʦʯʥʦʠ ʧʨʦʝʢʮʠʠ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʣʫʯʝʚʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʩʧʝʮʠʘʣʴʥʳʝ ʜʦʢʫʤʝʥʪʳ ʟʘʢʨʝʧʠʣʠ ʦʨʪʦʧʘʥʪʦʤʦʛʨʘʤʤʫ ʠʣʠ ʞʝ ʩʝʨʠʶ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʨʪʘ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʝʢʮʠʷʭ (fullmouth X-rayseries), ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʪʨʝʙʫʷ ʧʨʠʵʪʦʤ ʜʘʥʥʳʝ ʂʊ ʧʨʠ 

ʦʙʩʣʝʜʦʚʘʥʠʠ ʚʨʘʯʦʤ-ʦʪʦʨʠʥʦʣʘʨʠʥʛʦʣʦʛʦʤ. ʀ ʟʜʝʩʴ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʧʨʠʥʮʠʧ 

ʦʧʪʠʤʠʟʘʮʠʠ ʠʟ ʩʪʘʪʴʠ 3 ʌɿ çʆ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷè - ʧʦʜʜʝʨʞʘʥʠʝ ʥʘ 

ʚʦʟʤʦʞʥʦ ʥʠʟʢʦʤ ʠ ʜʦʩʪʠʞʠʤʦʤ ʫʨʦʚʥʝ ʩ ʫʯʝʪʦʤ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʜʦʟ ʦʙʣʫʯʝʥʠʷ ʠ ʯʠʩʣʘ ʦʙʣʫʯʘʝʤʳʭ ʣʠʮ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʶʙʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʮʝʣʷʤʂʦʥʮʝʧʮʠʠ ʨʘʟʚʠʪʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʥʘʫʢʠ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʂʦʥʮʝʧʮʠʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠʥʬʝʢʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʢʘʟʘʥʠʝʤ 

ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ (ʀʉʄʇ), ʫʪʚʝʨʞʜʸʥʥʦʡ ɻʣʘʚʥʳʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʩʘʥʠʪʘʨʥʳʤ ʚʨʘʯʦʤ 

ʈʌ 6 ʥʦʷʙʨʷ 2011 ʛ., ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʩʘʥʠʪʘʨʥʦ-

ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʧʨʦʬʠʣʘʢʪʠʢʝ ʀʉʄʇ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʠ ʨʘʟʚʠʪʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʠ 

ʧʨʦʬʠʣʘʢʪʠʢʠ ʀʉʄʇ ʥʝ ʤʦʛʫʪ ʦʙʦʡʪʠʩʴʙʝʟ ʘʜʘʧʪʘʮʠʠ ʤʝʪʦʜʦʚ ʣʫʯʝʚʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ.ɺ 

ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʠ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʟʘʤʝʥʘ ʤʝʪʦʜʘ 

ʦʨʪʦʧʘʥʪʦʤʦʛʨʘʬʠʠ ʚʢʫʧʝ ʩ ʩʝʨʠʝʡ ʧʨʠʮʝʣʴʥʳʭ ʠ ʚʥʫʪʨʠʨʦʪʦʚʳʭ ʩʥʠʤʢʦʚ, ʘ ʪʘʢʞʝ 

ʨʝʥʪʛʝʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʦʣʦʥʦʩʦʚʳʭ ʧʘʟʫʭ ʠ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʚʠʩʦʯʥʳʭ ʢʦʩʪʝʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʨʝʙʦʚʘʥʠʠ ʘʤʙʫʣʘʪʦʨʥʦ-ʧʦʣʠʢʣʠʥʠʯʝʩʢʦʠ ʜʠʘʛʥʦʩʪʠʢʠ ʩ 

ʧʦʤʦʱʴʶ ʦʙʷʟʘʪʝʣʴʥʦʠ ʦʜʥʦʢʨʘʪʥʦʠ ʣʫʯʝʚʦʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʦʩʪʦʷʥʠʷ ʯʝʨʝʧʥʦ-ʣʠʮʝʚʦʛʦ 

ʩʢʝʣʝʪʘ ʤʝʪʦʜʦʤ 3D ʢʦʥʫʩʥʦ-ʣʫʯʝʚʦʠ ʢʦʤʧʴʶʪʝʨʥʦʠ ʪʦʤʦʛʨʘʬʠʠ ʧʦʟʚʦʣʠʪ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʚʳʷʚʣʷʪʴ ʧʘʪʦʣʦʛʠʶ ʠ ʦʢʘʟʳʚʘʪʴʤʝʜʠʮʠʥʩʢʫʶ ʧʦʤʦʱʴ ʣʠʮʘʤ ʦʧʘʩʥʳʭ ʧʨʦʬʝʩʩʠʡ ʚ 

ʥʝʦʙʭʦʜʠʤʦʤ ʦʙʲʝʤʝ.  

ʇʦʣʥʘʷ ʩʝʨʠʷ ʨʝʥʪʛʝʥʦʣʦʛʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʨʪʘ ʩʦʩʪʦʠʪ ʠʟ 22 ʨʘʢʫʨʩʦʚʠ 

ʦʨʪʦʧʘʥʪʦʤʦʛʨʘʤʤʳ, ʚʟʷʪʳʭ ʟʘ 1 ʜʝʥʴ, ʯʪʦ ʧʦ ʣʫʯʝʚʦʡ ʥʘʛʨʫʟʢʝ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʜʦ 600 

ʤʢɿʚ.3D ʢʦʥʫʩʥʦ-ʣʫʯʝʚʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʩʪʝʧʝʥʴ 

ʧʣʦʪʥʦʩʪʠ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʯʝʨʝʧʥʦ-ʣʠʮʝʚʦʡ ʦʙʣʘʩʪʠ ʠ ʫʨʦʚʝʥʴ ʨʝʮʝʩʩʠʠ ʢʦʩʪʠ ʘʣʴʚʝʦʣʷʨʥʦʛʦ 

ʦʪʨʦʩʪʢʘ, ʟʫʙʦ-ʘʣʴʚʝʦʣʷʨʥʳʝ ʫʜʣʠʥʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʟʫʙʦʚ, ʥʘʣʠʯʠʝ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʩʚʝʨʭʢʦʤʧʣʝʢʪʥʳʭ ʠʣʠ ʞʝ ʤʦʣʦʯʥʳʭ ʟʫʙʦʚ ʚ ʧʦʩʪʦʷʥʥʦʤ ʧʨʠʢʫʩʝ, ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʨʠʢʫʩʘ, 

ʦʪʩʫʪʩʪʚʠʝ ʚʦʩʧʘʣʝʥʠʷ ʧʝʨʠʘʧʠʢʘʣʴʥʳʭ ʪʢʘʥʝʡ ʠʣʠ ʧʘʨʦʜʦʥʪʘ, ʩʦʩʪʦʷʥʠʝ ʧʨʠʜʘʪʦʯʥʳʭ ʧʘʟʫʭ 

ʥʦʩʘ,ʪʦʧʦʛʨʘʬʠʶ ʨʘʜʠʢʫʣʷʨʥʳʭ, ʬʦʣʣʠʢʫʣʷʨʥʳʭ, ʠ ʢʝʨʘʪʦʢʠʩʪ, ʩʦʩʪʦʷʥʠʝʚʠʩʦʯʥʦ-

ʥʠʞʥʝʯʝʣʶʩʪʥʦʛʦ ʩʫʩʪʘʚʘ, ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʩʨʝʜʥʝʛʦ ʫʭʘ, ʢʘʯʝʩʪʚʘ ʧʨʦʚʝʜʸʥʥʦʛʦ ʨʘʥʝʝ 

ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʵʥʜʦʜʦʥʪʠʯʝʩʢʦʛʦ, ʨʝʩʪʘʚʨʘʮʠʦʥʥʦʛʦ, ʦʨʪʦʧʝʜʠʯʝʩʢʦʛʦ ʠ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ 

ʣʝʯʝʥʠʷ, ʪʨʘʚʤʳʠ ʦʧʫʭʦʣʠʯʝʣʶʩʪʥʦ-ʣʠʮʝʚʦʡ ʦʙʣʘʩʪʠ, ʨʝʢʦʥʚʘʣʝʩʮʝʥʮʠʶ ʠ ʧʨʠʨʦʜʥʦʝ 

ʟʜʦʨʦʚʴʝʧʨʠ ʣʫʯʝʚʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʧʘʮʠʝʥʪʘ ʥʝ ʙʦʣʝʝ 120-150 ʤʢɿʚ (ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 1/6 

ʦʪ ʨʘʟʨʝʰʸʥʥʦʡ ʧʫʥʢʪʦʤ 7.9 ʉʘʥʇʠʅ 2.6.1.1192-03 ʜʦʟʳ), ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʬʝʥʦʪʠʧʘ ʨʘʙʦʪʥʠʢʦʚ ʦʧʘʩʥʳʭ ʧʨʦʬʝʩʩʠʡ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʪʘʢʞʝ 

ʧʨʦʚʦʜʠʪʴ ʜʠʘʛʥʦʩʪʠʢʫ 4D, ʯʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʫʥʢʮʠʠ ɺʅʏʉ, 

ʫʩʪʘʥʦʚʣʝʥʠʠ ʧʨʠʯʠʥ ʭʨʘʧʘ ʠ ʘʧʥʦʵ ʚʦ ʩʥʝ. 

ʂʦʥʫʩʥʦ-ʣʫʯʝʚʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ (ʂʃʂʊ) ï ʵʪʦ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ, ʛʜʝ ʩ ʨʘʟʥʳʭ ʨʘʢʫʨʩʦʚ ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʴʰʦʝ ʯʠʩʣʦ 2D ʠʟʦʙʨʘʞʝʥʠʡ ʧʘʮʠʝʥʪʘ. 
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ʆʙʲʸʤʥʦʝ 3D ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʠʟ ʵʪʠʭ 2D ʧʨʦʝʢʮʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʤʦʞʥʦ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜ ʣʶʙʳʤ ʫʛʣʦʤ: ʚ ʦʩʝʚʦʤ, 

ʢʦʨʦʥʘʨʥʦʤ, ʩʘʛʠʪʪʘʣʴʥʦʤ ʠ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ. ʍʦʨʦʰʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʢʦʥʩʪʨʫʠʨʫʝʪ ʧʘʥʦʨʘʤʥʳʡ ʠ ʦʨʪʦʧʘʥʪʦʤʦʛʨʘʤʥʳʡ ʩʨʝʟʳ, ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʦʟʚʦʣʷʝʪ ʦʩʤʦʪʨʝʪʴ ʚʩʝ ʠʥʪʝʨʝʩʫʶʱʠʝ ʟʦʥʳ ʚ ʤʝʣʴʯʘʡʰʠʭ ʧʦʜʨʦʙʥʦʩʪʷʭ, ʩʜʝʣʘʪʴ ʬʦʪʦ ʠ 

ʚʠʜʝʦ.ɸʣʛʦʨʠʪʤ ʯʪʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʟʘʙʦʣʝʚʘʥʠʝ, ʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʪʝʟʳ ʜʣʷ ʦʨʪʦʧʝʜʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ, ʠʣʠ 

ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚ ʯʝʨʝʧʥʦ-ʣʠʮʝʚʦʡ ʦʙʣʘʩʪʠ. 

 

 

3D CONE-BEAM COMPUTER TOMOGRAPHY OF THE CRANIOFACIAL SK ELETON 

AS DENTAL SELECTION METHOD AND ANNUAL MAXILLO -FACIAL ASSESSMENT 

OF HUMAN INTELLIGENCE OPERATORS AND HIGH THREATS PERSONNEL UNDER 

CONDITIONS OF INCREASED OR LOWERED PRESSURE OF THE SURROUNDING 

GAS OR WATER ENVIRONMENT, ZERO GRAVITY, OVERLOADS AND OTH ER 

EXTREMES 

 

Prokopovich L.S., M.D. 

SSC-RF IBMP RAS, Moscow. 

According to the article 3 of Federal Law "Radiative Safety of the Population" ˉ3-FL from 

January, the 9
th
 of 1996, the Principle for Justification of the Prohibition in all kinds of Activity 

using of Ionizing Radiation Sources, when the Advantage Received for the Person and Society 

doesn't exceed Risk of the Possible Harm done by the Radiation Additional to Natural Background 

Radiation, and according to the SanRaN point 7.3 2.6.1.1192-03: the Patient has the Right to Refuse 

medical radiological Procedures, Except for the Preventive Researches conducted for Detection of 

the Diseases Dangerous up to Epidemiological Terms. Point 7.9.of the same Document establishes 

the Standard of Annual Preventive Radiation Dose when carrying out Preventive Medical X-ray 

Evaluation and Scientific Research in almost Healthy Persons as 1 mSv (1000 ɛSv). 

All Treatment Protocols for various Diagnoses and Diseases of Dento-Alveolar System 

affecting the Mineralized Mouth Tissues, excluding Clinical Procedures for the Diagnosis "Teeth 

Caries", provide Obligatory Single Diagnostics of dentoalveolar system by Means&Methods of 

Beam Visualization Agents. The official comment of Russian Stomatologic Association President - 

Sadovsky V. V. on holding the Orthopantomography procedure according to the Clinical Procedure 

(The Protocol of Treatment) for the diagnosis "Parodontitis" notices that including the Panoramic 

Radiography in Clinical Procedures (Protocols of Treatment) serves only as an Argument for 

Justification of this service on the basis of Evidential Medicine.  

The order ˉ 244 from 21.11.2016 of ROSCOSMOS State Corporation requires from 

Applicants for the Candidate to Cosmonaut (astronaut) position the Orthopantomogramic 

Radiography and the Radiography of Adnexal Nasal Sinuses in Naso-Frontal projection as the 

Standard of Preliminary Cranio-Facial Evaluation. The International Medical Evaluation Rules for 

ISS Crew Members as the Standard of Beam Visualization for Dental evaluation fixes the full 

Orthopantomogram or full mouth X-ray series, demanding at the same time data of CT as ENT 

assessment (itôs applicable here to mention Clefts as the Rejection Cause Unless Successfully 

Repaired).  

From here the Key Role is played by the Principle of Optimization according to article 3 of 

Federal Law ˉ3 "Radiative Safety of the Population" - Maintenance at Achievable and Possibly 

Low Level of Individual Exposure Doses and Number of the Irradiated Persons using any Source of 

Ionizing Radiation with much Attention Payed to the Economic and Social Factors. 

High Threats Personnel due to Human Intelligence Operations and permanent State of Force 

Tailoring catch the Acetylcholine Effect. Space Experiment çAlgometryè has given the Data on 

Threshold Increase in Human Pain Sensitivity during Space Missions and Flights. While being 
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examined by Doctors These Groups of Workers complain Less than They have to. Meanwhile, 

Under Extremal Conditions Acetylcholine Effect stress the Immune System and can cause Teeth 

Decay, Gum Disease or Sore Throat. These are Dangerous diseases up to Epidemiological Terms, 

that is why it is Necessary to Provide High Threats Personnel with Modern Radiological 

Visualization Method by means of Prophylaxis, because Microbiological Researches led on ISS, in 

Isolation Experiments and in the Theater of War showed Increase in Number of Parodontopathogens 

and even Manifestation of the Nosocomial or Hospital-Acquired Infections (HAI) with their 

Exchange in High Threats Personnel Troops by Breathing In and Out Ambient Natural Microbic 

Aerosols.  

According to the Purposes of the Concept for Development of Health Care and Medical 

Science in the Russian Federation and the National Concept for Prophylaxis of the Infections bound 

to Delivery of Health Care (IDHC) approved by the Chief Health Officer on November, the 6
th
 of 

2011, Introduction of Modern Approaches and Optimization of Sanitary and Hygienic Actions for 

Diagnostics and Prophylaxis of IDHC in the National Health System, and Development of 

Scientific Research in the field of Epidemiology and Prophylaxis of IDHC can't do without 

Adaptation of Methods for Radial Visualization. Replacing Orthopantomography or full mouth X-

ray series together with Radiography of Adnexal Nasal Sinuses in Naso-Frontal projection applied 

with beaming Anatomic Formations of Temporal Bones according to Implementation of Clinical 

Procedures (Treatment Protocols) for Ambulance&Polyclinic Diagnostics by means of Obligatory 

Single Beam Visualization of a Cranio-Facial Skeleton due to State Labor Protection Standard 

Demand with the Method of the 3D Cone-Beam Computer Tomography Shall Allow to Tap In-Time 

any Pathology to Provide a Medical Care&Supply for High Threats Personnel.  

The full mouth X-ray series consisting of 22 foreshortenings, the Orthopantomogramic and 

Panoramic radiographies taken in one day can make up to 600 ɛSv of Radial Load for Superficial 

Dentistry Usage Only.  

The 3D Cone-Beam Computer Tomography allows to diagnose the Density of the Bone 

Tissue in Cranio-Facial area and the Level of Bone Recession on Alveolar Ridge, Dento-Alveolar 

elongations, the number of Teeth, existence and location of Accessory, Rudimental or Persistent 

(Primary or Milk) Teeth in the Permanent (Adult) Occlusion, Physiology of the Dental Occlusion 

(which leads to or can cure the Platypodia and Spine Osteochondrosis), lack of Inflammation in 

Periapical Tissues or the Parodont, the status of Adnexal Nasal Sinuses, Topography of Radicular, 

Follicular or Keratocyst, the Temporo-Mandibular Joint, the Inner and Middle Ear, the Quality of 

the previous Surgical and Endodontic Treatment with Therapeutic or Orthopedic Restoration, 

Trauma or a Tumor questions in Cranio-Facial area, the Reconvalescence or the Natural Health ï 

All of These with the Radial Load on the Patient not more than 120-150 ɛSv (that makes less than 

1/6 from allowed by the point 7.9 SanRaN 2.6.1.1192-03 of Russia ñDosesò, while European doses 

Requirements are even less strict), depending on the radiological equipment Device and the 

Phenotypes of High Threats Personnel Workers. The existing technologies allow to carry out also 

diagnostics 4D that is applied at TMJ function research, evaluation and diagnostics of the reasons 

for Snore and Apnea while Dream&Sleep. 

The Cone-Beam Computer Tomography (CBCT) is an X-ray Technology of Beam 

Visualization where the Patient turns out in the large number different 2D foreshortenings of 

images. The volume 3D image is designed from these 2D projections. These images received can be 

viewed through at any angle with applied software: in Axial, Coronary, Sagittal and Transversal 

Sections. The good software designs the Panoramic and Orthopantomographic summary sections 

for the Dentists independently. At the same time the good software allows to examine all interesting 

zones in the finest details, to make a photo and video or tailor the upcoming treatment for all the 

Doctors. 

Epitomizing the Data as the Security Through Science this Tailoring Radiological Health 

Control Method of Diagnostic Beam Visualization with the 3D Cone-Beam Computer Tomography 

is a Right-In-Time Measure of Ensuring Labor Protection for the High Threats Personnel and 

Human Intelligence Operators Under Conditions of Increased or Lowered Pressure of the 
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Surrounding Gas and Water Environment, Zero Gravity, Overloads and Other Extremes, and Visible 

Increase in Their Dependability and No-Failure Human Intelligence Operations by Means of 

Selection and Annual Medical Evaluation by Maxillo-Facial Surgeon. 

 

 

ɺʆɿʄʆɾʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɹʀʆʃʆɻʀʏɽʉʂʆʁ ʄʆɼɽʃʀ ʅɸ ʆʉʅʆɺɽ   

3D-ʅʆʉʀʊɽʃʗ ʃʀʆʇʃɸʉʊ
È
 ʀ ʂʋʃʔʊʋʈʓ ʍʆʅɼʈʆɹʃɸʉʊʆɺ ɺ ʂʆʉʄʀʏɽʉʂʀʍ 

ʀʉʉʃɽɼʆɺɸʅʀʗʍ ʀ ʈɽɻɽʅɽʈɸʊʀɺʅʆʁ ʄɽɼʀʎʀʅɽ 

 

ʇʫʛʘʯʸʚ ɽ.ʀ., ʅʝʬʸʜʦʚʘʀ.ʌ. ʈʷʟʘʥʦʚʘ ʊ.ʂ. 

ʌɻɹʆʋ ɺʆ ʉʘʤɻʄʋ ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ, ʉʘʤʘʨʘ 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʣʝʪʦʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʦʙʨʝʪʘʶʪ ʩʪʘʪʫʩ ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ. ʊʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʫʞʝʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ 

ʣʝʯʝʥʠʠ ʚʝʩʴʤʘ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʘʪʦʣʦʛʠʡ: ʜʝʛʝʥʝʨʘʪʠʚʥʦ-ʜʠʩʪʨʦʬʠʯʝʩʢʠʝ ʠ 

ʧʦʩʪʪʨʘʚʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷʚʢʦʩʪʥʦʡ ʠ ʭʨʷʱʝʚʦʡ ʪʢʘʥʷʭ, ʟʘʙʦʣʝʚʘʥʠʷ ʨʦʛʦʚʠʮʳ, ʪʨʘʭʝʠʠ 

ʜʨʫʛʠʭ ʦʨʛʘʥʦʚ.ɽʱʝ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʝʡʯʘʩ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʜʦʢʣʠʥʠʯʝʩʢʠʭ 

ʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ (ɺʦʣʦʚʘ ʃ.ʊ., 2014; ɹʦʨʟʝʥʦʢ ʉ.ɸ., 2011; ɻʠʣʝʚʠʯ ʀ.ɺ., 2015). 

ʂʨʦʤʝ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʬʘʢʪʦʨʦʚ (ʛʘʟʦʚʳʡ ʩʦʩʪʘʚ 

ʩʨʝʜʳ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʭʠʤʠʯʝʩʢʠʝ ʘʛʝʥʪʳ ʠ ʜʨ.) ʥʘ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʢʣʝʪʦʢ. 

ɺ ʀʕʄɹ ʉʘʤɻʄʋ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʝʜʣʦʞʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʦʜʝʣʴ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʦʨʙʠʪʘʣʴʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʸʪʘ ʥʘ ʢʣʝʪʢʠinvitro. ɼʘʥʥʘʷ 

ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʘʜʛʝʟʠʚʥʦʡ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ ʠ 3D-ʙʠʦʥʦʩʠʪʝʣʷ 

ʠʟ ʜʝʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʣʠʦʬʠʣʠʟʠʨʦʚʘʥʥʦʡʩʧʦʥʛʠʦʟʳʃʠʦʧʣʘʩʪ
È
.ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ 

ʭʦʥʜʨʦʙʣʘʩʪʳʧʦʣʫʯʝʥʥʳʝ ʠʟ ʛʠʘʣʠʥʦʚʦʡ ʭʨʷʱʝʚʦʡ ʪʢʘʥʠʚʳʩʝʚʘʣʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 5Ĭ10
4
ʥʘ 

ʛʫʙʯʘʪʳʡ 3D-ʥʦʩʠʪʝʣʴ ʦʙʲʸʤʦʤ 27ʤʤ
3
 (ʙʣʦʢ 3Ĭ3Ĭ3 ʤʤ). ʇʦ ʜʚʝ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʤʝʱʘʣʠ 

ʚ ʧʨʦʙʠʨʢʠ ʩ ʧʦʣʥʦʡ ʨʦʩʪʦʚʦʡ ʩʨʝʜʦʡ ʠ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʚʘʣʠ, ʥʝ ʦʩʪʘʚʣʷʷ ʚʦʟʜʫʰʥʦʡ 

ʧʨʦʩʣʦʡʢʠ. ʆʙʨʘʟʮʳʙʳʣʠ ʜʦʩʪʘʚʣʝʥʳ ʥʘ ʙʦʨʪ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʢʫʣʴʪʠʚʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʸʪʘ. ɺ ʥʘʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʦʜʠʣʠ ʧʘʨʘʣʣʝʣʴʥʳʡ 

ʠʜʝʥʪʠʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. ʄʦʜʝʣʴ ʙʳʣʘ ʘʧʨʦʙʠʨʦʚʘʥʘ ʥʘ ʙʠʦʩʧʫʪʥʠʢʘʭɹʠʦʥ-ʄ ˉ1 ʠ ʌʦʪʦʥ-

ʄ ˉ4. 

ɸʥʘʣʠʟ ʦʙʨʘʟʮʦʚ, ʧʨʠʙʳʚʰʠʭ ʩ ʦʨʙʠʪʳ ɿʝʤʣʠ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʮʦʚ ʠʟ ʩʠʥʭʨʦʥʥʦʛʦ 

ʥʘʟʝʤʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʢʘʟʘʣ, ʯʪʦʧʨʦʣʠʬʝʨʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʣʝʪʦʢ ʚ ʢʦʩʤʦʩʝ 

ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʪʘʢʦʚʦʡ ʚ ʥʘʟʝʤʥʦʡ ʛʨʫʧʧʝ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʘʢʪʠʚʥʦʩʪʴ 

ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ (ʃɼɻ) ʢʣʝʪʦʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʦʙʨʘʟʮʘʭ ʥʘʟʝʤʥʦʛʦ ʠ 

ʢʦʩʤʠʯʝʩʢʦʛʦʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʥʘ ʤʦʤʝʥʪ ʧʨʠʣʸʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘʦʜʠʥʘʢʦʚʘ ʠ 

ʜʦʩʪʦʚʝʨʥʦ ʧʨʝʚʳʰʘʝʪ ʠʩʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʫʣʴʪʫʨʳ ʭʦʥʜʨʦʙʣʘʩʪʦʚ ʥʘ 3D-ʙʠʦʥʦʩʠʪʝʣʝʃʠʦʧʣʘʩʪ
È
 ʚ 

ʜʣʠʪʝʣʴʥʦʤ ʢʦʩʤʠʯʝʩʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʝʟ ʩʤʝʥʳ ʧʠʪʘʪʝʣʴʥʦ ʩʨʝʜʳ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʳ ʚ ʩʦʩʪʘʚʝ ʧʨʝʜʣʦʞʝʥʥʦʡʙʠʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʙʳʣ ʧʨʦʚʝʜʸʥ ʨʷʜ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʟʝʤʥʳʭʫʩʣʦʚʠʷʭ.ʆʙʱʝʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʨʘʩʪʨʦʚʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠ ʢʦʥʬʦʢʘʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷʧʦʟʚʦʣʠʣʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ 

ʧʨʠʢʨʝʧʣʸʥʥʳʝ ʢ ʙʘʣʢʘʤ ʥʦʩʠʪʝʣʷ ʞʠʚʳʝ ʭʦʥʜʨʦʙʣʘʩʪʳ, ʩʚʳʨʘʞʝʥʦʡ ʘʜʛʝʟʠʝʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʦʩʠʪʝʣʷ. ʌʦʨʤʘ ʢʣʝʪʦʢ ʚʝʨʝʪʝʥʦʚʠʜʥʘʷ ʠʣʠ ʧʦʣʠʛʦʥʘʣʴʥʘʷ,ʮʠʪʦʧʣʘʟʤʘ ʛʦʤʦʛʝʥʥʘʷ ʣʠʙʦ 

ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ. ʗʜʨʦ ʢʨʫʧʥʦʝ, ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʮʝʥʪʨʝ ʢʣʝʪʢʠ ʠ ʦʙʳʯʥʦ ʠʤʝʝʪ 1-3 ʷʜʨʳʰʢʘ. 

ʉ ʮʝʣʴʶ ʩʨʘʚʥʠʪʴ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʢʣʝʪʦʢ ʚ ʩʦʩʪʘʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (ʚ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʪʦʡ ʧʨʦʙʠʨʢʝ ʧʨʠ 37ÁC) ʠ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʚ 

CO2-ʠʥʢʫʙʘʪʦʨʝ (ʚ ʚʝʥʪʠʣʠʨʫʝʤʦʡ ʧʨʦʙʠʨʢʝ ʧʨʠ 5% CO2 ʠ 37ÁC), ʙʳʣ ʚʳʧʦʣʥʝʥ ɼʅʂ-ʘʥʘʣʠʟ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʝʨʝʟ 7 ʩʫʪʦʢ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʧʨʠʨʦʩʪ ʢʣʝʪʦʢ ʦʪʥʦʩʠʪʝʣʴʥʦ 
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ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ (2 ʯʘʩʘ ʧʦʩʣʝ ʧʦʩʝʚʘ) ʥʘʙʣʶʜʘʣʩʷ ʚ ʦʙʝʠʭ ʦʧʳʪʥʳʭ ʛʨʫʧʧʘʭ ʠ ʩʦʩʪʘʚʠʣ 

29,5% ï ʚ ʉʆ2-ʠʥʢʫʙʘʪʦʨʝ ʠ 34% ï ʚ ʛʝʨʤʝʪʠʯʥʳʭ ʧʨʦʙʠʨʢʘʭ ʚ ʪʝʨʤʦʩʪʘʪʝ.ʈʘʟʥʠʮʘ ʚ 

ʧʨʠʨʦʩʪʝ ʢʫʣʴʪʫʨʳ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩʦ ʩʪʠʤʫʣʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʚʦʟʥʠʢʘʶʱʝʡ ʚ 

ʛʝʨʤʝʪʠʯʥʳʭ ʧʨʦʙʠʨʢʘʭ ʛʠʧʦʢʩʠʠ (C.Domm, 2002), ʢʦʪʦʨʘʷ ʙʳʣʘʚʳʷʚʣʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ.ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʟʘʢʨʳʪʦʤ 

ʬʣʘʢʦʥʝ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʦʤ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʚʳʨʘʱʠʚʘʥʠʷʪʢʘʥʝʠʥʞʝʥʝʨʥʦʡʢʦʥʩʪʨʫʢʮʠʠ ʭʨʷʱʝʚʦʡ ʪʢʘʥʠ, ʨʘʟʨʘʙʦʪʢʘ ʢʦʪʦʨʦʡ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚʝʜʸʪʩʷ ʚ ʀʕʄɹ ʉʘʤɻʄʋ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʥʘʤʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

(ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝʭʦʥʜʨʦʙʣʘʩʪʦʚ ʥʘ3D-ʥʦʩʠʪʝʣʝʚ ʧʨʦʙʠʨʢʝ, ʟʘʧʦʣʥʝʥʥʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ 

ʙʝʟ ʚʦʟʜʫʰʥʦʡ ʧʨʦʩʣʦʡʢʠ)ʷʚʣʷʝʪʩʷ ʘʜʝʢʚʘʪʥʦʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ 

ʬʘʢʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʸʪʘ ʥʘ ʢʣʝʪʢʠ invitro. 
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To date, cellular technology is gaining status as one of the most promising areas in biology 

and medicine. Such technologies are already used in the treatment of a very wide range of 

pathologies: degenerative-dystrophic and post-traumatic changes in bone and cartilage tissues, 

diseases of the cornea, trachea and other organs. An even greater number of studies are now under 

pre-clinical and clinical trials (Volova LT, 2014; Borzenok SA, 2011; Gilevich IV, 2015). In addition 

to clinical applications, cell cultures are often used as experimental models to assess the influence of 

any factors (gas composition of the medium, electromagnetic radiation, chemical agents, etc.) on the 

morphofunctional state of cells. 

The Institute of Biotechnology and Experimental Medicine developed and proposed an 

experimental model for studying the influence of the orbital space flight factors on cells in vitro. 

This model is a combination of an adhesive cell culture and a 3D bio-carrier from a demineralized 

lyophilized spiropic lyoplast
È
. To create the model, chondroblasts obtained from hyaline 

cartilaginous tissue were plated in an amount of 5 Ĭ 10
4
 onto a spongy 3D carrier with a volume of 

27 mm
3
 (3 Ĭ 3 Ĭ 3 mm). Two such designs were placed in tubes with a complete growth medium 

and sealed, leaving no air gap. Samples were delivered aboard the spacecraft for further cultivation 

in space flight conditions. In terrestrial conditions, a parallel identical experiment was conducted. 

The model was tested on biosputnikah Bion-M 1 and Photon-M 4. 

The analysis of samples arrived from orbit of Earth, as well as samples from the 

synchronous ground-based experiment, showed that the proliferative activity of cells in space is 

comparable to that in the ground group. This is evidenced by the activity of lactate dehydrogenase 

of cellular origin in samples of ground and space experiments, which at the time of arrival of the 

spacecraft is the same and significantly exceeds the original value by more than 2 times. Thus, the 

viability of the chondroblast culture on the 3D bio-carrier Lyoplast
È
 was confirmed in a long space 

experiment without changing the nutrient medium. 

To obtain additional information on the morphofunctional features of the cell culture in the 

proposed biological model, a number of studies were carried out under terrestrial conditions. A 

general morphological study, as well as scanning electron microscopy and confocal microscopy, 

made it possible to visualize living chondroblasts attached to the beams of the carrier, with 

pronounced adhesion to the surface of the carrier. The shape of cells is spindle-shaped or polygonal, 

the cytoplasm is homogeneous or fine-grained. The nucleus is large, located in the center of the cell 

and usually has 1-3 nucleoli. 

In order to compare the proliferative potential of cells in the developed biological model (in 
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a hermetically sealed tube at 37Á C) and when cultured in a CO2 incubator (in a ventilated tube at 

5% CO2 and 37Á C), a DNA analysis was performed. According to the results of the study, after 7 

days of cultivation, the growth of cells relative to the initial point (2 hours after sowing) was 

observed in both test groups and was 29.5% in a CO2 incubator and 34% in sealed test tubes in a 

thermostat. The difference in the growth of culture can be associated with the stimulating effect of 

hypoxia in sealed tubes (C. Domm, 2002), which was detected by titrimetric analysis of the nutrient 

medium. This method of cultivation in a closed vial completely filled with nutrient media can be 

used to grow the tissue engineering construction of cartilaginous tissue, the development of which is 

currently conducted in the Institute of Biotechnology and Experimental Medicine. Thus, the 

proposed biological model (the cultivation of chondroblasts on a 3D carrier in a tube filled with a 

nutrient medium without airlayer) is adequate and promising for studying the effect of space flight 

factors on cells in vitro. 

 

ɸʉʉʆʎʀʀʈʆɺɸʅʅʓʁ ʉʆ ʉʊɸʈɽʅʀɽʄ ʉɽʂʈɽʊʆʈʅʓʁ ʌɽʅʆʊʀʇ 

ʄɽɿɽʅʍʀʄɸʃʔʅʓʍ ʉʊʈʆʄɸʃʔʅʓʍ ʂʃɽʊʆʂ 

 

ʈʘʪʫʰʥʳʡ ɸ.ʖ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɹʫʨʘʚʢʦʚʘ ʃ.ɹ. 

ɻʅʎ ʈʌ ï ʀʄɹʇ ʈɸʅ, ʄʦʩʢʚʘ 

 

ɺ ʦʩʥʦʚʝ ʚʦʟʨʘʩʪʥʳʭ ʠʟʤʝʥʝʥʠʡʣʝʞʠʪ ʢʣʝʪʦʯʥʘʷ ʜʠʩʬʫʥʢʮʠʷ ʠ ʠʩʪʦʱʝʥʠʝ ʧʫʣʘ 

ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʚʟʨʦʩʣʦʛʦ ʦʨʛʘʥʠʟʤʘ. ʋʢʦʨʦʯʝʥʠʝ ʪʝʣʦʤʝʨ, ʩʣʫʯʘʡʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʛʝʥʦʤʘ, 

ʤʦʜʠʬʠʢʘʮʠʷ ʵʧʠʛʝʥʦʤʘ, ʥʘʨʫʰʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʙʝʣʢʦʚʦʛʦ ʩʦʩʪʘʚʘ, 

ʜʠʩʬʫʥʢʮʠʷ ʤʠʪʦʭʦʥʜʨʠʡ - ʚʩʝ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʢʣʝʪʦʯʥʦʡ ʛʠʙʝʣʠ ʠʣʠ ʢ ʘʢʪʠʚʘʮʠʠ 

ʩʝʥʝʩʮʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʢʣʝʪʦʯʥʦʛʦ ʩʪʘʨʝʥʠʷ), ʫʚʝʣʠʯʠʚʘʷ ʢʦʣʠʯʝʩʪʚʦ ʩʝʥʝʩʮʝʥʪʥʳʭ ʢʣʝʪʦʢ 

ʩ ʚʦʟʨʘʩʪʦʤ (Wangetal., 2009; Lopez-Ot²netal., 2013).  

ɺ ʩʝʥʝʩʮʝʥʪʥʳʭ  ʢʣʝʪʢʘʭ ʘʢʪʠʚʠʨʫʶʪʩʷ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, ʚʳʟʳʚʘʶʱʠʝ ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʜʫʢʮʠʠ ʨʷʜʘ ʙʠʦʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ, ʚʢʣʶʯʘʷ ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ) 

(Passosetal., 2010) ʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʘʟʣʠʯʥʳʭ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ, ʭʝʤʦʢʠʥʦʚ, 

ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ, ʧʨʦʪʝʘʟ (Coppeetal., 2008; Coppeetal., 2010; Freundetal., 2010). 

ɸʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩʦ ʩʪʘʨʝʥʠʝʤ ʩʝʢʨʝʪʦʨʥʳʡ ʬʝʥʦʪʠʧ (SASP - 

senescenceassociatedsecretaryphenotype) ʩʧʦʩʦʙʝʥ ʚʣʠʷʪʴ ʥʘ ʚʳʞʠʚʘʥʠʝ, ʧʨʦʣʠʬʝʨʘʮʠʶ ʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʙʣʠʟʣʝʞʘʱʠʭ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʦʢʘʟʳʚʘʪʴ ʢʘʥʮʝʨʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

(Coppeetal., 2010; Krtolicaetal., 2001; Baviketal., 2006; LiuandHornsby, 2007). ʅʝʩʤʦʪʨʷ ʥʘ 

ʥʘʣʠʯʠʝ ʚʳʩʦʢʦ ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ çʷʜʨʘè SASP, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʶʪ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ 

ʮʠʪʦʢʠʥʳ, ʩʝʢʨʝʪʦʤ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʢʣʝʪʦʢ ʠ ʩʧʦʩʦʙʘ ʠʥʜʫʢʮʠʠ 

ʢʣʝʪʦʯʥʦʛʦ ʩʪʘʨʝʥʠʷ (Campisi, 2013). ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʵʬʬʝʢʪʦʚ, ʚʳʟʚʘʥʥʳʭ 

ʵʣʝʤʝʥʪʘʤʠ SASP, ʷʚʣʷʝʪʩʷ ʠʥʜʫʢʮʠʷ ʠʣʠ ʫʩʠʣʝʥʠʝ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʭʨʦʥʠʯʝʩʢʦʝ ʚʦʩʧʘʣʝʥʠʝ, ʧʦʜʜʝʨʞʠʚʘʝʤʦʝ ʩʝʥʝʩʮʝʥʪʥʳʤʠ ʢʣʝʪʢʘʤʠ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʟʚʠʪʠʝ 

ʚʦʟʨʘʩʪʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ (Campisietal., 2011; Coppeetal., 2010; Freundetal., 2010; 

CampisiandRobert, 2014). 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝSASP ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʨʦʤʘʣʴʥʳʭ ʢʣʝʪʦʢ 

(ʄʉʂ)ʠ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʢʣʝʪʢʠ ʚ ʩʠʩʪʝʤʝ invitro. 

ʇʦʧʫʣʷʮʠʷ ʄʉʂʧʨʝʜʩʪʘʚʣʷʝʪʦʩʦʙʳʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ 

ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʚʦʡʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʤʦʜʫʣʠʨʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʩʪʘʪʫʩ ʦʢʨʫʞʘʶʱʠʭ 

ʪʢʘʥʝʡ. ʆʜʥʘʢʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʩʦʩʪʦʷʥʠʷ ʢʣʝʪʦʯʥʦʛʦ ʩʪʘʨʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʄʉʂ ʠʟʤʝʥʷʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʨʷʜ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʩʢʦʨʝʥʥʦʝ 

ʩʪʘʨʝʥʠʝ ʦʢʨʫʞʘʶʱʠʭ ʢʣʝʪʦʢ, ʦʙʨʘʟʫʷ ʧʝʪʣʶ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ʊʘʢ, ʩʦʛʣʘʩʥʦ 

ʥʘʰʠʤ ʜʘʥʥʳʤ, ʜʦʙʘʚʣʝʥʠʝ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ ʦʪ ʩʝʥʝʩʮʝʥʪʥʳʭ ʢʣʝʪʦʢ ʢ 

çʤʦʣʦʜʳʤè ʢʫʣʴʪʫʨʘʤ ʠʣʠ ʠʭ ʩʦʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ çTranswellè ʧʨʠʚʦʜʠʣʦ ʢ 

ʩʥʠʞʝʥʠʶ ʜʦʣʠ ʄʉʂ ʚ G2/Mʬʘʟʝ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʛʥʝʪʝʥʠʝ 
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ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ invitro, ʧʨʦʚʦʜʠʤʳʝ ʥʘ ʢʫʣʴʪʫʨʝ ʬʠʙʨʦʙʣʘʩʪʦʚ, 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʷʤʦʝ ʩʦʢʫʣʴʪʠʚʠʨʦʚʘʥʠʝ çʤʦʣʦʜʳʭè ʢʣʝʪʦʢ ʩʦ çʩʪʘʨʳʤʠè ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʯʘʩʪʦʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʯʘʛʦʚ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ, ʦʜʥʦʛʦ ʠʟ ʧʨʠʟʥʘʢʦʚ 

ʧʨʝʩʝʥʝʩʮʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (Nelsonetal., 2012) 

ɸʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ SASPʄʉʂ ʚ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ 

ʩʨʝʜʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʷʚʠʣ ʟʥʘʯʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʠʪʦʢʠʥʘ IL-6 ʥʘ ʧʦʟʜʥʠʭ ʧʘʩʩʘʞʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʥʥʠʭ. ɼʘʥʥʳʝ ʧʦ 

ʧʨʦʜʫʢʮʠʠ ʢʣʝʪʢʘʤʠ IL-8 ʥʝ ʧʦʢʘʟʘʣʠ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʩʦʜʝʨʞʘʥʠʷ ʜʘʥʥʦʛʦ ʮʠʪʦʢʠʥʘ ʚ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʘʧʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘ 

ʧʦʟʜʥʠʭ ʧʘʩʩʘʞʘʭ ʦʙʥʘʨʫʞʠʚʘʣʘʩʴ ʙʦʣʴʰʘʷ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʚ ʧʨʦʜʫʢʮʠʠ IL-8. ɸʥʘʣʠʟ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʨʝʜʝ TGF-ɓ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʚʳʨʘʞʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ 

ʜʘʥʥʦʛʦ ʮʠʪʦʢʠʥʘ ʦʪ ʵʪʘʧʘ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. 

ʆʮʝʥʢʘ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚʨʷʜʘ ʧʘʨʘʢʨʠʥʥʳʭ ʤʝʜʠʘʪʦʨʦʚ ʩʝʥʝʩʮʝʥʪʥʳʭ ʢʣʝʪʦʢ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʥʥʠʭ ʧʘʩʩʘʞʝʡ ʚʳʷʚʠʣʘ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʆʪʤʝʯʝʥʦ 

ʧʦʚʳʰʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʛʝʥʦʚ IL-6, IL-8, FGF-2, BDNF, ANGPT, VEGF ʠ 

ʩʥʠʞʝʥʠʝ IGF-1, BMP-6, GDF15, TGFɓ3, MCP-1. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʥʝʩʮʝʥʪʥʳʝ ʢʣʝʪʢʠ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʢʣʝʪʦʯʥʦʝ ʦʢʨʫʞʝʥʠʝ 

ʢʘʢ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʢʦʥʪʘʢʪʝ, ʪʘʢ ʠ ʯʝʨʝʟ ʧʘʨʘʢʨʠʥʥʳʝ ʤʝʜʠʘʪʦʨʳ. ɺʦʟʜʝʡʩʪʚʠʝ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ ʩʝʥʝʩʮʝʥʪʥʳʭ ʄʉʂ ʥʘ çʤʦʣʦʜʳʝè ʢʣʝʪʢʠ ʚʳʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʩʣʝʜʥʠʭ.  ɸʥʘʣʠʟ SASPʄʉʂ ʚʳʷʚʠʣ ʧʦʚʳʰʝʥʠʝ ʧʨʦʜʫʢʮʠʠ 

IL-6 ʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʚ ʧʨʦʜʫʢʮʠʠ IL-8, ʦʩʥʦʚʥʳʭ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ 

ʤʝʜʠʘʪʦʨʦʚ ʜʣʷ ʜʘʥʥʦʡ ʢʣʝʪʦʯʥʦʡ ʧʦʧʫʣʷʮʠʠ. ʆʮʝʥʢʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʪʨʘʥʩʢʨʠʧʪʦʚ 

ʧʦʢʘʟʘʣʘ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʩʝʢʨʝʪʠʨʫʝʤʳʭ ʤʝʜʠʘʪʦʨʦʚ ʄʉʂ 

ʧʨʠ ʢʣʝʪʦʯʥʦʤ ʩʪʘʨʝʥʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 16Ȥ04Ȥ01244 
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The age-related diseases areassociated with the cellular dysfunction and depletion of the adult 

stem cells.Telomere shortening, genome damage, modification of the epigenome, impairment of the 

proteostasis, mitochondrial dysfunction lead to cell death or senescence.These processesincrease the 

number of senescent cells with age (Wang et al., 2009 Lopez-Ot²n et al., 2013). 

An activation of a number of signaling pathways in senescent cells result in an increased 

production of bioactive molecules, including active oxygen species (ROS) (Passos et al., 2010), 

wide range of different pro-inflammatory cytokines, chemokines, growth factors and proteases 

(Coppe et al., 2008; Coppe et al., 2010; Freund et al., 2010). The senescence associatedsecretory 

phenotype (SASP) can influence the survival, proliferation, differentiation and oncogenesis of 

neighboring cells (Coppe et al., 2010; Kratolica et al., 2001; Bavik et al., 2006 Liu and Hornsby, 

2007). Despite the conservative "core" of SASP, composed of pro-inflammatory cytokines, the 

secretome may depend on the cell typeand the senescence induction method (Campisi, 2013). One 

of the most important effects caused by SASP elements is the inflammatory process acceleration. 

The chronic inflammation, supported by senescent cells, is considered to be one of the most 

negative factors affecting the age-related diseases development (Campisi et al., 2011, Copp® et al., 

2010; Freund et al., 2010; Campisi and Robert, 2014). 

The aim of this work was to study SASP of mesenchymal stromal cells (MSCs) and its effect 

on cells in vitro. 
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The MSCs have a number of regulatory properties, includingmodulation of the functional 

status of surrounding tissues. The biological activity of senescent cells is changed. This can 

acceleratesenescence of surrounding cellsby forming a positive feedback loop. According to our 

data the addition of a conditioned medium from the senescent MSCs to the "young" cells or its co-

cultivation in the "Transwell" system led to a decreased G2/M phase share of ñyoungò MSCs, which 

indicates suppression of proliferative activity. In vitro studies showed that direct co-cultivation of 

"young" and "old" fibroblasts leads to an increaseddamaged DNA foci frequencies, one of the pre-

senescence signs (Nelson et al., 2012) 

An enzyme-linked immunosorbent assay (ELISA) of the principal pro-inflammatory of MSC 

SASP revealed a significant increase of IL-6 concentration at late passages. The IL-8level did not 

differsignificantlybetween ñearlyò and ñlateò passages. Nevertheless, in the ñlateò passages a great 

variation of IL-8 production was observed. TGF-ɓ analysis indicatedstable production of this 

cytokine under long-term cultivation.Evaluation of the geneexpression showed that at senescent 

cells IL-6, IL-8, FGF-2, BDNF, ANGPT, VEGFwere upregulated and IGF-1, BMP-6, GDF15, 

TGFɓ3 and MCP-1 were downregulated. Thus, senescent cells can influence the cellular 

environment both in direct contact and through paracrine mediators. 

This work was supported by the RFBR ˉ 16Ȥ04Ȥ01244 
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ʃʦʢʦʤʦʪʦʨʥʳʝ ʥʘʨʫʰʝʥʠʷ ʷʚʣʷʶʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ 

(ʂʦʟʣʦʚʩʢʘʷ ʀ.ɹ., 2011; Smith S.M.,2012). ʇʦʭʦʜʢʘ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ ʜʘʞʝ ʧʦʩʣʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʨʦʪʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʜʠʮʠʡ (ʦʪ 72 ʯʘʩʦʚ ʜʦ 16 ʩʫʪʦʢ) ʦʪʣʠʯʘʝʪʩʷ ʚʳʨʘʞʝʥʥʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ: ʢʦʩʤʦʥʘʚʪʳ ʭʦʜʷʪ ʥʝʨʝʰʠʪʝʣʴʥʦ, ʰʠʨʦʢʦ ʨʘʩʩʪʘʚʣʷʷ ʥʦʛʠ, ʧʝʨʝʚʘʣʠʚʘʷʩʴ 

ʠʟ ʩʪʦʨʦʥʳ ʚ ʩʪʦʨʦʥʫ, ʧʦʨʦʡ ʨʘʟʚʦʜʷ ʨʫʢʠ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ (ʂʦʟʣʦʚʩʢʘʷ ʀ.ɹ., 

1979). ɺʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʛʠʧʦʛʨʘʚʠʪʘʮʠʠ ʠ ʛʠʧʦʢʠʥʝʟʠʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʣʦʢʦʤʦʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʭʦʜʴʙʘ ʠ ʙʝʛ,  ʨʘʟʥʦʦʙʨʘʟʥʦ. ʅʘʠʙʦʣʝʝ ʷʨʢʠʤʠ ʧʨʠʤʝʨʘʤʠ ʵʪʦʛʦ 

ʷʚʣʷʶʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʤʳʰʝʯʥʦʡ ʩʠʣʳ ʥʘ ʬʦʥʝ ʧʦʚʳʰʝʥʠʷ ʵʣʝʢʪʨʦʤʠʦʛʨʘʬʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ ʨʘʙʦʪʳ ʤʳʰʮ (Jaweed M.M., 1994; ʐʧʘʢʦʚ ɸ.ɺ., 2008), ʩʥʠʞʝʥʠʝ 

ʦʙʲʸʤʘ ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʡ ʚ ʢʦʣʝʥʥʦʤ ʠ ʛʦʣʝʥʦʩʪʦʧʥʦʤ ʩʫʩʪʘʚʘʭ (ʇʘʥʬʠʣʦʚ ɺ.ɽ., 2009, 

ʐʧʘʢʦʚ ɸ.ɺ., 2016), ʩʥʠʞʝʥʠʝ ʦʨʪʦʩʪʘʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʂʦʪʦʚ ɸ.ʅ, 2016). ɽʩʣʠ ʧʦʩʣʝ 

ʢʦʨʦʪʢʠʭ ʧʦʣʝʪʦʚ ʫʢʘʟʘʥʥʳʝ ʨʘʩʩʪʨʦʡʩʪʚʘ ʠʩʯʝʟʘʶʪ ʢ 48 ï 72 ʯʘʩʘʤ ʧʦʩʣʝ ʧʨʠʟʝʤʣʝʥʠʷ, ʪʦ 

ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ (ʂʇ) ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʣʦʢʦʤʦʪʦʨʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ 

ʜʣʠʪʩʷ ʜʥʠ ʠ ʥʝʜʝʣʠ (ʂʦʟʣʦʚʩʢʘʷ ʀ.ɹ., 2013). ʊʘʢ ʢʘʢ ʩʢʦʨʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʫ ʢʘʞʜʦʛʦ 

ʢʦʩʤʦʥʘʚʪʘ ï ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ ʧʦʢʘʟʘʪʝʣʴ, ʤʦʞʥʦ 

ʚʳʜʚʠʥʫʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʆʈ ʩʪʦʧ, ʠʟʤʝʨʝʥʥʳʝ ʚ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʜʥʠ ʜʦ, ʚʦ ʚʨʝʤʷ ʠ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʳʭ 

ʂʇ, ʙʫʜʫʪ ʦʪʨʘʞʘʪʴ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʘʜʘʧʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʢʦʩʤʦʥʘʚʪʘ. ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʆʈ ʩʪʦʧ ʫ ʢʦʩʤʦʥʘʚʪʦʚ ʚ 

ʭʦʜʝ ʜʣʠʪʝʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʸʪʦʚ, ʚʳʷʚʣʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ  

ʣʦʢʦʤʦʪʦʨʥʦʡ ʩʪʨʘʪʝʛʠʠ ʭʦʜʴʙʳ ʠ ʙʝʛʘ ʚ ʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ ʙʝʛʫʱʝʡ ʜʦʨʦʞʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʢʦʩʤʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ çʄʦʪʦʢʘʨʜè, 

ʚʳʧʦʣʥʷʶʱʝʛʦʩʷ ʩ ʫʯʘʩʪʠʝʤ ʨʦʩʩʠʡʩʢʠʭ ʯʣʝʥʦʚ ʵʢʠʧʘʞʝʡ ʥʘ ʙʦʨʪʫ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ (ʄʂʉ). ʅʘ ʨʦʩʩʠʡʩʢʦʤ ʩʝʛʤʝʥʪʝ ʄʂʉ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʦʛʨʘʤʤʝ 

çʄʦʪʦʢʘʨʜè ʧʨʦʚʦʜʠʣʠʩʴ ʝʞʝʤʝʩʷʯʥʦ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʣʦʢʦʤʦʪʦʨʥʳʭ ʪʨʝʥʠʨʦʚʦʢ. ɼʦ 

ʥʘʯʘʣʘ ʂʇ ʠ ʧʦʩʣʝ ʝʛʦ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʜʚʝ ʩʝʩʩʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺʳʧʦʣʥʷʝʤʘʷ 
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ʢʦʩʤʦʥʘʚʪʘʤʠ ʣʦʢʦʤʦʪʦʨʥʘʷ ʥʘʛʨʫʟʢʘ ʩʦʩʪʦʷʣʘ ʠʟ 5 ʩʪʫʧʝʥʝʡ: ʨʘʟʤʠʥʦʯʥʦʡ ʭʦʜʴʙʳ, 

ʤʝʜʣʝʥʥʦʛʦ, ʩʨʝʜʥʝʛʦ ʠ ʙʳʩʪʨʦʛʦ ʙʝʛʘ ʠ ʟʘʤʠʥʦʯʥʦʡ ʭʦʜʴʙʳ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʦʣʸʪʥʳʭ 

ʩʝʩʩʠʡ ʘʢʩʠʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ, ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʙʳʯʥʦ 60-70% ʦʪ ʟʝʤʥʦʛʦ ʚʝʩʘ ʢʦʩʤʦʥʘʚʪʘ, 

ʩʦʟʜʘʸʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʪʨʝʥʠʨʦʚʦʯʥʦ-ʥʘʛʨʫʟʦʯʥʳʤ ʢʦʩʪʶʤʦʤ (ʊʅʂ). ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʝʩʪʘ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʦʜʦʛʨʘʤʤʫ, ʟʘʧʠʩʳʚʘʝʤʫʶ 190-197 ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ ʧʦʜ 

ʩʪʦʧʘʤʠ ʢʦʩʤʦʥʘʚʪʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,1 ʜʦ 3,0 ʢɻʩ/ʩʤ
2
 ʩ ʪʦʯʥʦʩʪʴʶ 15 %, ʯʘʩʪʦʪʫ 

ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ (ʏʉʉ) ʠ ʩʢʦʨʦʩʪʠ ʣʦʢʦʤʦʮʠʡ.  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 15 ʯʣʝʥʦʚ ʵʢʠʧʘʞʝʡ ʄʂʉ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʦʣʝʪʦʚ  

ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 5 ʜʦ 12 ʤʝʩʷʮʝʚ. 

ʈʘʥʝʝ ʚʳʷʚʣʝʥʥʳʝ ʘʚʪʦʨʘʤʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʠʟʤʝʥʝʥʠʷ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʆʈ ʩʪʦʧ ʫ ʢʦʩʤʦʥʘʚʪʦʚ ʚ ʭʦʜʝ ʂʇ ʙʳʣʠ ʦʩʦʙʝʥʥʦ ʚʳʨʘʞʝʥʳ ʚ ʢʦʥʮʝ ʧʝʨʚʦʛʦ 

ʤʝʩʷʮʘ ʂʇ ʠ ʥʘ 8-ʝ ʩʫʪʢʠ ʧʦʩʣʝ ʧʨʠʟʝʤʣʝʥʠʷ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʘ 

(ʯʘʩʪʦʪʳ ʰʘʛʦʚ) ʭʦʜʴʙʳ ʠ ʙʝʛʘ, ʩʦʢʨʘʱʝʥʠʝʤ ʜʣʠʥʳ ʰʘʛʘ, ʘ ʪʘʢʞʝ ʜʦʩʪʦʚʝʨʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʚʝʣʠʯʠʥʳ ʆʈ ʧʨʠ ʧʝʨʝʜʥʝʤ ʪʦʣʯʢʝ (ʢʦʩʤʦʥʘʚʪ ʙʝʛʘʣ çʥʘ ʥʦʩʦʯʢʘʭè), ʧʨʠ ʵʪʦʤ ʚ ʂʇ ʩʨʝʜʥʠʝ 

ʩʫʤʤʘʨʥʳʝ ʆʈ ʫʤʝʥʴʰʘʣʠʩʴ. ʅʦʚʳʝ ʨʘʩʯʸʪʳ ʚʝʣʠʯʠʥ ʆʈ ʩ ʫʯʸʪʦʤ ʚʝʣʠʯʠʥʳ ʧʨʠʪʷʛʘ, 

ʩʦʟʜʘʚʘʝʤʳʤ ʊʅʂ ʙʝʛʫʱʝʡ ʜʦʨʦʞʢʠ, ʠ ʚʝʩʘ ʪʝʣʘ ʢʦʩʤʦʥʘʚʪʦʚ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫ 30,8 % 

ʫʯʘʩʪʥʠʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʆʈ ʠʤʝʣʠ ʪʝʥʜʝʥʮʠʶ ʢ ʩʥʠʞʝʥʠʶ ʚ ʂʇ, ʫ 38,5%  ï ʢ ʫʚʝʣʠʯʝʥʠʶ ʠ 

ʫ 30,8% ï ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʣʠʩʴ, ʦʜʥʘʢʦ ʥʘ 8-ʝ ʩʫʪʢʠ ʧʦʩʣʝ ʧʨʠʟʝʤʣʝʥʠʷ ʦʪʤʝʯʘʣʘʩʴ 

ʷʚʥʘʷ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʠʭ ʫʚʝʣʠʯʝʥʠʶ (ʥʘ 28,33 Ñ2,93 %). ʊʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʘ ʩʪʨʘʪʝʛʠʠ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʡ ʩʪʫʧʝʥʠ ʪʝʩʪʘ ʢ ʜʨʫʛʦʡ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦ ʧʦʣʸʪʘ 33,3 % ʫʯʘʩʪʥʠʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʚʝʣʠʯʠʚʘʣʠ ʩʢʦʨʦʩʪʴ ʟʘ ʩʯʸʪ 

ʫʜʣʠʥʝʥʠʷ ʰʘʛʘ, 46,67% ï ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʯʘʩʪʦʪʳ ʰʘʛʘ, 20% ï ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʠ 

ʜʣʠʥʳ, ʠ ʯʘʩʪʦʪʳ ʰʘʛʘ. ɺ ʂʇ ʩʪʨʘʪʝʛʠʷ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʠʣʘʩʴ ʫ 60% ʢʦʩʤʦʥʘʚʪʦʚ, 

ʘ ʥʘ 8-ʝ ʩʫʪʢʠ ʧʦʩʣʝ ʧʨʠʟʝʤʣʝʥʠʷ - ʫ 46,67% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʇʨʠ 

ʵʪʦʤ ʦʪʤʝʯʘʣʘʩʴ ʚʳʩʦʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʢʘʢ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ 

ʩʪʨʘʪʝʛʠʠ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ, ʪʘʢ ʠ ʜʠʥʘʤʠʢʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʬʘʟ ʰʘʛʘ ʚ ʭʦʜʝ ʧʦʣʸʪʘ. 

ʆʧʠʩʘʥʥʳʝ ʷʚʣʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʜʚʠʥʫʪʫʶ ʛʠʧʦʪʝʟʫ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʜʘʧʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝʧʦʜʜʝʨʞʘʥʦʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡʢʦʨʧʦʨʘʮʠʝʡ çʈʦʩʢʦʩʤʦʩè. 
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Locomotor disorders are natural consequence of space flights (Kozlovskaya I.B., 2011; 

Smith S.M., 2012). The gait of space flight crew members, even after relatively short space 

missions (from 72 hours to 16 days) is characterized by marked instability: cosmonauts walk 

hesitantly, legs wide apart, swaying from side to side, sometimes spreading out their arms to 

maintain the balance (Kozlovskaya I.B., 1979). Influence of factors of hypogravity and hypokinesia 

on the characteristics of natural locomotion, such as walking and running, is diverse. The most 

bright manifestations of this are the decrease in muscle strength and increase of EMG activity and 

the cost of muscle work (Jaweed M.M., 1994; Shpakov A.V., 2008), decrease in the volume and 

speed of movements in the knee and ankle joints (Panfilov V.E., 2009, Shpakov A.V., 2016), 

decrease in orthostatic stability (Kotov A.N., 2016). If after the short flights these disorders 

disappear by 48-72 hours after landing, then after the long term space flights (SF) restoration of 

locomotive abilities lasts days and weeks (Kozlovskaya I.B., 2013). Since the speed of adaptation of 

each cosmonaut is an individual personality measure, depending on many factors, it can be assumed 

that the individual specific features of biomechanical characteristics of support reactions, measured 

before, during and after the long term SF, will reflect the specificity of the adaptation process of the 
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cosmonaut. The aim of the present work is study of biomechanical characteristics of support 

reactions (SR) of cosmonauts during long term space flights, identification of individual features of 

the locomotor strategy of walking and running in the active treadmill mode. 

The research was conducted as part of the "Motocard" space experiment performed with the 

participation of Russian crew members onboard the International Space Station (ISS). In the 

Russian segment of the ISS the investigations for the "Motocard" program were performed on a 

monthly basis during the execution of locomotor training. Two sessions of the experiment were 

conducted before and two after the SF. The locomotor task performed by cosmonauts consisted of 5 

stages: warm-up walk, slow, medium and fast run and hitch walk. When performing flight sessions, 

the axial load, which is usually 60-70% of the earth's weight of the cosmonaut, is created by the 

special training-load suit (TLS). When performing the test, the podogram was registered, being 

recorded by 190-197 sensors under the cosmonauts ' feet in the range from 0.1 to 3.0 kgf/cm
2
 with 

an accuracy of Ñ15 %; heart rate (HR) and locomotion speed were recorded. 

15 members of the ISS crews were involved in the experiment; duration of their flights 

ranged from 5 to 12 months. 

Earlier revealed by the authors of the present work, the changes in biomechanical 

characteristics of SR during SF were especially manifested at the end of the first month of SF and 

on the 8th day after landing. They were characterized by the increase in the pace (frequency of 

steps) of walking and running, the reduction in step length, as well as the significant increase of SR 

at metatarsal areas of the sole (cosmonaut ran "on tiptoe"), while in SF the average total of SR 

decreased. New calculations of SR values, taking into account the magnitude of retraction created 

by TLS of the treadmill and the body weight of cosmonauts, demonstrated that 30.8% participants 

of the SR experiment had tendency to the decrease in SF, 38.5% ï to the increase and 30.8% ï 

practically did not change, but on the 8th day after landing there was a clear unidirectional tendency 

to their increase (in 28.33 Ñ2.93 %). Also, the results of the analysis of the strategy of increasing the 

speed during the transition from one stage of the test to another showed that before the flight, 33.3% 

participants of the experiment increased the speed by lengthening the step, 46.67% ï by increasing 

the step frequency, and 20% ï by increasing both the length and the step frequency. In SF the 

strategy of increase the speed changed at 60% cosmonauts, and on the 8th day after landing-at 

46,67%, in comparison with background values. At the same time, the high heterogeneity and 

individuality of both the dynamics of changing the strategy of increasing the speed and the 

dynamics of duration of the step phases during the flight were registered. 

The described phenomena prove the advanced hypothesis, as well as the need for further 

study of the individual characteristics of the adaptation process. The study was supported by the 

ñRoscosmosò State Corporation. 

 

 

ɸʅɸʃʀɿ ʀɿʄɽʅɽʅʀʁ ʂʆʉʊʅʆɻʆ ʉʊɸʊʋʉɸ ʋʏɸʉʊʅʀʂʆɺ ʕʂʉʇɽʈʀʄɽʅʊɸ 

çʉʀʈʀʋʉ 2017è 

 

ʉʝʨʚʫʣʠ ɽ.ɸ. 
ɻʅʎ ʈʌ ï ʀʥʩʪʠʪʫʪ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʈɸʅ, ʄʦʩʢʚʘ 

 

ɺʚʝʜʝʥʠʝ: ɺ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʙʳʚʘʥʠʝ ʚ ʫʩʣʦʚʠʷʭ 

ʛʠʧʦʜʠʥʘʤʠʠ ʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʵʣʝʤʝʥʪʘʭ ʦʧʦʨʥʦ-

ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʩʪʥʦʡ ʠ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ (ServuliE.A., 2016; Oganov 

V.S. et al., 2014). ɼʘʞʝ ʚ ʢʨʘʪʢʦʩʨʦʯʥʦʤ ʧʝʨʠʦʜʝ ʚ ʭʦʜʝ ʠʟʦʣʷʮʠʠ ʦʪʤʝʯʘʣʦʩʴ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʝ, ʭʦʪʴ ʠ ʥʝ ʜʦʩʪʦʚʝʨʥʦʝ, ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʩʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ 

ʦʨʛʘʥʠʟʤʝ ʠʩʧʳʪʫʝʤʳʭ. ɺ ʭʦʜʝ ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʪʦʷʣʘ ʟʘʜʘʯʘ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʩʪʥʦʛʦ ʩʪʘʪʫʩʘ ʚ ʫʩʣʦʚʠʷʭ ʠʟʦʣʷʮʠʠ, ʘ ʪʘʢ ʞʝ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨ 

ʠʟʤʝʥʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʢʦʩʪʠ (ʧʨʝʦʙʣʘʜʘʥʠʷ ʢʦʤʧʘʢʪʥʦʛʦ ʠʣʠ ʪʨʘʙʝʢʫʣʷʨʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ). 
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ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʆʙʩʣʝʜʦʚʘʥʠʝ (ʜʦ ʠ ʩʨʘʟʫ ʧʦʩʣʝ ʠʟʦʣʷʮʠʠ) ʚʳʧʦʣʥʝʥʦ ʥʘ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʢʦʤʧʴʶʪʝʨʥʦʤ ʪʦʤʦʛʨʘʬʝ XCT2000L (pQCT) . ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 5 ʯʝʣʦʚʝʢ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 2 ʤʫʞʯʠʥ ʠ 3 ʞʝʥʱʠʥ. ʀʟʤʝʨʷʣʠ 

ʜʣʠʥʫ ʛʦʣʝʥʠ ʦʪ ʤʳʱʝʣʢʘ ʙʦʣʴʰʝʙʝʨʮʦʚʦʡ ʢʦʩʪʠ ʜʦ ʤʝʜʠʘʣʴʥʦʡ ʣʦʜʳʞʢʠ. ɿʘʪʝʤ ʧʨʦʚʦʜʠʣʠ 

ʩʢʘʥʠʨʦʚʘʥʠʝ ʥʘ ʫʨʦʚʥʝ 4% (ʜʠʩʪʘʣʴʥʳʡ ʵʧʠʬʠʟ), 38% (ʜʠʘʬʠʟ), 66% (ʜʠʘʬʠʟ) ʠ 98% 

(ʧʨʦʢʩʠʤʘʣʴʥʳʡ ʵʧʠʬʠʟ) ʦʪ ʜʣʠʥʳ ʙʦʣʴʰʝʙʝʨʮʦʚʦʡ ʢʦʩʪʠ. ɺ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

ʧʨʦʚʦʜʠʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʝʥʠʝ ʂʊ-ʩʨʝʟʦʚ ʥʘ ʫʢʘʟʘʥʥʳʭ ʫʯʘʩʪʢʘʭ. ʅʘ 

ʢʘʞʜʦʤ ʩʨʝʟʝ (ʪʦʣʱʠʥʘ ʩʨʝʟʘ 1ʤʤ) ʦʧʨʝʜʝʣʷʣʠ ʩʦʜʝʨʞʘʥʠʝ ʢʦʩʪʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʤʛ), ʧʣʦʱʘʜʴ 

ʢʦʩʪʥʦʡ ʪʢʘʥʠ (ʩʤ
2
), ʟʘʪʝʤ ʚʳʯʠʩʣʷʣʠ ʤʠʥʝʨʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ ʢʦʩʪʥʦʡ ʪʢʘʥʠ (ʄʇʂ, ʤʛ/ʩʤ

3
). 

ɸʥʘʣʠʟʠʨʦʚʘʣʠ ʜʘʥʥʳʝ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʦʩʪʠ ʧʦʣʫʯʝʥʥʳʝ ʜʦ ʠ ʧʦʩʣʝ ʠʟʦʣʷʮʠʠ, 

ʠʟʤʝʥʝʥʠʷ ʚʳʯʠʩʣʷʣʠ ʚ ʧʨʦʮʝʥʪʘʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʣʦʱʘʜʴ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʥʘ ʫʨʦʚʥʝ ʜʠʘʬʠʟʘ (ʩʨʝʟʳ ʥʘ 38% ʠ 66% ʜʣʠʥʳ 

ʛʦʣʝʥʠ, ʪʦʣʱʠʥʘ ʩʨʝʟʦʚ 1ʤʤ) ʠ ʚʳʯʠʩʣʷʣʠ ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʠ ʤʳʰʮʳ ʚ ʧʨʦʮʝʥʪʘʭ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʭʦʜʥʳʤ ʟʥʘʯʝʥʠʷʤ. ʉʫʤʤʘʨʥʘʷ ʣʫʯʝʚʘʷ ʥʘʛʨʫʟʢʘ - ʜʦ 0,04 ʤɿʚ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 0.2-0.3% (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʧʝʨʘʪʦʨʘ). 

ʈʝʟʫʣʴʪʘʪʳ: ʇʨʠ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʤʠʤʦ ʠʟʤʝʨʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʦʩʪʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʠ ʩʦʩʪʦʷʥʠʷ ʧʘʮʠʝʥʪʘ. ɺ ʦʙʣʘʩʪʠ ʜʠʘʬʠʟʘ (ʩʨʝʟʳ 

ʥʘ ʫʨʦʚʥʝ 38% 66%) ʢʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʤʧʘʢʪʥʳʤ ʚʝʱʝʩʪʚʦʤ, ʚ ʦʙʣʘʩʪʠ 

ʵʧʠʬʠʟʦʚ (ʩʨʝʟʳ ʥʘ ʫʨʦʚʥʝ 4% ʠ 98%) ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʫʙʯʘʪʳʤ. ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʢʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠʤʝʶʪ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʘʠʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʦʩʪʠ (ʚ ʨʘʡʦʥʝ 1%) ʦʪʤʝʯʘʣʦʩʴ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʵʧʠʬʠʟʦʚ ʢʦʩʪʠ. ɺ ʦʙʣʘʩʪʠ ʜʠʘʬʠʟʘ ʠʟʤʝʥʝʥʠʝ ʢʦʩʪʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʙʳʣʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ, ʥʘ ʫʨʦʚʥʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʧʨʠʙʦʨʘ.  

ʋ ʫʯʘʩʪʥʠʢʘ ɸ ʦʪʤʝʯʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʢʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʜʠʩʪʘʣʴʥʦʛʦ 

ʜʠʘʬʠʟʘ ʠ ʧʨʦʢʩʠʤʘʣʴʥʦʛʦ ʵʧʠʬʠʟʘ, ʫ ʫʯʘʩʪʥʠʢʘ ɺ ʠʟʤʝʥʝʥʠʷ ʥʦʩʠʣʠ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʙʳʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳ. ʋ ʫʯʘʩʪʥʠʢʘ ʉ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʙʳʣʠ ʚ 

ʦʙʣʘʩʪʠ ʜʠʩʪʘʣʴʥʦʛʦ ʜʠʘʬʠʟʘ (ʩʥʠʞʝʥʠʝ ʢʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ), ʫ ʫʯʘʩʪʥʠʢʘ D ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʢʩʠʤʘʣʴʥʦʛʦ ʜʠʘʬʠʟʘ (ʫʚʝʣʠʯʝʥʠʝ ʢʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ), ʫ ʫʯʘʩʪʥʠʢʘ F ʚ ʦʙʣʘʩʪʠ 

ʜʠʩʪʘʣʴʥʦʛʦ ʵʧʠʬʠʟʘ ʠ ʜʠʘʬʠʟʘ (ʫʚʝʣʠʯʝʥʠʝ ʢʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ). 

ʅʘ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʜʝʡʩʪʚʦʚʘʣ ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʬʘʢʪʦʨ ï ʬʠʢʩʘʮʠʷ 

ʤʳʰʮ ʜʝʨʞʘʪʝʣʝʤ ʜʣʷ ʥʦʛʠ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʚʦʟʤʦʞʥʦʝ ʠʭ ʩʜʘʚʣʠʚʘʥʠʝ, ʯʪʦ ʤʦʛʣʦ ʧʨʠʚʝʩʪʠ 

ʢ ʠʩʢʘʞʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ (ʦʪʩʫʪʩʪʚʠʝ ʩʚʦʙʦʜʥʦʛʦ çʚʠʩʘè ʤʳʰʮ). ʀʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ 

ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʠʤʝʣʠ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʫ ʤʫʞʯʠʥ ʦʪʤʝʯʘʣʦʩʴ ʩʥʠʞʝʥʠʝ 

ʤʳʰʝʯʥʦʡ ʤʘʩʩʳ, ʫ ʞʝʥʱʠʥ ʠ ʩʥʠʞʝʥʠʝ ʠ ʫʚʝʣʠʯʝʥʠʝ. ʇʦʢʘʟʘʪʝʣʠ ʚʘʨʴʠʨʦʚʘʣʠ ʚ ʧʨʝʜʝʣʘʭ 

ʦʪ 0,2% ʜʦ -0,6% ʚ ʜʠʩʪʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ, ʦʪ 2% ʜʦ 8,3% ʚ ʧʨʦʢʩʠʤʘʣʴʥʳʭ.ʋ ʞʝʥʱʠʥ 

ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʠʣʦ ʦʪ 1,6% ʜʦ 2,2% ʚ ʜʠʩʪʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʜʦ 7,1% ʚ ʧʨʦʢʩʠʤʘʣʴʥʳʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ pQCT ʜʘʝʪ ʙʦʣʝʝ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʝʥʩʠʪʦʤʝʪʨʠʝʡ, ʧʦʩʢʦʣʴʢʫ ʠʟʦʙʨʘʞʝʥʠʝ ʥʝ ʩʫʤʤʘʮʠʦʥʥʦʝ, ʘ ʧʦʩʨʝʟʦʚʦʝ, ʨʘʟʨʝʰʘʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʙʦʨʘ ʚʳʰʝ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

(ʉʝʨʚʫʣʠ ɽ.ɸ.,ɻʦʨʜʠʝʥʢʦ ʂ.ɸ., ʅʦʚʠʢʦʚ ɺ.ɽ., ɺʘʩʠʣʴʝʚʘ ɻ.ʖ., 2017). ʇʦʩʢʦʣʴʢʫ ʧʝʨʠʦʜ 

ʥʘʙʣʶʜʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʫʯʘʩʪʥʠʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʛʨʘʥʠʯʝʥʦ, ʪʦ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʝ 

ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʤʠ. ʅʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʙʦʣʝʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʧʝʨʠʦʜʦʤ ʛʠʧʦʜʠʥʘʤʠʠ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ. 

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʫʯʘʩʪʥʠʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ çSIRIUS-17è, ʧʨʦʷʚʠʚʰʠʭ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʧʨʠʥʷʚʰʠʭ ʜʝʷʪʝʣʴʥʦʝ ʫʯʘʩʪʠʝ ʚ ʝʛʦ ʧʨʦʚʝʜʝʥʠʠ, ʘ ʪʘʢʞʝ ʛʣʘʚʫ 

ʦʪʜʝʣʘ ʂʦʩʤʠʯʝʩʢʦʡ ʬʠʟʠʦʣʦʛʠʠ ʧʨʦʬ. ʁʦʨʥʘ  ʈʠʪʪʚʠʛʝʨʘ (Joern Rittweger, DLR, ɻʝʨʤʘʥʠʷ) 

ʠ ʝʛʦ ʢʦʣʣʝʛ ʋʚʝ (Uwe Mittag) ʠ ʇʘʪʨʠʢʘ ʃʘʫ (Patrick Lau) ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʝ DLR ʠ ʧʦʤʦʱʴ ʚ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ. 
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ANALYSIS PARTICIPANTSôS BONE STATUS IN EXPERIMENT çSIRIUS 2017è 

 

Servuly E.A. 
Institute of Biomedical Problems of RAS, Moscow 

 

Introduction : Previous studies have shown that staying in hypodynamia and limited 

conditions leads to changes in the elements of the musculoskeletal system, including bone and 

muscle tissues (Servuly E., 2016; Oganov V., et al., 2014). A unidirectional, although not reliable, 

decrease of the bone minerals content in the subjects' body was reported even during short-term 

isolation. The task of this experiment was to investigate in more detail the changes in bone status 

under isolation conditions, and also to determine the nature of the changes depending on the bone 

structure (the predominance of a compact or trabecular component). 

Materials and methods: The examination (before and immediately after isolation) was 

performed on the XCT2000L peripheral X-ray computer tomograph (pQCT). Five people were 

involved in the study, including 2 men and 3 women. The length of the shank from the condyle of 

the tibia to the medial malleolus was measured. Then, a scan was performed at 4% (distal 

epiphysis), 38% (diaphysis), 66% (diaphysis), and 98% (proximal epiphysis) of the length of the 

tibia. The data reconstruction and construction of CT cuts were performed in these areas 

automatically. The content of bone minerals (mg), bone tissue area (cm2) were determined on each 

slice (thickness of slice 1 mm), then bone mineral density (BMD, mg / cm3) was calculated. The 

bone mineral density data obtained before and after isolation was analyzed, the changes were 

calculated as a percentage of the baseline parameters. In addition, the area of the muscle tissue was 

analyzed at the level of the diaphysis (cuts at 38% and 66% of the shank length, the thickness of the 

slices was 1 mm) and the muscle area changes were calculated as a percentage of the baseline 

values. The total radiation load was up to 0.04 mSv. The sensitivity of the method is 0.2-0.3% 

(depending on the operator). 

Results: In addition to measuring bone mineral content and bone mineral density, the quality 

of the obtained images depending on the position and condition of the patient was assessed during 

analyze of the obtained data. Bone is represented mainly by a compact substance in the diaphysis 

region (cuts at the level of 38% and 66%), and mainly by spongy substance in the epiphyses (slices 

at the level of 4% and 98%). Observations showed that changes in bone density have a 

multidirectional character. The largest change in bone mineral density (at the level of 1%) was noted 

mainly in the area of bone epiphysis. In the diaphysis area the change in bone density was 

insignificant, at the level of measurement error of the device. 

The increase in bone density in the distal diaphysis and proximal epiphysis area was reported 

in participant A; the changes were multidirectional and insignificant in participant B. Participant C 

had most expressed changes in the area of the distal diaphysis (decrease in bone density), participant 

D had such changes in the proximal diaphysis (increase in bone density), and participant F had such 

changes in the distal epiphysis and diaphysis (bone density increase). 

The limiting factor, fixation of the muscles by the leg holder, resulting in their possible 

compression, could affect the results (absence of free muscle "hanging") and the analysis of changes 

in muscle tissue. The change in the volume of muscle tissue was multidirectional, a decrease in 

muscle mass was reported in men, and both decrease and increase were marked in women. The 

indices ranged from 0.2% to ï0.6% in the distal areas, and from 2% to 8.3% in the proximal areas. 

The change was from 1.6% to 2.2% in the distal areas to 7.1% in the proximal areas in women. 

Study with pQCT gives more accurate results compared to densitometry, since the image is 

not summative, but slice-to-slice, resolution of the device is higher, and advanced reconstruction 

algorithms are used (Servuly E., Gordienko K., Novikov V., Vasilyeva G., 2017). Since the 

observation period and the number of participants are limited, the data obtained is not statistically 

reliable. Further studies with a longer period of hypodynamia in limited conditions are needed. 

The author thanks the participants of the experiment "SIRIUS-17", who showed great interest to the 
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study and took an active part in its realization, and also Prof. Jºrn Rittweger the Head of the Space 

Physiology Department (DLR, Germany) and his colleagues Uwe Mittag and Patrick Lau for the 

opportunity to use DLR hardware and assistance in data analysis. 

 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʊʆʏʅʆʉʊʅʓʍ ɼɺʀɾɽʅʀʁ ʈʋʂ ɺ 

ʋʉʃʆɺʀʗʍ ɹɽɿʆʇʆʈʅʆʉʊʀ 

 

ʉʦʩʥʠʥʘ ʀ.ʉ., ɿʝʣʝʥʩʢʠʡ ʂ.ɸ. 

ɻʅʎ ʈʌ ï ʀʄɹʇ ʈɸʅ, ʄʦʩʢʚʘ 

 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʚʦʜʠʤʳʭ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ, ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʩʤʦʥʘʚʪʳ ʠʩʧʳʪʳʚʘʶʪ ʟʘʪʨʫʜʥʝʥʠʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʦʯʥʦʩʪʥʳʭ 

ʜʚʠʛʘʪʝʣʴʥʳʭ ʟʘʜʘʯ, ʩʥʠʞʘʝʪʩʷ ʪʦʯʥʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʜʦʟʠʨʦʚʘʥʥʳʭ ʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʙʣʠʟʢʠʭ ʧʦ ʚʝʣʠʯʠʥʝ ʤʳʰʝʯʥʳʭ ʫʩʠʣʠʡ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʨʝʤʷ 

ʨʝʘʣʠʟʘʮʠʠ ʜʚʠʛʘʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ (ʏʝʢʠʨʜʘ ʀ.ʌ., 1971, ʏʝʨʝʧʘʭʠʥ ʄ.ɸ, 1969, ʐʫʣʴʞʝʥʢʦ 

ɽ.ɹ., ɺʠʣʴ-ɺʠʣʴʷʤʩ 1976). ɺ ʨʘʙʦʪʘʭ ʨʦʩʩʠʡʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ (ɻʨʠʛʦʨʴʝʚ ɸ.ʀ., ʠ ʩʦʘʚʪ.  

2004, KozlovskayaI.B., etal, 2007)  ʧʦʢʘʟʘʥʘ ʪʨʠʛʛʝʨʥʘʷ ʨʦʣʴ ʦʧʦʨʥʦʡ ʨʘʟʛʨʫʟʢʠ ʚ ʟʘʧʫʩʢʝ 

ʫʢʘʟʘʥʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʦʜʥʘʢʦ ʚʢʣʘʜ ʜʨʫʛʠʭ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʦʧʨʝʜʝʣʝʥ. 

ʇʨʝʜʩʪʘʚʣʷʣʦʩʴ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ, ʤʘʢʩʠʤʘʣʴʥʦ 

ʠʩʢʣʶʯʘʶʱʠʭ ʚʣʠʷʥʠʝ ʜʨʫʛʠʭ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʥʝʚʝʩʦʤʦʩʪʠ ʬʘʢʪʦʨʦʚ ï ʥʘʨʫʰʝʥʠʷ ʬʫʥʢʮʠʠ 

ʚʝʩʪʠʙʫʣʷʨʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʠʟʤʝʥʝʥʠʷ ʙʠʦʤʝʭʘʥʠʢʠ ʜʚʠʞʝʥʠʡ, ï ʠ ʦʪʢʨʳʚʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʦʧʦʨʥʦʛʦ ʩʪʠʤʫʣʘ ʠ ʨʦʣʠ ʘʢʩʠʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʪʝʭ ʠʣʠ ʠʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʘʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ. ʀʩʧʦʣʴʟʫʝʤʘʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʦʜʝʣʴ 

"ʩʫʭʦʡ" ʠʤʤʝʨʩʠʠ (ʉʀ), ʧʦ ʫʩʣʦʚʠʷʤ ʢʦʪʦʨʦʡ ʠʩʧʳʪʫʝʤʳʡ ʧʦʛʨʫʞʘʝʪʩʷ ʚ ʚʘʥʥʫ ʩ ʪʝʧʣʦʡ 

ʚʦʜʦʡ, ʦʪ ʢʦʪʦʨʦʡ ʝʛʦ ʦʪʜʝʣʷʝʪ ʩʚʦʙʦʜʥʦ ʧʣʘʚʘʶʱʘʷ ʞʝʩʪʢʘʷ ʵʣʘʩʪʠʯʥʘʷ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʘʷ 

ʪʢʘʥʴ, - ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦ ʠ ʧʦʣʥʦ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʛʠʧʦʛʨʘʚʠʪʘʮʠʠ ʚ ʜʚʠʛʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ 

(ʐʫʣʴʞʝʥʢʦ ɽ.ɹ, ɺʠʣʴ-ɺʠʣʴʷʤʩ ʀ.ʌ. 1973; ʂʦʟʣʦʚʩʢʘʷ ʀ.ɹ. ʠ ʜʨ. 1987, 2006 ʠ ʜʨ.). 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʙʝʟʦʧʦʨʥʦʩʪʠ ʠ 

ʘʢʩʠʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʯʥʦʩʪʥʳʭ ʜʚʠʞʝʥʠʡ ʨʫʢ. 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʚ ʦʙʱʝʡ 

ʩʣʦʞʥʦʩʪʠ 39 ʠʩʧʳʪʘʪʝʣʝʡ-ʜʦʙʨʦʚʦʣʴʮʝʚ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 18 ʜʦ 44 ʣʝʪ. ʋʯʘʩʪʥʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ, ʚ ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ (ʛʨʫʧʧʘ çʉʀè) ʠʩʧʳʪʘʪʝʣʴ ʥʝ ʧʦʜʚʝʨʛʘʣʩʷ 

ʢʘʢʠʤ-ʣʠʙʦ ʜʨʫʛʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʘ ʚ ʜʨʫʛʦʡ (ʛʨʫʧʧʘ çʉʀ+ʇʠʥʛʚʠʥè) ʠʩʧʳʪʘʪʝʣʠ ʝʞʝʜʥʝʚʥʦ 

ʚ ʪʝʯʝʥʠʝ 4-ʭ ʯʘʩʦʚ ʙʳʣʠ ʦʜʝʪʳ ʚ ʢʦʩʪʶʤ ʘʢʩʠʘʣʴʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ çʇʠʥʛʚʠʥè, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʦʟʜʘʥʠʝ ʚʝʩʦʚʦʡ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʪʝʣʦ ʚʝʣʠʯʠʥʦʡ 16-18 ʢʛ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʤʤʝʨʩʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʩʪʘʚʣʷʣʘ 5 ʩʫʪʦʢ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 

ʜʚʘʞʜʳ ʜʦ ʥʘʯʘʣʘ ʉʀ, ʥʘ 2-ʝ,3-ʠ,5-ʝ ʩʫʪʢʠ ʠʤʤʝʨʩʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʯʝʨʝʟ 3-5 

ʯʘʩʦʚ ʧʦʩʣʝ ʝʛʦ ʟʘʚʝʨʰʝʥʠʷ. 

ɺ ʟʘʜʘʯʫ ʠʩʧʳʪʘʪʝʣʝʡ ʚʭʦʜʠʣʦ ʚʳʧʦʣʥʝʥʠʝ ʜʚʫʭ ʪʝʩʪʦʚ. 

ʇʝʨʚʳʡ ʪʝʩʪ ʥʘ ʛʨʘʜʘʮʠʶ ʫʩʠʣʠʡ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʚʳʧʦʣʥʝʥʠʝ ʩ ʧʦʤʦʱʴʶ 

ʨʫʯʥʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ ʨʷʜʘ ʫʩʠʣʠʡ ʦʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩ ʤʠʥʠʤʘʣʴʥʦʡ 

ʨʘʟʥʠʮʝʡ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʜʚʠʞʝʥʠʷʤʠ ʙʝʟ ʟʨʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ɸʥʘʣʠʟʠʨʦʚʘʣʠ 

ʚʝʣʠʯʠʥʫ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʩʠʣʠʷ (ʘʙʩʦʣʶʪʥʳʡ ʧʦʨʦʛ), ʩʨʝʜʥʶʶ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʫʩʠʣʠʷʤʠ (ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʧʦʨʦʛ) ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ (ʩʣʫʯʘʠ, ʢʦʛʜʘ ʧʦʩʣʝʜʫʶʱʝʝ 

ʜʚʠʞʝʥʠʝ ʥʝ ʧʨʝʚʳʰʘʣʦ ʧʦ ʩʠʣʝ ʧʨʝʜʳʜʫʱʝʝ).ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ 

ʛʨʫʧʧʝ çʉʀè ʚ ʭʦʜʝ ʠʤʤʝʨʩʠʠ ʚʳʷʚʣʷʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ ʧʦʚʳʰʝʥʠʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʧʦʨʦʛʘ, ʘ ʚ ʛʨʫʧʧʝ çʉʀ+ʇʠʥʛʚʠʥè ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʧʦʨʦʛ ʩʥʠʞʘʣʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 20%. 

ɸʙʩʦʣʶʪʥʳʡ ʧʦʨʦʛ ʫʩʠʣʠʷ ʚ ʛʨʫʧʧʝ çʉʀè ʚ ʭʦʜʝ ʠʤʤʝʨʩʠʠ ʪʘʢʞʝ ʠʤʝʣ ʪʝʥʜʝʥʮʠʶ 

ʢʫʚʝʣʠʯʝʥʠʶ (ʚ ʩʨʝʜʥʝʤ ʥʘ 11%), ʚʦʟʚʨʘʱʘʷʩʴ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʠʤʤʝʨʩʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʢ ʠʩʭʦʜʥʳʤ ʟʥʘʯʝʥʠʷʤ. ɺ ʛʨʫʧʧʝ çʉʀ+ʇʠʥʛʚʠʥè ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʥʠʞʘʣʩʷ ʜʦ 50% ʢ ʢʦʥʮʫ 
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ʠʤʤʝʨʩʠʠ. ʂʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʪʘʢʞʝ ʙʳʣʦ ʥʠʞʝ ʚ ʛʨʫʧʧʝ çʉʀ+ʇʠʥʛʚʠʥè ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʛʨʫʧʧʦʡ çʉʀè. 

ɺʦ ʚʪʦʨʦʤ ʪʝʩʪʝ ʥʘ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʫʩʠʣʠʡ ʧʦ ʧʘʤʷʪʠʜʚʠʛʘʪʝʣʴʥʘʷ ʟʘʜʘʯʘ 

ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʚʳʧʦʣʥʝʥʠʠ 5 ʩʞʘʪʠʡ ʩ ʫʩʠʣʠʝʤ ʚ 30% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʫʩʠʣʠʷ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚ ʥʘʯʘʣʝ ʪʝʩʪʘ. ɿʘʜʘʯʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚʥʘʯʘʣʝ ʩ ʦʪʢʨʳʪʳʤʠ, ʘ ʟʘʪʝʤ ï ʩ 

ʟʘʢʨʳʪʳʤʠ ʛʣʘʟʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʫʩʣʦʞʥʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʪʝʩʪʘ ʧʦʩʣʝʜʥʶʶ ʩʝʨʠʶ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʫʩʠʣʠʡ ʩ ʟʘʢʨʳʪʳʤʠ ʛʣʘʟʘʤʠ ʠʩʧʳʪʘʪʝʣʴ ʦʩʫʱʝʩʪʚʣʷʣ ʣʝʚʦʡ, çʥʝ 

ʪʨʝʥʠʨʫʝʤʦʡè ʜʦ ʵʪʦʛʦ ʨʫʢʦʡ. 

ʊʦʯʥʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʟʘʜʘʥʥʳʭ ʫʩʠʣʠʡ ʧʦ ʧʘʤʷʪʠ ʚ ʧʝʨʚʳʝ ʜʥʠ ʠʤʤʝʨʩʠʦʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʛʨʫʧʧʝ çʉʀè ʩʥʠʞʘʣʘʩʴ, ʜʦʩʪʦʚʝʨʥʳʤʠ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʙʳʣʠ ʣʠʰʴ ʚ ʟʘʜʘʯʝ ʩ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝʤ ʫʩʠʣʠʷ ʚ 30% ʥʝʪʨʝʥʠʨʫʝʤʦʡ ʨʫʢʦʡ. ɺ ʛʨʫʧʧʝ çʉʀ+ʇʠʥʛʚʠʥè 

ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ɺʘʨʠʘʙʝʣʴʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʬʦʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʦʙʝʠʭ 

ʛʨʫʧʧʘʭʙʳʣʘ ʥʠʞʝ ʟʥʘʯʝʥʠʡ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʚ ʭʦʜʝ ʉʀ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʥʠʞʝʥʠʠ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʜʚʠʛʘʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʚ ʫʩʣʦʚʠʷʭ ʦʧʦʨʥʦʡ ʨʘʟʛʨʫʟʢʠ. ʋʤʝʥʴʰʝʥʠʝ 

ʯʠʩʣʘ ʦʰʠʙʦʢ ʚʦ ʚʨʝʤʷ ʠʤʤʝʨʩʠʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʝʩʪʘ ʥʘ ʛʨʘʜʘʮʠʶ ʫʩʠʣʠʡ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʨʦʮʝʩʩʘʭ ʦʙʫʯʝʥʠʷ.ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʪʦʯʥʦʩʪʠ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʜʚʠʞʝʥʠʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʘʞʥʦʡ ʨʦʣʠ ʚʝʩʦʚʦʡ ʘʢʩʠʘʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʜʝʨʞʘʥʦ ɻʈɸʅʊ ʈʌʌʀ ˉ16-29-08320-ʆʌʀ-ʤ 
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In investigations, conducted after long-term space flights, it has been shown that cosmonauts 

experience difficulties in performing of precise movement tasks, the reproduction accuracy of dosed 

muscle force and differentiation of muscle forces close to each other is decreasing, as well as the 

increase of the realization time of motor reactions (Chekirda IF, 1971, Cherepakhin M .A, 1969, 

Shulzhenko EB, Wil-Williams 1976). In the works of Russian researchers (Grigoriev AI, 2004, 

Kozlovskaya I.B., et al, 2007), the trigger role of the support unloading in development of these 

disorders has been shown, but the contribution of other sensory systems has not yet been 

determined. It was considered reasonable to carry out research in the conditions that exclude the 

influence of other accompanying weightlessness factors, i.e. the disturbance of the function of the 

vestibular apparatus, changes in the movement biomechanics, and allow for a quantitative 

assessment of the contribution of the support stimulus and the role of the axial load in determining 

certain characteristics of motor reactions. The Dry immersion model (DI) used in the studies, when 

the subject is immersed in a reservoir of warm water from which he is separated by a free-floating 

rigid elastic waterproof fabric, according to numerous studies, is the quickest and fullest 

reproduction of the physiological effects of hypogravity in the motor system (Shulzhenko EB, Wil-

Williams IF 1973, Kozlovskaya IB et al 1987, 2006, etc.). 

The purpose of this study was to determine the effect of supportlessness and axial loading on 

the characteristics of handsô accuracy movements. 

A series of experiments were conducted within which a total of 39 volunteer subjects took 

part aged from 18 to 44. Participants in the experiment were divided into two groups, in one of 

which (the DI group) the subjects were not exposed to any other influences, and in the other (the DI 

+ Penguin group) the subjects were wearing "Penguin" axial loading suit for 4 hours daily, 

providing the creation of a weight axial load of 16-18 kg on a body. The duration of exposure to DI 

was 5 days. The studies were carried out twice before the beginning of DI, on the 2nd, 3rd, 5th day 

of DI exposure, and also 3-5 hours after its completion. 
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The task for the subjects was to perform two tests. 

The first test for the gradation of muscle efforts was the execution of a series of efforts with 

a hand dynamometer from minimum to maximum with a minimum difference between 

neighboringefforts without visual feedback. The amplitude of the minimum force (absolute 

threshold), the average difference between neighboring efforts (differential threshold) and the 

number of errors (the cases when the subsequent movement did not exceed the strength of the 

previous effort) were analyzed. An analysis of the obtained data showed that there was a tendency 

for the increase of the differential threshold in the "DI" group during the immersion, while in the 

"DI + Penguin" group the differential threshold was reduced by an average of 20%. The absolute 

threshold of effort in the DI group during the immersion also tended to increase (on average by 

11%), returning after the end of the immersion effect to the initial values. In the "DI + Penguin" 

group, that indicator showed a decreased to 50% by the end of the immersion. The number of errors 

was also lower in the "DI + Penguin" group compared to that of the "DI" group. 

In the second test for the reproduction of efforts from memory, the motor task consisted of 

executing a series of 5 compressions of the dynamometer with a force of 30% of the maximum 

voluntary force determined at the beginning of the test. The task was carried out initially with the 

eyes open, and then with the eyes closed. As a complicated modification of the test, the last series of 

reproduction of efforts with the eyes closed was carried out by the tester with a left, "untrained" 

hand. 

Accuracy of the reproduction of the given efforts by memory in the first days of exposure to 

the immersion in the "DI" group was reduced, these changes were reliable only in the task of 

reproducing the effort of 30% by the non-trained hand. In the "DI + Penguin" group no significant 

differences were found. 

The variability of the investigated parameters in background studies in both groups was 

lower than the values recorded during DI that indicates a stability decrease in the motor control 

system under the conditions of support unloading. Reduction of the number of errors during 

exposure to DI while carrying out the effort grading test can be the sign of learning processes. An 

increase of the accuracy level of voluntary movements in the experimental group indicates an 

important role of the weight axial load in the motor control system. 

The study was supported by RFBR project ˉ 16-29-08320-OFI-m. 

 

ɺʃʀʗʅʀɽ ʌɸʂʊʆʈʆɺ ʀɿʆʃʗʎʀʀ ʅɸ ʂʆʄʄʋʅʀʂɸʊʀɺʅʆɽ ʇʆɺɽɼɽʅʀɽ 

ʕʂʀʇɸɾɸ (ʇʈɽɼɺɸʈʀʊɽʃʔʅʓɽ ʈɽɿʋʃʔʊɸʊʓ ʕʂʉʇɽʈʀʄɽʅʊɸ ʉʀʈʀʋʉ-17) 

 

ʉʫʧʦʣʢʠʥʘ ʅ.ʉ., ʐʚʝʜ ɼ.ʄ. 

ɻʅʎ ʈʌ ï ʀʄɹʇ ʈɸʅ, ʄʦʩʢʚʘ 

 

ʄʦʜʝʣʴʥʳʝ ʠʟʦʣʷʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʷʪʩʷ ʚ ʀʄɹʇ ʩ ʢʦʥʮʘ 1960-ʭ 

ʛʦʜʦʚ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʦʜʦʙʥʳʡ ʬʦʨʤʘʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʯʝʥʳʤ ʚ ʟʝʤʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʜʝʡʩʪʚʠʝ ʥʘ ʯʝʣʦʚʝʢʘ (ʚʢʣʶʯʘʷ ʝʛʦ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ) ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʂʇ. 

ɺ ʨʘʤʢʘʭ 17-ʜʥʝʚʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ SIRIUS-17, ʧʨʦʚʦʜʠʚʰʝʛʦʩʷ ʚ ʀʄɹʇ ʦʢʪʷʙʨʝ-

ʥʦʷʙʨʝ 2017 ʛʦʜʘ, ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʥʘ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʵʢʠʧʘʞʘ ʪʘʢʠʭ 

ʬʘʢʪʦʨʦʚ ʢʘʢ ʩʝʥʩʦʨʥʘʷ ʜʝʧʨʠʚʘʮʠʷ, ʩʦʮʠʘʣʴʥʘʷ ʠʟʦʣʷʮʠʷ, ʜʝʧʨʠʚʘʮʠʷ ʩʥʘ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʮʝʥʢʘ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ ʥʘ ʦʨʙʠʪʝ ʷʚʣʷʝʪʩʷ 

ʦʙʷʟʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʩʤʦʥʘʚʪʘ ʠ ʚʭʦʜʠʪ ʚ ʩʠʩʪʝʤʫ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʣʝʪʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʣʘ ʢʦʤʤʫʥʠʢʘʮʠʷ ʫʯʘʩʪʥʠʢʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʥʘʟʝʤʥʳʤʠ ʩʣʫʞʙʘʤʠ ʚ ʨʘʤʢʘʭ ʝʞʝʜʥʝʚʥʳʭ ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

ɸʥʘʣʠʟ ʧʝʨʝʛʦʚʦʨʦʚ ʵʢʠʧʘʞʘ ʠ ʎʋʇ ʷʚʣʷʝʪʩʷ ʰʪʘʪʥʦʡ ʧʨʦʮʝʜʫʨʦʡ ʦʮʝʥʢʠ 

ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʩʤʦʥʘʚʪʘ ʥʘ ʦʨʙʠʪʝ (ʄʷʩʥʠʢʦʚ ɺ.ʀ., ʉʪʝʧʘʥʦʚʘ ʉ.ʀ. ʄ., 

2000), ʪʘʢʞʝ ʵʪʦʪ ʤʝʪʦʜ ʨʝʣʝʚʘʥʪʝʥ ʠ ʚ ʤʦʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʯʠ ʚ SIRIUS-17 ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʪʝʥʪ-ʘʥʘʣʠʟʘ, 

ʢʦʪʦʨʳʡ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʠʤʝʥʷʣʩʷ ʚ ʪʘʢʠʭ ʤʦʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʢʘʢ HUBES-94, 

ECOPSY-95, SFINCSS-99, MARS-500, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʦʮʝʥʢʠ  

ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʩʤʦʥʘʚʪʦʚ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ çʂʦʥʪʝʥʪè. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʢʦʥʪʝʥʪ-ʘʥʘʣʠʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʚʝʜʝʥʠʷ ʢʦʤʤʫʥʠʢʘʥʪʦʚ ʙʝʟ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ 

ʠʭ ʨʝʘʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ (ɻʫʱʠʥ ɺ.ʀ., ʖʩʫʧʦʚʘ, ɸ.ʂ., 2011). ʇʨʦʮʝʜʫʨʘ ʘʥʘʣʠʟʘ ʪʝʢʩʪʘ 

ʩʚʦʜʠʪʩʷ ʢ ʢʦʜʠʨʦʚʘʥʠʶ ʩʤʳʩʣʦʚʳʭ ʝʜʠʥʠʮ (ʚʳʩʢʘʟʳʚʘʥʠʡ) ʩ ʧʦʤʦʱʴʶ ʢʘʪʝʛʦʨʠʡ, 

ʦʙʦʟʥʘʯʘʶʱʠʭ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ (ʥʘʧʨʠʤʝʨ, ʦʪʨʘʞʘʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʥʝʵʬʬʝʢʪʠʚʥʳʭ ʢʦʧʠʥʛ-ʩʪʨʘʪʝʛʠʡ). 

ʂʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, 

ʯʪʦ ʠʟʦʣʷʮʠʦʥʥʳʝ ʬʘʢʪʦʨʳ ʚʳʟʳʚʘʶʪ ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʫ ʚʩʝʭ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ, ʥʝ 

ʜʦʩʪʠʛʘʶʱʝʝ ʩʪʝʧʝʥʠ ʜʝʟʘʜʘʧʪʘʮʠʠ. ʇʨʠ ʵʪʦʤ, ʠʩʧʳʪʘʪʝʣʠ, ʧʨʦʭʦʜʠʚʰʠʝ ʢʦʩʤʠʯʝʩʢʫʶ 

ʧʦʜʛʦʪʦʚʢʫ, ʚʳʜʝʣʷʣʠʩʴ ʙʦʣʝʝ ʯʘʩʪʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʦʙʱʝʥʠʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ 

ʩʪʨʝʩʩ-ʢʦʧʠʥʛʘ ʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʛʨʫʧʧʦʚʦʡ ʢʦʥʬʦʨʤʥʦʩʪʴʶ. ɻʨʫʧʧʳ ʤʫʞʯʠʥ ʠ ʞʝʥʱʠʥ 

ʨʘʟʣʠʯʘʣʠʩʴ ʧʦ ʦʙʱʝʤʫ ʦʙʲʝʤʫ ʦʙʱʝʥʠʷ ʩ ʎʋʇ ʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʦʧʠʥʛ-ʩʪʨʘʪʝʛʠʡ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʥʝʵʬʬʝʢʪʠʚʥʳʭ: ʞʝʥʱʠʥʳ ʦʙʱʘʣʠʩʴ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʤʫʞʯʠʥʳ 

ʠ ʚ 1,5 ʨʘʟʘ ʨʝʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʦʙʱʝʥʠʠ ʥʝʵʬʬʝʢʪʠʚʥʳʝ ʩʪʨʘʪʝʛʠʠ ʩʦʚʣʘʜʘʥʠʷ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʬʘʢʪʦʨʳ ʠʟʦʣʷʮʠʠ ʚʳʟʳʚʘʣʠ ʙʦʣʴʰʫʶ ʩʪʝʧʝʥʴ ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʫ ʤʫʞʩʢʦʡ ʯʘʩʪʠ ʜʘʥʥʦʛʦ ʵʢʠʧʘʞʘ, ʯʝʤ ʫ ʞʝʥʩʢʦʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤʠ ʠ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʷ 

ʥʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʦʣʴʰʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ. 

 

 

EFFECTS OF ISOLATION ON THE CREW COMMUNICATIVE BEHAVIOR  
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SSC RF-IBMP RAS, Moscow 

 

Isolation experiments are being held in IBMP from the late 60s to the present. This research 

format allows scientists to reproduce the space flight factors, both physiological and psychological, 

while staying on the ground. 

The SIRIUS-17 experiment took place in IBMP in October-November 2017. The main studied 

issues of this experiment were isolation factor effects (such as sensory deprivation, social isolation, 

sleep deprivation) on the psychoemotional state of crew. 

Assessment of the psycho-emotional state of the person on Earthôs orbit is a required element 

for ensuring safety of cosmonauts, representing the part of medical space flight control. In present 

research, crewmembers speech (daily planning conferences with ground services) was studied. 

Analysis of conversation between the crew and MCC is an established procedure of assessment of 

cosmonautsô psychophysiological state in flight (Myasnikov, Stepanova, 2000). This research 

method is appropriate for model isolation experiments as well. 

Method of content analysis, applied in SIRIUS-17, was used in previous IBMP isolation 

experiments (HUBES-94, ECOPSY-95, SFINCSS-99, MARS-500). Content analysis is the main 

psycho-emotional state assessment method used in ñContentò space experiment.  The main 

advantage of content analysis is its non-invasiveness; also, it requires no additional cosmonautsô 

work time (Gushin, Yusupova, 2011). The analysis procedure requires coding semantic units 

(statements) in text, using a system of categories marking psychoemotional stress (for example, 

efficient and inefficient coping strategies). 

A qualitative analysis of SIRIUS-17 data shows that isolation factors cause emotional stress 

(prior to disadaptation degree) in all crewmembers. The participants having space training 
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background differed in use of effective stress-coping strategies in communication and showed lower 

group conformity. Groups of men and women differed in total amount of communication with the 

MCC and in use of coping strategies. Women communicated about 2 times more than men did, and 

used ineffective coping strategies 1.5 times less men did, what may point out to the fact that during 

this study isolation factors caused a greater degree of psychoemotional stress in men than in women. 

The results obtained in this study are preliminary and need further processing of the initial 

data, as well as obtaining of additional data in experimental studies of longer duration. 
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ʉ 1967 ʛʦʜʘ ʥʘ ʙʘʟʝ ɻʅʎ ʈʌ-ʀʄɹʇ ʈɸʅ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʥʘʟʝʤʥʦʤ ʤʝʜʠʢʦ-

ʪʝʭʥʠʯʝʩʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ (ʅʕʂ) ʚ ʫʩʣʦʚʠʷʭ ʠʟʦʣʷʮʠʠ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʤʥʦʞʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʩ ʨʘʟʣʠʯʥʳʤʠ ʮʝʣʷʤʠ. ʀʟʫʯʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʩʠʩʪʝʤʝ çʯʝʣʦʚʝʢ ï ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘè, ʧʦʣʫʯʘʷ ʧʨʠ ʵʪʦʤ ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ ʟʜʦʨʦʚʴʷ 

(ʬʠʟʠʯʝʩʢʦʤ ʠ ʧʩʠʭʠʯʝʩʢʦʤ) ʠ ʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʜʣʠʪʝʣʴʥʦ ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 

ʫʩʣʦʚʠʷʭ ʠʟʦʣʷʮʠʠ ʚ ʛʝʨʤʝʪʠʯʥʦ ʟʘʤʢʥʫʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ. 

ʄʦʜʝʣʠʨʦʚʘʣʠ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ: ʜʣʠʪʝʣʴʥʦʩʪʴ, ʘʚʪʦʥʦʤʥʦʩʪʴ, 

ʠʟʤʝʥʝʥʥʳʝ ʫʩʣʦʚʠʷ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ ɿʝʤʣʝʡ ï ʟʘʜʝʨʞʢʘ ʩʚʷʟʠ, ʣʠʤʠʪ ʨʘʩʭʦʜʫʝʤʳʭ ʨʝʩʫʨʩʦʚ, 

ʦʪʨʘʙʘʪʳʚʘʣʠ ʪʝʭʥʦʣʦʛʠʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʩʤʦʥʘʚʪʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʜʣʠʪʝʣʴʥʦʤʫ ʧʨʝʙʳʚʘʥʠʶ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ  ʚ ʮʝʣʷʭ ʧʦʜʜʝʨʞʘʥʠʷ ʧʨʝʜʩʪʦʷʱʠʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʄʂʉ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʷ ʨʠʩʢʦʚ ʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʤʠʩʩʠʷʭ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʅʕʂʝ ʧʨʦʚʦʜʷʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʨʘʟʣʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ (ʦʪ 2 ʥʝʜʝʣʴ ʜʦ 1 ʛʦʜʘ), ʧʨʠ ʩʤʝʰʘʥʥʦʤ ʛʝʥʜʝʨʥʦʤ ʠ 

ʤʥʦʛʦʥʘʮʠʦʥʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʵʢʠʧʘʞʘ. 

ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ 

ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʦʪ ʧʦʣʘ, ʥʘʧʨʠʤʝʨ, ʰʠʨʠʥʘ ʘʣʴʬʘ-ʜʠʘʧʘʟʦʥʘ ʙʦʣʴʰʝ 

ʫ ʤʫʞʯʠʥ, ʘ  ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʘʣʴʬʘ-ʚʝʨʝʪʝʥʘ - ʫ ʞʝʥʱʠʥ; ʤʝʞʧʦʣʫʰʘʨʥʘʷ 

ʢʦʥʥʝʢʪʠʚʥʦʩʪʴ ʫ ʞʝʥʱʠʥ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʫʞʯʠʥʘʤʠ; ʫ ʤʫʞʯʠʥ ʧʨʝʦʙʣʘʜʘʝʪ 

ʚʥʫʪʨʠʧʦʣʫʰʘʨʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʚ ʙʝʪʘ-ʜʠʘʧʘʟʦʥʝ, ʘ ʫ ʞʝʥʱʠʥ 

- ʤʝʞʧʦʣʫʰʘʨʥʘʷ ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʘʭ ʚʩʝʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʨʠʪʤʦʚ. ʆʩʥʦʚʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʢʦʛʥʠʪʠʚʥʦʡ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ 

ʤʦʟʛʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʢʦʛʥʠʪʠʚʥʳʭ ʟʘʜʘʯ, ʧʨʠ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ 

ʧʨʦʮʝʩʩʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʮʝʣʦʩʪʥʳʭ ʬʦʨʤ ʧʦʚʝʜʝʥʠʷ ï ʚ 

ʯʘʩʪʥʦʩʪʠ, ʚʦʩʧʨʠʷʪʠʷ, ʚʥʠʤʘʥʠʷ, ʧʘʤʷʪʠ, ʨʝʯʠ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʤʦʪʠʚʘʮʠʦʥʥʦʡ ʠ 

ʘʬʬʝʢʪʠʚʥʦʡ ʨʝʛʫʣʷʮʠʠ ʧʦʚʝʜʝʥʠʷ. 

ʎʝʣʴ: ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʫʶ ʦʮʝʥʢʫ ʜʠʥʘʤʠʢʠ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ 

ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ (ʚʦʩʧʨʠʷʪʠʷ, ʨʘʙʦʯʝʡ ʧʘʤʷʪʠ, ʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʚʥʠʤʘʥʠʷ) ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʪʦʨʘ ʚ ʫʩʣʦʚʠʷʭ 

ʠʟʦʣʷʮʠʠ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ 3 ʜʦʙʨʦʚʦʣʴʮʘ ʤʫʞʩʢʦʛʦ ʧʦʣʘ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 33 ʜʦ 43 ʣʝʪ 

(36,3Ñ3,3) ʠ 3 ʜʦʙʨʦʚʦʣʴʮʝʚ ʞʝʥʩʢʦʛʦ ʧʦʣʘ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 27 ʜʦ 37 ʣʝʪ (32,3Ñ2,9), ʢʦʪʦʨʳʝ ʚ ʪʝʯʝʥʠʝ 

17 ʜʥʝʡ ʥʘʭʦʜʠʣʠʩʴ ʚ ʅʕʂʝ, ʛʜʝ ʦʙʝʩʧʝʯʠʚʘʣʠʩʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʙʠʪʘʥʠʷ (ʪʝʤʧʝʨʘʪʫʨʳ, 

ʛʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚʦʟʜʫʭʘ ʠ ʚʣʘʞʥʦʩʪʠ). ʉʲʝʤ ʜʘʥʥʳʭ ʧʨʦʭʦʜʠʣ ʚ ʬʦʥʝ (ʜʦ ʥʘʯʘʣʘ ʠʟʦʣʷʮʠʠ), ʠ 2 

ʨʘʟʘ ʚ ʧʦʩʣʝʜʝʡʩʪʚʠʠ ʥʘ 1 ʩʫʪʢʠ ʧʦʩʣʝ (+1), ʠ ʥʘ 6 ʩʫʪʢʠ ʧʦʩʣʝ ʚʳʭʦʜʘ ʠʟ ʅʕʂʘ ï +6. ɿʘʧʠʩʴ ʕʕɻ 

https://docviewer.yandex.ru/r.xml?sk=y122003428be6ac3646787898fc41c0e5&url=mailto%3Ascdarya%40yandex.ru
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ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʤʦʥʦʧʦʣʷʨʥʦ ʦʪ 19 ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʚʝʜʝʥʠʡ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʝ 10-20 % ʚ 

ʩʦʩʪʦʷʥʠʠ "ʛʣʘʟʘ ʟʘʢʨʳʪʳ". ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʘʪʳʚʘʣʠ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʘʣʴʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦʚʝ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ, ʨʘʩʩʯʠʪʳʚʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʤʦʱʥʦʩʪʠ (ʆɿʄ) ʩʧʝʢʪʨʘ ʦʩʥʦʚʥʳʭ ʕʕɻ-ʜʠʘʧʘʟʦʥʦʚ ʩʫʤʤʘʨʥʦ ʜʣʷ ʚʩʝʭ ʦʪʚʝʜʝʥʠʡ. ʇʨʠ ʧʦʤʦʱʠ 

ʇʆ çClever Ballsè ʚʝʨʩʠʷ 0.7.1 ʧʨʦʚʦʜʠʣʠʩʴ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʚʠʪʠʝ ʪʘʢʠʭ 

ʥʘʚʳʢʦʚ ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʩʣʝʞʝʥʠʝ, ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. ɺ 

ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʪʝʩʪʦʚ ʜʦʙʨʦʚʦʣʝʮ ʟʘʜʝʡʩʪʚʦʚʘʣ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʧʘʤʷʪʠ (ʧʦ ʭʘʨʘʢʪʝʨʫ 

ʧʩʠʭʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ): ʜʚʠʛʘʪʝʣʴʥʫʶ (ʧʘʤʷʪʴ ʥʘ ʜʚʠʞʝʥʠʷ), ʦʙʨʘʟʥʫʶ (ʧʘʤʷʪʴ ʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʠʜʝʦʤʦʪʦʨʥʦʡ ʪʨʝʥʠʨʦʚʢʠ) ʠ ʩʣʦʚʝʩʥʦ-ʣʦʛʠʯʝʩʢʫʶ. ʇʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʦʜʚʝʨʛʘʣʠʩʴ ʚʪʦʨʠʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʤʝʪʦʜʠʢʘʤ 

(Statistica, 8). 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʕʕɻ-ʘʥʘʣʠʟ ʚʳʷʚʠʣ, ʯʪʦ ʫ ʚʩʝʭ ʜʦʙʨʦʚʦʣʴʮʝʚ ʥʘʙʣʶʜʘʣʩʷ I ʪʠʧ ʕʕɻ-

ʧʘʪʪʝʨʥʘ ï ʦʨʛʘʥʠʟʦʚʘʥʥʳʡ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʨʠ ʜʦʤʠʥʠʨʦʚʘʥʠʠ ʟʦʥʘʣʴʥʦ-

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ Ŭ-ʨʠʪʤʘ ʩ ʟʘʪʳʣʦʯʥʦ-ʣʦʙʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʘʤʧʣʠʪʫʜʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʦʩʪʘʚ ʛʨʫʧʧʳ ʙʳʣ ʚʝʩʴʤʘ ʦʜʥʦʨʦʜʝʥ ʧʦ ʪʠʧʫ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ 

ʧʦ ʭʘʨʘʢʪʝʨʫ ʢʦʨʢʦʚʦ-ʧʦʜʢʦʨʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʛʝʥʜʝʨʥʳʝ ʨʘʟʣʠʯʠʷ. 

ʇʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʆɿʄ ʚʩʝʭ ʜʠʘʧʘʟʦʥʦʚ, ʥʝ ʥʘʙʣʶʜʘʣʠ ʜʦʩʪʦʚʝʨʥʳʭ ʦʪʣʠʯʠʡ ʚ 

ʧʦʩʣʝʜʝʡʩʪʚʠʠ (ʥʘ +1 ʠ +6) ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʥʘ. 

ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʙʠʦʧʦʪʝʥʮʠʘʣʦʚ ʢʦʨʳ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʦʪʨʘʞʘʶʱʠʭʩʷ ʥʘ ʕʕɻ, ʷʚʣʷʝʪʩʷ ʠʥʜʝʢʩ ʘʣʴʬʘ-ʨʠʪʤʘ. ɺ ʥʦʨʤʝ ʦʥ ʩʦʩʪʘʚʣʷʝʪ 65-

95%, ʘ ʥʠʞʝ 50% ʨʘʩʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʧʘʪʦʣʦʛʠʷ. ʉʥʠʞʝʥʠʝ ʘʣʴʬʘ-ʠʥʜʝʢʩʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʝ ʕʕɻ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʠʥʜʝʢʩʦʚ ʪʝʪʘ- ʠ ʜʝʣʴʪʘ-ʠʥʜʝʢʩʦʚ. 

ʅʘʙʣʶʜʘʣʠ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. ʅʘ 6 ʩʫʪʢʠ ʚ ʧʦʩʣʝʜʝʡʩʪʚʠʠ ʚʳʷʚʣʝʥʳ 

ʛʝʥʜʝʨʥʳʝ ʨʘʟʣʠʯʠʷ ʥʘ ʫʨʦʚʥʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʝʥʜʝʥʮʠʠ (ʨ=0,1): ʫ ʞʝʥʱʠʥ-ʜʦʙʨʦʚʦʣʴʮʝʚ ʠʥʜʝʢʩ 

ʘʣʴʬʘ-ʘʢʪʠʚʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʤʫʞʯʠʥ ï ʫʤʝʥʴʰʘʝʪʩʷ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʠʷ ʇʆ çʉlever Ballè ʧʦ ʪʝʩʪʫ çʄʘʪʨʠʮʘè ʚ  

ʧʦʩʣʝʜʝʡʩʪʚʠʠ (+6) ʚʳʷʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʘʚʠʣʴʥʳʭ ʢʣʠʢʦʚ ʥʘ 10,7 %, ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʩʥʠʞʝʥʠʠ ʦʰʠʙʦʯʥʳʭ ʢʣʠʢʦʚ ʥʘ 33,9%.  ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʘ çɺʩʧʳʰʢʘè ï ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʘʚʠʣʴʥʳʭ ʢʣʠʢʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ ʚ ʧʦʩʣʝʜʝʡʩʪʚʠʠ (+ 6) ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʥʘ ʥʘ 

40%. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʝʩʪʘ çʉʥʘʡʧʝʨè ʢʦʣʠʯʝʩʪʚʦ ʧʨʘʚʠʣʴʥʳʭ ʢʣʠʢʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 64,4%, ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʦʰʠʙʦʯʥʳʭ ï ʥʘ 21,3%, 

ʧʨʠ ʵʪʦʤ ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʡʜʝʥʥʳʭ ʵʪʘʧʦʚ ʥʘ 21,8%. ʈʘʟʣʠʯʠʷ ʧʦ ʛʝʥʜʝʨʥʦʤʫ ʧʨʠʟʥʘʢʫ ʚ 

ʨʝʟʫʣʴʪʘʪʘʭ ʚʳʧʦʣʥʝʥʠʷ ʪʝʩʪʘ çʉʥʘʡʧʝʨè ʚ ʧʦʩʣʝʜʝʡʩʪʚʠʠ (+6) ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʨʦʚʥʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʝʥʜʝʥʮʠʠ (ʨ=0,01): ʢʦʣʠʯʝʩʪʚʦ ʧʨʘʚʠʣʴʥʳʭ ʢʣʠʢʦʚ ʫ ʞʝʥʱʠʥ-ʜʦʙʨʦʚʦʣʴʮʝʚ ʚ 

ʩʨʝʜʥʝʤ ʧʦʚʳʩʠʣʦʩʴ ʥʘ 114%, ʘ ʫ ʤʫʞʯʠʥ-ʜʦʙʨʦʚʦʣʴʮʝʚ ʥʘ 43,3% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʠʩʩʣʝʜʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʕʕɻ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʠʟʦʣʷʮʠʠ, ʘ ʪʘʢʞʝ ʥʘ ʰʝʩʪʦʡ ʜʝʥʴ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʤ ʥʝ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʭʦʜʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 

ʜʦʙʨʦʚʦʣʴʮʝʚ ʜʦ ʠ ʧʦʩʣʝ ʠʟʦʣʷʮʠʠ. ʄʝʞʜʫ ʛʝʥʜʝʨʥʳʤʠ ʚʳʙʦʨʢʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʭ 

ʨʘʟʣʠʯʠʡ ʧʦ ʠʩʩʣʝʜʫʝʤʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʕʕɻ ʥʠ ʥʘ ʦʜʥʦʤ ʠʟ ʩʨʝʟʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʧʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʜʠʥʘʤʠʢʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ. ɺʳʷʚʣʝʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʫʣʫʯʰʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ ʇʆ çʉlever Ballè. ʇʦʩʢʦʣʴʢʫ ʜʦ ʥʘʯʘʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʝʛʦ ʫʯʘʩʪʥʠʢʠ ʥʝ ʚʳʰʣʠ ʥʘ ʫʨʦʚʝʥʴ çʧʣʘʪʦè ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʠʷ ʪʝʩʪʦʚ, ʪʦ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʣʝʜʫʝʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʵʬʬʝʢʪ ʦʙʫʯʝʥʠʷ, 

ʧʨʝʦʙʣʘʜʘʶʱʠʡ ʥʘʜ ʚʣʠʷʥʠʝʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʠʟʦʣʷʮʠʠ.  

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʛʨʫʧʧʝ ʜʦʙʨʦʚʦʣʴʮʝʚ, ʚ ʮʝʣʦʤ, ʧʦʩʣʝ ʠʟʦʣʷʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ (ʧʦ ʠʩʩʣʝʜʫʝʤʳʤ ʧʘʨʘʤʝʪʨʘʤ ʕʕɻ) ʥʝ ʦʪʣʠʯʘʣʦʩʴ ʦʪ ʬʦʥʘ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʠʪʫʘʮʠʷ ʥʝ ʷʚʠʣʘʩʴ ʩʪʨʝʩʩʦʚʦʡ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ ʜʦʙʨʦʚʦʣʴʮʝʚ. ʕʪʦ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ ʪʝʩʪʘ çClever Ballsè, ʢʦʪʦʨʳʝ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʬʝʥʦʤʝʥ ʦʙʫʯʝʥʠʷ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʥʘʚʳʢʘ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʧʨʝʜʲʷʚʣʷʝʤʳʭ 

ʟʘʜʘʯ. 
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Isolation studies are conducted at the SSC RF-IBMP RAS research experimental complex 

(REC) since 1967. During this time, many experiments were conducted, with various purposes. We 

studied the interactions in the "person-environment" system, while receiving data on the state of 

health (physical and mental) and on the performance of a person who has been in isolation for a 

long time in a hermetically closed space of limited volume. The main factors of space flight: 

duration, autonomy, changed conditions for communication with the Earth - delay in 

communication, limited use of resources, development of medical technologies for a long stay in 

space were modeled. This was done to support future space experiments on the ISS, as well as to 

reduce risks in future space missions. At the moment, in REC the experiments of various duration 

(from 2 weeks to 1 year) are conducted, with a crew differentiated by gender and national 

composition. 

From the literature data it is known that there is a dependence of neurophysiologic features 

from the gender. The alpha range is wider in men, and the variability of the amplitude of the alpha-

spindle in women; inter-hemispheric connectivity in women is higher than in men; in men intra-

hemispheric spatiotemporal coherence predominates in the beta range, and in women ï inter-

hemispheric coherence in the ranges of all rhythms. The main feature of research in the field of 

cognitive neurophysiology is the analysis of brain activity in the process of solving cognitive 

problems, with a wide range of information conversion processes in the implementation of holistic 

forms of behavior ï in particular, perception, attention, memory, speech, decision-making, 

motivational and affective behavioral regulation. 

Objective: to evaluate the dynamics of a complex of neurophysiological reactions and 

psychophysiological features (perception, operative memory, voluntary attention) in the process of 

modeling the professional activity of an operator in isolation. 

Three male volunteers aged 33 to 43 years (36.3 Ñ 3.3) and three female volunteers aged 27 to 37 

(32.3 Ñ 2.9) who participated in the experiment for 17 days were in the REC, where optimal conditions 

were provided (temperature, gas composition of air and humidity). The data were obtained in the 

background (before the isolation), and 2 times in the aftereffect on the 1 day after (+1), and on the 6th day 

after the exit from the REC - +6. The EEG was recorded unipolar from 19 standard leads by the 

international system 10-20% in the state of "eyes closed". The results were processed by spectral-

correlation analysis based on fast Fourier transform, the relative power values (RPV) of the main 

EEG spectrum bands were computed for all leads. çClever Ballsè software version 0.7.1 conducted 

tests aimed at developing skills such as distributed tracking, increasing the speed and accuracy of decision 

making. During the tests, the volunteer used various types of memory (by the nature of mental activity): 

motor (memory for movement), imaginative (the memory for representations is characteristic of ideomotor 

training) and verbal-logical. The values obtained were subjected to secondary processing by standard 

statistical methods (Statistica, 8). 

EEG classical analysis revealed that all volunteers had type I EEG pattern - organized in 

time and space, with the dominance of the zonal-differentiated Ŭ-rhythm with the occipital-frontal 

amplitude gradient. This allows us to state that the composition of the group was very homogeneous in 

terms of the type of neurophysiological reactions and the nature of the cortical-subcortical interactions, 

despite gender differences.  

Statistical analysis of RPVs of all ranges did not reveal significant differences in aftereffects (by +1 

and +6) with respect to the background. 

Another important indicator of the functional changes in cerebral cortical biopotentials is the alpha 
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rhythm index. Normally, it is 65-95%, and below 50% is regarded as pathology. The decrease in the alpha-

index indicates negative dynamics of the EEG, which is associated with an increase in the indices of theta 

and delta indices. The multidirectional changes of the indicator were observed. Gender differences were 

revealed in the aftereffect (+6) at the level of the statistical trend (p = 0.1): for women volunteers, the 

alpha-activity index increases, while for men it decreases. 

As for the results of the implementation of the çClever Ballsè software in the çMatrixè test in 

the aftereffect (+6), the increase in correct clicks by 10.7% was found, while the error in clicks 

decreased by 33.9%. According to the results of the çFlashè test - the number of right clicks is 

statistically significantly higher in the aftereffect (+ 6) relative to the background by 40%. When 

performing the çSniperè test, the number of valid clicks statistically significant increases by 64.4%, while 

the decrease of erroneous clicks increases by 21.3%, while the number of passed stages increases by 

21.8%. The gender differences in the results of the Sniper test in aftereffects (+6) are at the level of the 

statistical trend (p = 0.01): the number of right clicks in female volunteers increased by 114% on average, 

while for male volunteers 43.3% compared to the background. 

Thus, the differences between the EEG parameters studied after the isolation, and also on the sixth 

day after the end of the experiment in comparison with the background, were not revealed, which indicates 

the similarity of the functional state of the brain of volunteers before and after isolation. Between the 

gender samples of statistically significant differences in the EEG indicators studied, none of the sections of 

the experiment and the relative index of dynamics were found. A statistically significant improvement in 

the results of all the test tasks of the çClever Ballsè software has been revealed. Since before the beginning 

of the experiment, its participants did not reach the level of the "plateau" based on the results of the tests, 

the results most likely should be interpreted as the learning effect prevailing over the influence of 

unfavorable isolation factors. 

In connection with the fact that in the group of volunteers, in general, after isolation, the functional 

state of the brain (by the EEG parameters studied) did not differ from the background, it can be assumed 

that the situation was not stressful for the functioning of the central nervous system of volunteers. This is 

indirectly confirmed by the indicators of the çClever Ballsè test, which demonstrated the phenomenon of 

learning, improving the skills to perform the tasks presented. 

 

ɺʆɿɼɽʁʉʊɺʀɽ ʆʇʆʈʅʆʁ ʉʊʀʄʋʃʗʎʀʀ ʅɸ ɸʅɸɹʆʃʀʏɽʉʂʀʁ ʆʊɺɽʊ ʇʆʉʃɽ 

ʕʂʉʎɽʅʊʈʀʏɽʉʂʆʁ ʅɸɻʈʋɿʂʀ EXVI VO ɺ ʂɸʄɹɸʃʆɺʀɼʅʆʁ ʄʓʐʎɽ 

ʂʈʓʉʓ ʅɸ ʌʆʅɽ ʌʋʅʂʎʀʆʅɸʃʔʅʆʁ ʈɸɿɻʈʋɿʂʀ 

 

ʊʳʛʘʥʦʚ C.ɸ, ʄʠʨʟʦʝʚ ʊ.ʄ., ʈʦʞʢʦʚ ʉ.ɺ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ-ʜ.ʙ.ʥ., ʧʨʦʬʝʩʩʦʨ ʐʝʥʢʤʘʥ ɹ.ʉ. 

ɻʅʎ ʈʌ ï ʀʄɹʇ ʈɸʅ, ʄʦʩʢʚʘ 

 

ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ, ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʝʛʫʣʷʮʠʶ ʚ ʜʚʠʛʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʯʝʣʦʚʝʢʘ, ʷʚʣʷʝʪʩʷ ʫʩʪʨʘʥʝʥʠʝ ʦʧʦʨʳ 

(support withdrawal). ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʩʠʣʠʷʤʠ ʨʷʜʘ ʘʚʪʦʨʦʚ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʘʬʬʝʨʝʥʪʥʳʝ 

ʤʝʭʘʥʠʟʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʦʩʧʨʠʷʪʠʝ ʦʧʦʨʳ ʠ ʩʬʦʨʤʠʨʦʚʘʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʩʦʙʦʡ 

ʘʬʬʝʨʝʥʪʥʦʡ ʩʠʩʪʝʤʝ - ʩʠʩʪʝʤʝ ʦʧʦʨʥʦʡ ʘʬʬʝʨʝʥʪʘʮʠʠ (Kozlovskayaetal., 1987; Grigorievetal, 

2004; Shenkmanetal., 2017). ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʩʷ ʘʥʘʣʠʟ ʦʪʚʝʪʘ ʠʟʦʣʠʨʦʚʘʥʥʦʡ m. soleus ʥʘ 

ʩʝʨʠʶ ʩʪʘʥʜʘʨʪʥʳʭ ʵʢʩʮʝʥʪʨʠʯʝʩʢʠʭ ʩʦʢʨʘʱʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʚʳʟʳʚʘʶʪ ʦʩʪʨʫʶ 

ʘʢʪʠʚʘʮʠʶ ʘʥʘʙʦʣʠʯʝʩʢʠʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʚ ʫʩʣʦʚʠʷʭ ʤʦʜʝʣʠʨʫʝʤʦʡ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʠ 

ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʦʧʦʨʥʦʡ ʩʪʠʤʫʣʷʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʤʦʜʝʣʠ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʘʥʪʠʦʨʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʳʚʝʰʠʚʘʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʛʨʳʟʫʥʦʚ ʀʣʴʠʥʘ-ʅʦʚʠʢʦʚʘ ʚ ʤʦʜʠʬʠʢʘʮʠʠ Morey-Holton ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʵʢʩʧʦʟʠʮʠʠ 

3 ʩʫʪʦʢ. ʅʘ ʬʦʥʝ ʚʳʚʝʰʠʚʘʥʠʷ ʫ ʯʘʩʪʠ ʞʠʚʦʪʥʳʭ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʪʠʤʫʣʷʮʠʷ 

ʦʧʦʨʥʳʭ ʟʦʥ ʩʪʦʧʳ ʚ ʪʝʯʝʥʠʠ 4 ʯʘʩʦʚ ʚ ʜʝʥʴ. ʇʦ ʦʢʦʥʯʘʥʠʶ ʪʨʝʪʴʠʭ ʩʫʪʦʢ ʚʳʚʝʰʠʚʘʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩʝʨʠʷ ʵʢʩʮʝʥʪʨʠʯʝʩʢʠʭ ʩʦʢʨʘʱʝʥʠʡ ʠʟʦʣʠʨʦʚʘʥʥʦʡ m.soleus ʩ ʧʦʤʦʱʴʶ 
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ʩʪʠʤʫʣʷʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ (80V 50 Hz ʚ ʪʝʯʝʥʠʝ 3 ʩʝʢʫʥʜ). ɺʦ ʚʨʝʤʷ ʩʪʠʤʫʣʷʮʠʠ 

ʤʳʰʮʘ ʨʘʩʪʷʛʠʚʘʣʘʩʴ ʥʘ 15% ʦʪ ʠʩʭʦʜʥʦʡ ʜʣʠʥʳ. ɼʣʷ ʘʙʩʦʣʶʪʥʦʡ ʩʠʣʳ ʠʟʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʦʢʨʘʱʝʥʠʷ ʠ ʜʣʷ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘ ʇʇʉ ʩʠʣʳ ʤʳ ʥʘʙʣʶʜʘʣʠ ʜʦʩʪʦʚʝʨʥʦʝ ʩʥʠʞʝʥʠʝ 

ʤʘʢʩʠʤʫʤʘ ʥʘ 19% ʠ 13% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʛʨʫʧʧʝ 3-ʩʫʪʦʯʥʦʛʦ ʚʳʚʝʰʠʚʘʥʠʷ. ʄʳ ʥʝ 

ʟʘʬʠʢʩʠʨʦʚʘʣʠ ʜʘʥʥʦʝ ʩʥʠʞʝʥʠʝ ʚ ʛʨʫʧʧʝ ʩ ʦʧʦʨʥʦʡ ʩʪʠʤʫʣʷʮʠʝʡ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ 30-

ʤʠʥʫʪʥʦʡ ʩʝʨʠʠ ʩʦʢʨʘʱʝʥʠʡ ʤʳʰʮʘ ʦʩʪʘʚʘʣʘʩʴ ʚ ʫʢʘʟʘʥʥʦʤ ʨʘʩʪʚʦʨʝ ʝʱʝ ʚ ʪʝʯʝʥʠʝ 30 

ʤʠʥʫʪ, ʧʦʩʣʝ ʯʝʛʦ ʟʘʤʦʨʘʞʠʚʘʣʘʩʴ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ. ʇʨʠ ʘʥʘʣʠʟʝ ʫʨʦʚʥʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ 

ʦʩʥʦʚʥʦʡ ʤʠʰʝʥʠ mTORC1 ʨʠʙʦʩʦʤʘʣʴʥʦʡ ʢʠʥʘʟʳ p70S6K ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʵʪʦʛʦ ʬʝʨʤʝʥʪʘ ʚ ʠʥʪʘʢʪʥʦʡ ʤʳʰʮʝ ʧʦʩʣʝ ʚʳʚʝʰʠʚʘʥʠʷ ʠ ʚʳʚʝʰʠʚʘʥʠʷ ʩ 

ʦʧʦʨʥʦʡ ʩʪʠʤʫʣʷʮʠʝʡ ʥʝ ʦʪʣʠʯʘʣʩʷ ʦʪ ʢʦʥʪʨʦʣʴʥʦʛʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʦʡ p70S6K ʧʦʩʣʝ ʵʢʩʮʝʥʪʨʠʯʝʩʢʠʭ ʩʦʢʨʘʱʝʥʠʡ ʙʳʣ ʧʨʠʤʝʨʥʦ ʚ ʧʦʣʪʦʨʘ 

ʨʘʟʘ ʥʠʞʝ ʫ ʚʳʚʝʰʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʘ ʫ ʞʠʚʦʪʥʳʭ, ʚʳʚʝʰʝʥʥʳʭ ʠ ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʦʧʦʨʥʦʡ 

ʩʪʠʤʫʣʷʮʠʠ, ʥʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʜʦʩʪʦʚʝʨʥʳʭ ʦʪʣʠʯʠʡ ʦʪ ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʨʦʚʥʷ.  

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʩʪʨʦʡ ʨʝʘʢʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʙʝʣʢʦʚʦʛʦ ʩʠʥʪʝʟʘ (ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʫʨʦʤʠʮʠʥʦʚʦʛʦ ʤʝʪʦʜʘ ʥʘ ʵʢʩʮʝʥʪʨʠʯʝʩʢʠʡ ʩʪʠʤʫʣ). 

ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʵʪʠ ʵʬʬʝʢʪʳ ʦʧʦʨʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʦʙʫʩʣʦʚʣʝʥʳ ʫʚʝʣʠʯʝʥʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʝʥʘʛʨʫʞʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʘʤʙʘʣʦʚʠʜʥʦʡ 

ʤʳʰʮʳ. ʈʘʙʦʪʘʧʦʜʜʝʨʞʘʥʘʇʨʦʛʨʘʤʤʦʡʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭʠʩʩʣʝʜʦʚʘʥʠʡɻʅʎʈʌ ï ʀʄɹʇʈɸʅ. 

 

EFFECTS OF PLANTAR MECHANICAL STIMULATION DURING HINDLIMB 

UNLOADING TO ECCENTRIC CONTRACTIONS ON ANABOLIC RESPONSE IN RAT 

SOLEUS 

Tyganov S.A., Mirzoev T.M., Rozhkov S.V. 

Scientific adviser-professorPhD, DSc., B.S. Shenkman 

 

INSTITUTE OF BIOMEDICAL PROBLEMS RAS, Moscow 

 

Support withdrawal is one of the key factors during space flight, which significantly affects 

the regulation of the human neuromuscular system. In recent years, afferent mechanisms responsible 

for support perception have been revealed and the leading role of support afferentation in control of 

the tonic muscle system has been shown (Kozlovskaya et al., 1987; Grigoriev et al, 2004; 

Shenkman et al., 2017). The aim of our study was to analyze an anabolic response of the unloaded 

rat soleus muscle to a single bout of ex vivo eccentric contractions (EC) following plantar foot 

stimulation.  A standard 3-day hindlimb suspension (HS) was performed in order to simulate effects 

of microgravity on a rat soleus muscle. One of the HS groups was subjected to plantar mechanical 

stimulation for 4 hours per day. After the third day of unloading an isolated soleus muscle was 

subjected to a bout of eccentric contractions (EC) (80V, 50HZ, 15% from L0 stretch for 3 second). 

We found a significant 15% and 13% decrease in absolute and specific force, respectively, in 

isometric contraction test. Nevertheless, we did not observe such a decrease in force in the HS+ 

plantar stimulation group. After EC, isolated soleus muscles remained in saline for 30 minutes and 

then frozen in liquid nitrogen for further biochemical analyses. We didnôt find any significant 

changes in p70S6k content or phosphorylation after 3-day HS with or without plantar stimulation. 

However, EC resulted in a significant increase in p70S6k phosphorylation in the control and HS+ 

plantar stimulation groups compared to the HS group. We also observed a similar effect for S6 

ribosomal protein and overall protein synthesis measured using SUnSET method. Our data suggest 

that the observed effects of the plantar stimulation are linked with an increase in electric and, 

thereafter, unloaded mechanical activity of the rat soleus muscle. The study was supported by the 

Basic Research Program of the SSC RF - IBMP RAS. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʄʆʅʀʊʆʈʀʅɻɸ ʉʋʊʆʏʅʆʁ ɼɺʀɻɸʊɽʃʔʅʆʁ ɸʂʊʀɺʅʆʉʊʀ ɺ 

ɻɽʈʄʆʆɹʒɽʂʊɽ 

 

ʌʝʜʷʡ ʉ. ʆ., ɹʫʨʣʘʢ ɽ. ʖ., ʂʨʫʛʣʦʚʘ ɸ. ɺ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɻʫʱʠʥ ɺ.ʀ. 

(ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ï 

ʀʥʩʪʠʪʫʪ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʈɸʅ, ʄʦʩʢʚʘ) 

 

ɺʳʧʦʣʥʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ, ʪʨʝʙʫʝʪ 

ʦʮʝʥʢʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʧʝʨʘʪʦʨʘ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʥʝʠʥʚʘʟʠʚʥʦ, ʙʝʟ ʩʦʟʜʘʥʠʷ ʧʦʤʝʭ ʠ ʜʠʩʢʦʤʬʦʨʪʘ ʜʣʷ ʦʙʩʣʝʜʫʝʤʦʛʦ. ʄʝʪʦʜ ʘʢʪʠʛʨʘʬʠʠ 

ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ ʧʨʷʤʫʶ ʦʙʲʝʢʪʠʚʥʫʶ ʦʮʝʥʢʫ ʩʫʪʦʯʥʦʡ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʝʟ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠʚʳʯʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʯʝʣʦʚʝʢʘ (Standards of Practice Committee, 

American Academy of Sleep Medicine, 2007). ɺ çʇʨʦʛʨʘʤʤʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʯʝʣʦʚʝʢʘè (HRP, 

NASA) ʚ ʨʘʟʜʝʣʝ çʇʩʠʭʠʯʝʩʢʦʝ ʟʜʦʨʦʚʴʝ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴè ʚʳʜʝʣʝʥʘ ʦʪʜʝʣʴʥʘʷ ʛʨʫʧʧʘ 

ʨʠʩʢʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʡ ʩʥʘ, ʜʝʩʠʥʭʨʦʥʠʟʘʮʠʠ ʮʠʨʢʘʜʥʳʭ ʨʠʪʤʦʚ, 

ʭʨʦʥʠʯʝʩʢʦʡ ʫʩʪʘʣʦʩʪʠ ʠ ʧʝʨʝʫʪʦʤʣʝʥʠʷ (NASA, SP-2009-3405). 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʤʦʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʬʦʥʦʚʳʝ ʜʘʥʥʳʝ ʘʢʪʠʛʨʘʬʠʯʝʩʢʦʛʦ 

ʦʙʩʣʝʜʦʚʘʥʠʷ, ʩʦʧʦʩʪʘʚʣʝʥʥʳʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʙʦʨʪʫ 

ʄʂʉ, ʧʦʟʚʦʣʷʪ  ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʢ ʨʝʞʠʤʫ ʪʨʫʜʘ ʠ ʦʪʜʳʭʘ ʢʦʩʤʦʥʘʚʪʦʚ.  

ʎʝʣʴ. ʀʟʫʯʝʥʠʝ ʩʫʪʦʯʥʦʡ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʩʥʘ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʧʝʨʘʪʦʨʘ 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɺ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ çɺʫʣʢʘʥè ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʫʯʝʥʠʝ 

ʩʫʪʦʯʥʦʡ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʩʥʘ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʧʝʨʘʪʦʨʘ. ʆʙʲʝʢʪʦʤ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʠʣ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʵʢʠʧʘʞ, ʩʦʩʪʦʷʚʰʠʡ ʠʟ 6 ʯʝʣʦʚʝʢ, ʤʦʜʝʣʴʥʦʛʦ 17-

ʩʫʪʦʯʥʦʛʦ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʤʠʪʘʮʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʤʝʞʧʣʘʥʝʪʥʦʛʦ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ çSIRIUS-17è. ʇʨʦʚʦʜʠʣʦʩʴ ʢʨʫʛʣʦʩʫʪʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ ʜʚʠʛʘʪʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʤ ʘʢʪʠʛʨʘʬʠʠ ʥʦʩʠʤʳʤʠ ʙʨʘʩʣʝʪʘʤʠ ActiGraphwGT3X-BT.ʇʦʣʫʯʝʥʥʳʝ 

ʘʢʪʦʛʨʘʤʤʳ ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ ʩ ʜʘʥʥʳʤʠ ʃʠʜʩʢʦʛʦ ʦʧʨʦʩʥʠʢʘ ʩʥʘ. ʆʮʝʥʢʘ 

ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʩʠʭʠʯʝʩʢʦʡ ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ ʦʧʝʨʘʪʦʨʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʙʘʪʘʨʝʷ ʢʦʛʥʠʪʠʚʥʳʭ ʪʝʩʪʦʚ ʂʕ çʇʠʣʦʪ-ʊ, ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʝʩʪʘ 

ʮʚʝʪʦʚʳʭ ʚʳʙʦʨʦʚ (ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʃ.ʅ. ʉʦʙʯʠʢ) ʠ ʪʝʩʪʘ ʉʧʠʣʙʝʨʛʝʨʘ.  

ʏʪʦʙʳ ʨʘʟʛʨʘʥʠʯʠʪʴ ʚʣʠʷʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʦʛʦ ʜʝʬʠʮʠʪʘ ʩʥʘ ʦʪ ʚʣʠʷʥʠʷ ʥʘ ʩʦʥ 

ʬʘʢʪʦʨʦʚ ʠʟʦʣʷʮʠʠ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʦ ʜʝʧʨʠʚʘʮʠʠ ʩʥʘ. ʆʙʨʘʙʦʪʢʘ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʜʝʧʨʠʚʘʮʠʠ ʩʥʘ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʪʦʜʠʢ, 

ʙʫʜʝʪ ʩʣʝʜʫʶʱʠʤ ʰʘʛʦʤ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʢʘʞʜʳʝ ʩʫʪʢʠ ʠʟʦʣʷʮʠʠ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʟʦʥʫ ʥʦʯʥʦʛʦ 

ʦʪʜʳʭʘ ʠ ʨʘʙʦʯʫʶ ʟʦʥʫ. ʇʦʜ ʥʦʯʥʳʤ ʦʪʜʳʭʦʤ ʤʳ ʧʦʜʨʘʟʫʤʝʚʘʣʠ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ ʦʪ ʦʪʙʦʷ ʜʦ 

ʧʦʜʲʝʤʘ ʧʦ ʜʘʥʥʳʤ ʘʢʪʠʛʨʘʬʠʠ. ʈʘʙʦʯʘʷ ʟʦʥʘ ʦʛʨʘʥʠʯʠʚʘʣʘʩʴ ʫʪʨʝʥʥʝʡ ʠ ʚʝʯʝʨʥʝʡ  

ʝʞʝʜʥʝʚʥʦʡ ʢʦʥʬʝʨʝʥʮʠʝʡ ʧʦ ʧʣʘʥʠʨʦʚʘʥʠʶ (DPC). ɺ ʟʦʥʝ ʥʦʯʥʦʛʦ ʦʪʜʳʭʘ ʫʯʠʪʳʚʘʣʘʩʴ ʝʛʦ 

ʦʙʱʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ  ʚʨʝʤʝʥʷ ʥʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʥʝʤ. ʈʘʙʦʯʘʷ ʟʦʥʘ ʩʦʩʪʦʷʣʘ ʠʟ ʧʝʨʠʦʜʦʚ 

ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʧʦʢʦʷ. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʩʥʘ ʦʩʥʦʚʳʚʘʣʘʩʴ ʥʘ 

ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʧʝʨʠʦʜʦʚ ʥʦʯʥʦʛʦ ʧʦʢʦʷ ʠ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʙʝʩʧʦʢʦʡʩʪʚʘ), 

ʚʳʷʚʣʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʘʢʪʠʛʨʘʬʠʠ ʚʦ ʚʨʝʤʷ ʥʦʯʥʦʛʦ ʦʪʜʳʭʘ.  

ʋʯʠʪʳʚʘʷ ʨʘʟʤʝʨ ʚʳʙʦʨʢʠ ʠ ʫʩʣʦʚʠʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ, ʧʨʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʠ 

ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʝ ʠ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ.ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʢʨʫʛʣʦʩʫʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ ʚ 

ʭʦʜʝ ʧʨʝʙʳʚʘʥʠʷ ʚ ʛʝʨʤʦʢʘʤʝʨʘʭ. 

ʉʨʝʜʥʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʚʩʝʤʫ ʵʢʠʧʘʞʫ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 



 

119 

 

ʨʘʙʦʯʝʡ ʟʦʥʳ ʩʦʩʪʘʚʠʣʘ 684  33 ʤʠʥʫʪʳ, ʧʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʦʯʥʦʛʦ ʦʪʜʳʭʘ 396  51 

ʤʠʥʫʪ. ʇʝʨʠʦʜ ʜʥʝʚʥʦʛʦ ʧʦʢʦʷ ʚ ʩʪʨʫʢʪʫʨʝ ʨʘʙʦʯʝʡ ʟʦʥʳ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʣ 91  41 ʤʠʥʫʪʫ. 

ɺ ʟʦʥʝ ʥʦʯʥʦʛʦ ʦʪʜʳʭʘ ʧʝʨʠʦʜ ʘʢʪʠʚʥʦʩʪʠ (ʙʝʩʧʦʢʦʡʩʪʚʘ) ʚ ʩʨʝʜʥʝʤ ʟʘʥʠʤʘʣ 58  28 ʤʠʥʫʪ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʛʦ ʨʘʟʣʠʯʠʷ ʚ ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʯʝʡ ʟʦʥʳ ʩʨʝʜʠ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ 

ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ (p>0,05). ʇʨʠ ʨʘʟʜʝʣʝʥʠʠ ʦʙʩʣʝʜʫʝʤʳʭ ʥʘ ʛʨʫʧʧʳ ʧʦ ʛʝʥʜʝʨʥʦʤʫ 

ʧʨʠʟʥʘʢʫ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʤʫʞʯʠʥʳ ʥʘʭʦʜʠʣʠʩʴ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ 

ʜʦʩʪʦʚʝʨʥʦ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʯʝʤ ʞʝʥʱʠʥʳ (p<0,05). ʉʨʝʜʥʷʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ ʧʦʢʦʷ ʫ ʤʫʞʯʠʥ ʩʦʩʪʘʚʠʣʘ 114 Ñ 36 ʤʠʥʫʪʳ, ʘ ʫ ʞʝʥʱʠʥ 69 Ñ 33 

ʤʠʥʫʪ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʢʦʷ ʚ ʵʢʠʧʘʞʝ ʧʦʩʣʝ ʦʙʝʜʘ ʙʳʣʘ 64 Ñ 39 ʤʠʥʫʪʳ, ʯʪʦ 

ʜʦʩʪʦʚʝʨʥʦ ʚʳʰʝ ʝʛʦ ʜʦʦʙʝʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ (27 Ñ 25 ʤʠʥʫʪ).  

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʜʘʥʥʳʝ ʦ ʥʦʯʥʦʤ ʦʪʜʳʭʝ  ʠʩʧʳʪʘʪʝʣʷ D ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʯʘʩʪʠʯʥʦ, ʤʳ 

ʠʩʢʣʶʯʠʣʠ ʠʭ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɼʦʩʪʦʚʝʨʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʥʦʯʥʦʡ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʩʪʨʫʢʪʫʨʝ ʥʦʯʥʦʛʦ 

ʦʪʜʳʭʘ ʧʦʢʘʟʘʣʠ ʦʙʩʣʝʜʫʝʤʳʝ E ʠ F (p<0,05). ʋ ʦʧʝʨʘʪʦʨʘ E ʥʦʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʟʘʥʠʤʘʣʘ ʚ 

ʩʨʝʜʥʝʤ 85 Ñ 29 ʤʠʥʫʪ ʦʪ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʥʦʯʥʦʛʦ ʦʪʜʳʭʘ (397 Ñ 51 ʤʠʥʫʪ). ʋ ʦʧʝʨʘʪʦʨʘ F 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʥʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʩʪʘʚʠʣʠ 87 Ñ 17 ʤʠʥʫʪ ʧʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʦʯʥʦʛʦ 

ʦʪʜʳʭʘ 395 Ñ 74 ʤʠʥʫʪ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʦʯʥʦʛʦ ʦʪʜʳʭʘ ʫ ʦʙʩʣʝʜʫʝʤʳʭ A, B ʠ C 

ʩʦʩʪʘʚʠʣʘ 405 Ñ 39, 406 Ñ 43 ʠ 378 Ñ 41 ʤʠʥʫʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʥʘ ʜʦʣʶ 

ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʟʘ ʥʦʯʴ ʫ ʦʧʝʨʘʪʦʨʘ A ʧʨʠʰʣʦʩʴ 46 Ñ 11 ʤʠʥʫʪ ʦʪ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ 

ʦʪʜʳʭʘ, ʦʧʝʨʘʪʦʨ B ʚ ʩʦʩʪʦʷʥʠʠ ʘʢʪʠʚʥʦʩʪʠ ʚ ʩʨʝʜʥʝʤ ʧʨʦʚʦʜʠʣ 37 Ñ 5 ʤʠʥʫʪ, ʘ ʦʧʝʨʘʪʦʨ C 36 

Ñ 6 ʤʠʥʫʪ ʟʘ ʚʨʝʤʷ ʥʦʯʥʦʛʦ ʦʪʜʳʭʘ.  

ʃʠʜʩʢʠʡ ʦʧʨʦʩʥʠʢ ʦʮʝʥʢʠ ʩʥʘ ʫ ʦʙʩʣʝʜʫʝʤʦʛʦ D ʧʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ 

ʦʙʳʯʥʦʤʫ ʫʨʦʚʥʶ ʣʝʛʢʦʩʪʠ ʟʘʩʳʧʘʥʠʷ, ʢʘʯʝʩʪʚʫ ʩʥʘ, ʣʝʛʢʦʩʪʠ ʧʨʦʙʫʞʜʝʥʠʷ ʠ ʩʦʩʪʦʷʥʠʶ 

ʧʦʩʣʝ ʧʨʦʙʫʞʜʝʥʠʷ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʦʧʨʦʩʥʠʢʘ ʩʥʘ ʦʧʝʨʘʪʦʨʦʚ E ʠ F ʪʘʢʞʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʦ ʙʝʩʧʦʢʦʡʥʦʤ ʩʥʝ. ɺ ʨʘʟʜʝʣʘʭ ʦ ʢʘʯʝʩʪʚʝ ʟʘʩʳʧʘʥʠʷ, ʧʨʦʙʫʞʜʝʥʠʷ ʠ 

ʩʦʩʪʦʷʥʠʷ ʧʦʩʣʝ ʧʨʦʙʫʞʜʝʥʠʷ ʜʘʥʥʳʝ ʦʙʩʣʝʜʫʝʤʳʝ ʥʝ ʦʪʤʝʪʠʣʠ ʚʳʨʘʞʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ.  

ʆʧʝʨʘʪʦʨ A ʚ ʃʠʜʩʢʦʤ ʦʧʨʦʥʠʢʝ ʦʪʤʝʪʠʣ ʙʦʣʝʝ ʙʝʩʧʦʢʦʡʥʳʡ ʩʦʥ, ʦʜʥʘʢʦ, ʠ ʙʦʣʝʝ ʙʦʜʨʦʝ 

ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʧʨʦʙʫʞʜʝʥʠʠ, ʫ ʦʧʝʨʘʪʦʨʘ B ʧʨʦʮʝʩʩ ʟʘʩʳʧʘʥʠʷ ʙʳʣ ʪʨʫʜʥʝʝ, ʘ ʩʦʩʪʦʷʥʠʝ 

ʧʦʩʣʝ ʧʨʦʙʫʞʜʝʥʠʷ ʙʦʣʝʝ ʩʦʥʣʠʚʳʤ, ʯʝʤ ʦʙʳʯʥʦ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʦʧʨʦʩʥʠʢʘ C ʯʣʝʥ 

ʵʢʠʧʘʞʘ ʚ ʧʝʨʚʳʝ ʪʨʠ ʜʥʷ ʠʟʦʣʷʮʠʠ ʯʫʚʩʪʚʦʚʘʣ ʩʝʙʷ ʙʦʣʝʝ ʩʦʥʥʳʤ ʠ ʦʪʤʝʯʘʣ ʙʦʣʝʝ ʣʝʛʢʠʡ 

ʧʨʦʮʝʩʩ ʟʘʩʳʧʘʥʠʷ, ʦʜʥʘʢʦ ʜʘʣʝʝ ʪʘʢʞʝ ʩʪʘʣ ʠʩʧʳʪʳʚʘʪʴ ʪʨʫʜʥʦʩʪʠ ʢʘʢ ʩ ʟʘʩʳʧʘʥʠʝʤ, ʪʘʢ ʠ ʩ 

ʧʨʦʙʫʞʜʝʥʠʝʤ. 

ɼʦʩʪʦʚʝʨʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʪʨʝʚʦʛʠ ʧʦ ʤʝʪʦʜʠʢʝ ʮʚʝʪʦʚʳʭ ʧʨʝʜʧʦʯʪʝʥʠʡ ʙʳʣʠ 

ʚʳʷʚʣʝʥʳ ʫ ʦʙʩʣʝʜʫʝʤʳʭ E ʠ F (p<0,05).  ʊʘʢʞʝ ʦʧʝʨʘʪʦʨ E ʧʦʢʘʟʘʣ ʫʤʝʨʝʥʥʳʡ ʫʨʦʚʝʥʴ 

ʪʨʝʚʦʛʠ ʧʦ ʩʘʤʦʦʮʝʥʦʯʥʦʤʫ ʦʧʨʦʩʥʠʢʫ ʉʧʠʣʙʝʨʛʝʨʘ. ʏʣʝʥʳ ʵʢʠʧʘʞʘ D, A, B ʠ C ʦʪʣʠʯʘʣʠʩʴ 

ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʪʨʝʚʦʛʠ ʧʦ ʦʙʝʠʤ ʤʝʪʦʜʠʢʘʤ. ʇʦ ʜʘʥʥʳʤ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʦʩʪ 

ʪʨʝʚʦʛʠ ʜʦ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʠ ʚʳʰʝ ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʦʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʩʚʳʰʝ 60 ʤʠʥʫʪ. ʅʘʠʙʦʣʴʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠʟ ʢʦʛʥʠʪʠʚʥʳʭ ʪʝʩʪʦʚ ʢ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʦʯʥʦʛʦ ʧʦʢʦʷ ʧʦʢʘʟʘʣ ʪʝʩʪ ʥʘ ʚʨʝʤʷ ʟʨʠʪʝʣʴʥʦ-ʤʦʪʦʨʥʦʡ ʨʝʘʢʮʠʠ. 

ʀʩʧʳʪʘʪʝʣʷʤ ʪʨʝʙʦʚʘʣʦʩʴ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʥʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʨʝʘʢʮʠʠ, ʝʩʣʠ ʠʭ ʥʦʯʥʦʡ ʧʦʢʦʡ 

ʙʳʣ ʤʝʥʝʝ 5 ʯʘʩʦʚ (p<0,05).  

ɺʳʚʦʜʳ: ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʦʩʪʦʚʝʨʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʜʥʝʚʥʦʡ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʝʞʜʫ ʤʫʞʯʠʥʘʤʠ ʠ ʞʝʥʱʠʥʘʤʠ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʥʘ 

ʫ ʚʩʝʭ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ ʙʳʣʘ ʤʝʥʴʰʝ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʚ ʈʊʆ ʟʥʘʯʝʥʠʡ. ɼʚʦʝ ʠʟ ʰʝʩʪʠ ʯʣʝʥʦʚ 

ʵʢʠʧʘʞʘ ʠʤʝʣʠ ʥʘʨʫʰʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʘʯʝʩʪʚʦʤ ʩʥʘ ʠ ʠʤʝʣʠ ʩʦʧʫʪʩʪʚʫʶʱʠʡ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʪʨʝʚʦʛʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʛʦ ʫʪʦʯʥʝʥʠʷ. ʎʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʦʚʝʜʝʥʠʝ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʨʦʢʦʚ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠʟʦʣʷʮʠʠ (ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ SIRIUS), ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʙʦʨʪʫ ʄʂʉ, ʯʪʦ ʚ ʧʝʨʩʧʝʢʪʠʚʝ 

ʧʦʟʚʦʣʠʪ  ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʢ ʨʝʞʠʤʫ ʪʨʫʜʘ ʠ ʦʪʜʳʭʘ ʢʦʩʤʦʥʘʚʪʦʚ. 
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The performance of professional activities, including night time, requires evaluation of the 

physiological parameters of the operator, which should be carried out non-invasively, without 

creating interference and discomfort for the examined. The method of actigraphy is capable to 

provide a direct objective assessment of daily motor activity without restriction of habitual 

functioning of the person (Standards of Practice Committee, American Academy of Sleep Medicine, 

2007).  In the çHuman Research Programè (HRP, NASA) in the elementñHuman Factors and 

Behavioral Performanceò, a separate group of risks of errors is identified due to sleep disorders, 

desynchronization of circadian rhythms, chronic fatigue and overwork (NASA, SP-2009-3405).   

The background data of the actigraphy research, obtained in model experiments, compared 

with the results of medical and biological research on board of the ISS, will allow to optimize the 

recommendations to the mode of work and rest of cosmonauts. 

Purpose.The study of daily motor activity and sleep quality of crew members for the 

prediction of the psychophysiological state and operability of the operator. 

Materials and methods.Within the framework of the "Vulcan" experiment, a study was made 

of daily motor activity and sleep quality of crew members to predict the psychophysiological state 

and operability of the operator. The object of this study was the international crew consisting of 6 

people, 17-day isolation experiment to simulate the effects of interplanetary space flight factors 

"SIRIUS-17". A 24-hour movement activity measurement was carried out using active bracelets 

ActiGraph wGT3X-BT. The obtained actograms were compared with the data of the Leeds Sleep 

Evaluation Questionnaire. Assessment of psychophysiological state and mental activity of operators 

was carried out with the help of CE çPilot-Tè,the cognitive assessment battery, L¿scher color test 

(in L.Sobchik modification)and STAI test by C. Spielberger.  

In order to distinguish the influence of artificially created sleep deficit from the influence of 

isolation factors on sleep, the data obtained before the deprivation of sleep were processed. 

Processing the results obtained from the deprivation of sleep, as well as the data of additional 

techniques, will be the next step.  

For the convenience of processing every twenty-four hours of the isolation was divided into a 

night rest area and a work area. By night rest area, we mean the time period between the falling 

asleep time and awakening time according to ActiGraph wGT3X-BT data. The work area was 

limited to the morning and evening daily planning conference (DPC). In night rest area, its total 

duration and the time of night activity included in it were taken into account. The work area 

consisted of periods of motor activity and motor rest. The evaluation of the quality of sleep was 

based on a comparative analysis of the periods of night rest and motor activity (anxiety), revealed 

by the method of actigraphy during night rest area.  

Taking into account the size of the sample and the conditions for the solution of the problems, 

statistical analysis of the results used the methods of dispersion and regression analysis. The data are 

presented as the mean and standard deviation. 

Results. For the first time, data were received on the 24-hour activity of crew members during 

their stay in the isolation chambers. 

Average statistical data for the whole crew showed that the duration of the work area was 684 

 33 minutes, with the duration of night rest area 396  51 minutes. The period of daytime rest in 

the structure of the work area averaged in 91  41 minutes. In the zone of night rest area, the 

period of activity (anxiety) was 58  28 minutes. There was no statistically significant difference in 

the length of the work area among the crew members (p>0,05). When the subjects were divided into 
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groups by gender, it was found that in the work area, men were at rest for a significantly longer 

period of time than women (p>0,05).The average duration of the dormancy period in men was 114 Ñ 

36 minutes, and in women 69 Ñ 33 minutes. The rest time in the crew after dinner was 64 Ñ 39 

minutes, which is significantly higher than its pre-dinner values (27 Ñ 25 minutes). 

Due to the fact that the data on the night rest area of the test of the crew memberD have been 

received in part, we excluded them from further comparative analysis. 

Reliably high values of night motor activity in the structure of night rest area were shown by 

examined E and F (p<0,05). The operator E night activity took an average of 85 Ñ 29 minutes from 

the total time of night rest area (397 Ñ 51 minutes). The operator F average night activity was 87 Ñ 

17 minutes with a night rest area duration of 395 Ñ 74 minutes. The night rest area among operators 

A, B, C was 405 Ñ 39, 406 Ñ 43 and 378 Ñ 41 minutes respectively. At the same time, the share of 

motor activity per night for operator A was 46 Ñ 11 minutes from the total rest time, operator B in 

the state of activity spent on average 37 Ñ 5 minutes, and operator C 36 Ñ 6 minutes during the night 

rest area. 

The Leeds Sleep Evaluation Questionnaire for the examined D corresponded to the average 

level of ease of falling asleep, quality of sleep, ease of awakening and the state after waking. The 

average values of the sleep Questionnaire of the operators E and F also testified to a restless sleep. 

In the sections on the quality of falling asleep, awakening, and the state after awakening, the 

subjects surveyed did not notice pronounced changes. Operator A in the Leeds Sleep Evaluation 

Questionnaire noted a more restless sleep, however, and a more alert state on waking. Operator B 

had a more difficult process of falling asleep and the state after awakening was more drowsy than 

usual. According to the Questionnaire the crew member C felt more drowsy during the first three 

days of isolation and noted an easier process of falling asleep, but later also began to experience 

difficulties with both falling asleep and awakening. 

Reliably high values of anxiety using the color preferences technique were revealed in the E 

and F subjects (p <0.05). Also operator E showed a moderate level of anxiety on the self-evaluation 

test by C. Spielberger. Crew members D, A, B and C were distinguished by a low level of anxiety 

under both methods. According to regression analysis, the increase in anxiety to an average level 

and higher was accompanied by an increase in the duration of nocturnal activity beyond 60 minutes. 

According to the cognitive tests, the greatest sensitivity from to the duration of the night rest was 

shown by the test for the time of the visual-motor reaction. The operators needed more time to carry 

out the reaction if their night rest was less than 5 hours (p <0.05). 

Conclusion: Thus, authentic differences in the duration of daytime motor activity between 

men and women were found. The sleep duration for all crew members was less than the values 

planned in the Work-RestRegime.Two of the six crew members had violations related to sleep 

quality and had a concomitant high level of anxiety. The data obtained require further clarification. 

It is advisable to carry out further research in this direction, including increasing the duration of the 

isolation effect (in particular, within the framework of the SIRIUS project), to compare with the 

results of medical and biological research on board of the ISS, which in the future will optimize the 

recommendations for the mode of work and rest for cosmonauts. 

 

ʃɽʊʋʏʀɽ ʆʈɻɸʅʀʏɽʉʂʀɽ ʉʆɽɼʀʅɽʅʀʗ ɺ ɺʓɼʓʍɸɽʄʆʄ ɺʆɿɼʋʍɽ 

ɿɼʆʈʆɺʆɻʆ ʏɽʃʆɺɽʂɸ ʇʈʀ ʄʆɼɽʃʀʈʆɺɸʅʀʀ ʅɽɺɽʉʆʄʆʉʊʀ (çʉʋʍɸʗè 

ʀʄʄɽʈʉʀʗ) 

 

ʎʘʨʴʢʦʚ ɼ.ʉ. 

ɻʅʎ ʈʌ ï ʀʄɹʇ ʈɸʅ, ʄʦʩʢʚʘ 

 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʳʜʳʭʘʝʤʦʤ ʚʦʟʜʫʭʝ ʯʝʣʦʚʝʢʘ ʧʨʠʤʦʜʝʣʠʨʦʚʘʥʠʶ ʫʩʣʦʚʠʡ ʥʝʚʝʩʦʤʦʩʪʠ 

(çʩʫʭʘʷè ʠʤʤʝʨʩʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ɻʍ-ʄʉ) ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʝʨʝʯʥʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʠʦʤʘʨʢʝʨʦʚ ʪʢʘʥʝʚʦʡ ʛʠʧʦʢʩʠʠ ʧʨʠ ʛʠʧʦʜʠʥʘʤʠʠ ʠ 
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ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʦʢʨʘʱʝʥʠʠ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ çʩʫʭʦʡè ʠʤʤʝʨʩʠʠ, ʦʙʩʣʝʜʫʝʤʳʝ ʥʘʭʦʜʠʣʠʩʴ ʚ ʠʤʤʝʨʩʠʦʥʥʦʡ ʚʘʥʥʝ 

ʨʘʟʤʝʨʦʤ 256ʭ148ʭ110 ʩʤ, ʦʪʜʝʣʝʥʥʳʝ ʦʪ ʚʦʜʳ ʩʚʦʙʦʜʥʦ ʧʣʘʚʘʶʱʝʡ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʡ 

ʧʣʝʥʢʦʡ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʚʘʥʥʝ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 32-340ʉ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʝʞʝʜʥʝʚʥʳʭ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ, ʦʙʩʣʝʜʫʝʤʳʭ ʠʟʚʣʝʢʘʣʠ ʠʭ ʚʘʥʥʳ ʩ 

ʧʦʤʦʱʴʶ ʧʦʜʲʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʩʨʝʜʥʝʤ ʥʘ 15 ʤʠʥʫʪ. ɿʘ ʚʝʩʴ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʝʙʳʚʘʥʠʷ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚʥʝ ʠʤʤʝʨʩʠʦʥʥʦʡ ʚʘʥʥʳ ʩʦʩʪʘʚʠʣʦ 4,11Ñ0,55 ʯ, 

ʪ.ʝ. 49,32 ʤʠʥ ʚ ʩʫʪʢʠ. ʀʟ ʥʠʭ, ʚ ʧʦʣʦʞʝʥʠʠ ʩʠʜʷ ʠʣʠ ʩʪʦʷ (ʥʘ ʚʨʝʤʷ ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ) 

ʧʨʠʭʦʜʠʣʦʩʴ 17,21 ʤʠʥ ʚ ʩʫʪʢʠ. ɺ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʦʙʩʣʝʜʦʚʘʥʥʳʝ ʥʘʭʦʜʠʣʠʩʴ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʚʨʝʤʷ. 

ʉʦʯʝʪʘʥʠʝʤ ʤʝʪʦʜʦʚ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠʩʩʣʝʜʦʚʘʥ ʩʦʩʪʘʚ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʣʝʪʫʯʠʭ ʤʝʪʘʙʦʣʠʪʦʚ ʚ ʚʳʜʳʭʘʝʤʦʤ ʚʦʟʜʫʭʝ 12 ʟʜʦʨʦʚʳʭ ʚʦʣʦʥʪʝʨʦʚ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʝʚʝʩʦʤʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ çʩʫʭʦʡè ʠʤʤʝʨʩʠʠ (ʥʝʚʝʩʦʤʦʩʪʴ).  

ʆʪʙʦʨ ʧʨʦʙ ʚʳʜʳʭʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʧʨʦʚʦʜʠʣʩʷ ʚ ʤʝʰʢʠ ʠʟ ʥʝʡʪʨʘʣʴʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʦʙʲʝʤʦʤ 5 ʣ. ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʦʪʙʦʨʫ ʧʨʦʙʳ ʤʝʰʦʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʜʫʚʘʣʩʷ 

ʯʠʩʪʳʤ ʘʟʦʪʦʤ (99,999%) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʘʢʫʫʤʠʨʦʚʘʥʠʝʤ ʠ ʧʦʚʪʦʨʝʥʠʝʤ ʦʧʝʨʘʮʠʠ 10 ʨʘʟ. 

ʇʨʦʙʳ ʚʳʜʳʭʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʦʪʙʠʨʘʣʠʩʴ ʚ ʬʦʥʝ (ʜʦ ʥʘʯʘʣʘ ʠʤʤʝʨʩʠʠ), ʥʘ 2-ʝ ʠ 5-ʝ ʩʫʪʢʠ 

ʠʤʤʝʨʩʠʠ ʠ ʥʘ 2-ʝ ʩʫʪʢʠ ʚ ʧʝʨʠʦʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɸʥʘʣʠʟ ʚʳʜʳʭʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʙ, ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ɻʍ-ʄʉ) ʥʘ ʛʘʟʦʚʦʤ 

ʭʨʦʤʘʪʦʛʨʘʬʝ 6890N ʩ ʤʘʩʩ-ʩʝʣʝʢʪʠʚʥʳʤ ʜʝʪʝʢʪʦʨʦʤ 5973N (ʬʠʨʤʳ AgilentTechnologies). 

ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʜʝʪʝʢʪʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʩʪʘʥʜʘʨʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʉʐɸ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʥʠʪʦʨʠʥʛ ʟʘʜʘʥʥʳʭ ʠʦʥʦʚ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʡ.  ʇʨʠ ʦʪʙʦʨʝ 0,5 ʣ ʧʨʦʙʳ ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʃʆʉ ʩʦʩʪʘʚʣʷʝʪ 5 x 10-12 ʛ/ʤ3 (ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʩʠʛʥʘʣ:ʰʫʤ 5). 

ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʣʠ: ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʛʦʤʝʦʩʪʘʟʘ (ʂʌʂ) ʠ ʝʛʦ ʠʟʦʬʝʨʤʝʥʪʦʚ: ʤʳʰʝʯʥʦʛʦ ʂʌʂ ʄʄ ʠ ʤʠʦʢʘʨʜʠʘʣʴʥʦʛʦ ʂʌʂ ʄɺ, 

ʘʢʪʠʚʥʦʩʪʴ ʛʣʠʢʦʣʠʟʘ ʦʮʝʥʠʚʘʣʠ ʧʦ ʜʠʥʘʤʠʢʝ ʘʢʪʠʚʥʦʩʪʠ ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ (ʃɼɻ), ʘ 

ʪʘʢʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʶʢʦʟʳ. ʌʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ 

ʦʮʝʥʠʚʘʣʠ ʧʦ ʜʠʥʘʤʠʢʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʝʘʪʠʥʠʥʘ ʚ ʢʨʦʚʠ. ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʤʝʨʯʝʩʢʠʭ ʥʘʙʦʨʦʚ ʨʝʘʛʝʥʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤ 

ñDiaSysò, ʌʈɻ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʠʦʭʠʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʘʪʦʨʝ ñTarga 3000ò, ʬʠʨʤʳ 

çBiotecnica Instruments SPAè, ʀʪʘʣʠʷ. ʄʘʣʦʥʦʚʳʡ ʜʠʘʣʴʜʝʛʠʜ (ʄɼɸ) ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ 

ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʪʝʩʪʫ ʩ ʪʠʦʙʘʨʙʠʪʫʨʦʚʦʡ ʢʠʩʣʦʪʦʡ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʢʘʞʜʦʡ ʧʨʦʙʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʩʪʨʦʡʢʠ ʬʠʣʴʪʨʦʚ ʤʘʩʩ ʚ ʚʳʜʳʭʘʝʤʦʤ 

ʚʦʟʜʫʭʝ (ɺɺ) ʚʦʣʦʥʪʝʨʦʚ ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʜʦ 50 ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

(ʃʆʉ), ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʢʣʘʩʩʘʤ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ: ʘʣʠʬʘʪʠʯʝʩʢʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ, ʩʧʠʨʪʳ, ʘʨʝʥʳ, ʘʣʴʜʝʛʠʜʳ, ʢʠʩʣʦʪʳ, ʢʝʪʦʥʳ ʠ ʜʨʫʛʠʝ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ çʩʫʭʦʡè ʠʤʤʝʨʩʠʠ 

ʙʠʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮʘʭ ʠ ʤʠʦʢʘʨʜʝ ʟʥʘʯʠʤʦ (ʈ<0.05) ʩʥʠʞʘʶʪʩʷ 

(ʂʌʂ ʄʄ ʈ, ʂʌʂ ʄɺ) ʫʞʝ ʩ 3 ʩʫʪʦʢ ʚʦʟʜʝʡʩʪʚʠʷ. ʅʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʦʪʨʘʞʝʥʠʝʤ ʢʘʢ ʩʥʠʞʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʣʝʪʦʯʥʦʛʦ ʜʳʭʘʥʠʷ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮʘʭ ʠ 

ʤʠʦʢʘʨʜʝ, ʪʘʢ ʠ ʫʭʫʜʰʝʥʠʷ ʥʝʨʚʥʦ-ʤʳʰʝʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʣʝʜʩʪʚʠʝ ʟʘʧʫʩʢʘ 

ʠʥʛʠʙʠʨʫʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʘʢʪʠʚʠʨʫʶʱʠʭʩʷ ʧʨʠ ʠʤʠʪʘʮʠʠ ʥʝʚʝʩʦʤʦʩʪʠ, ʠ ʠʟʤʝʥʝʥʠʷ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʞʠʜʢʦʩʪʠ ʚ ʦʨʛʘʥʠʟʤʝ. 

ɸʜʘʧʪʘʮʠʦʥʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʚ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʠ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ 

ʟʥʘʯʠʤʳʤ (ʨ<0,01) ʫʤʝʥʴʰʝʥʠʝʤ ʚ ʚʳʜʳʭʘʝʤʦʤ ʚʦʟʜʫʭʝ ʚʦʣʦʥʪʝʨʦʚ ʠʟʦʧʨʝʥʘ ʠ ʛʝʧʪʘʥʦʥʘ-2 - 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʣʠʧʠʜʥʦʛʦ ʠ ʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʝʥʘ. ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ 

ʠʟʦʧʨʝʥʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʦʢʨʘʱʝʥʠʠ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʯʝʣʦʚʝʢʘ 

ʟʥʘʯʠʤʦʝ ʩʥʠʞʝʥʠʝ ʚʳʜʳʭʘʝʤʦʛʦ ʠʟʦʧʨʝʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫʞʝ ʩʦ 2 ʩʫʪʦʢ ʚʦʟʜʝʡʩʪʚʠʷ çʩʫʭʦʡè 

ʠʤʤʝʨʩʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʵʪʘʥʘ ʠ ʧʨʦʧʘʥʘ, ʢʦʪʦʨʳʝ 
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ʛʝʥʝʨʠʨʫʶʪʩʷ ʵʥʜʦʛʝʥʥʦ ʠ ʷʚʣʷʶʪʩʷ ʤʝʪʘʙʦʣʠʪʘʤʠ ʩʚʦʙʦʜʥʦ- ʨʘʜʠʢʘʣʴʥʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ 

ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥʘʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ ʠ 

ʞʠʚʦʪʥʳʭ. ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ, ʷʚʣʷʷʩʴ 

ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʠ ʥʘʨʫʰʝʥʠʡ ʚ ʨʝʛʫʣʷʮʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʣʝʪʢʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʚʳʜʳʭʘʝʤʦʤ ʚʦʟʜʫʭʝ ʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʉ4-ʉ20. 

ɸʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʳʜʳʭʘʝʤʦʛʦ ʚʦʟʜʫʭʘ, ʚ ʧʨʦʙʘʭ ʚʦʟʜʫʭʘ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ 

ʚʪʦʨʳʝ ʠ ʧʷʪʳʝ ʩʫʪʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʠʤʤʝʨʩʠʠ, ʧʦʢʘʟʘʣ ʚʦʟʨʘʩʪʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʘʤʠʥʦʚ (ʙʫʪʠʣʘʤʠʥʘ, 2-ʮʠʘʥʘʮʝʪʘʤʠʜʘ). ɺʦʟʨʘʩʪʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʤʠʥʦʩʦʝʜʠʥʝʥʠʡ 

(ʙʫʪʠʣʘʤʠʥʘ, 2-ʮʠʘʥʘʮʝʪʘʤʠʜʘ) ʚ ʚʳʜʳʭʘʝʤʦʤ ʚʦʟʜʫʭʝ ʚʦʟʤʦʞʥʦ ʩʚʷʟʘʥʦ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʘʟʦʪʠʩʪʳʤ ʙʘʣʘʥʩʦʤ, ʢʦʪʦʨʳʡ ʥʘʙʣʶʜʘʣʩʷ ʫ ʵʢʠʧʘʞʘ çɼʞʝʤʠʥʠ 7è. ʇʦʚʳʰʝʥʠʝ ʵʢʩʢʨʝʮʠʠ 

ʘʟʦʪʘ ʩ ʤʦʯʦʡ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʫ ʯʣʝʥʦʚ ʵʢʠʧʘʞʝʡ ʉʘʣʶʪ, ʄʠʨ, ʉʢʘʡʣʵʙ,ʘ ʪʘʢʞʝ ʚ 

ʤʦʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʛʠʧʦʜʠʥʘʤʠʝʡ. 
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The goal of this research was to investigate composition of volatile organic compounds in 

human breath during simulation of weightlessness (ñdryò immersion) using gas chromatography-

mass spectrometry (GC-MS) in order to determine list of possible biomarkers of tissue hypoxia 

during hypodynamia and significant reduction of motion activity. 

During ñdryò immersion, the volunteers were placed into a special bath, size of 256x148x110 

cm, separated from water by freely flowing waterproof film. Water temperature in bath was 32-34 

C. Once a day, the subject is allowed to get out for 15 min for hygiene procedures. For the whole 

test period the duration of stay outside bath was 4,11Ñ0,55 hrs., i.e. 49,32 minutes per day. Of 

which, in seated or upright position (during hygiene procedures) ï 17,21 minutes per day. 

Volunteers were exposed to vertical position for minimal possible time. 

With combination of gas chromatography and mass-spectrometry the composition of low-

molecular volatile metabolites in breath of 12 volunteers exposed to ñdryò immersion 

(weightlessness) was investigated. 

Breath samples were taken into neutral polymer bags, volume of 5l. Preparation for the 

sampling consisted of bagsô flushing with pure nitrogen (99,999%) with following pumping, 

repeated 10 times. Breath samples were taken before the beginning of ñdryò immersion, on the 2
nd

 

and 5
th
 day of the experiment and on the 2

nd
 day of recovery period. Sample analysis was performed 

by gas chromatography ï mass spectrometry using GC 6890N with MSD 5973N (Agilent 

Technologies). Identification of the detected compounds was made using mass spectra library of the 

National Institute of Standards and Technology. Additionally, selected ions monitoring (SIM) was 

used to lower the limit of detection for some compounds. Under these conditions, sampling of 0,5 

liters allowed to detect volatile organic compounds in concentration of  5 x 10-12 g/m3 (S:N ratio 

5:1) 

Biochemical tests included: energy homeostasis ferments strength (creatine phosphokinase, 

CPH) and its isoferments: creatine phosphokinase myocardial band and creatine phosphokinase, 

muscle band; glycolysis activity was estimated by dynamics of activity of lactic dehydrogenase 

(LDH) and glucose concentration. Functional activity of skeletal muscles was estimated by 

concentration of creatinine in blood. Biochemical tests was made using commercial panels, made by 

ñDiaSysò (Germany). Measurements were performed using ñTarga 3000ò (ñBiotecnica Instruments 

SPAò, Italy). Malon dialdehyde (MDA) in blood serum was detected in test with thiobarbituric acid. 

Up to 50 volatile organic compounds were detected in each breath sample depending on SIM 
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parameters. The detected compounds belonged to different classes: aliphatic hydrocarbons, 

alcohols, arenes, aldehydes, acids, ketones and others. 

In was found that effect of ñdryò immersion on biological combustion processes in skeletal 

muscles and myocardia decreases significantly (P<0,05) (CPH myocardial band, CPH muscle band) 

since the 3
rd

 day of the experiment. Observable change could reflex decrease of cell respiration in 

skeletal muscles and in myocardia, as well as, degradation of nervimuscular response in 

consequence of inhibitory processes which activate during weightlessness state, and change of 

hydrostatic pressure due to liquid redistribution in body. 

Adaptation changes in energy exchange of muscular tissue was accompanied with significant 

(p<0,01) reduce of isoprene and heptanone-2 in breath ï as intermediate metabolites of lipid and 

carbohydrates metabolism. Detailed analysis of isoprene dynamics  showed that during significant 

reduction of motion activity, significant decrease of isoprene concentration in human breath can be 

observed since the 2
nd

 day of ñdryò immersion. 

Dynamics of aliphatic hydrocarbons ethane and propane, endogenous genesis compounds, was 

researched. Ethane and propane are metabolites of free-radical decomposiotion of poly-unsaturated 

fatty acids in outer cytoplasmic membrane of humansô and animalsô body cells. It was shown that 

activation of lipid peroxidation, being an integrated indicator of metabolic processes in body which 

occur under effect of adverse factors of different genesis, and disturbance of red-ox processes 

regulation in cell, accompanies by proportional increase of saturated hydrocarbons C4-C20 in 

breath. 

Analysis of volatile organic compounds in breath samples taken on th 2
nd

 and 5
th
 day of ñdryò 

immersion showed the increase of amines concentration (butyl amine and 2-cyano amide). Increase 

of amino-compounds in breath could be possibly connected to negative nitrogen balance which was 

observed at ñGemini 7ò crew members. Increase nitrogen excretion with urine was observed at 

ñSalyutò, ñMirò, ñSkylabò crew members as well as in model experiments with hypodinamia. 

 

 

ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʉʇɽʎʀɸʃʀɿʀʈʆɺɸʅʅʆɻʆ 

ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ ɼʃʗ ʆʈʀɽʅʊʀʈʆɺɸʅʀʗ ɺ ʉʈɽɼʉʊɺɸʍ ʀ 

ʄɽʊʆɼɸʍ ʆʂɸɿɸʅʀʗ ʄɽɼʀʎʀʅʉʂʆʁ ʇʆʄʆʑʀ ɺ ɻɽʈʄʆɿɸʄʂʅʋʊʆʄ 

ʆɹʒɽʂʊɽ 

 

ʏʝʨʥʦʛʦʨʦʚ ʈ.ɺ. 

ɻʅʎ ʈʌ ï ʀʄɹʇ ʈɸʅ, ʄʦʩʢʚʘ 

 

ɺ ʭʦʜʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ ʵʢʠʧʘʞ ʧʠʣʦʪʠʨʫʝʤʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ (ʇʂɸ) ʥʝʠʟʙʝʞʥʦ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʬʦʨʤʠʨʫʷ ʧʝʨʝʯʝʥʴ ʤʝʜʠʮʠʥʩʢʠʭ ʨʠʩʢʦʚ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʪʝʭʥʠʯʝʩʢʠʭ ʦʪʢʘʟʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚ 

ʧʦʣʝʪʝ ʥʝʰʪʘʪʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʩʠʪʫʘʮʠʡ.  

ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʜʣʷ ʦʢʘʟʘʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʥʘ ʙʦʨʪʫ ʇʂɸ ʧʨʝʜʫʩʤʦʪʨʝʥ 

ʢʦʤʧʣʝʢʪ ʫʢʣʘʜʦʢ ʩ ʤʝʜʠʢʘʤʝʥʪʘʤʠ ʠ ʠʟʜʝʣʠʷʤʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʤʠ ʵʢʠʧʘʞ 

ʇʂɸ ʤʦʞʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 2 ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʘʭ: 1. ʚ ʭʦʜʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʝʣʝʤʝʜʠʮʠʥʩʢʦʛʦ 

ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʷ ʠ ʧʦʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʢʦʥʪʨʦʣʝʤ çʥʘʟʝʤʥʦʡè ʛʨʫʧʧʳ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ (ɻʄʆ) ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ, 2. ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʩʦʛʣʘʩʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ 

ʨʝʛʣʘʤʝʥʪʫ, ʘ ʪʘʢʞʝ ʥʘ ʘʚʪʦʥʦʤʥʳʭ ʫʯʘʩʪʢʘʭ ʧʦʣʝʪʘ ʧʨʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʦʧʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʩʦ ʩʪʦʨʦʥʳ ɻʄʆ.  

ɺ ʦʙʦʠʭ ʨʝʞʠʤʘʭ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʠʩʢʘ ʥʝʦʙʭʦʜʠʤʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʩʨʝʜʩʪʚ (ʄʉ) 

ʥʘ ʙʦʨʪʫ ʇʂɸ ʯʣʝʥʳ ʵʢʠʧʘʞʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʩʪʘʚʣʷʝʤʫʶ ʚʤʝʩʪʝ ʩ ʤʝʜʠʮʠʥʩʢʠʤʠ 

ʫʢʣʘʜʢʘʤʠ (ʄʋ) ʧʝʯʘʪʥʫʶ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʫʶ ʤʝʜʠʮʠʥʩʢʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ (ʇʉʄɼ). ʆʜʥʘʢʦ 

ʝʩʣʠ ʚ ʧʝʨʚʦʤ ʨʝʞʠʤʝ ʦʥʘ ʤʦʞʝʪ ʥʦʩʠʪʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʚʚʠʜʫ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʷʤʳʭ ʫʢʘʟʘʥʠʡ ʦʪ ɻʄʆ, ʪʦ ʚʦ ʚʪʦʨʦʤ ʨʝʞʠʤʝ ʇʉʄɼ ʩʪʘʥʦʚʠʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ 
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ʜʣʷ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʚ ʙʦʨʪʦʚʳʭ ʄʉ.  

ɺ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʩʠʪʫʘʮʠʡ ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ 

ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʄʉ ʥʘ ʙʦʨʪʫ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʇʉʄɼ ʦʧʝʨʘʪʠʚʥʦ ʩʜʝʣʘʪʴ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʇʦʵʪʦʤʫ ʚ ʀʄɹʇ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʠ ʩʦʟʜʘʥʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʉʇʆ) ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʩʪʚʘʭ ʠ 

ʤʝʪʦʜʘʭ ʦʢʘʟʘʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ (ʉʆʄʇ) ʥʘ ʙʦʨʪʫ ʇʂɸ. 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʦʙʦʠʭ ʩʧʦʩʦʙʦʚ 

ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʚ ʉʆʄʇ ʚ ʨʘʟʣʠʯʥʳʭ ʚʦʟʤʦʞʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʩʠʪʫʘʮʠʷʭ ʥʝʦʙʭʦʜʠʤʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʝʨʚʦʝ ʠʟ ʢʦʪʦʨʳʭ ʫʜʘʣʦʩʴ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʧʨʦʝʢʪʝ 

çʉʠʨʠʫʩ-2017è. ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʘ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʇʆ ʚ ʫʩʣʦʚʠʷʭ 

ʠʟʦʣʷʮʠʠ ʛʝʨʤʦʟʘʤʢʥʫʪʦʛʦ ʦʙʲʝʢʪʘ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʥʳʤ ʢ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 

ʭʦʜʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ.  

ɿʘʜʘʯʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʢʣʶʯʘʣʠ ʩʙʦʨ ʜʘʥʥʳʭ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʧʦʚʝʜʝʥʠʠ ʉʇʆ ʚ 

ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʠʨʫʝʤʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʩʠʪʫʘʮʠʷʭ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ; ʦʮʝʥʢʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʇʆ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʜʣʷ 

ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʩʨʝʜʩʪʚʘʭ ʥʘ ʙʦʨʪʫ ʇʂɸ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʈʦʩʩʠʡʩʢʦʤ 

ʩʝʛʤʝʥʪʝ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʫʪʝʡ ʜʘʣʴʥʝʡʰʝʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʉʇʆ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʦʷʣʦ ʠʟ 4 ʨʘʟʥʦʪʠʧʥʳʭ ʩʝʘʥʩʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʣ ʦʪ 2 ʜʦ 3 

ʩʝʩʩʠʡ, ʚ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʦ ʟʘʜʝʡʩʪʚʦʚʘʥʦ 2 ʧʘʨʳ ʨʘʟʥʦʧʦʣʳʭ ʠʩʧʳʪʘʪʝʣʝʡ, 5-ʳʡ 

ʠʩʧʳʪʘʪʝʣʴ (ʚʨʘʯ ʵʢʠʧʘʞʘ) ʷʚʣʷʣʩʷ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʧʦ ʤʝʪʦʜʠʢʝ. 6-ʦʡ ʠʩʧʳʪʘʪʝʣʴ ʥʝ ʙʳʣ 

ʟʘʜʝʡʩʪʚʦʚʘʥ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʊʘʢʞʝ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 

ʩʝʘʥʩ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʉʇʆ ʉʆʄʇ ʚ ʭʦʜʝ ʪʝʣʝʤʝʜʠʮʠʥʩʢʦʛʦ ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʷ ʵʢʠʧʘʞʘ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʤʥʦʛʦʧʨʦʬʠʣʴʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʝʜʠʮʠʥʩʢʦʡ 

ʩʠʪʫʘʮʠʠ, ʪʨʝʙʫʶʱʝʡ ʩʨʦʯʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ, ʚʢʣʶʯʘʷ ʨʝʘʥʠʤʘʮʠʦʥʥʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ. 

ʆʙʲʝʤ ʧʨʠʛʦʜʥʳʭ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʦʩʪʘʚʠʣ ~86%. ɺ ʭʦʜʝ ʠʭ ʧʝʨʚʠʯʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʷʜ ʦʪʢʣʦʥʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ çʯʝʣʦʚʝʯʝʩʢʠʤ 

ʬʘʢʪʦʨʦʤè, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʧʨʝʚʘʣʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʇʆ ʵʢʠʧʘʞʝʤ 

ʥʘʜ ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʦʡ ʇʉʄɼ ʥʘ ʙʦʨʪʫ ʠʤʠʪʠʨʫʝʤʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʠʨʫʝʤʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʩʠʪʫʘʮʠʷʭ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʝʘʥʩʦʚ ʠ 

ʩʝʩʩʠʡ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʊʘʢ ʚ ʭʦʜʝ 1 ʩʝʘʥʩʘ ʚ ʩʨʝʜʥʝʤ ʧʦ ʪʨʝʤ ʠʩʧʳʪʘʪʝʣʷʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʉʇʆ ʩʦʩʪʘʚʠʣʘ 47% 

Ñ 23 %. ʇʦ ʠʪʦʛʘʤ 2-ʛʦ ʩʝʘʥʩʘ ʨʘʟʥʠʮʘ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʇʆ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇʉʄɼ ʫ ʪʨʝʭ 

ʠʩʧʳʪʘʪʝʣʝʡ ʩʦʩʪʘʚʠʣʘ ~8% Ñ 16 %.  ɺ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʩʝʘʥʩʝ 3 ʠʩʧʳʪʘʪʝʣʷ ʧʦʢʘʟʘʣʠ 

ʩʭʦʞʠʡ, ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʡ ʨʝʟʫʣʴʪʘʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʇʆ ʩʦ ʩʨʝʜʥʠʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ~43% Ñ 3 %.   

ʊʘʢʞʝ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʦʢʘʟʘʣʘ ʚʩʪʨʦʝʥʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʫʙʩʠʩʪʝʤʘ ʉʇʆ ï 

ʧʨʦʪʦʪʠʧ ʤʝʜʠʮʠʥʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʤʦʱʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʘʷ ʵʢʠʧʘʞʫ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʘʟʦʚʫʶ ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʫ ʠ ʧʦʜʙʠʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʣʝʯʝʥʠʝ ʠʟ 

ʠʤʝʶʱʠʭʩʷ ʥʘ ʙʦʨʪʫ ʤʝʜʩʨʝʜʩʪʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʥʘ ʘʚʪʦʥʦʤʥʳʭ ʫʯʘʩʪʢʘʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʩʫʣʴʪʘʪʠʚʥʦʡ ʧʦʜʜʝʨʞʢʠ ʩ çɿʝʤʣʠè. 

ʕʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʉʇʆ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʝ ʜʦʧʦʣʥʝʥʠʝ ʢ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʤʝʜʠʮʠʥʩʢʦʡ ʙʦʨʪʦʚʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚ ʩʦʩʪʘʚʝ ʉʆʄʇ ʩʠʩʪʝʤʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʦʨʙʠʪʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ ʠ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʫ ʇʉʄɼ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ 

ʜʣʠʪʝʣʴʥʳʭ ʤʝʞʧʣʘʥʝʪʥʳʭ ʵʢʩʧʝʜʠʮʠʡ.  
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EVALUATION OF THE EFFECTIVENESS OF USIN G SPECIALIZED SOFTWARE FOR 

ORIENTATION IN THE MEANS AND METHODS OF MEDICAL CARE IN 

HERMETICALLY CLOSED OBJECT  

 

Chernogorov R.V. 
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During the implementation of space flights, the crew of manned spacecraft (MSʉ) inevitably 

face the impact of influence of adverse environmental factors, forming a list of medical risks, which 

in combination with the possibility of technical equipment failures can lead to the emergence in 

flight of emergency medical situations. 

In such cases, for medical assistance on board the MSʉ is provided medical kits with 

medicines and medical supplies, which the crew of the MSʉ can use in 2 main modes: 1. during 

telemedicine consultation under the direct supervision of the "ground" medical support group 

(MSG) 2. alone, in accordance with the established regulations, as well as on autonomous sections 

of the flight with the impossibility of performing operational medical support from the MSG. 

In both modes, in order to search for the necessary medical supplies (MS) on board the 

MSC, crew members can use the printed accompanying medical documentation (PAMD) supplied 

with the medical kits (MK). However, if in the first mode it can be auxiliary in view of the 

possibility of direct instructions from the MSG, then in the second mode, the PAMD becomes the 

only means of orientation in the on-board MS. 

In the event of medical situations, the time necessary to find medical solutions and the 

corresponding MS on board becomes critically important. When using traditional PAMD, it can be 

difficul t to do this quickly. So, IMBP developed and created specialized software (SS) for 

automated orientation in the means and methods of medical care (MMC) on board the MSC. 

For practical estimation of time costs in the implementation of both methods of orientation 

in the MMC in various possible medical situations, experimental studies are needed, the first of 

which was implemented in the project "Sirius-2017". The purpose of this study was to evaluate the 

effectiveness of the SS in the conditions of isolation of the hermetical closed object, as the most 

approximate to the actual operation during the space flight. 

Tasks of an experiment included collecting data about use and behavior of SS in various 

modelled medical situations during the experiment; assessment of use of SS in comparison with the 

traditional ways applied to orientation in medical tools onboard MSC, in particular on the Russian 

segment of the International Space Station and also definition of paths of further perfecting of SS. 

The study consisted of 4 different types of sessions, each of which included 2 to 3 sessions, 

each of which involved 2 pairs of opposite-sex crew members, and the fifth investigator (crew 

doctor) was responsible for the technique. The 6th crew member was not involved in the 

experiment. Also, an additional combined session was performed using the SS MMC during the 

telemedicine consultation of the crew by specialists of a multi profile medical center in modeling a 

medical situation requiring immediate medical assistance, including resuscitation. 

The volume of the data obtained was ~ 86%. During of their primary analysis, despite a 

number of deviations caused mainly by the "human factor", one can note the prevalence of the 

effectiveness of the use of SS by the crew over the application of traditional PAMD on board a 

simulated spacecraft under various simulated medical situations in the vast majority of sessions of 

the experiment. 

So, in the course of 1 session, on average for the three crew members, the effectiveness of 

the SS was 47% Ñ 23%. Based on the results of the 2nd session, the difference in the effectiveness 

of the SS compared to the PAMD for the three crew members was ~ 8% Ñ 16%. In the final session, 

3 crew members showed a more stable result, similar between together, of the effectiveness of the 

use of SS with an average of ~ 43% Ñ 3%. 

Also, the built-in intelligent SS subsystem showed a high potential. Being the prototype of 

the medical decision-making system, it provided the crew with the possibility of basic self-diagnosis 
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with the selection of appropriate treatment from on-board medicines, which is especially important 

in autonomous areas of space flights in the absence of the possibility of consulting support from 

Earth.  

This gives grounds for recommending the SS as an effective addition to the existing medical 

on-board documentation within the MMC system for the medical support of orbital space flights 

and as an alternative to PAMD in long-term interplanetary expeditions. 

 

ɼʀʅɸʄʀʂɸ ʉʊɽʈʆʀɼʆɻɽʅɽɿɸ ʀ ʂʆʅʎɽʅʊʈɸʎʀʀ ɺ ʂʈʆɺʀ ʆʉʅʆɺʅʓʍ 

ʉʋɹʉʊʈɸʊʆɺ ʕʅɽʈɻʆʆɹʄɽʅɸ ʂɸʂ ɿɺɽʅʔʗ ʉʊʈɸʊɽɻʀʀ ɸɼɸʇʊɸʎʀʀ ʂ 
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ɻʅʎ ʈʌ ï ʀʄɹʇ ʈɸʅ, ʄʦʩʢʚʘ 

 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʡ ʚ ʢʦʩʤʠʯʝʩʢʠʭ 

ʧʦʣʝʪʘʭ (ʂʇ) ʢʦʤʧʣʝʢʩ ʦʪʚʝʪʥʳʭ ʨʝʘʢʮʠʡ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ, ʚ ʦʩʥʦʚʥʦʤ, ʦʙʫʩʣʦʚʣʝʥ 

ʜʣʠʪʝʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʠ ʝʝ ʧʦʩʣʝʜʩʪʚʠʷʤʠ, ʠʥʠʮʠʠʨʫʶʱʠʤʠ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʞʠʜʢʦʩʪʥʳʭ ʩʨʝʜ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ ʠʟʤʝʥʝʥʠʷʤʠ ʚʦʜʥʦ-ʵʣʝʢʪʨʦʣʠʪʥʦʛʦ 

ʛʦʤʝʦʩʪʘʟʘ (ɺʕɻ), ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʠ ʝʛʦ ʨʝʛʫʣʷʮʠʠ, ʨʘʟʚʠʪʠʝ ʛʠʧʦʜʠʥʘʤʠʠ, ʛʠʧʦʢʠʥʝʟʠʠ, 

ʛʠʧʦʪʨʦʬʠʠ ʘʥʪʠʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ, ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ  

ʢʦʩʪʥʦʡ ʪʢʘʥʠ ï ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʳʭ  ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʠ 

ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ, ʥʝʧʨʝʤʝʥʥʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʩʪʝʨʦʠʜʥʳʝ ʛʦʨʤʦʥʳ 4-ʭ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʦʚ: ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʳ - ʉ21-ʩʪʝʨʦʠʜʳ; 

ʤʠʥʝʨʘʣʦʢʦʨʪʠʢʦʠʜʳ - ʉ21-ʩʪʝʨʦʠʜʳ; ʘʥʜʨʦʛʝʥʳ ï ʉ19-ʩʪʝʨʦʠʜʳ ʠ ʵʩʪʨʦʛʝʥʳ - ʉ18-ʩʪʝʨʦʠʜʳ. 

ɼʠʥʘʤʠʢʘ ʩʪʝʨʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʚ ʫʩʣʦʚʠʷʭ 

ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʥʝʫʢʣʦʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʩʚʷʟʠ ʩ ʠʭ 

ʧʨʷʤʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʨʝʛʫʣʷʮʠʶ ʵʥʝʨʛʦʦʙʤʝʥʘ ʠ ʙʘʣʘʥʩʘ ʘʥʘʙʦʣʠʯʝʩʢʠʭ ʠ 

ʢʘʪʘʙʦʣʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ 

ʩʠʩʪʝʤʳ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʩʚʝʪʝ ʧʣʘʥʠʨʫʝʤʳʭ ʤʝʞʧʣʘʥʝʪʥʳʭ ʧʦʣʝʪʦʚ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʥʘʧʣʘʥʝʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʜʣʷ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʚ ʥʠʭ ʣʶʜʝʡ.  ɺ ʥʘʰʠʭ, ʘ ʪʘʢʞʝ ʚ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʥʦʩʪʨʘʥʥʳʭ ʢʦʣʣʝʛ (ʀ.ɸ. ʅʠʯʠʧʦʨʫʢ ʠ ʜʨ., 1998, 

2013; S.M.Smith etal., 2012) ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʩʦʭʨʘʥʥʦʩʪʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʥʦʚʥʳʭ ʧʦʣʦʚʳʭ ʛʦʨʤʦʥʦʚ ʚ ʢʨʦʚʠ, 

ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʷʮʠʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʢʦʥʪʫʨʦʚ ʨʝʛʫʣʷʮʠʠ  ʧʦ 

ʦʙʨʘʪʥʳʤ ʩʚʷʟʷʤ ʚ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʩʠʩʪʝʤʝ ʚ ʫʩʣʦʚʠʷʭ ʂʇ ʠ ʤʦʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ 

ʠʟʫʯʝʥʠʠ ʜʠʥʘʤʠʢʠ ʥʝʧʦʣʦʚʳʭ ʩʪʝʨʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʂʇ ʠ ʠʭ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʣʫʯʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʚʦʚʣʝʯʝʥʥʦʩʪʴ 

ʛʣʶʢʦ- ʠ ʤʠʥʝʨʘʣʦʢʦʨʪʠʢʦʠʜʦʚ ʚʦ ʚʩʝ ʟʚʝʥʴʷ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʠ ʝʛʦ ʨʝʛʫʣʷʮʠʠ (ɸ.ʀ. 

ɻʨʠʛʦʨʴʝʚ ʠ ʜʨ. 1986, 1997, 1999; ʉ.S. Leach-Huntoonetal., 1989; S.M.Smith etal., 1997; ʀ.ʄ. 

ʃʘʨʠʥʘ ʠ ʜʨ., 2000, 2003). ʆʜʥʘʢʦ ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʟʥʘʥʠʡ - ʪʦʥʢʠʝ 

ʤʝʭʘʥʠʟʤʳ ʘʜʘʧʪʠʚʥʳʭ ʨʝʘʢʮʠʡ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʥʘ ʫʩʣʦʚʠʷ ʂʇ ʩ ʫʯʘʩʪʠʝʤ ʩʪʝʨʦʠʜʥʳʭ 

ʛʦʨʤʦʥʦʚ, ʚʢʣʶʯʘʷ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ, ʦʩʪʘʶʪʩʷ 

ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ 

ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʜʠʥʘʤʠʢʠ ʩʪʝʨʦʠʜʥʳʭ ʛʦʨʤʦʥʦʚ ʠ ʦʩʥʦʚʥʳʭ ʩʫʙʩʪʨʘʪʦʚ 

ʵʥʝʨʛʦʦʙʤʝʥʘ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʩʦʩʪʦʷʥʠʝ ʞʠʜʢʦʩʪʥʳʭ ʩʨʝʜ, ʩʦʩʪʘʚ ʪʝʣʘ, ɺʕɻ, ʧʦʢʘʟʘʪʝʣʠ 

ʵʥʝʨʛʦʦʙʤʝʥʘ ʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʩʪʘʪʫʩ ʚ ʫʩʣʦʚʠʷʭ 17-ʩʫʪʦʯʥʦʡ ʠʟʦʣʷʮʠʠ ʚ 

ʛʝʨʤʦʦʙʲʝʢʪʘʭ ʩʤʝʰʘʥʥʦʛʦ ʵʢʠʧʘʞʘ ʠʟ 6 ʟʜʦʨʦʚʳʭ ʠʩʧʳʪʘʪʝʣʝʡ-ʜʦʙʨʦʚʦʣʴʮʝʚ (3 ʤʫʞʯʠʥ ʠ 3 

ʞʝʥʱʠʥʳ ʚ ʚʦʟʨʘʩʪʝ 27-43 ʣʝʪ), ʧʨʦʰʝʜʰʠʭ ʤʝʜʠʮʠʥʩʢʠʡ ʦʪʙʦʨ ʠ ʧʦʜʧʠʩʘʚʰʠʭ 

ʀʥʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʛʣʘʩʠʝ ʥʘ ʫʯʘʩʪʠʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ɼʦ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ (-7 ʩʫʪʢʠ, 

ʬʦʥ), ʥʘ 7-ʝ ʠ 14-ʝ ʩʫʪʢʠ ʧʝʨʠʦʜʘ ʠʟʦʣʷʮʠʠ, ʥʘ 2-ʝ ʠ 7-ʝ ʩʫʪʢʠ ʧʝʨʠʦʜʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʇɺ) 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ  ʚʟʷʪʠʝ ʚʝʥʦʟʥʦʡ ʢʨʦʚʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʦʨʤʦʥʘʣʴʥʳʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 
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ʧʦʢʘʟʘʪʝʣʝʡ, ʙʠʦʠʤʧʝʜʘʥʩʦʤʝʪʨʠʷ (ʠʟʤʝʨʝʥʠʝ ʞʠʜʢʦʩʪʥʳʭ ʩʨʝʜ ʠ ʩʦʩʪʘʚʘ ʪʝʣʘ) ʥʘ ʧʨʠʙʦʨʝ 

çʉʧʨʫʪ-2è (ʬʠʨʤʘ ʄɽɼɸʉʉ, ʈʦʩʩʠʷ) ʠ ʨʝʛʠʩʪʨʘʮʠʷ ʧʩʠʭʦʤʦʪʦʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʜʠʥʘʤʠʢʠ 

ʵʣʝʤʝʥʪʦʚ ʦʧʝʨʘʪʦʨʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ çʉʝʥʩʦʨè (É 

ʀ.ɸ.ʅʠʯʠʧʦʨʫʢ, 1994).  ɺ ʬʦʥʦʚʳʡ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ 5 ʠʩʧʳʪʘʪʝʣʝʡ ʟʘʧʦʣʥʠʣʠ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʪʝʩʪʳ-ʦʧʨʦʩʥʠʢʠ ʈ.ɹ. ʂʝʪʪʝʣʣʘ, ʗ. ʉʪʨʝʣʘʫ ʠ ʈ. ʃʘʟʘʨʫʩʘ. ɼʦ ʥʘʯʘʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʟʘʥʷʪʠʷ ʧʦ ʦʙʫʯʝʥʠʶ ʨʘʙʦʪʝ ʩ ʘʧʧʘʨʘʪʫʨʦʡ ʠ 

ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʳʤʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʠʢʘʤʠ, ʪʝʩʪʠʨʦʚʘʥʠʝ  ʚʦ ʚʨʝʤʷ 

ʠʟʦʣʷʮʠʠ ʧʨʦʚʦʜʠʣʦʩʴ  ʚ ʤʝʜʠʮʠʥʩʢʦʤ ʙʣʦʢʝ ʥʘʟʝʤʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʥʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʥʦʫʪʙʫʢʘʭ ʚ ʢʘʶʪʘʭ ʛʝʨʤʦʦʙʲʝʢʪʘ. ʉʣʝʜʫʝʪ ʫʢʘʟʘʪʴ, ʯʪʦ ʜʣʷ ʦʙʲʝʢʪʠʚʠʟʘʮʠʠ 

ʭʘʨʘʢʪʝʨʘ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʩʨʝʜʥʝʛʨʫʧʧʦʚʦʡ ʜʠʥʘʤʠʢʠ ʦʮʝʥʠʚʘʝʤʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʠ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ, ʩʦʩʪʦʷʥʠʷ ʞʠʜʢʦʩʪʥʳʭ ʩʨʝʜ ʠ ʩʦʩʪʘʚʘ 

ʪʝʣʘ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʠʩʢʘʞʘʝʤʳʭ ʠ/ʠʣʠ ʥʠʚʝʣʠʨʫʝʤʳʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ 

ʨʘʟʣʠʯʠʷʤʠ ʠʩʧʳʪʫʝʤʳʭ, ʦʩʦʙʝʥʥʦ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʤʠ ʠ ʛʝʥʜʝʨʥʳʤʠ, ʚ ʢʦʤʧʣʝʢʩʥʦʤ 

ʘʥʘʣʠʟʝ ʚʩʝʛʦ ʤʘʩʩʠʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʧʨʦʮʝʥʪʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʳʭ ʫʨʦʚʥʝʡ.ʆʮʝʥʠʚʘʷ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʩʝʛʦ 

ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ ʷʚʣʷʣʩʷ ʥʝʫʢʣʦʥʥʳʡ ʪʨʝʥʜ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʩʨʝʜʥʝʛʨʫʧʧʦʚʳʭ ʫʨʦʚʥʝʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʨʪʠʟʦʣʘ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ (138,0Ñ16,7; 141,6Ñ27,2; 150,5Ñ8,6; 150,3Ñ20,6%, 

ʨʘʟʣʠʯʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳ ʩ ʬʦʥʦʤ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʢʪʠʚʘʮʠʠ 

ʩʪʝʨʦʠʜʦʛʝʥʝʟʘ ʚ ʢʦʨʝ ʥʘʜʧʦʯʝʯʥʠʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʠʟʦʣʷʮʠʠ ʠ  ʇɺ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʨʫʛʠʭ 

ʩʪʝʨʦʠʜʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ  ʨʘʥʥʠʡ ʧʝʨʠʦʜ ʠʟʦʣʷʮʠʠ (7 ʩʫʪʢʠ)  ʦʪʤʝʯʘʣʦʩʴ ʧʦʚʳʰʝʥʠʝ  

ʩʨʝʜʥʝʛʨʫʧʧʦʚʳʭ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʪʝʩʪʦʩʪʝʨʦʥʘ ʠ ʵʩʪʨʘʜʠʦʣʘ (% ʦʪ 

ʬʦʥʘ: 122,7Ñ8,0; 303,7Ñ110,1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨ<0,05), ʘ ʜʦʩʪʦʚʝʨʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʦʣʝʩʪʝʨʠʥʘ, ʘʣʴʜʦʩʪʝʨʦʥʘ ʠ ʦʩʥʦʚʥʦʛʦ ʫʛʣʝʚʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʵʥʝʨʛʦʦʙʤʝʥʘ ï 

ʛʣʶʢʦʟʳ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʅʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʠʟʦʣʷʮʠʠ (14-ʝ ʩʫʪʢʠ) ʥʘ ʬʦʥʝ ʚʳʩʦʢʦʛʦ 

ʫʨʦʚʥʷ ʢʦʨʪʠʟʦʣʘ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʘʣʴʜʦʩʪʝʨʦʥʘ 

(138,2Ñ17,2 % ʦʪ ʬʦʥʘ, ʨ<0,05), ʢʦʪʦʨʳʡ, ʚʝʨʦʷʪʥʦ, ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʦʪʚʝʪʦʤ ʥʘ ʧʦʚʳʰʝʥʥʳʝ 

ʧʦʪʝʨʠ ʥʘʪʨʠʷ ʩ ʤʦʯʦʡ ʧʨʠ ʨʘʟʚʠʪʠʠ ʫʤʝʨʝʥʥʦʡ ʛʠʧʦʛʠʜʨʘʪʘʮʠʠ ʦʨʛʘʥʠʟʤʘ ʦʙʩʣʝʜʫʝʤʳʭ 

(ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʘ ʚʦʜʳ ʥʘ 2,1Ñ0,5% ʦʪ ʬʦʥʘ, ʨ<0,05) - ʢʦʤʧʣʝʢʩʥʦʡ ʨʝʘʢʮʠʝʡ ʩʠʩʪʝʤʳ 

ʧʦʜʜʝʨʞʘʥʠʷ ʢʦʥʩʪʘʥʪ ɺʕɻ, ʧʦʟʚʦʣʠʚʰʝʡ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʜʨʫʛʠʤʠ ʛʦʨʤʦʥʘʤʠ ʩʦʭʨʘʥʷʪʴ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʛʠʧʦʛʠʜʨʘʪʘʮʠʶ, ʦʩʤʦʣʷʣʴʥʦʩʪʴ, ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ ʚ ʢʨʦʚʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʤʠ (283Ñ4; 283Ñ4; 284Ñ2; 289Ñ4; 285Ñ1 ʤʆʩʤ/ʢʛʅ2ʆ;  Na+: 141,1Ñ0,7; 

140,3Ñ0,3; 141,2Ñ0,5; 142,3Ñ2,0; 139,9Ñ0,6 ʤʤʦʣʴ/ʣ; ʂ+:  4,2Ñ0,1; 4,0Ñ0,1; 4,1Ñ0,1; 4,3Ñ0,2; 

4,2Ñ0,2 ʤʤʦʣʴ/ʣ). ʇʨʠ ʵʪʦʤ ʜʦʩʪʦʚʝʨʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʩʪʨʘʜʠʦʣʘ ʥʝ 

ʧʨʦʠʩʭʦʜʠʣʦ, ʥʦ ʦ ʪʦʤ, ʯʪʦ ʦʥ ʦʩʪʘʚʘʣʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣ ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ ʝʛʦ 

ʜʦʣʠ (427,5Ñ251,9% ʦʪ ʬʦʥʘ, ʨ<0,05) ʚ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʨʝʜʝʣʷʝʤʳʭ ʛʦʨʤʦʥʘʣʴʥʦ-

ʘʢʪʠʚʥʳʭ ʩʪʝʨʦʠʜʦʚ. ʇɺ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʜʦʩʪʦʚʝʨʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʩʨʝʜʥʝʛʨʫʧʧʦʚʳʭ 

ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʦʣʝʩʪʝʨʠʥʘ ʠ  ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ, ʫʚʝʣʠʯʝʥʠʝʤ ʞʠʨʦʚʦʡ ʤʘʩʩʳ ʪʝʣʘ 

(ɾʄʊ, ʨʦʩʪ ʥʘ 20% ʦʪ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ) ʠ ʩʦʭʨʘʥʝʥʠʝʤ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʘʣʴʜʦʩʪʝʨʦʥʘ, ʢʦʨʪʠʟʦʣʘ ʠ ʵʩʪʨʘʜʠʦʣʘ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ (142,2Ñ10,2% ʦʪ ʬʦʥʘ, ʨ<0,05) 

ʧʨʦʮʝʥʪʥʦʡ ʜʦʣʝ ʛʦʨʤʦʥʘʣʴʥʦ-ʘʢʪʠʚʥʳʭ ʩʪʝʨʦʠʜʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʢʨʦʚʠ 

ʩʫʙʩʪʨʘʪʘ ʠʭ ʙʠʦʩʠʥʪʝʟʘ ï ʭʦʣʝʩʪʝʨʠʥʘ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫ ʦʙʩʣʝʜʫʝʤʳʭ ʤʫʞʯʠʥ ʚ 

ʧʝʨʠʦʜ ʠʟʦʣʷʮʠʠ ʠ, ʦʩʦʙʝʥʥʦ, ʧʦʩʣʝ ʝʝ ʟʘʚʝʨʰʝʥʠʷ ʦʪʤʝʯʘʣʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʢʨʦʚʠ ʵʩʪʨʘʜʠʦʣʘ (996,3Ñ338,5% ʦʪ ʬʦʥʘ,  ʨ<0,05) ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ, ʥʦ 

ʥʝʜʦʩʪʦʚʝʨʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʝʩʪʦʩʪʝʨʦʥʘ, ʯʪʦ, ʦʯʝʚʠʜʥʦ, ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʫʚʝʣʠʯʝʥʠʝʤ ɾʄʊ (115,4Ñ3,4% ʦʪ ʬʦʥʘ,  ʨ<0,05), ʘʜʠʧʦʮʠʪʳ ʢʦʪʦʨʦʡ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʩʪʦʣʴ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʘʨʦʤʘʪʠʟʘʮʠʠ ʘʥʜʨʦʛʝʥʦʚ ʚ ʵʩʪʨʦʛʝʥʳ ʠ, ʚʝʨʦʷʪʥʦ, ʚʥʝʛʦʥʘʜʘʣʴʥʦʤʫ ʠ 

ʚʥʝʥʘʜʧʦʯʝʯʥʠʢʦʚʦʤʫ ʙʠʦʩʠʥʪʝʟʫ ʧʦʩʣʝʜʥʠʭ. ʇʨʠ ʵʪʦʤ ʫ ʦʙʩʣʝʜʫʝʤʳʭ ʞʝʥʱʠʥ ʚ ʧʝʨʠʦʜ 

ʠʟʦʣʷʮʠʠ ʦʪʤʝʯʘʣʠʩʴ ʧʦʜʲʝʤʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʢʨʦʚʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʢʦʨʪʠʟʦʣʘ, ʘ ʚ ʇɺ ï 

ʧʦʚʳʰʝʥʠʝ ʭʦʣʝʩʪʝʨʠʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʜʝʬʠʮʠʪ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʠʟʦʣʷʮʠʠ  ʙʦʣʝʝ ʯʝʤ ʚ 72% ʩʣʫʯʘʝʚ ʚʟʘʠʤʦʩʚʷʟʘʥ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʢʨʦʚʠ ʛʣʶʢʦ- ʠ ʤʠʥʝʨʘʣʦʢʦʨʪʠʢʦʠʜʦʚ, ʭʦʣʝʩʪʝʨʠʥʘ ʠ Na+, ʩʦ 
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ʩʥʠʞʝʥʠʝʤ ï ʘʥʜʨʦʛʝʥʦʚ, K+ ʠ Ca++, ʩʦʧʨʦʚʦʞʜʘʝʤʳʭ ʨʦʩʪʦʤ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʪʨʘʪ ʚ 

ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʛʠʜʨʘʪʘʮʠʠ ʦʨʛʘʥʠʟʤʘ, ʯʪʦ, ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʤʝʱʝʥʠʠ ʙʘʣʘʥʩʘ ʛʦʤʝʦʩʪʘʟʘ ʚ ʩʪʦʨʦʥʫ ʧʨʝʦʙʣʘʜʘʥʠʷ 

ʢʘʪʘʙʦʣʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʇʨʠ ʵʪʦʤ ʣʫʯʰʫʶ ʘʜʘʧʪʠʨʦʚʘʥʥʦʩʪʴ ʢ ʫʩʣʦʚʠʷʤ ʠʟʦʣʷʮʠʠ ʚ 

ʛʝʨʤʦʦʙʲʝʢʪʘʭ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʞʝʥʱʠʥʳ ʠ, ʚ ʮʝʣʦʤ, ʣʠʮʘ ʩ ʤʝʥʴʰʠʤ ʫʨʦʚʥʝʤ 

ʪʨʝʚʦʞʥʦʩʪʠ. 

 

DYNAMICS OF STEROIDOGENESIS AND BLOOD CONCENTRATIONS OF THE BASIC 

SUBSTRATES OF ENERGY METABOLISM AS THE UNITS OF A STRATEGY OF 

ADAPTATION TO THE CHANGED ENVIRONMENT  

 

Chistokhodova S.A. 

Scientific supervisors-Nichiporuk I.A.,Ph.D., Zhuravleva O.A., Ph.D. 

SRC RF ï IBMP RAS, Moscow 

 

Numerous researches testify, that the complex of responses of a human body observed in 

space flights (SF), basically, is caused by long-term influence of microgravity and its consequences 

initiating fluid shifts accompanied by changes of water-electrolyte homeostasis (WEH), metabolism 

and its regulation, development of hypodynamia, hypokinesia, hypotrophy of anti-gravitational 

muscles, demineralization and re-structuring of bone tissue ï all set of gravity-dependent metabolic 

and morpho-functional reorganizations of organs and tissues which indispensable participants are 

steroid hormones of 4 basic classes: glucocorticoids - ʉ21-steroids; mineralocorticoids - ʉ21-

steroids; androgens ï ʉ19-steroids and estrogens - ʉ18-steroids. Dynamics of steroid hormones and 

their influence on a state of metabolism in the conditions of microgravity are the subject of steady 

attention of researchers due to their direct influence on energy turnover regulation and on a balance 

of anabolic and catabolic reactions in a human body, and also on a condition of reproductive system 

that is especially important in the light of planned interplanetary flights and building of planetary 

constructions for long stay of people in them. In our, and also in rather recent researches of the 

foreign colleagues (I.A. Nichiporuk, et al., 1998, 2013; S.M. Smith et al., 2012) the results testifying 

to integrity of a physiological parity of concentrations of the main sexual hormones in blood, 

mechanisms of regulation and sensitivity of multilevel contours of a feedback regulation in 

reproductive system in the conditions of SF and simulating experiments are received. The numerous 

results specifying in an involvement of gluco- and mineralocorticoids in all parts of metabolism and 

its regulation are received in studying of dynamics of not sexual steroid hormones at 

implementation of SF and their simulations (A.I. Grigoriev et al. 1986, 1997, 1999; ʉ.S. Leach-

Huntoon et al., 1989; S.M. Smith et al., 1997; I.M. Larina et al., 2000, 2003). However, even in the 

presence of great volume of knowledge ï the intimate mechanisms of adaptive reactions of a human 

body to SF conditions with participation of steroid hormones, including their influence on dynamics 

of the psychophysiological status, remain insufficiently explored. Therefore, the main objective of 

the present work was an acquisition of new scientific data about features of dynamics of steroid 

hormones both the basic substrates of energy metabolism and their influences on a state of body 

fluids and composition, WEH, parameters of energy turnover, and on the psychophysiological status 

in the conditions of 14-day confinement in hermetic chambers of the mixed crew of 6 healthy 

subjects-volunteers (3 men and 3 women at the age of 27-43 years), who had passed a medical 

selection and have signed the Informed consent to participation in research. Before the start of 

experiment (-7 days, a background), on 7-th and 14-th days of the period of confinement, on 2-d and 

7-th days of the recovery period (RP) a withdrawal of venous blood for determination of hormonal 

and biochemical parameters, bioimpedancemetry (measurement of body fluids and composition) by 

use of device "SPRUT-2" (MEDASS Company, Russia) and registration of psychomotor indicators 

and dynamics of elements of operator activity by means of the computer program "Sensor" (É I.A. 

Nichiporuk, 1994) were carried out. During the pre-confinement period of research, five subjects 

have filled psychological tests-questionnaires of R.B. Cattell, J. Strelau and R. Lazarus. Lessons on 
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training to work with equipment and with the computerized psychophysiological techniques have 

been conducted prior to the beginning of experiment, testing during confinement was performed in 

the medical block of a ground-based experimental complex and on individual laptops in cabins of 

the hermetic chamber. It is necessary to point out that in the complex analysis of all file of 

experimental data the individual percentage values of parameters comparing to initial levels were 

used for objectification of the character and directivity of changes in mean dynamics of estimated 

indicators of hormonal and biochemical status, fluid shifts and body composition, which are highly 

deformed and/or leveled by individual distinctions, especially by anthropometry and gender. 

Estimating results of the performed research, first of all, it is important to note, that the feature of all 

period of supervision was the steady trend to increase mean levels in serum blood concentrations of 

cortisol (138,0Ñ16,7; 141,6Ñ27,2; 150,5Ñ8,6; 150,3Ñ20,6 %, distinctions are statistically significant 

with a basal level), that testifies to activation of steroidogenesis in adrenal cortex in the conditions 

of confinement and RP. Results of the analysis of other steroids have shown, that during the early 

period of isolation (7 days) increases of mean values in serum blood concentrations of testosterone 

and estradiol were significant (% from a basal level: 122,7Ñ8,0; 303,7Ñ110,1, respectively, p<0,05), 

while any significant changes in concentrations of cholesterol, aldosterone and the basic 

carbohydrate substrate of energy turnover ï glucose were not observed. At the final stage of 

confinement (14 days) among with high cortisol levels the growth in serum blood concentrations of 

aldosterone has been registered (138,2Ñ17,2 % from a basal level, p<0,05) which, possibly, has been 

caused as the answer to the raised urine losses of sodium within development of moderate 

hypohydration of the bodies of the test-subjects (decrease in water volume at 2,1Ñ0,5 % from a 

basal level, p<0,05) - complex reaction of the system of a maintenance of WEH constants allowed 

in the aggregate with other hormones to keep, despite hypohydration, osmolality, blood sodium and 

potassium concentrations practically constant (283Ñ4; 283Ñ4; 284Ñ2; 289Ñ4; 285Ñ1 mOsm/kgʅ2ʆ; 

Na
+
: 141,1Ñ0,7; 140,3Ñ0,3; 141,2Ñ0,5; 142,3Ñ2,0; 139,9Ñ0,6 mmol/l; K

+
: 4,2Ñ0,1; 4,0Ñ0,1; 4,1Ñ0,1; 

4,3Ñ0,2; 4,2Ñ0,2 mmol/l). Although the significant change of estradiol levels of concentrations did 

not occur, its high percentage (427,5Ñ251,9 % from a basal level, p<0,05) in total concentration of 

measured hormonal-active steroids testified that it remained increased. RP was characterized by 

significant growth of mean values of blood concentrations of cholesterol and glucose, and by the 

increase in body fat mass (BFM, growth at 20 % from basal values) with the maintenance of high 

aldosterone, cortisol and estradiol concentrations at raised (142,2Ñ10,2 % from a basal level,  

p<0,05) percentage of hormonal-active steroidsô rate to concentration in blood of a substrate of their 

biosynthesis ï cholesterol. It is important to note, that considerable growth of blood estradiol 

concentrations (996,3Ñ338,5 % from a basal level, ʨ<0,05) among with raised but insignificant 

values of testosterone concentrations was found at male-volunteers within confinement and, 

especially, after its end,  that, obviously, has been caused by the increase of BFM (115,4Ñ3,4 % 

from a basal level, p<0,05), which adipocytes have promoted so considerable aromatization of 

androgens into estrogens and, possibly, extra-genital and extra-adrenal biosynthesis of the last-

named. Meanwhile the increases, mainly, of blood cortisol during confinement and within RP - 

increase of cholesterol were marked in female-volunteers. The results of multiple regression 

(correlation) analysis have shown that decrease in physical activity in the conditions of confinement 

more than in 72% of cases is influenced by the increase in blood concentrations of gluco- and 

mineralocorticoids, cholesterol and Na
+
, and by the decrease ï in androgens, K

+
 and Ca

++
 contents 

accompanied by growth of specific rest metabolic rate and by reduction of cellular hydration of  

organism, which, in the aggregate, testifies to displacement of a homeostasisô balance towards a 

prevalence of catabolic reactions. Meanwhile, the best adaptability to conditions of confinement in 

hermetic chambers was shown by women and, in common, by the persons with less level of anxiety. 
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ʀʉʇʓʊɸʊɽʃʔʅɸʗ ʀ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ɹɸɿɸ ʃɸɹʆʈɸʊʆʈʀʀ 

ʂʆʉʄʀʏɽʉʂʀʍ ʉʀʉʊɽʄ ʆɹʈɸɿʆɺɸʊɽʃʔʅʆɻʆ ʎɽʅʊʈɸ çʉʀʈʀʋʉè ʅɸ 

ʇʈʀʄɽʈɽ ʂɺɸʃʀʌʀʂɸʎʀʆʅʅʓʍ ʀʉʇʓʊɸʅʀʁ ʅɸʅʆʉʇʋʊʅʀʂɸ 

çSIRIUSSAT-1Uè 

 

ʐʝʢʦʚ ʀ.ʉ., ʂʠʰʢʫʥ ɸ.ɸ. 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʬʦʥʜ çʊʘʣʘʥʪ ʠ ʫʩʧʝʭè, ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʮʝʥʪʨ çʉʠʨʠʫʩè 

 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ï ʵʪʦ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ ʢʘʢ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʧʦʣʸʪʦʚ, ʪʘʢ ʠ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʤʠʩʩʠʷʭ ʧʦ ʚʳʚʝʜʝʥʠʶ ʘʧʧʘʨʘʪʦʚ ʥʘ 

ʦʨʙʠʪʫ. ɹʝʟʦʧʘʩʥʦʩʪʴʶ ʥʝʣʴʟʷ ʧʨʝʥʝʙʨʝʛʘʪʴ ʜʘʞʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʘʣʳʤ ʢʦʩʤʠʯʝʩʢʠʤ 

ʘʧʧʘʨʘʪʘʤ ʬʦʨʤʘʪʘ CubeSat-1U. ɼʣʷ ʵʪʦʛʦ ʘʧʧʘʨʘʪʳ ʜʦʣʞʥʳ ʧʨʦʭʦʜʠʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʧʨʦʚʝʨʢʠ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʝʥʜʘʭ, ʧʦʜʪʚʝʨʞʜʘʪʴ ʩʚʦʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʢʨʠʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ. ʃʘʙʦʨʘʪʦʨʠʷ çʂʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤè ʦʙʣʘʜʘʝʪ ʥʘʙʦʨʦʤ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. 

Security in the space industry is one of the most important aspects, both in the preparation of 

flights and in direct missions to bring satellites into orbit. Safety cannot be neglected even with 

reference to small space satellites of the CubeSat-1U format. For this purpose, the devices must 

undergo numerous checks on special stands, confirm their performance in critical conditions. The 

"Space Systems" laboratory of the "Sirius" Educational Center has a set of test benches that allow 

testing and testing of small space satellites. 

ɺ ʣʘʙʦʨʘʪʦʨʠʠ çʂʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤè ʆʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ çʉʠʨʠʫʩè, ʛʦʨʦʜ ʉʦʯʠ, 

ʧʨʦʚʦʜʠʪʩʷ ʨʷʜ ʨʘʙʦʪ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʧʨʦʪʦʪʠʧʦʚ ʩʨʝʜʩʪʚ 

ʚʳʚʝʜʝʥʠʷ ʢ ʠʩʧʳʪʘʥʠʷʤ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷʤ. ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʥʘʥʦʩʧʫʪʥʠʢʘ çSiriusSat-1Uè ʥʘ ʧʨʦʝʢʪʥʦʡ ʧʨʦʛʨʘʤʤʝ çɹʦʣʴʰʠʝ ʚʳʟʦʚʳè ʚ ʠʶʣʝ 2017 ʛʦʜʘ. 

ʋʯʘʱʠʝʩʷ ʆʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ çʉʠʨʠʫʩè ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ, 

ʅʀʀʗʌ ʄɻʋ ʠ ʆʆʆ çʉʧʫʪʥʠʢʩè ʩʦʟʜʘʣʠ ʢʦʥʩʪʨʫʢʮʠʶ ʩʧʫʪʥʠʢʘ ʠ ʧʦʣʝʟʥʫʶ ʥʘʛʨʫʟʢʫ ʜʣʷ 

ʥʝʛʦ. ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʩʧʫʪʥʠʢʘ ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʠ ʯʘʩʪʠʮ 

ʚʝʱʝʩʪʚʘ ʥʘ ʚʳʩʦʪʘʭ 300-400 ʢʤ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ ʩʧʫʪʥʠʢʦʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʘʣʠʙʨʦʚʢʠ ʠ ʪʝʩʪʳ ʪʘʢʠʭ ʜʘʪʯʠʢʦʚ, ʢʘʢ: 

ʤʘʛʥʠʪʦʤʝʪʨ, ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʦʩʚʝʱʸʥʥʦʩʪʠ. ɼʘʥʥʳʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʪʝʥʜʝ 

ʠʤʠʪʘʪʦʨʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʩ ʥʝʟʘʚʠʩʠʤʳʤ ʘʵʨʦʧʦʜʚʝʩʦʤ ʠ ʠʤʠʪʘʪʦʨʘʤʠ ʉʦʣʥʮʘ. 

ʀʤʠʪʘʪʦʨ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʦʚ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʜʦ 180Á (120Á ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʠ 60Á ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ) ʧʨʠ ʧʦʜʘʯʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʦʢʘ ʥʘ ʢʘʪʫʰʢʠ ʚ 1 ɸ, ʩ ʠʥʜʫʢʮʠʝʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦ 200 ʤʢʊʣ. ɼʘʥʥʳʝ 

ʤʘʥʠʧʫʣʷʮʠʠ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʪʢʘʣʠʙʨʦʚʘʪʴ ʙʦʨʪʦʚʦʡ ʤʘʛʥʠʪʦʤʝʪʨ ʜʣʷ 

ʧʦʜʨʦʙʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚʝʢʪʦʨʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʠ ʝʛʦ ʠʥʜʫʢʮʠʠ ʚ ʢʦʩʤʠʯʝʩʢʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʘ ʧʦ ʧʦʢʘʟʘʥʠʷʤ 

ʤʘʛʥʠʪʦʤʝʪʨʘ. ɸʵʨʦʧʦʜʚʝʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʝʟʚʝʰʠʚʘʥʠʝ ʨʘʙʦʯʝʡ ʧʣʘʪʬʦʨʤʳ ʩ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʥʝʡ ʩʧʫʪʥʠʢʦʤ ʟʘ ʩʯʸʪ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʠ ʤʝʞʜʫ ʧʣʘʪʬʦʨʤʦʡ ʠ ʯʘʰʝʡ 

ʘʵʨʦʧʦʜʚʝʩʘ. ʉʚʦʙʦʜʥʦʝ ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʧʦʜʚʝʩʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʢʘʣʠʙʨʦʚʢʫ ʜʘʪʯʠʢʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. 

ʇʦʩʣʝ ʩʙʦʨʢʠ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʨʘʟʮʘ ʩʧʫʪʥʠʢʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʥʘ 

ʚʠʙʨʦʩʪʝʥʜʝ. ʉʧʫʪʥʠʢ ʙʳʣ ʧʦʤʝʱʸʥ ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʢʦʥʪʝʡʥʝʨ. ɺ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ ʩʧʫʪʥʠʢ 

ʧʦʜʚʝʨʛʩʷ ʥʘʛʨʫʟʢʘʤ ʥʘ ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʚʠʙʨʘʮʠʠ, ʩʣʫʯʘʡʥʳʝ ʚʠʙʨʘʮʠʠ ʠ ʫʜʘʨʳ. 

ʀʤʠʪʠʨʦʚʘʣʠʩʴ ʫʩʣʦʚʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʜʦʩʪʘʚʢʝ ʛʨʫʟʘ ʥʘ ʦʨʙʠʪʫ ʥʘ ʙʦʨʪʫ ʢʦʨʘʙʣʷ 

çʇʨʦʛʨʝʩʩè ʥʘ ʨʘʢʝʪʝ-ʥʦʩʠʪʝʣʝ çʉʦʶʟè. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʪʨʸʤ ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ. 

ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʠʩʧʳʪʘʥʠʡ ʩʧʫʪʥʠʢ ʧʨʦʚʝʨʷʣʩʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʚʘʪʴ ʩʠʛʥʘʣʳ 

ʪʝʣʝʤʝʪʨʠʠ ʠ ʧʨʦʟʚʦʥʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʋʂɺ ʜʠʘʧʘʟʦʥʝ. ʇʦ ʠʪʦʛʘʤ ʠʩʧʳʪʘʥʠʡ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ ʧʝʨʝʛʨʫʟʦʢ ʩʧʫʪʥʠʢ ʩʦʭʨʘʥʷʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, 

ʧʦʚʨʝʞʜʝʥʠʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ. 



 

132 

 

ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʧʫʪʥʠʢʘ ʜʦʣʞʥʘ ʩʦʭʨʘʥʷʪʴʩʷ ʠ ʚʦ ʚʨʝʤʷ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ 

ʥʘ ʦʨʙʠʪʝ, ʚʳʧʦʣʥʝʥʠʠ ʤʠʩʩʠʠ. ʉ ʮʝʣʴʶ ʠʤʠʪʘʮʠʠ ʧʦʣʸʪʘ ʩʧʫʪʥʠʢʘ ʥʘ ʦʨʙʠʪʝ ʦʥ ʙʳʣ 

ʨʘʟʤʝʱʸʥ ʚ ʪʝʨʤʦʙʘʨʦʢʘʤʝʨʝ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ, ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʪʨʘʥʩʣʷʮʠʷ ʪʝʣʝʤʝʪʨʠʠ 

ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ. ɹʳʣ ʩʦʟʜʘʥ ʚʘʢʫʫʤ ʩ ʜʘʚʣʝʥʠʝʤ 1*10
-5

 ʤʤ. ʨʪ. ʩʪ. ɹʳʣʠ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʳ 

ʨʝʞʠʤʳ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʨʝʭʦʜʦʚ ʦʪ -40Áʉ ʜʦ +80Áʉ ʩ ʧʝʨʝʭʦʜʦʤ 30 ʤʠʥʫʪ ʠ ʫʜʝʨʞʘʥʠʝʤ 60 

ʤʠʥʫʪ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʧʝʨʝʧʘʜʳ ʧʨʦʠʩʭʦʜʠʣʠ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʜʥʦʡ 

ʧʣʘʩʪʠʥʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʢʘʤʝʨʝ, ʠ ʷʚʣʷʶʱʝʡʩʷ ʦʧʦʨʥʦʡ ʠ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʣʷ 

ʩʧʫʪʥʠʢʘ. ʇʝʨʝʜʘʯʘ ʪʝʧʣʘ ʢʦʥʩʪʨʫʢʮʠʝʡ ʩʧʫʪʥʠʢʘ ʧʨʦʭʦʜʠʣʘ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ, ʦʙʤʦʨʦʞʝʥʠʷ 

ʠʣʠ ʧʝʨʝʛʨʝʚʘ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ. ʎʠʢʣʳ ʧʦʚʪʦʨʷʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ɺ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ 

ʩʧʫʪʥʠʢ ʩʪʘʙʠʣʴʥʦ ʧʝʨʝʜʘʚʘʣ ʩʠʛʥʘʣʳ. ʇʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʤʘʩʩʘ ʩʧʫʪʥʠʢʘ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 

0,14%. ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚʘʢʫʫʤʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʨʝʧʘʜʘʭ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʧʫʪʥʠʢʘ ʦʥ ʩʧʦʩʦʙʝʥ ʨʘʙʦʪʘʪʴ ʠ ʚʳʧʦʣʥʷʪʴ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʨʘʙʦʪʫ. 

ʆʧʠʩʳʚʘʝʤʳʝ ʠʩʧʳʪʘʥʠʷ ʷʚʣʷʣʠʩʴ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʤʠ ʜʣʷ ʧʨʠʚʝʜʸʥʥʦʛʦ ʩʧʫʪʥʠʢʘ. 

ʇʦʩʣʝ ʪʝʩʪʦʚ ʚ ʣʘʙʦʨʘʪʦʨʠʠ çʂʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤè ʆʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ çʉʠʨʠʫʩè 

ʩʧʫʪʥʠʢ çSiriusSat-1Uè ʙʳʣ ʧʝʨʝʜʘʥ ʜʣʷ ʧʨʠʸʤʦ-ʩʜʘʪʦʯʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʈʂʂ çʕʥʝʨʛʠʷè. 

ɿʘʧʫʩʢ ʩʧʫʪʥʠʢʘ ʥʘ ʦʨʙʠʪʫ ʧʣʘʥʠʨʫʝʪʩʷ ʣʝʪʦʤ 2018 ʛʦʜʘ ʚʦ ʚʨʝʤʷ ʦʯʝʨʝʜʥʦʛʦ ʩʝʘʥʩʘ 

ʚʥʝʢʦʨʘʙʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʨʦʩʩʠʡʩʢʠʤʠ 

ʢʦʩʤʦʥʘʚʪʘʤʠ. 

ʇʨʦʚʝʜʝʥʠʝ ʦʧʠʩʘʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʣʶʙʳʭ ʠʟʜʝʣʠʡ ʠ ʫʩʪʨʦʡʩʪʚ, 

ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʨʘʙʦʪʘʪʴ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʥʝʩʝʪ ʫʨʦʚʝʥʴ ʠʭ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʣʫʯʘʝ ʨʘʙʦʪʳ ʩ ʵʪʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʯʝʣʦʚʝʢʘ. 

 

TESTING AND EXPERIMENTAL BASE OF LABORATORY OF SPACE SYSTEMS 

OF EDUCATIONAL CENTER "SIRIUS" ON THE EXAMPLE OF QUALIFICATION 

TESTS OF NANO-SATELLITE "SIRIUSSAT -1U"  

 

Shekov I.S., Kishkun A.A. 

Educational Foundation "Talent and Success", Educational Center "Sirius" 

 

Security in the space industry is one of the most important aspects, both in the preparation of 

flights and in direct missions to bring satellites into orbit. Safety cannot be neglected even with 

reference to small space satellites of the CubeSat-1U format. For this purpose, the devices must 

undergo numerous checks on special stands, confirm their performance in critical conditions. The 

"Space Systems" laboratory of the "Sirius" Educational Center has a set of test benches that allow 

testing and testing of small space satellites. 

In the laboratory of the Space Systems of the ñSiriusò Educational Center in the city of Sochi, 

a number of works are being done to prepare small space satellites and prototypes for launching and 

testing. One example is the development of a nano-satellite "SiriusSat-1U" on the "Big Challenges" 

project program in July 2017. The students of the ñSiriusò Educational Center in cooperation with 

laboratory specialists, the Institute of Nuclear Physics of the Moscow State University and 

ñSputnixò Ltd. created the satellite design and payload for it. The scientific and practical task of the 

satellite was the study of space weather and particle matter at altitudes of 300-400 km. 

During the work on the satellite, calibrations and tests of such sensors as: magnetometer, 

angular velocity and illumination were carried out. These works were carried out on the stand by the 

simulator of the Earth's magnetic field with an independent air suspension and simulators of the 

Sun. The simulator of the Earth's magnetic field makes it possible to change the direction of the 

magnetic field vectors up to 180 Á (120 Á counterclockwise and 60 Á clockwise) when applying a 

maximum current to the coils of 1 A, with magnetic field induction up to 200 ɛT. These 

manipulations allow us to accurately calibrate the on-board magnetometer for a detailed study of the 

Earth's magnetic field vectors and its induction in outer space, and also to provide the possibility of 

satellite orientation according to the magnetometer readings. The aerial suspension provides for the 
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weighing of the working platform with the satellite on it, due to the air cushion between the 

platform and the air suspension cup. Free rotation around the vertical axis of the suspension ensures 

calibration of the angular velocity sensor. 

After assembling the engineering model of the satellite, tests were conducted on the shaker 

table. The satellite was placed in a special container. During the tests, the satellite was subjected to 

stresses on sinusoidal vibrations, random vibrations and shocks. Conditions were simulated when 

cargo was delivered to orbit aboard the Progress ship on a Soyuz carrier rocket. The tests were 

carried out in three coordinate axes. After each test cycle, the satellite was tested for the possibility 

of transmitting telemetry and control signals on the VHF band. As a result of the tests, it was 

confirmed that after the loads the satellite remains operational, no damage was found to the 

structure. 

The satellite's operability should be maintained even during a long stay in orbit, the fulfillment of 

the mission. In order to simulate the flight of a satellite in orbit, it was placed in a thermo-chamber 

in working order, telemetry was broadcast over a radio channel. A vacuum was created with a 

pressure of 1 * 10
-5

 mmHg. The temperature transition regimes from -40 Á C to + 80 Á C with a 

transition of 30 minutes and a retention of 60 minutes were programmed. Temperature changes 

occurred due to the temperature change of the copper plate located in the chamber, which is the 

reference and contact surface for the satellite. The transfer of heat by the satellite's body passed very 

slowly, frostbite or overheating did not occur. The cycles were repeated for 24 hours. During the 

tests, the satellite transmitted signals steadily. After testing, the mass of the satellite decreased by 

0.14%. These indicators indicate that in critical conditions of vacuum and temperature differences in 

the design of the satellite, it is able to work and carry out research work. 

The tests described were qualifying for the satellite. After the tests in the laboratory of the 

"Space Systems" of the ñSiriusò Educational Center, the satellite ñSiriusSat-1U" was handed over 

for acceptance testing in the RSC ñEnergiaò. The launch of the satellite into orbit is planned in the 

summer of 2018 during the next session of extracurricular activities at the International Space 

Station by Russian cosmonauts. 

Carrying out of the described tests is very important for any products and devices that must 

work in outer space. Of particular importance is the level of their safety in the case of working 

human with these devices. 

 

ʇʆʉʊʋʈɸʃʔʅɸʗ ʋʉʊʆʁʏʀɺʆʉʊʔ ʂʆʉʄʆʅɸɺʊʆɺ ʇʆʉʃɽ ɼʃʀʊɽʃʔʅʓʍ 

ʂʆʉʄʀʏɽʉʂʀʍ ʇʆʃɽʊʆɺ 

 

ʐʠʰʢʠʥ ʅ.ɺ., ʂʠʪʦʚ ɺ.ɺ., ʐʠʛʫʝʚʘ ʊ.ɸ. 

ɻʅʎ ʈʌ ï ʀʄɹʇ ʈɸʅ, ʄʦʩʢʚʘ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʧʦʜʜʝʨʞʘʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʟʳ ʧʦʩʣʝ ʢʦʩʤʠʯʝʩʢʠʭ 

ʧʦʣʝʪʦʚ,  ʧʨʦʚʦʜʷʱʠʝʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʨʘʟʥʳʭ ʩʪʨʘʥ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ, ʚʳʷʚʠʣʠʥʘʣʠʯʠʝ 

ʛʣʫʙʦʢʠʭ ʥʘʨʫʰʝʥʠʡ ʬʫʥʢʮʠʠ ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʚʥʦʚʝʩʠʷ (Kozlovskaya etal., 1981-

1990;B.Paloskietal., 1992; S.Wood 2012-2015). 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʘʭ ʘʤʝʨʠʢʘʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʭ ʤʝʪʦʜ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʦʤʝʪʨʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ 70-ʭ ʛʛ. ʅʘʰʥʝʨʦʤ(Nashner, 

1976), ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʫʥʢʮʠʠ ʨʘʚʥʦʚʝʩʠʷ ʧʦʩʣʝ ʢʦʨʦʪʢʠʭ 4-10-ʜʥʝʚʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʤʠʩʩʠʡ ʧʨʦʠʩʭʦʜʠʪ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦ ʚ ʧʝʨʚʳʝ ʯʘʩʳ ʧʦʩʣʝ ʧʦʩʘʜʢʠ, ʧʦʢʨʳʚʘʷ ʜʦ 

50% ʧʦʩʣʝʧʦʣʝʪʥʦʛʦ ʩʥʠʞʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʨʘʚʥʦʚʝʩʠʷ EquiScore ʚ ʧʝʨʚʳʝ 3 ʯʘʩʘ. 

ʀʟʥʘʯʘʣʴʥʦ ʤʝʪʦʜ ʢʦʤʧʴʶʪʝʨʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʦʤʝʪʨʠʠ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ 6 

ʪʝʩʪʦʚ ʩʝʥʩʦʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ(SensoryOrganizationTest, SOT), ʘ ʠʤʝʥʥʦ - ʩʪʦʡʢʫ ʩ ʦʪʢʨʳʪʳʤʠ 

ʠʣʠ ʟʘʢʨʳʪʳʤʠ ʛʣʘʟʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʜʚʠʞʥʦʛʦ ʟʨʠʪʝʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠ/ʠʣʠ ʦʧʦʨʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʳʭ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʜʚʠʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʦʙʩʣʝʜʫʝʤʦʛʦ. ʇʦʟʜʥʝʝ 

ʚ ʙʘʪʘʨʝʶ ʪʝʩʪʦʚ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʪʝʩʪʳ SOT2(ʩʪʦʡʢʘ ʩ ʟʘʢʨʳʪʳʤʠ 

ʛʣʘʟʘʤʠ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ) ʠ  SOT5(ʛʣʘʟʘ ʟʘʢʨʳʪʳ, ʧʦʜʚʠʞʥʘʷ ʦʧʦʨʥʘʷ 
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ʧʦʚʝʨʭʥʦʩʪʴ). ʄʦʜʠʬʠʢʘʮʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʜʦʙʘʚʣʝʥʠʠ ʢ ʟʘʜʘʯʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʢʣʦʥʦʚ 

ʛʦʣʦʚʳ ʚ ʩʘʛʠʪʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʯʘʩʪʦʪʦʡ 0,33 ɻʮ ʠ ʘʤʧʣʠʪʫʜʦʡ 40
o
. Jain ʩ ʩʦʘʚʪ. 

(2010)ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʪʝʩʪʳ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʚ ʚʳʷʚʣʝʥʠʠ ʧʦʩʣʝʧʦʣʝʪʥʳʭ ʥʘʨʫʰʝʥʠʡ ʧʦʟʳ ʫ ʘʩʪʨʦʥʘʚʪʦʚ. 

ɹʦʣʝʝ ʧʦʟʜʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʟʳ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʧʦʣʝʪʦʚ(Wood, 2015) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ EqScore ʚ 

ʦʨʠʛʠʥʘʣʴʥʳʭ ʪʝʩʪʘʭ SOT2 ʠ SOT5 ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 3-ʭ  ʩʫʪʦʢ ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʧʦʣʝʪʘ, ʟʘʤʝʜʣʷʷʩʴ ʚ ʪʝʯʝʥʠʝ ʩʣʝʜʫʶʱʠʭ 7-ʤʠ ʜʥʝʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʪʝʩʪʘʭ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʜʝʩʷʪʠʜʥʝʚʥʦʛʦ ʧʝʨʠʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʙʦʣʴʰʘʷ ʩʣʦʞʥʦʩʪʴ 

ʪʝʩʪʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʢʣʦʥʳ ʛʦʣʦʚʳ, ʩʚʷʟʘʥʘ ʩ ʨʝʘʜʘʧʪʘʮʠʝʡ ʚʝʩʪʠʙʫʣʷʨʥʦʡ 

ʩʠʩʪʝʤʳ, ʚʳʨʘʞʝʥʥʦʡ ʚ ʧʝʨʝʦʮʝʥʢʝ ʦʪʦʣʠʪʦʚʳʭ ʩʠʛʥʘʣʦʚ ʠ ʧʦʣʥʦʡ ʙʣʦʢʠʨʦʚʢʝ ʤʝʜʣʝʥʥʳʭ 

ʦʪʦʣʠʪʦʚʳʭ ʩʠʛʥʘʣʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʪʫʨʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʚʭʦʜʷʱʠʝ ʚ ʨʦʩʩʠʡʩʢʫʶ ʥʘʫʯʥʫʶ 

ʧʨʦʛʨʘʤʤʫ ʧʦʩʣʝʧʦʣʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʝ ʟʘʭʚʘʪʳʚʘʶʪ ʨʘʥʥʠʡ ʧʝʨʠʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʦʣʝʪʘ, ʬʦʢʫʩʠʨʫʷʩʴ ʥʘ ʦʩʦʙʝʥʥʦʩʪʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʠʩʪʝʤʳ ʨʝʛʫʣʷʮʠʠ 

ʧʦʟʳ ʚ ʧʝʨʠʦʜ ʩ 3-ʭ ʧʦ 10-ʝ ʩʫʪʢʠ ʧʦʩʣʝ ʂʇ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 26ʨʦʩʩʠʡʩʢʠʭ ʢʦʩʤʦʥʘʚʪʦʚ-ʯʣʝʥʦʚ ʵʢʠʧʘʞʝʡ ʄʂʉ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʦʣʝʪʘ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 115 ʜʦ 199 ʩʫʪʦʢ. ɺʩʝ ʫʯʘʩʪʥʠʢʠ ʧʦʜʧʠʩʘʣʠ 

ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʛʣʘʩʠʝ ʥʘ ʫʯʘʩʪʠʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʆʙʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʩʪʫʨʦʛʨʘʬʠʠ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʃ. ʅʘʰʥʝʨʦʤ ʚ 1970-ʭ ʛʦʜʘʭ ʩ ʤʦʜʠʬʠʢʘʮʠʷʤʠ, ʚʚʝʜʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ 

ʅɸʉɸ (Black, Paloski, 1982-1993).ɺ ʧʨʦʮʝʩʩʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʢʦʩʤʦʥʘʚʪ ʥʘʭʦʜʠʣʩʷ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʥʘ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʝ ʫʩʪʘʥʦʚʢʠ NeuroCom çSMART 

EquiTestè, ʦʩʥʘʱʝʥʥʦʡ ʫʧʨʘʚʣʷʝʤʦʡ ʰʠʨʤʦʡ, ʟʘʢʨʳʚʘʶʱʝʡ ʧʦʣʝ ʟʨʝʥʠʷ ʦʙʩʣʝʜʫʝʤʦʛʦ ʩ ʪʨʸʭ 

ʩʪʦʨʦʥ ï ʩʧʝʨʝʜʠ, ʩʧʨʘʚʘ ʠ ʩʣʝʚʘ. ʊʝʥʟʦʧʣʘʪʬʦʤʘ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʚ ʩʘʛʛʠʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʚ ʧʨʷʤʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʪʝʣʘ, ʯʪʦʜʝʣʘʝʪ ʥʝʜʦʩʪʦʚʝʨʥʳʤ ʚʢʣʘʜ 

ʧʨʦʧʨʠʦʮʝʧʪʠʚʥʦʡ  ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʜʘʚʣʝʥʠʷ ʧʦ ʩʪʦʧʝ ʠ ʫʛʣʘ ʚ ʛʦʣʝʥʦʩʪʦʧʥʦʤ 

ʩʫʩʪʘʚʝ ʚ ʦʮʝʥʢʫ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʛʨʘʚʠʪʘʮʠʠ. ʇʦʜʚʠʞʥʦʝ ʟʨʠʪʝʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ ʜʝʣʘʝʪ 

ʥʝʜʦʩʪʦʚʝʨʥʳʤ ʚʢʣʘʜ ʟʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʣʦʞʝʥʠʠ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʛʦ 

ʦʢʨʫʞʝʥʠʷ ʚ ʦʮʝʥʢʫ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʛʨʘʚʠʪʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʨʘʟʣʠʯʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ ʚ ʧʦʜʜʝʨʞʘʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʩʪʦʡʢʠ.ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʜʚʘʞʜʳ ʜʦ ʧʦʣʝʪʘ ʠ ʥʘ 3-ʠ, 7(8)-ʝ ʠ 10(11)-ʝ ʩʫʪʢʠ ʧʦʩʣʝ 

ʚʦʟʚʨʘʱʝʥʠʷ ʥʘ ɿʝʤʣʶ. 

ɸʥʘʣʠʟʠʨʫʝʤʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʪʝʩʪʦʚ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ EquilibriumScore, ʚʳʯʠʩʣʷʝʤʘʷ 

ʧʦ ʬʦʨʤʫʣʝ EqScore = [1-(P-Psway)/12,5ę]*100, ʛʜʝ (P-Psway) ï ʫʛʦʣ ʤʝʞʜʫ ʤʘʢʩʠʤʘʣʴʥʳʤʠ 

ʦʪʢʣʦʥʝʥʠʷʤʠ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʚ ʩʘʛʠʪʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʪʝʩʪʘ; 12,5ę - 

ʤʘʢʩʠʤʘʣʴʥʳʡ (P-Psway), ʥʘʙʣʶʜʘʝʤʳʡ ʚ ʥʦʨʤʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ. ɼʦ ʧʦʣʝʪʘ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʢʦʣʝʙʘʣʩʷ ʦʪ 91 ʜʦ 93 ʧʨʠ ʩʪʦʡʢʝ ʩ ʦʪʢʨʳʪʳʤʠ ʛʣʘʟʘʤʠ, ʟʘʢʦʥʦʤʝʨʥʦ ʩʥʠʞʘʷʩʴ ʧʦ ʤʝʨʝ 

ʫʩʣʦʞʥʝʥʠʷ ʟʘʜʘʯʠ: ʪʘʢ, ʚ ʪʝʩʪʝ SOT2 (ʛʣʘʟʘ ʟʘʢʨʳʪʳ)ʦʥ ʩʦʩʪʘʚʣʷʣ ʦʪ 88 ʜʦ 90 ʙʘʣʣʦʚ, ʚ ʪʝʩʪʝ 

SOT5 (ʛʣʘʟʘ ʟʘʢʨʳʪʳ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʣʝʙʣʝʪʩʷ) ï ʦʪ 55 ʜʦ 65 ʙʘʣʣʦʚ. ʅʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚ ʪʝʩʪʝ SOT5 ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʥʘʢʣʦʥʘʤʠ ʛʦʣʦʚʳ: ʦʪ 30 ʜʦ 40 

ʙʘʣʣʦʚ.     

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ EqScoreʧʦʩʣʝ 3-ʭ ʩʫʪʦʢ ʧʦʩʣʝ ʧʨʠʟʝʤʣʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚ 

ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʩʪʘʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʪʝʩʪʘʭ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʥʘʢʣʦʥʘʤʠ ʛʦʣʦʚʳ ʵʪʦʛʦ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ. ʊʘʢ, ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʦʡʢʝ ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʟʘʢʨʳʪʳʤʠ ʛʣʘʟʘʤʠ 

(SOT2) ʟʥʘʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘ 3-ʠ, 7-ʝ ʠ 10-ʝ ʩʫʪʢʠ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʨʘʟʣʠʯʘʣʠʩʴ, 

ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 86+1,5 ʙʘʣʣʘ, ʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʥʘʣʦʛʠʯʥʦʛʦ ʪʝʩʪʘ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʥʘʢʣʦʥʘʤʠ ʛʦʣʦʚʳ (SOʊ2m) ʥʘ 10-ʝ ʩʫʪʢʠ (78,2+2 ʙʘʣʣʘ) ʥʘʙʣʶʜʘʣʦʩʴ ʜʦʩʪʦʚʝʨʥʦʝ (p<0.05) 

ʫʚʝʣʠʯʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 3-ʤʠ ʠ 7-ʤʠ ʩʫʪʢʘʤʠ (74+2 ʠ 74,0+1,5 ʙʘʣʣʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʨʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʦʡʢʝ ʩ ʟʘʢʨʳʪʳʤʠ ʛʣʘʟʘʤʠ ʥʘ ʧʦʜʚʠʞʥʦʡ ʦʧʦʨʝ (SOT5) 
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ʟʥʘʯʝʥʠʷ EqScore ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʦʪ 3-ʭ ʢ 7-ʤ ʩʫʪʢʘʤ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʂʇ 

(52,5+3,2 ʠ 57,2+4,8), ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʠʟʤʝʥʷʷʩʴ ʠ ʩʦʩʪʘʚʣʷʣʠ 61+4,1 ʙʘʣʣʦʚ ʥʘ 

10-ʝ ʩʫʪʢʠ ʧʝʨʠʦʜʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʞʥʝʥʥʦʛʦ ʪʝʩʪʘ c ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʥʘʢʣʦʥʘʤʠ ʛʦʣʦʚʳ (SOT5m) ʟʥʘʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʩʦʩʪʘʚʣʷʣʠ 16,5+6,4 ʙʘʣʣʘ ʥʘ 

3-ʠ ʩʫʪʢʠ ʧʦʩʣʝ ʂʇ, ʧʨʦʛʨʝʩʩʠʚʥʦ ʫʚʝʣʠʯʠʚʘʷʩʴ ʚ ʭʦʜʝ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʜʦ 25+3,3 

ʥʘ 7-ʝ ʩʫʪʢʠ ʠ ʜʦ 36+2,5 - ʥʘ 10-ʝ ʩʫʪʢʠ ʧʦʩʣʝ ʧʦʣʝʪʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʦʩʪʫʨʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʦ ʠʩʭʦʜʥʦʛʦ 

ʫʨʦʚʥʷ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʩʪʘʭ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 7-ʤʠ ʩʫʪʦʢ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʂʇ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʪʝʩʪʘʭ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʢʣʦʥʦʚ ʛʦʣʦʚʳ ʧʨʦʛʨʝʩʩʠʚʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʦʜʦʣʞʘʣʦʩʴ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʷ 

ï ʜʦ 10-ʭ ʩʫʪʦʢ ʧʦʩʣʝ ʂʇ. ʇʝʨʠʦʜ ʩ 7-ʭ ʧʦ 10-ʝ ʩʫʪʢʠ ʧʦʩʣʝ ʧʦʣʝʪʘ ʩʦʚʧʘʜʘʝʪ ʧʦ ʚʨʝʤʝʥʠ ʩ 

ʧʝʨʠʦʜʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʪʦʣʠʪʦʚʦʡ ʬʫʥʢʮʠʠ (Kornilova, Naumov, 2012), ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʪʝʩʪʝ SOT2M ʥʘ 10-ʝ ʩʫʪʢʠ 

ʩʚʷʟʘʥʦ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʩʧʦʩʦʙʥʦʩʪʠ ʎʅʉ ʦʧʝʨʘʪʠʚʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʦʨʠʝʥʪʘʮʠʶ ʛʦʣʦʚʳ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʩʚʷʟʘʥʥʦʡ ʩ ʬʫʥʢʮʠʝʡ ʦʪʦʣʠʪʦʚʦʛʦ ʘʧʧʘʨʘʪʘ.  

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʝʡ ʥʘʫʢ (ʪʝʤʘ 63.1). 
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Studies of the mechanisms of maintaining vertical posture after space flight, carried out by 

specialists from different countries for many years, revealed the deep disorders of equilibrium 

function (Kozlovskaya et al., 1981-1990; B. Paloski et al., 1992; S. Wood, 2012-2015). 

In particular, in the works of American researchers, who used the method of computer 

dynamic stabilometry, developed in the 70s by Nashner (1976), it is shown that the restoration of 

the vertical balance function after short 4-10-day space missions occurs most quickly in the first 

hours after landing, covering up to 50% of the post-flight decrease in the comprehensive assessment 

of EquiScore equilibrium during the first 3 hours. 

Initially, the method of computer dynamic stabilometry included 6 Sensory Organization 

Tests (SOT), namely ï the posture with eyes open or closed in a moving visual environment and/or 

support surface, during which the motion of the center of mass of the subject is recorded. Later 

modified SOT2 tests (posture with eyes closed on a fixed surface) and SOT5 tests (eyes closed, 

movable support surface) were added to the series of tests. Modification consisted in addition to the 

tasks the dynamic head movements in the sagittal plane with a frequency of 0.33 Hz and an 

amplitude of 40
o
. Jain et al. (2010) showed that the modified tests have greater predictive validity in 

identifying postflight violations of vertical balance in cosmonauts. 

More recent studies of the postural stability after long-term space flights (Wood, 2015) 

showed that the basic recovery of EqScore rate in the original SOT2 and SOT5 tests occurs within 

the first 3 days after the flight, decelerating over the next 7 days, while the restoration of stability in 

the modified tests is ongoing throughout the ten-day study period. The authors assumed that the 

greater complexity of the tests, including dynamic head movements, is associated with the 

readaptation of the vestibular system, expressed in the reassessment of otolith signals and complete 

blocking of slow otolith signals. 

Postural stability studies, included in the Russian scientific-reseach program of post-flight 

studies, do not capture the early recovery period after the flight, focusing on the features of 

restoration of posture regulation system in the period from 3 to 10 days after the SF. 

26 Russian cosmonauts-members of the ISS crews took part in the research. The flight duration 

ranged from 115 to 199 days. All participants signed an informed consent to participate in the 

experiment. The examination was performed using the method of computerized dynamic 

posturography developed by L. Nashner in the 1970s with modifications introduced by NASA 
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researchers (Black, Paloski, 1982-1993). During the examination, the cosmonaut was in a vertical 

position on the tensometric platform of the NeuroCom çSMART EquiTestè installation equipped 

with a controlled screen closing the field of vision of the subject from three sides ï from the front, 

right and left. 

Test platform can move in sagittal plane in direct line with the vibrations of the body, making 

insignificant the contribution of proprioceptive information about the pressure distribution on the 

foot and angle in ankle joint in estimating the direction of the gravity vector. The moving visual 

environment makes unreliable the contribution of visual information about the position of the body 

relative to this environment in assessing the direction of the gravity vector. Thus, it is possible to 

assess the contribution of different sensor systems in maintaining a vertical posture. The study was 

carried out twice before flight and on the 3rd, 7th (8) and 10th (11) days after landing. 

The analyzed parameter of the tests is the value of Equilibrium Score calculated by the 

formula EqScore = [1-(P-Psway)/12,5ę]*100, where (P-Psway) ï the angle between the maximum 

deviations of the center of gravity in the sagittal plane during the test; 12.5ę - is maximum (P-Psway), 

observed in the normal population. Before flight, this parameter ranged from 91 to 93 during 

vertical stance with open eyes, naturally decreasing along the growing complexity of the task: for 

example, in the SOT2 test (eyes closed) it was in a range of 88 to 90 points, in the SOT5 test (eyes 

closed, the movable surface) ï from 55 to 65 points. The lowest values of the indicator were 

recorded in the SOT5 test with dynamic head movements: from 30 to 40 points. 

The analysis of the obtained data showed that the gradual decrease in the rate of recovery of 

the EqScore index after 3 days after landing is observed only in standard tests, while in the tests 

with dynamic head movements this does not happen. Thus, at a vertical posture on a fixed surface 

with eyes closed (SOT2), the values of the studied indicator on the 3rd, 7th and 10th days did not 

differ significantly, averaging 86+1.5 points, and when performing a similar test with dynamic head 

movements (SOT2m) on the 10th day (78.2+2 points) there was a significant (p<0.05) increase of 

this indicator compared to the 3rd and 7th days (74+2 and 74,0+1,5 points, respectively). 

In the test of vertical stance with closed eyes on the movable support (SOT5), EqScore values 

increased significantly from 3 to 7 days after the SF completion (52.5+3.2 and 57.2+4.8), then did 

not change significantly and amounted to 61+4.1 points on the 10th day of the recovery period. 

When performing the complicated test with dynamic head movements (SOT5m), the values of the 

studied indicator were 16.5+6.4 points on the 3rd day after the SF, progressively increasing in the 

course of further studies-up to 25+3.3 on the 7th day and up to 36 + 2.5 on the 10th day after the 

flight. 

Thus, the recovery of postural stability index to the initial level in the standard tests was 

observed during the first 7 days after the SF, at the same time, in the tests with the addition of 

dynamic head movements, the progressive recovery of the studied indicator continued throughout 

the observation period-up to 10 days after the SF. The period from the 7th to the 10th day after the 

flight coincides with the period of restoration of the otolith function (Kornilova, Naumov, 2012), 

that suggests that the restoration of the stability index in the SOT2M test on the 10th day is 

associated with the restoration of the CNS ability to quickly track the head orientation in space 

associated with the otolith apparatus function. 

The work is supported by the Russian Academy of Sciences (topic 63.1) 
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ɸʅɸʃʀɿ ʊʈɸʅʉʂʈʀʇʊʆʄɸ ʕʅɼʆʊɽʃʀɸʃʔʅʓʍ ʂʃɽʊʆʂ, ɺʓɼɽʃɽʅʅʓʍ ʀɿ 

ʇʋʇʆʏʅʆʁ ɺɽʅʓ ʏɽʃʆɺɽʂɸ ɺ ʋʉʃʆɺʀʗʍ ʄʆɼɽʃʀʈʆɺɸʅʅʆʁ 

ʄʀʂʈʆɻʈɸɺʀʊɸʎʀʀ 

 

ʗʢʫʙʝʮ ɼ.ɸ., ʈʫʜʠʤʦʚ ɽ.ɻ., ʂʥʷʟʝʚ ɽ.ʅ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɹʫʨʘʚʢʦʚʘ ʃ.ɹ. 

ɻʅʎ ʈʌ ï ʀʥʩʪʠʪʫʪ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʈɸʅ, ʄʦʩʢʚʘ 

 

ʕʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ, ʚʳʩʪʠʣʘʶʱʠʝ ʚʥʫʪʨʝʥʥʶʶ ʩʪʝʥʢʫ ʢʨʦʚʝʥʦʩʥʳʭ ʠ 

ʣʠʤʬʘʪʠʯʝʩʢʠʭ ʩʦʩʫʜʦʚ, ʷʚʣʷʶʪʩʷ ʤʝʭʘʥʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ, ʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʧʦʜʜʝʨʞʘʥʠʠ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʠ ʬʫʥʢʮʠʡ ʩʦʩʫʜʦʚ. ʌʘʢʪʦʨʳ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ, ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ 

ʩʠʩʪʝʤʳ, ʧʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʥʘ ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʤʦʞʝʪ 

ʧʨʦʣʠʪʴ ʩʚʝʪ ʥʘ ʚʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ ʜʠʩʬʫʥʢʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʦ ʚʨʝʤʷ ʧʦʣʝʪʘ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʦʚ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʚ ʥʘʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʷʶʪ 

ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ, ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʨʘʥʜʦʤʠʟʘʮʠʷ ʧʦʣʦʞʝʥʠʷ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʢʪʦʨʘ ʛʨʘʚʠʪʘʮʠʠ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʝʨʚʠʯʥʘʷ ʢʣʝʪʦʯʥʘʷ ʢʫʣʴʪʫʨʘ 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ (HUVEC), ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʧʫʧʦʯʥʦʡ ʚʝʥʳ ʯʝʣʦʚʝʢʘ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ 

ɸ.ʉ. ɸʥʪʦʥʦʚʘ ʠ ʩʦʘʚʪ. (1998). ʂʣʝʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʉʆ2-

ʠʥʢʫʙʘʪʦʨʘ ʚ ʩʨʝʜʝ 199 ʩ ʩʦʜʝʨʞʘʥʠʝʤ L-ʛʣʫʪʘʤʠʥʘ ʠ ʜʦʙʘʚʣʝʥʠʝʤ 10% ʵʤʙʨʠʦʥʘʣʴʥʦʡ 

ʪʝʣʷʯʴʝʡ ʩʳʚʦʨʦʪʢʠ,100 ʤʢʛ/ʤʣ ʬʘʢʪʦʨʘ ʨʦʩʪʘ ECGS, Endothelial Mitogen, 25 ʤʄ HEPES, 

1 ʤʄ ʧʠʨʫʚʘʪʘ ʥʘʪʨʠʷ, 5 ɽɼ/ʤʣ ʛʝʧʘʨʠʥʘ ʠ ʨʘʩʪʚʦʨʘ 100 ɽɼ/ʤʣ ʧʝʥʠʮʠʣʣʠʥʘ ʠ 100 ʤʢʛ/ʤʣ 

ʩʪʨʝʧʪʦʤʠʮʠʥʘ ʚ 0,85%-ʤ ʩʦʣʝʚʦʤ ʙʫʬʝʨʝ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʦʚ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠʙʦʨ çDesktop RPMè (RPM ïrandom position machine). ʂʣʝʪʢʠ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʵʢʩʧʦʟʠʮʠʠ ʥʘ RPM ʚ ʪʝʯʝʥʠʝ 24 ʯ. ʂʦʥʪʨʦʣʴʥʳʝ ʢʣʝʪʢʠ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ 24 ʯ ʚ 

ʩʪʘʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʚ CO2-ʠʥʢʫʙʘʪʦʨʝ ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʢʣʘʜʘ 

ʧʦʩʪʦʷʥʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʨʝʜʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʰʝʡʢʝʨ ʚ ʢʘʯʝʩʪʚʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ. ɼʣʷ ʠʥʜʫʢʮʠʠ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ ʢʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠʩʴ ʚ ʩʨʝʜʝ, 

ʩʦʜʝʨʞʘʱʝʡ TNF-a ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 2 ʥʛ/ʤʣ ʚ ʪʝʯʝʥʠʝ 24ʯ.  ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʠʥʪʘʢʪʥʳʝ ʢʣʝʪʢʠ 3ï4 ʧʘʩʩʘʞʝʡ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣ ʧʦʣʥʦʛʝʥʦʤʥʳʡ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʡ ʘʥʘʣʠʟ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ 

ʧʫʧʦʯʥʦʡ ʚʝʥʳ ʯʝʣʦʚʝʢʘ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʵʬʬʝʢʪʦʚ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʠ 

ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ ʚʢʣʘʜʘ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʚ 

ʤʦʜʫʣʷʮʠʶ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʧʨʠ ʩʦʯʝʪʘʥʥʦʤ ʜʝʡʩʪʚʠʠ ʩ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʝʡ. 

 ɸʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʘ ʦʙʨʘʟʮʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʯʠʧʦʚ GeneChip 

Human Gene 1.0 ST Array ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʪʦʢʦʣʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʆʙʨʘʙʦʪʢʘ ʠ ʦʮʝʥʢʘ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Affymetrix Expression Console. ɼʣʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʘʢʝʪ Limma ʧʨʦʝʢʪʘ Bioconductor. ɸʥʘʣʠʟ 

ʧʨʠʤʝʥʷʣʩʷ ʢ ʣʦʛʘʨʠʬʤʘʤ ʵʢʩʧʨʝʩʩʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʤʦʜʠʬʠʢʘʮʠʷ ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ (moderated t-statistics). ɼʣʷ ʦʧʠʩʘʥʠʷ ʬʫʥʢʮʠʡ ʛʝʥʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʩʫʨʩʳ DAVID, GOrilla ʠ KEGG. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʳʷʚʠʣ ʨʷʜ ʛʝʥʦʚ, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʜʦʩʪʦʚʝʨʥʦ 

ʠʟʤʝʥʠʣʘʩʴ ʙʦʣʝʝ, ʯʝʤ ʚ 1,5 ʨʘʟʘ. ʕʪʠ ʛʝʥʳ ʙʳʣʠ ʘʥʥʦʪʠʨʦʚʘʥʳ ʧʦ Gene Ontology ʠ ʨʘʟʜʝʣʝʥʳ 

ʥʘ ʛʨʫʧʧʳ. ʉʨʝʜʠ ʥʠʭ - ʛʝʥʳ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʧʨʦʭʦʞʜʝʥʠʝ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʠ 

ʧʨʦʣʠʬʝʨʘʮʠʶ, ʢʣʝʪʦʯʥʫʶ ʘʜʛʝʟʠʶ, ʩʠʥʪʝʟ ʙʝʣʢʦʚ ʮʠʪʦʩʢʝʣʝʪʘ ʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ, 

ʩʠʥʪʝʟ ʨʘʟʣʠʯʥʳʭ ʮʠʪʦʢʠʥʦʚ ʠ ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ, ʫʯʘʩʪʠʝ ʚ ʠʤʤʫʥʥʦʤ ʦʪʚʝʪʝ ʠ ʜʨʫʛʠʝ. 

ʄʥʦʛʠʝ ʛʝʥʳ, ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʙʳʣʘ ʠʟʤʝʥʝʥʘ, ʧʨʠʥʘʜʣʝʞʘʪ ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʠʛʥʘʣʴʥʳʤ 

ʧʫʪʷʤ, ʪʘʢʠʤ ʢʘʢ PI3K/Akt, MAPK, p53, NF-kB, TGFɓ, WNT, ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʦʪ 

ʨʝʮʝʧʪʦʨʦʚ ʮʠʪʦʢʠʥʦʚ ʠ Toll-like ʨʝʮʝʧʪʦʨʦʚ, ʠ ʨʷʜ ʜʨʫʛʠʭ. ʇʨʠ ʵʪʦʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʰʘʣʘʩʴ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ, ʧʦʜʜʝʨʞʢʠ 

ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʩʠʥʪʝʟʘ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ, ʪʘʢʠʭ, ʢʘʢ IL-6 ʠ IL-8, 
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ʤʦʣʝʢʫʣ ʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ, ʯʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦʙ ʘʢʪʠʚʘʮʠʠ ʵʥʜʦʪʝʣʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʥʘʨʫʰʝʥʠʶ ʝʛʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. ʇʦʣʫʯʝʥʳ ʩʚʝʜʝʥʠʷ ʦ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʮʠʪʦʩʢʝʣʝʪʘ, ʯʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʚʣʝʯʴ ʟʘ 

ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʵʥʜʦʪʝʣʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʫʞʝ ʧʦʩʣʝ 24-ʭ ʯʘʩʦʚʦʡ 

ʵʢʩʧʦʟʠʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʤʦʜʫʣʷʮʠʷ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ, ʠ 

ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʢʘʩʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʘʩʧʝʢʪʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʜʘʥʥʳʭ ʢʣʝʪʦʢ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ ʢʣʝʪʢʠ, ʧʦʜʚʝʨʛʥʫʪʳʝ ʩʦʯʝʪʘʥʥʦʤʫ 

ʜʝʡʩʪʚʠʶ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʠ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ TNF-Ŭ ʜʘʚʘʣʠ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʡ ʦʪʚʝʪ ʥʘ ʪʨʘʥʩʢʨʠʧʪʦʤʥʦʤ ʫʨʦʚʥʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 16-15-10407 
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Endothelial cells form a monolayer inside of blood and lymphatic vessels. These cells are 

mechanosensitive and play an important role in maintaining the integrity and ensuring the functions 

of vessels. Space flight conditions, including microgravity, have a significant effect on the 

cardiovascular system, so far examination of microgravity effects on endothelial cells is an 

important aspect in understanding of the space flight factor effects on the body. 

To study the effects of microgravity in ground-based conditions, various experimental 

approaches are used. One of them is the randomization of the position of the object relatively to the 

gravity vector. 

In this study, the primary culture of endothelial cells (HUVEC), derived from the human 

umbilical vein, was used according to the method of Antonov et al. (1998). The cells were cultured 

in 199 medium containing 2mM L-glutamine, 10% fetal bovine serum, 100 ɛg/ml ECGS growth 

factor (endothelial Mitogen), 25 mM HEPES, 1 mM sodium pyruvate, 5 U/ml heparin, 100 U/ml 

penicillin, and 100 ɛg/ml streptomycin under standard conditions in CO2 incubator. To simulate the 

effects of microgravity, the Desktop random position machine (RPM) was used. Cells were exposed 

on RPM for 24 hours. Control cells were cultured for 24 hours in static state (CO2 incubator). To 

study the impact of the medium steering, the orbital shaker was used as a dynamic control. To 

induce proinflammatory activation HUVEC were exposed to TNF-a (2 ng/ml) for 24 hours. 

HUVEC of 3-4 passages were used in the experiment.  

The goal of the work was differentiantial global gene expression analysis of HUVEC under 

simulated microgravity, pro-inflammatory activation, and the combination of both factors. 

Transcriptomic analysis was performed using GeneChip Human Gene 1.0 ST Array microchips 

(Affymetrix) in accordance to the manufacturer's protocol. The evaluation of gene expression was 

performed using Affymetrix Expression Console. Limma package of the Bioconductor project was 

used for statistical analysis. The data on gene expression was presented in logarithmic mode, a 

modified Student T-test was used to consider the significance of the differences. To describe gene 

functions Gene Ontology resources DAVID, GOrilla and KEGG were used. 

The analysis revealed a number of genes, the expression of which was significantly changed 

more than 1.5 times. These genes were annotated by Gene Ontology and divided into groups. Those 

groups include cell cycle and proliferation, cell adhesion, the synthesis of cytoskeleton and 

extracellular matrix proteins, the synthesis of various cytokines and signaling molecules, 

participation in the immune response, and others. Many altered genes belong to certain signaling 

pathways, such as PI3K / Akt, MAPK, p53, NF-kB, TGFɓ, WNT, signaling pathways of cytokine 

receptors and Toll-like receptors, and a number of others. The essential upregulation was noted 
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among genes of signaling pathways of cellular proliferation growth factors, proinflammatory 

cytokines, such as IL-6 and IL-8, of cell adhesion molecules. The upregulation of these genes may 

be a manifestation of endothelial activation leading to endothelial dysfunction. In addition, the 

multidirectional changes of genes encoding cytoskeleton components may also provoke alteration of 

the functional activity of the endothelium.  

Thus, the 24 hours exposure to simulated microgravity or inflammatory stimulus significantly 

affects transcriptional activity of HUVEC. These changes are related to nearly all aspects of 

endothelial cell functions. The combined effect of microgravity and pro-inflammatory activation of 

TNF-Ŭ provoked more pronounced response on the transcriptional level. 
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