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The article highlights the issue of interpreting reference stations networks as a local realization of the
global reference system. The substantiation of the proposed approach is given and its advantages are shown.
The rationale for the proposed approach is given and its advantages are shown. In particular, the top block in
the structure of the formation of the Russian state coordinate system (GSK-2011) is the fundamental astro-
nomical and geodetic network. It is a regional realization of a global reference system. The creation of
GSK-2011 was carried out with a focus on the global International Terrestrial Reference System (ITRS)
however geodynamic processes affecting the displacement of reference points relative to the center of the
Earth's masses play a different role in the time evolution of systems. Such processes in GSK-2011 are not
subject to accounting, since the system was created to conduct various types of applied geodetic and carto-
graphic activities in it. In this case, taking into account the constant change in the coordinates of reference
points is almost never implied. In this regard, the asynchronous movement of the Russian state coordinate
system (GSK-2011) with the global reference system (ITRS) began to lead to inconsistencies in the results of
high-precision positioning performed at different times, by different methods. Based on this, the necessity to
find a way of matching GSK-2011 to ITRS is urgent. The article presents the rates of change of the match
parameters of the above-mentioned systems. These parameters make it possible to match the results of high-
precision positioning performed in different reference systems using different methods of positioning for dif-
ferent epochs of the GNSS observations. The experiment carried out in the second part of the article con-
firms this.

Key words: coordinate system, coordinate system transformation parameters, Global Navigation Satel-
lite Systems (GNSS), GNSS observations, GSK-2011, high-precision positioning, Precise Point Positioning
technique, reference station, reference system.

REFERENCE

1. Center for Geodesy, Cartography and Spatial
Data Infrastructure. (n. d.). Retrieved from
https://cgkipd.ru [in Russian].

2. Gorobec, V. P., Efimov, G. N., & Stolya-
rov, I. A. (2015). Experience of the Russian Federa-
tion on an establishment of the state system of coor-
dinates of 2011. Vestnik SGGA [Vestnik SSGA],
2(30), 24-37 [in Russian].

3. Gorobec, V. P., Demianov, G. V., Mayorov,
A. N., Pobedinsky, G. G. (2013). The current state
and directions of development of geodetic support of
the Russian Federation. Coordinate systems. Ge-
oprofi [Geoprofi], 6, 4-9 [in Russian].

4. Gorobec, V. P., Dem'yanov, G. V., Pobedin-
skij, G. G., & Yablonskij, L. I. (2013). State geocen-
tric coordinate system of the Russian Federation. In
Sbornik materialov Interekspo GEQO-Sibir'-2013:
Plenarnoe zasedanie [Proceedings of Interexpo
GEO-Siberia-2013: Plenary Session] (pp. 76-94).
Novosibirsk: SSGA Publ. [in Russian].

5. Vdovin, V. S., Dvorkin, V. V., Karpik, A. P.,
Lipatnikov, L. A., Sorokin, S. D., & Steblov, G. M.
(2018). Current state and future development of ac-
tive satellite geodetic networks in Russia and their
integration into ITRF. Vestnik SGUGIT [Vestnik
SSUGT], 23(1), 627 [in Russian].

108



l'eooeszus u mapruetioepust

6. Demyanov, G. V., Mayorov, A. N. &
Pobedinskiy, G. G. (2011). Problems of continuous
improvement of the state geodetic network and Rus-
sian geocentric coordinate system. Geoprofi [Ge-
oprofi], 4, 15-21 [in Russian].

7. Poprygin, V. A., & Tret'yakov, V. L. (2018).
GSK-2011. Problems of transition. Geoprofi [Ge-
oprofi], 1, 812 [in Russian].

8. International GNSS Service. (n. d.). Retrieved
from http://www.igs.org/.

9. Altamimi, Z., Rebischung, P., Métivier, L., &
Collilieux, X. (2016). ITRF2014: A new release of
the International Terrestrial Reference Frame model-
ing nonlinear station motions: ITRF2014. Journal of
Geophysical ~ Research:  Solid  Earth.  doi:
10.1002/2016JB013098.

10. Resolution of the Government of the Rus-
sian Federation No. 1240 of November 24, 2016.
[About adoption of state reference systems, state
height system and state gravimetric system]. Re-
trieved from Codex/Techexpert online database [in
Russian].

11. Standarts Russian Federation. (2017). GOST
32453-2017. Global navigation satellite system. Co-
ordinate systems. Methods of the determined points
coordinate transformation. Moscow: Author [in Rus-
sian].

12. Lipatnikov, L. A. (2016). Implementation of
a geocentric terrestrial reference frame for the terri-
tory of Russia and bordering countries. Vestnik
SGUGIT [Vestnik SSUGT], 3(35), 16—24 [in Rus-
sian].

13. Order of Rosreestr No. P/0134 of March 23,
2016. About adoption of geometrical and physical
numeric geodetic parameters for state geodetic ref-
erence system system of the year 1995 (SK-95). Re-
trieved from Codex/Techexpert online database [in
Russian].

14. Demianov, G. V., Mayorov, A. N, &
Pobedinsky, G. G. (2011). Questions of constructing
the state geocentric coordinate system in Russian
Federation. Geodezija i kartografija [Geodesy and
Cartography], 11, 17-25 [in Russian].

15. Lipatnikov, L. A. (2016). Validation of the
published velocities of FAGS reference points in the
new reference frame GSC-2011. In Shornik materi-
alov Interekspo GEO-Sibir'-2016: Mezhdunarodnoy
nauchnoy konferentsii: T. 1. Geodeziya, geoin-
formatika, kartografiya, marksheyderiya [Proceed-
ings of Interexpo GEO-Siberia-2016: International
Scientific Conference: Vol. 1. Geodesy, Geoinfor-
mation, Cartography, Mine Surveying] (pp. 86-91).
Novosibirsk: SSUGT Publ. [in Russian].

16. Bovshin, N. A. (2019). High-precision
GNSS-positioning in GSK-2011 reference frame.

Geodezija i kartografiia [Geodesy and Cartog-
raphy], 80(2), 2—14. doi: 10.22389/0016-7126-2019-
944-2-2-14 [in Russian].

17. Karpik, A. P., & Tereshchenko, V. E.
(2020). Technique for relation global reference sys-
tem and local realization of global reference sys-tem
by continuously operated reference stations. Ge-
odezija i kartografija [Geodesy and Cartography],
7, 17-38 [in Russian].

18. Obidenko, V. I. (2019). The methodology of
geodetic supporting Russian Federation digital
economy. Geodezia i kartografia [ Geodesy and Car-
tography], 80(12), 42-55. doi: 10.22389/00167126-
2019-954-12-42-55 [in Russian].

19. Bovshin, N. A. (2019). On perfecting the
employment of GSK-2011 reference frame in the
Far East territory. Geodezia i kartografia [Geodesy
and Cartography], 80(9), 2-9. doi: 10.22389/0016-
7126-2019-951-9-2-9 [in Russian].

20. Tereshchenko, V. E., & Lagutina, E. K.
(2019). Determining of Novosibirsk Region refer-
ence stations offsets by comparison method of free
online GNSS post-processing services. Vestnik
SGUGIT [Vestnik SSUGT], 24(2), 76—94 [in Rus-
sian].

21. Shevchuk, S. O., Malyutina, K. 1., & Lipat-
nikov. L. A. (2018). Prospects of using free software
for GNSS measurements post-processing. Vestnik
SGUGIT [Vestnik SSUGT], 23(1), 65-84 [in Rus-
sian].

22. Islam A. Kandil, & Mahmoud EI-
Mewafiand Ahmed Awaad. (2017). Analysis of
GNSS Accuracy of Relative Positioning and Precise
Positioning Based on Online Service. International
Journal of Scientific Engineering and Research,
5(12), 94-103.

23. Strukov, A. A. (2013). Improving the tech-
nique of positioning points of local geodetic network
in global and reference coordinate systems. Abstract
of candidate’s thesis. Novosibirsk: Siberian State
Geodesy Academy, 24 p. [in Russian].

24. Gienko, E. G., & Surnin, Yu.V. (2008). In-
terpretation of a scale parameter in alignment of lo-
cal Satellite geodetic networks with state reference.
In Shornik materialov GEO-Sibir'-2009: T. 1, ch. 2
[Proceedings of Interexpo GEO-Siberia-2009: Vol.
1, Part 2] (pp. 321-324). Novosibirsk: SSGA Publ.
[in Russian].

25. IERS Technical Note 21. IERS Conventions.
(1996). D. D. McCarthy (ed.). Paris: Central Bureau
of IERS. Observatoire de Paris, 95 p.

26. Altamimi, Z., Métivier, L. & Collilieux, X.
(2012). ITRF2008 plate motion model. Journal of
Geophysical ~ Research, 117, B07402. doi:
10.1029/2011JB008930.

109



Becmuux CI'VIuT, Tom 25, Ne 3, 2020

27. Andreev, V. K. (2013). Role and place in
geodetic support research of the GLONASS system
as part of research work "Development" of state uni-
fied coordinate systems GSK-2011 and PZ-90, high-
precision positioning and the gravitational field of
the Earth. Doklad na zasedanii sekcii Ne 3 NTS
FGUP CNIImash po voprosu "Obshchij zamysel
geode-zicheskih napravlenij issledovanij v ramkah
NIR "Razvitie" ot 28 maya 2013 goda. [Report at the
Meeting of Section No. 3 of the Scientific and Tech-
nical Council of the Federal State Unitary Enter-
prise CNIImash on the issue "The General Concept
of Geodetic Research Directions as Part of Research
Work "Development" May 28, 2013] (14 p.). Mos-
cow: CNIIGAIiK Publ. [in Russian].

28. Shendrik, N. K., & Shitikov, P. K. (2018).
The experience of determining the location of the
Novosibirsk region CORS network in GSK-2011.
Geoprofi [Geoprofi], 6, 46—49 [in Russian].

29. Lagutina, E. K. (2016). Testing methods of
integration regional CORS network and the Russian
state geodetic network. Vestnik SGUGIT [Vestnik
SSUGT], 3(35), 35—40 [in Russian].

Received 10.06.2020

30. JSC Rostekhinventarizatsiya — "Federal Bu-
reau of Technical Inventory". (n. d.). Retrieved from
racc.p¢ [in Russian].

31. State Budgetary Institution "Center for Nav-
igation and Geoinformation Technologies of the
Novosibirsk Region". (n. d.). Retrieved from
http://rtk.nso.ru/spiderweb/frmIndex.aspx [in Rus-
sian].

32. Vdovin, V. S. (2013). The general concept of
geodetic research directions as part of research work
"Development". Investigate of problematic issues of
the GLONASS geodetic support. Investigation of prob-
lematic issues of navigation and geodetic support of
military and space technology objects. Doklad na
zasedanii sekcii No 3 NTS FGUP CNIlmash po vo-
prosu "Obshchij zamysel geode-zicheskih napravienij
issledovanij v ramkah NIR "Razvitie" ot 28 maya 2013
goda. [Report at the Meeting of Section No. 3 of the
Scientific and Technical Council of the Federal State
Unitary Enterprise CNIImash on the Issue "The Gen-
eral Concept of Geodetic Research Directions as Part
of Research Work "Development” May 28, 2013]
(20 p.). Moscow: CNIIGAIK, Publ. [in Russian].

© V. E. Tereshchenko, A. V. Radchenko, V. A. Melkiy, 2020

110



