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The paper for the first time analyzes the influence of the structural elements thermome-
chanical state of the plasma density sensor (DPS) on the parameters dynamics of the reso-
nator under the influence of thermal fluxes of the circular SSO under operating conditions. 
By results analysis the temperature field and relative displacements of structural elements of 
DPP probes in the transverse and longitudinal directions as a result of thermoelastic defor-
mations changes synchronously in time by quasi-periodic law during the nanosatellite orbit 
movement. Relative sensitivity (1.198×10-3–2.115×10-3) of the resonator is proportional to 
the resonant frequency shift, was determined based on the results of deformation calcula-
tion in the model approximation of a two-wire line. Based on the results of the analysis, it 
was found that t the resonant frequency shift similarly changes according to a quasi-
periodic law towards lower –311.93 kHz and higher frequencies 550.597 kHz relative to the 
resonant frequency in the absence of heat fluxes during five orbits of the nanosatellite 
around the Earth. In this frequency range, the values of the permittivity and density of the 
electron plasma were calculated. The possibility of measuring the density of an electron 
plasma at times when the resonant shift is zero is investigated. The admissible 5 % region of 
plasma electron density is determined, in which the resonant shift insignificantly affects the 
possibility of accurate measurement of the plasma density. At other times, the shift in the 
resonant frequency leads to a change in the dielectric constant of the plasma, and as a re-
sult, the accuracy of plasma density measurements will decrease. The relative sensitivity of 
the DFS is an important characteristic in determining the possibility of measuring plasma 
density. To obtain reliable results of plasma density measurements, the required relative 
sensitivity of the sensor should be ∼ (10-4–10-5). 

Keywords: resonance, plasma density sensor, resonant RF probe, resonant frequency shift,  
relative sensitivity, resonator, temperature gradient, thermoelastic deformations, inhomoge- 
neous ionosphere, plasma frequency, electron density. 

DOI: 10.51368/2307-4469-2023-11-2-115-127 



REFERENCES 

1. Fish C. S., Swenson C. M., Crowley G. et  al.,
Space Science Reviews, № 181, 61 (2014). 

2. Chernyshov A. A., Chugunin D. V., Mogilev- 
skij M. M., Moiseenko I. L., Kostrov A. V., Gushchin M. E., 
Korobkov S. V. and Yanin D. V., Journal of Instrument 
Engineering 59 (6), 443 (2016). 

3. Guide to Instruments and Methods of Observation.
Vol. IV – Space-based Observations, Geneva, World 
Meteorological Organization, 2018. 

4. Song S., Kim H. and Chang Y.-K., International
Journal of Aerospace Engineering 2018, 2079219 (2018). 

5. Golant V. E., Microvawe Methods in Plasma In-
vestigations, Moscow, Nauka, 1968. 

6. Galka A. G., Yanin D. V., Kostrov A. V., Kli- 
mov S. I. and Novikov D. I. Proc. XV Young Scientists’ 
Conference “Interaction of fields and radiation with mat-
ter”. Irkutst, 2017, pp. 173–175. 

7. Tsaplin S. V., Tulevin S. V., Bolychev S. A. and
Romanov A. E., Fundamentals of heat transfer in space 
instrumentation, Samara, Samara University, 2018. 

8. Magnetic field parameters for a given orbit:
https://spenvis.oma.be/htbin/spenvis.exe/TEMP?%23resetT
oPrevious(blxtra_par.html). 

9. Near-Earth space parameters for a given orbit:
https://spenvis.oma.be/htbin/spenvis.exe/TEMP?%23resetT
oPrevious(leopold_par.html). 

10. Aleksandrov A. F., Bogdanovich L. S. and Ru-
hadze A. A., Fundamentals of Plasma Electrodynamics, 
Moscow, Vysshaya shkola, 1978. 

11. Yanin D. V., Kostrov A. V., Smirnov A. I. and
Strikovskij A. V. Technical Physics 78 (1), 133 (2008). 

12. Yanin D. V., Kostrov A. V., Smirnov A. I., Gush-
chin M. E., Korobov S. V. and Strikovskij A. V., Technical 
Physics 82 (4), 42 (2012). 

13. Material emissivity table: https://incoll.ru/
primenenie/tablitsa-koeffitsientov-izlucheniya-materialov. 

14. Material properties: http://www.elektrosteklo.ru/
Cu_rus.htm 

15. Zinov'ev V. E., Thermophysical properties of
metals at high temperatures. Reference book, Moscow, 
Metallurgiia, 1989. 

Uspekhi Prikladnoi Fiziki (Advances in Applied Physics), 2023, vol. 11, No. 2 




