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The article considers the effect of refraction of the Earth's atmosphere on the radial velocity of
the satellite, determined by the results of unsolicited differential Doppler trajectory measurements.
The aim of the study is to conduct a comparative analysis of errors in the results of these measure-
ments caused by the influence of neutrosphere refraction with errors caused by the hardware accu-
racy of modern Doppler receivers. To achieve this aim, formulas were obtained that allowed for
various zenith distances to estimate perturbations of the satellite's radial velocity caused by the cur-
vature of the trajectory of electromagnetic oscillation propagation in the Earth's neutrosphere. For
this assessment, an approximation model developed earlier by the author was also used, which al-
lows determining the length of a curved section of the trajectory of an electromagnetic oscillation in
the neutrosphere. In addition, according to the formulas obtained in the work, the absolute errors of
measuring the difference frequency and the radial velocity due to the error of counting the number
of cycles of the difference frequency by Doppler receivers were estimated. Based on the analysis of
the experimental data obtained, the conclusion is made: at the stage of mathematical processing of
the results of unsolicited differential Doppler trajectory measurements of satellites, it is necessary to
take into account the perturbations of its radial velocity caused by the curvature of the trajectory of
the radio signal propagation in the Earth's neutrosphere.

Keywords: satellite, differential doppler measurements, radial velocity, refraction, neutro-
sphere, curvature of the radio signal trajectory, approximation model of the radio signal trajectory,
difference frequency

REFERENCES

1. Dudarev, V. I. (2013). Estimation of nonleniar dynamic systems parameters in space geod-
esy. lzvestiya vuzov. Geodeziya i aerofotos"emka [lzvestiya vuzov. Geodesy and Aerophotosurvey-
ing], 4/S, 8-13 [in Russian].

2. Dudarev, V. I. (2008). Mathematical models of satellites trajectory Doppler — measure-
ments. Geodeziya | kartografiya [Geodesy and Cartography], 2, 76-77 [in Russian].

3. Dudarev, V. I. (2008). Mathematical models of non-inquiry trajectory radio distance meas-
urements of the satellites. Geodeziya | kartografiya [Geodesy and Cartography], 6, 53-54 [in Rus-
siany].

4. Dudarev, V. I. (2009). Range correction for the radio signal propagation path in the Earth
troposphere. lzvestiya vuzov. Geodeziya i aerofotos"emka [lzvestiya Vuzov. Geodesy and Aeropho-
tosurveying], 6, 37-39 [in Russian].

5. Dudarev, V. I. (2018). Taking account of radiosignal trajectory curvature in tropospheric
long-distance radio measurements of satellites. Vestnik SGUGIT [Vestnik SSUGT], 23(3), 154-162
[in Russian].

6. Alekseev, A. V., Kabanov, M. V. & Kushtin, I. F. (1982). Opticheskay refrakciya v zemnoi
atmosfere (gorizontalnie trassi) [Optical refraction in the earth's atmosphere (horizontal paths)].
Novosibirsk: Nauka Publ., 160 p. [in Russian].

7. Kolosov, M. A., & Shabelnikov, A. V. (1976). Refrakciya ehlektromagnitnyh voln v at-
mosferah Zemli, Venery i Marsa [Refraction of electromagnetic waves in atmospheres of the Earth,
Venus and Mars]. Moscow: Sovetskoe radio Publ., 220 p. [in Russian].



Becmuux CI'VYTuT, Tom 27, Ne 1, 2022

8. Henriksen, S., Mancini, A. & Chovitz, B. (1975). Ispolsovanie iskusstvennih sputnikov dlya
geodezii [The use of artificial satellites for geodesy]. L. V. Rihlova & V. V. Nesterov (Trans.).
Moscow: Mir Publ., 432 p. [in Russian].

9. Black, H. D. (1978). An easily implemented algorithm for tropospheric range correction.
Journal of Geophysical Research, 83(B4), 1825-1828.

10. Chen, J. Y. (1982). Geodetic datum and Doppler positioning. Mitt. geod. Inst. Techn.
Univ. Graz., 39, 255 p.

11. Hopfieldt, H. S. (1971). Tropospheric effects on electromagnetically measured range: pre-
dietion from surface weather date. Radio Science, 6(3), 357-367.

12. Hopfieldt, H. S. (1972). Tropospheric refraction effects on satellite range measurements.
APL Technical Digest, 11(4), 11-109.

13. Kouba, J. A. (1983). A review of geodetic and geodinamic satellite doppler positioning.
Reviaws of Geophysics and Space Physics, 21(1), 27-40.

14. Saastamoinen, J. J. (1973). Contribution to the theory of atmospherio refraction. Bulletin
Geodesique, 107, 13-34.

15. Schluter, W., & Pesec, P. (1982). Mathematisches modell zur auswertung von auywertung
von dopplermessungen. Veroffentlichungen Deutache geodatische Kommision bei der Bagerischen
Akademie der Wiasenachaften, 210(B), 37-54.

16. Banyai, L. & Felshe, G. (1982). Modeling of errors of Doppler supervisions. In Shornik
dokladov Bolgarskoi Akademii Nauk: no. 20. Mezhdunarodnoy nauchnoy konferensii: Nabludenija
iskusstvennih sputnikov Zemli [Reports of the Bulgarian Academy of Sciences: No. 20. International
Scientific Conference: Observations of Artificial Earth Satellites] (pp. 358-364). Sofia.

17. Munck, J. C. (1982). lonospheric correction for (pseude) range measurement to satellites.
Proceedings of the General Meeting of the IAG (pp. 553-561). Tokyo.

18. Murray, C. A. (1986). Vectornaya astrometriya [Vectorial astrometry]. Y. S. Yatskiv
(Trans.). Kiev: Naukova dumka Publ., 328 p. [in Russian].

19. Dudarev, V. I. (2000). Method of definition of influence of atmospheric refraction in radio
engineering trajectory measurements of satellites. In Sbornik materialov Mezhdunarodnoy nauch-
noy konferentsii [Proceedings of International Scientific Conference, devoted to the 220 Anniver-
sary from the Date of the Basis of the Moscow State University of Geodesy and Cartography] (pp.
9-17). Moscow: MIIGAIK Publ. [in Russian].

20. Grudinskay, G. P. (1975). Rasprostranenie radiovoln [Propagation of radio waves]. Mos-
cow: Vishchay shkola Publ., 280 p. [in Russian].

21. Dudarev, V. 1. (1999). Mathematical models of Doppler methods of satellite radio naviga-
tion. Sbornik nauchnih trudov NGAVT [Collection of Scientific Papers NGAVT], 21-26 [in Rus-
sian].

22. Buligina, O. M., & Zaluchki, V. T. (1987). Means and methods for solving geodetic prob-
lems based on data from Doppler observations of satellites. Nauchnie informacii Astronomich-
eskogo Soveta AN SSSR [Scientific Information of the Astronomical Council of the USSR Academy
of Sciences], 62, 18-55 [in Russian].

Received 12.01.2022
© V. |. Dudarev, 2022



