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Aim. This article analyses the modern usage of GNSS data for solving problems in geodynamics and examines
the level of data suitability for estimation of regional motion and deformations of the Earth’s surface according to
their accuracy and the overall time of observation during which the representative estimation results can be provided.
Method. This research was prompted by the following factors: absence of clearly established motion parameters of
lithospheric plates; different strategies in processing observations and related software; unregulated minimum
duration of observations; the need to increase the density of the area coverage; the need to use numerous stations for
specification of tectonic models, deformation analysis, area zoning, and identification of anomaous zones of
potentially dangerous geological processes. As input data, we chose three public bases of time coordinate series of
stations within the Eurasian plate in Europe that are in the SOPAC archive: SIO database, formed as a result of
processed observations in GAMIT-GLOBK (177 stations), and two JPL databases (204 stations) where coordinate
series are obtained by processing observations using GIPSY-OASIS and combined QOCA-solution. Subject to
empirical investigation for each database were coordinate series during the period 1.01.2005-1.01.2015 with a one
month sampling interval. The experiment aimed at determining such integrated motion parameters of the surface
under study like the weighted arithmetic linear offsets, vector length and direction, and velocity. These parameters are
computed for all stations after their culling according to two formal representativeness criteria: 1) absol ute values of
gtations offsets are greater than their average squared errors; 2) absolute values of an offset are greater than their
marginal errors. According to these criteria, we determined stations that were culled most often and, thus, needed to
thoroughly and individually analyzed during their usage for the purposes of geodynamics. Results. The experiment
results showed that the minimal duration of observations is not constant and must be determined for each set of
empirical data. According to the most optimistic estimates, the millimeter accuracy of motion parameters computation
can be achieved after more than 2.5 years observation and usage of coordinate time series of the JPL (QOCA)
database. This period is achieved using both criteria for culling of the observation period of 20052008 that
approximately fits the limits of the official ITRF version. The centimeter accuracy under the same conditions can be
achieved after more than 0.8 of a year. For the entire 10 year research period, the specified periods are more than
doubled. The only explanation for such considerable differences is that they are the consequence of the motion and
unadjusted position of the origin of the ITRS. The scientific novelty and practical significance. The obtained results
indicate that there is aneed to introduce a modern ITRF and to adjust the position of the origin more frequently. If the
specified minimal periods are adhered to, the culling according to the marginal criterion is inappropriate because as a
result many stations are discarded. The experiment results proved the advantages of QOCA solutions in terms of
usage of the obtained coordinate time series comparing to GIPSY -OASIS and GAMIT-GLOBK.

Key words. GNSS observations; accuracy of coordinate time series; recent crystal motion; linear displacements
and velocities.

Introduction modification level, the degree of infestation areas,
and the risks to safety. This problem is a subject of
comprehensive research  integrating interdis-

The research of modern motions and offsets of
the Earth’s surfaceis a topical problem not only for ~ ~-" e _
modern geodesy but also for many other natural  CiPlinary scientific cooperation. _
sciences and manufacture aress. The territories Geodetic methods for geodynamic processes
where intense geodynamic processes take place Mmonitoring is the main source of quantitative
pose a threat to the society in terms of life safety.  information regarding the space-time structure of
They require continuous comprehensive monitoring  the  phenomenon.  Until  recently, — geodetic
which not only proves the very existence of such monitoring covered mainly geodynamic polygons.
processes but also determines the parameters of the  Active development and production of modern
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satdlite technology that is based on the use of
global geodetic networks and satellite positioning
systems opened new prospects for researching the
problem.

Nowadays, a global geodetic network is a
complex of modern high-tech measuring devices
that are harmonically combined in Global Geodetic
Observing System (GGOS). GGOS is a system of
observations of the International Association of
Geodesy (IAG) that provides the geodetic
infrastructure, which is required for monitoring the
“Earth” system and studying global changes. As a
part of resolving the problem, the system provides
evaluation of dangerous geological processes by
remote monitoring of the force fields and physical
surface of the Earth using Very Long Basdine
Interferometry (VLBI), Satdlite Laser Randing
(SLR), Doppler Orbitography and Radiopositioning
Integrated by Satellite (DORIS), and most often,
Global Navigation Satellite System (GNSS). The
latter is used within the networks of permanent
GNSS stations, which are monitored by Interna-
tional GNSS Service (1GS).

Accumulated in the GGOS, databases of
observations became a perfect solution of the
problem. The purpose and strategic research areas
of the problem are defined in the IAG resolutions
by Commisson 3 “Earth Rotation and
Geodynamics” [http://iag.dgfi.tum.de/fileadmin/
handbook_2012/333_Commission_3.pdf/].

Analysis of the resear ch and unsolved aspects
of the general problem

Depending on the nature and type of space-time
fluctuations, modern motion of the Earth's surface
is arbitrarily divided into three types: 1) slow trend
motion of global and regional scale with speed of
severa millimeters to ten centimeters per year,
which are caused largely by the secular drift of
lithospheric plates and raise of glacial crust; 2) fast
motion of the same order and scale with periodicity
of hours or days to a year that occur due to internal
processes in the Earth's crust, tides, atmospheric,
and hydrologic seasonal load; 3) non-recurrent
quick motion — instant surface offsets of local scale
with an amplitude up to tens of meters, which occur
within afew minutes due to strong earthquakes.

None of these types of surface motion occurs
separately. They are linked together as they have
common geophysical origin. Both individual
researchers, their teams, and numerous specialized

research institutions pay much attention to their
study. Most current research problems in this
context are focused on defining motion by various
numerical parameters and they fit into the
framework of global tectonic models of the Earth.
The theory of plate tectonics is put as the basis for
creation of the models. This is the latest mobilistic
tectonic concept of mutual motion of lithospheric
plates as absolutely hard spherical segments of the
lithosphere under the condition of sustainable
radius of the Earth. Plate motion is caused by
mantle convection and their interaction is
manifested within narrow marginal deformation
zones — faults that outline the plate and determine
the georeference of the most intense tectonic,
seismic, and volcanic activity of the Earth. Tectonic
models are divided into two types. geological and
geodetic depending on the origin of input data that
is used for their creation.

Classic examples of the first type are the
models NUVEL-1 [DeMets et a., 1990] and
NUVEL-1A [DeMets et al., 1994]. More detailed
and accurate geological models are PB2002 [Bird,
2003], MORVEL [DeMéts et a., 2010] and NNR-
MORVEL56 [Argus e a., 2011, http://
www.geosci ence.wisc.edu/~chuck/ MORVEL/]. Be-
sides defining geometric forms and georeferences
of lithospheric plates, the models define the ratio of
horizontal and angular velocities of motion and
rotation and linear velocities, which are expressed
in the Cartesian coordinate system. Based on the
data from comprehensive geological and
geophysical monitoring of the Earth. From a
chronological point of view, such parameters have
a long-term nature and are expressed by the
measures of geological time scale. If for creation of
the first geological models the usage of geodetic
data was rather limited, then for such models as
MORVEL and NNR-MORVELS56, a full range of
results from the remote monitoring of the Earth by
the methods of satellite geodesy that were accrued
at the moment of verification was used. In
particular, a set of velocities GEODVEL [Argus &
al., 2010], that were defined by the methods of
GNSS, VLBI, SLR and DORIS, was used as well.
For this reason, the latter models are often referred
to as geol ogi cal-geodetic.

Numerical characteristics of motion of the
Earth's surface, which are determined by the
methods of satellite geodesy for almost the past
25 years, adlow to present the tendencies of
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reciprocal motion of lithospheric plates more
accuratedy than global geologicah models. In
addition, they can transmit and predict current
short-term plate motion as wel as define their
internal laws of deformation, which is caused by
regional and local tectonic processes. The last
factor violates the hypothesis of the absolute
rigidity of major lithospheric plates; however, it
reveals objective prospects for usage of geodetic
methods data for allocating microplates with rela-
tive motion parameters of higher numerical order or
anomalous features of their spatial distribution.
Such prospects are implemented in the second type
of global tectonic models of the Earth — geodetic.

Usage of high-precision satellite geodesy data
to study the motion of plates is directly linked with
the creation of the International Terrestrial
Reference System (ITRS), the general principles of
which were adopted by the IAG General Assembly
in 1991. The ITRS origin is placed in the center of
masses of the solid Earth, oceans, and atmosphere
under the condition of conservation of angular
momentum of the Earth as a whole, which is
consistent with the concept of zero total angular
momentum of all lithospheric plates. This condition
is called No-Net-Rotation (NNR). Therefore, ITRS
is a nhon-inertial geocentric system that rotates with
the Earth and allows the expression of motion of
lithospheric plates with absolute numerical
parameters.

As the results of observations with methods of
satellite geodesy in the ITRS readout system
accrued and became consistent with the then
existing geological models, empirical models of
plate motion of the exclusively geodetic origin
began to arise. These include, for example, the
model REVEL [Sela & a., 2002], GSRM-1
[Kremer et a., 2003] and its updated version
GSRM v.2.1 [Kremer e al., 2014], the already
mentioned GEODVEL [Argus et a., 2010] and
ITRF2008-PMM [Altamimi et al., 2012]. The latter
model along with GSRM v.2.1 provides by far the
most accurate absolute levels of motion of fixed
plates. For example, the estimated computation
accuracy of ITRF2008-PMM is 0.3 mm / year
[Altamimi et al., 2012], while for model MORVEL,
it equals 0.67 mm/ year [DeMets e al., 2010].

Comparison of absolute and relative motion
parameters of lithospheric plates within geodetic
and geological models shows sometimes even
unreasonably significant differences. For example,

the values of the linear velocity of the Eurasian
plate, which from kinematic point of view is
considered to be one of the most stable, fluctuating
between 19-26 mm / year according to different
models. Similar estimates for some of the most
tectonically active plates differ tenfold. These
differences are the result of various approaches to
assessment of motion parameters and meaning of
tectonic models of the Earth. Analysis of the latter
made it possible to identify some inconsistencies
that can be interpreted as follows:

1. Modds MORVEL and NNR-MORVEL56
are based on the updated geological-geophysical
and geodetic databases. Therefore, the basic models
NUVEL-1 and NUVEL-1A can be considered as
the ones that lost their relevance at the present time.
This fact is proven by the articles [DeMets ¢ al.,
2010; Argus et al., 2010, 2011; Altamimi e al.,
2012].

2. Rdative motion parameters of an individual
plate within the same geological models can differ
depending on the selection of another adjacent plate
taken as fixed. The resulting estimations of the
plate motion are offset and differ by a systematic
error, which can be approximatdy expressed by the
motion indicator of the fixed plate. Considering the
hypothesis that fixed plates do not exist, the usage
of relative motion parametersis a priori subjective.
Their practical use is justified only in the scope of
studying the interaction of plates, although, for
resolution of geodynamic problems, the use of
absolute motion parameters is more appropriate.

3. Absolute motion parameters of lithospheric
plates depend on establishing the origin of the
geocentric ITRS and considering its velocity. In
this regard, there are two directions of geodetic
research of plate motion.

3.1 Most studies estimate the velocities
assuming that the center of the Earth is fixed for
ITRF versions under the NNR condition.
Corresponding sets of velocities can be identified as
ITRFVEL (sometimes GVEL) [Altamimi e al.,
2002, 2007, 2011] or, for example, ITRF2008-
PMM [Altamimi et al., 2012] and REVEL [Sella et
al., 2002]. The main differences between these
models is that the corresponding velocities of the
plates are computed taking into account the offsets
of the origin of the geocentric system between its
ITRF versions and based on different sets of base
station observations or even different modified
methods for data processing. For example, the
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offset of the origin between ITRF2000 and
ITRF2005 is amended with 0.1, 0.8 and 5.8 mm
(with an accuracy of +0.3 mm), and its velocity
with an accuracy of £0.3 mm/ year is estimated by
the components 0.2, 0.1 and 1.8 mm / year in the
directions of coordinate axes respectively [Altami-
mi et al., 2007]. The same parameters between
ITRF2005 and I TRF2008 are estimated at -0.5, -0.9
and -4.7 mm with an accuracy of £ 0.2 mmand 0.3,
0.0, 0.0 mm / year with an accuracy of £ 0.2 mm /
year [Altamimi et al., 2011]. In both cases, the
location of the origin was registered under the
condition of zero transition in relation to the
average center of the mass of the Earth, defined by
the SLR method.

3.2. According to the arguments [Argus €t al.,
2010], the previous approach is not always
confirmed in practice. The trandational velocity of
the origin of the geocentric system, according to the
authors, is not a constant as the unacceptably large
differences between ITRF versions demonstrate.
For example, the linear velocity of its motion in the
ITRF2005 differs from ITRF2000 by 1.8 mm/ year
and from ITRF1997 by 3.4 mm/ year. In addition,
in some ITRF versions, the position is different and
the velocity of the origin is determined accordingly.
Thus, in ITRF1997, the origin is defined by the
joint processing of observation data using methods
of GNSS, VLBI, SLR as the geometric center of the
solid Earth shape its velocity is the average
velocity of the Earth's surface determined under the
hypothesis of the sustainability of its motion within
the NUVEL-1A. In ITRF2000 (and in thefollowing
ITRF versions), the origin has already been taken as
the Earth center of mass, oceans, and atmosphere
under the NNR condition, and its velocity is
determined by the SLR observation of an orbit
LAser GEOdynamics Satdlite (LAGEOS)
[Altamimi et al., 2002]. In order to eiminate these
inconsistencies, the velocities GEODVEL are
determined under the hypothesis that the origin is
the center of mass of the solid Earth [Argus &t al.,
2010]. The components of geodetic velocities are
computed taking into consideration the motion of
the solid Earth center of mass regarding the origin
of ITRF2005, amended by 0.3, 0.0 and 1.2 mm /
year in the directions of coordinate axes X, Y, Z
respectively. Station velocities in ITRF2000 are
amended by -0.1, 0.1 and -0.6 mm / year and
assigned to the same mass center. Thereafter, to
adapt the set of geodetic velocities of GEODVEL

to the geologicd MORVEL mode, daily time
series of coordinates of GNSS stations are
transformed into plate-centric reference system
[Argus e a., 2010; DeMets & a., 2010].
Therefore, the obtained results are reative
parameters of plate motion. The reasoning for this
kind of amendment used to eliminate systematic
offset of an ITRS origin in regard to the center of
spherical readout base of plate rotation (as the Earth
center of mass) is presented in the article [Kogan,
Steblov, 2008]. However, the research results
presented in the article [Wu et al., 2011], show that
ITRF2008 origin coordinates with the solid Earth
center of mass at the level of 0.5 mm / year and
guestion previous reasoning. In this regard, the
article [Altamimi et al., 2012] presents a detailed
comparative analysis of GEODVEL velocities set
as wdl as velocities in other geodetic and
geological models with ITRF2008-PMM velocities.
The authors found significant differences in motion
parameters of most plates in different models.
However, the laws of motion of individual litho-
spheric plates persist, and correspondent parameters
vary mostly within the accuracy of their calcula-
tions. These facts certify the absence of a clear ob-
jective approach to solving the outlined problems.

4. Absolute plate motion parameters depend on
establishing a set of basic GNSS stations, their
location, and time observations. Most models, when
determining motion parameters, take into account
time-series of station coordinates with continuous
operation for more than three years and do not
consider stations with a history of abnormal
behavior or located near active faults. However,
solving numerous tasks of modern geodynamics,
such as specifying details for tectonic models or
needs of deformation analysis requires the use of a
wider range of stations as an input data total
number of which is constantly increasing
nowadays. Such needs (yet controversial ones) are
confirmed by the results provided in the researches
mentioned earlier. Thus, if we analyze the results of
the motion study only within the Eurasian plate,
then, for instance, according to [Altamimi et al.,
2012], the north-western part of the European
continent close to the Scandinavian peninsula has
its own, different from the rest of the territory
motion laws. Quite different tendencies of surface
deformation can be observed in the Mediterranean
basin [DeMets e al., 2010; Altiner et a., 2006;
http://ww.geoscience wisc.edu/~chuck/M ORVEL/].
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According to the hypothesis in [Argus et al., 2010],
the Eurasian plate must be divided into two
independent parts by the Ural Mountains.

Undoubtedly, with the results of GNSS
observations, all the above-mentioned motion types
can be expressed, but only under the condition of
sufficient representativeness of surface offsets. If
you take into account the offsets that reach tens of
centimeters or even meters, then the reliability of
the numerical expression and interpretation results
of the phenomenon raise no doubts. However, it is
incorrect to accept the offsets or their velocities of
the computation accuracy order as rdiable. In this
connection and taking into account the amount of
the input data, it is appropriate to study their
representativeness from these positions.

If we estimate the motion of the Earth's surface
with such integrated parameters as average offsets
and velocities of the surface motion that are
outlined by numerous GNSS dtations that are
located within their boundaries, it is necessary to
consider that such parameters are computed as
functions of the observation results of individual
stations. From the theory of computation errors, we
know that the accuracy of such functions as the
arithmetic mean or weighted arithmetic mean
increases in proportion to the number of arguments
compared to errors of the latter. Therefore, when
processing data from numerous stations, errors of
average offsets of any unrealistic submillimeter
order can arise. However, this is only accuracy of
the elementary processing method, which is
inconsistent with precise input data and does not
increase the latter one.

Based on that reasoning, in assessing the
accuracy of medium offsets and their velocities, we
need to consider the errors of observation results —
station coordinates. Nowadays, the accuracy of
such data is grounded enough in the reports that are
posted on such portals as IGS (http://beta.igs.org/)
or GGOS (http://www.ggos.org/), or in the articles
[Altamimi et al., 2011; Gazeaux et al., 2013] and
others. The most realistic values of coordinate
errors o, defined by the processing of immediate
results of computation by different software
products, are of the millimeter order.

Moreover, at the stage of establishing a set of
basic GNSS stations, it is necessary to introduce
their analysis in order to cull the stations according
to a particular criterion of the offset
representativeness. Only those stations that meet

the selected criteria can provide rdiable results
when evaluating modern motions and deformations
of the Earth's surface. A similar analysis is directly
related to the definition of the observation period
during which it is possible to establish rdiable
motion parameters. GNSS observations are condu-
cted almost continuously and without justification
of minimum duration of this period, the results may
be suitable only for evaluation of instant offsets of
the Earth’s surface of large amplitude.

In general, such questions are discussed in the
context of solving the problem of “signal-to-noise
ratio”. The main idea of it isto study how factors of
different origin (noise) affect the observation
results in order to minimize them during the next
data processing, establishing reliable time series of
station coordinates (signal), and evaluation of their
accuracy. Noise content, analysis, and functional
presentation of its components are crucial for
Setting realistic values of the trend in time series of
GNSS observations, which, depending on its
expression, ultimately determines the coordinate
time series, and parameters of their accuracy.
According to the origin and laws of manifestation,
various factors of impact are classified into white,
colored (mixed), and flicker noise. Division of
corresponding effects, and the establishment and
consideration of ratios with the aim of expressing
the signal, make up the subject of one of the most
important researches in modern geodesy. Research
results can be achieved with different methods.
This causes some inconsistencies between the end
results, in particular, different evauation of
coordinates of stations with the same name at a
given time, and different accuracy parameters.
Analysis of current approaches to solving the
problem, including from the geodynamical point of
view, and the very vision of it, is provided in the
article [Williams, 2008].

One of the research dements of the problem
regarding noise separation is an expression of the
velocities of the GNSS stations and the minimum
duration of the observation period that is sufficient
to provide reliable motion parameters in terms of
standard deviation estimates. The article [Williams
et al., 2004] presents arguments for establishing
these estimates, based on the “general noise
amplitude, duration of series of observations, and
the compromise (ratio) between the trend of
tectonic motion and the general trend of noise.”
Considering that these factors cause bias estimates
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and reiability of motion parameters, by the
methods of spectral analysis, a series of 500 daily
GNSS observations was identified as a parameter of
their minimum duration and criteria for the use of a
single station for solution of geodynamic problems.
Subsequently, this approach to processing the
incoming data became the basis for the creation of
the autonomous program CATS (Create and
Analyze Time Series) [Williams, 2008]. A more
optimistic assessment of the minimum duration of
observations (about one year) is presented in a
study [Silver e al., 1999; Nikolaidis, 2002]. This
result is limited by the ability to express the
velocity of the station of 2-20 mm / year. The
article [Mao et al., 1999] presents the arguments
and results of studies, according to which the
duration of station observations must be grester
than two years. A criterion for selection of stations,
which is used for creation of global tectonic models
of the Earth (listed earlier), is a period of more than
three years continuous operation.

Continuous impact and omission of some
factors cause an offset of coordinate time series.
Undetected offsets, depending on their location in
the time series, cause subjective velocities of
station motion. Moreover, if the length of the time
series is large, then the cumulative effect of even
small offsets can significantly distort velocities.
Therefore, to define reliable motion parameters, it
is important to detect such offsets on time and
remove them from the coordinate series. Methods
for solving this problem are divided into two
groups. The first group includes the so called
manual solutions. They aim at solving the problem
by individual GNSS experts using their own
experience and certain mathematical and graphical
procedures. For example, a set of graphical tools
GGMatlab, which is compatible with software
package GAMIT-GLOBK Software (GPS Analysis
a MIT & Global Kalman filter VLBI and a GPS
analysis program)  [http://www-gpsg.mit.edu/~
simon/gtgk/], alows interactive viewing and
manipulation of coordinate time series and station
velocities to remove annual and semiannual offsets
and subsequent averaged evaluation of the signal
[Herring, 2003]. The second group includes
automated (or semi-automated) methods of time
series analysis of narrow specialization in terms of
detection of the offsets of different origin. These
include Picard and Lavielle Solutions, GA (named
after Geoscience Australia agency) Solution,

MAK2CS3D Solution, MRPCV1  Solution,
Kehagias and Fortin Solution, Neyman-Pearson
Solutions, FODITS Solutions (adapted to be
compatible and is a part of the software system
Bernese GNSS Software [http://www.bernese.
unibe.ch/]), and JPL Solution (QOCA package).
The latter solution provides a combined data
processing by GAMIT-GLOBK and GIPSY-
OASIS Software (GNSS-Inferred  Positioning
System and Orbit Analysis Simulation Software)
[http://gipsy-oasis.jpl.nasa.gov/]. The content and
effect of the usage of two groups of methods is
described in the article [Gazeaux et al., 2013]. The
authors confirmed the high efficiency of specialized
methods for analysis of time series. It is proven that
manual solutions can provide a posteriori accuracy
of station velocities of even submillimeter order,
and, thus, they have obvious advantages over
automated solutions. At the same time, there is a
focus on the need for improvements and ways to
introduce the practice of methods of the second
group as such, which can be massively used to
analyze time series of observations from a
constantly growing number of GNSS stations.
Thus, inadequate removal of the offset series
nowadays is one of the main reasons that make it
impossible to achieve submillimeter accuracy of the
coordinates and velocities of individual stations and
geophysical motion interpretation at the level of
lessthan 1 mm/ year, which is unacceptable.

In general, solving numerous scientific
geophysical problems requires accuracy of at least
01 mm / year. Along with full adequate
consideration of offsets of coordinate time series,
achievement of such accuracy is possible only
because of spatial averaging of the data from long-
term observations in regional areas under condition
of sufficient coverage density by the GNSS stations
[Altamimi et al., 2011; Gazeaux et al., 2013].
However, indisputable is that the duration of
observations and rdiability of station velocities,
which are located in regions with different tectonic
activity and within stable parts of lithospheric
plates, varies. This factor causes discrepancies
between the estimates of the noise and the signal of
individual time series of station observations that is
proven in the article [Dmitrieva et al., 2015]:
“traditional evaluation of surface motion of the
Earth, which is based on individual time series of
GNSS-observations, depends on the selection of
stations, and causes inconsistencies in velocities
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within the global tectonic models’. In this regard,
the authors suggest methods of noise evaluation and
selection of a representative signal based on the
joint processing and analysis of observational data
from the stations network within the studied area.

The presented minority of research results show
significant differences in defining the parameters of
modern motions of the Earth's surface and the
minimum allowable duration of observations that
can ensure digible GNSS data for velocities
computation and solution of other geodynamic
problems. The reasons for these differences lie in
both the methodological basis of researches
(theoretical approaches, elaboration strategies and
data analysis), as well as in their empirical origin:
input data for a research are from different sets of
GNSS stations that cover both quantity and
geographical (in terms of tectonics) location. For
these reasons, our research aims at determining the
level of suitability of GNSS data for evaluation of
integrated parameters of modern regional motions
and deformations of the Earth's surface from the
standpoint of their accuracy and observations
duration that can ensure the representativeness of
the evaluation results. To solve the problem, we use
observation data from stations located within the
Eurasian lithospheric plate in Europe.

Data and processing

According to the results of GNSS observations
in Europe in recent decades, different international
and regional operational centers for collection,
analysis and processing of data generated huge sets
of coordinate time-series for stations. Databases of
such operational centers can be distinguished as the
most powerful in terms of the number of stations
being used.

GNSS Data Center of the German Federal
Agency for Cartography and Geodesy (Bundesamt
fur Kartographie und Geodasi€e), which is identified
as GDC / BKG [http://igs.bkg.bund.def], has the
authority of the Regional IGS Data Center. In
addition to providing geospatial reference systemin
Germany, GDC / BKG coordinates spatial
referencing and precise positioning across the
whole of Europe. The center summarizes the
research results of observations and combined
coordinate solutions using Bernese GNSS Software
[http://www.bernese.unibe.ch/] at 242 stations of
the network EPN (EUREF Permanent Network) in
17 local European analysis centers. The accuracy of

the station coordinates is declared at the
submillimeter level. The final product is focused on
the creation and maintenance of the European
geospatial database and its use for solving the
applied problems of geodesy and meteorology.
Given this fact and the purpose of the Bernese
GNSS Software, we consider it inappropriate to use
the GDC / BKG database for the solution of geody-
namic problems. This conclusion is confirmed by
the empirical studies, which are listed in the article
[Tadyeyev, Lutsyk, 2014].

Scripps Orbit and Permanent Array Center
(SOPAC) [http://sopac.ucsd.edu/] is an interna-
tional center for collection and processing of data
from Earth remote sensing by the methods of
satdlite geodesy. SOPAC, a center at the
University of California (USA), is created and
funded by a number of leading federal and
international research organizations. The center
presents a wide range of data on provision of
functioning of GPS / GNSS and observation results
from over a thousand stations in about forty
different global and regional networks (including
more than 200 in Europe). The end products are
used in geodesy, geophysics, geotectonics,
seismology, meteorology, and other fields of
science and manufacture, including the provision of
geospatial reference system. SOPAC is a key
member of IGS and serves as an international think
tank. SOPAC archive contains three powerful bases
of daily coordinate time series of stations.

Database of the Scripps Institution of
Oceanography (SIO), University of California,
contains the results of processing the observations
using the system GAMIT-GLOBK Software
[http://www-gpsg. mit.edu/~simon/gtgk/] — program
complex for evaluation and anaysis of
measurements, relative three-dimensional positions
of ground stations and their velocities, post-seismic
deformations, satellite orbits, determining atmo-
spheric delay, and Earth orientation parameters.
The software was developed by MIT, SIO, Harvard
University, Australian National University, and
supported by US National Science Foundation.

Database of the Jet Propulsion Laboratory
(JPL) from the Institute of Technology, University
of California and USA National Aeronautics and
Space Administration (NASA) contains the results
of observations using the system GIPSY-OASIS
Software [http://gipsy-oasis.jpl.nasa.gov/]. GIPSY-
OASIS is a forecasting system and software
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developed at JPL and designed for geophysical
studies (plate tectonics, deformation of the crust,
the study of the motion of glaciers and climate),
evaluation of the positions of the terrestrial GNSS
stations, determination of reference systems and
parameters of the Earth's rotation, modeling and
determination of the accurate orbits of satellites,
space platforms and air navigation service.

JPL database, which contains the results of the
combined coordinate GAMIT Time Series —
GIPSY Time Series and velocity computation
results for independent geodetic stations, is desig-
ned to determine crust deformations. The combined
solutions are obtained using the public software
package QOCA (Quasi-Observation Combination
Analysis) [http://qocajpl.nasa.gov/], which is
sometimes referred to as “stfilter” (spatial-
temporal filter). The program was developed at JPL
and is based on the methodology of [Dong & al.,
1998]. QOCA is a combination of GAMIT and
GIPSY, it supports their formats (as well as the
Bernese GNSS Software format), and aims at
minimizing the impact of error sources associated
with differences in data processing strategies of
these programs. Since during the development of
QOCA, the package had to be used exclusively for
the needs of geodynamics, its algorithm
presupposes detection and removal of all side
effects at the stage of noise filtration except those
of geophysical origin.

In addition to these, there are free databases of
other analytic and operational processing centers
for data of global and regional networks. In
particular, data from the archives of Nevada
Geodetic Laboratory (NGL) (University of Nevada)
[http://geodesy.unr.edu/], University NAVSTAR
Consortium (UNAVCO) [http://www.unavco.org/]
and other is used in various applied studies. Data
from UNAVCO is associated with SOPAC archives
as they contain observations from the same GNSS
stations and for their elaboration the already
mentioned software systems are used.

Based on the given analysis, for our next
researches, we choose data from the SOPAC
archives — daily coordinate computations for
stations that are located in Europe but distant from
the boundary between the Eurasian and related
lithospheric plates. Based on the analysis, we create
three independent blocks of data. The first contains
the results of observations in SIO using GAMIT-
GLOBK. It encompasses 177 stations. Thisblock is
called “GAMIT-GLOBK” as per the software used.

The second block of data includes coordinates of
204 stations that were obtained from observations
processed in GIPSY-OASIS at JPL. The block is
caled “GIPSY-OASIS’, respectively. The third
block contains combined QOCA coordinates for the
same 204 stations at JPL and is named “QOCA”.
Station location schemeis shownin Fig.1.

Linear velocities, vectors and directions of
motion of individual stations, lithospheric plates or
isolated areas within them are the absolute
parameters that are used the most in the description
of modern horizontal motions of the Earth's surface
within different geodetic models. The basis for their
numerical definition is the position of stations in
the Cartesian coordinate system. On one hand, such
definition of motions was formed historically
because of using classical methods for creation of
geodetic networks and for reasons of convenience
of the end results visualization. On the other hand,
the selection of a flat rectangular system in any of
its topocentric varieties is caused by the prospect of
using these inputs for strain analysis of the areas
under study. After all, the vast majority of modern
evaluation methods of strain state is based on the
theory of a local-homogeneous linear deformation
of the continuum, which involves the use of this
particular coordinate system.

The prospect of conducting afull strain analysis
of the areas involves a wide range of input space-
time observations. Nowadays, the number of
permanently functioning stations is much higher
than at the time specified in the selected data
blocks. However, even using these stations requires
a prdiminary analysis, which would ensure the
establishment of representativeness of data from
observations in terms of the needs of geodynamics.

In the experiment, we used coordinate time-
series of the stations from 1/01/2005 to 1/01/2015
with a sampling rate of one month. Station
coordinates of al three data blocks, defined in
ITRF2008 on the first calendar day of each month
in the selected time period, were downloaded from
the server of the SOPAC archive simultaneously,
processed, and graphically displayed using a
specially designed software program in Python.
This approach to the formation of the input data
blocks made it impossible for inevitable differences
between the coordinate values of the identically
named stations due to their clarification during the
primary processing of the observation time seriesin
operational and analytical centers to influence the
research results.
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Fig. 1. GNSS-<tation location scheme

Given the established practice of using the
rectangular coordinate system in the Gauss-Kruger
projection, the next phase of the experiment
involved conversion of station coordinates from the
geocentric spatial into rectangular system X,y in
the gpecified projection. The accuracy of the
conversion agorithm allowed to compute the
coordinates with an error of at least the millimeter
order. Thus, the condition, that accuracy of
computations depended only on the accuracy of the
input data and not on the accuracy of the method
used for their processing, was fulfilled. The results
helped to define the components Dx;,, Dy, of the

linear offset of the stations on the current date i in
comparison with the final k, and estimate their
accuracy by the mean squared errors mp, ,Mp,. -

The latter are determined only by the accuracy of
the coordinates given in the primary database.

The following processing steps encompass
performing such actions separatedly in the three
blocks of data:

1. Definition as of the current date of weighted
arithmetic mean values of the components
DX, Dy, length V; and direction (azimuth
angle) a,;, of the offset vector and average velocity
v, of the Earth's surface motion within the area
outlined by all GNSS stations, as well as evaluation

of the accuracy of the specified parameters by the
corresponding mean squared errors.
2. Establishing criteria for representativeness

DXy > mMpy,, U
oy, ®
Dyik mDYikfv)

of the station culling that do not meet the condition
(1), creetion of the data sets that correspond to this
condition, and their processing to determine the
parametersthat areset in 1.

3. Defining the same parameters using data sets
that meet the threshold condition

Dx; > 3mp, 0
Ay @

Dyik DYikE
Conditions (1) and (2) determine the

representativeness threshold of data subject to
processing. Taking them as a basis for the station
culling, we will obtain a forma mathematical
solution that can be valid for assessment of the
integrated parameters of linear offsets and velocity
of the motion of the regional scale. In evaluating
the spatial structure and determining abnormal
characteristics of motions and offsets of the surface,
such formal approach needs improvement. Indeed,
under these conditions, relatively stable, from the
kinematic standpoint, stations are subject to culling.
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When solving such problems, the process of culling
must have a differentiated basis in order to take
account of the station offsets. The effect of such
approach is not considered in this paper.

Data analysis and results

Culling per the offset representativeness criteria
(1) and (2) allowed to identify the stations that
amost did not participate in the elaboration. The
list of such stations is provided in the table. Stations
culled per the criterion of representativeness
D>mp, of course, were culled per the criterion

D>3my aswdl. SeeTable 1.

The results of processing of data blocks using
the presented technique are illustrated by the graphs
in figures 2-4. The dotted lines show the ranges of
possible values of various motion parameters in
terms of their standard deviation estimates.

Analysis of the data processing results during
the period from 2005-2015, illustrated by graphsin
Fig. 2, proves the following.

1. The average velocity computed without any
culling for al three data blocks varies in the range
2428 mm/year compared to the rdatively high
accuracy of these figures. This is caused by the same
“exact” computation of the length of the offset vector
as the weighted arithmetic mean — offset function of a
great number of stations. The implications of using
such parameges for the following andysis are
described above This fact is confirmed by the results
of computation of the offst direction as an
analytically different function of the input data: its
accuracy, especially during reatively short-term
periods with regard to the deadling, is very low and
reaches +50°. Thus, the previous culling of the input
data per any criteion of representativeness is a
necessary condition for achieving reliable outcomes.

2. More redligtic results of data processing are
provided by the culling per condition D>mg. All

dations are subject to culling with the duration of
observations of at least 1.7 years in regard to the
deadline. With the duration of more than 2 years, the
velocitiesinthe “QOCA” datablock are stabilized at

around 25 mm/year at the levd of accuracy of +1
mm/year. Errors of the average offsa in this period
reach the centimeter order and gradually decrease as
the duration of observations increase For “GAMIT-
GLOBK” and “GIPSY-OASIS’ data blocks, this
tendency of the offset accuracy is observed over the
duration of 21 years. However, this accuracy
parameter (and, hence, the duration of the relevant
minimum periods of observations) is clearly
incompatible with the stated millimeter accuracy of
determining the station coordinates. Moreover, the
direction computation error observation at such length
is large enough and ranges between + (2-6°). It
should be noted that the tendencies are retained for
computation of the presented motion parameters and
their accuracy in the data blocks using the number of
stations after culling at the level »(10-70) %. These
tendencies are observed for the duration of
observations for about 5 years in the “QOCA” data
block and for more than 6 years in “GAMIT-
GLOBK” and “GIPSY-OASIS’. During these
periods, the parameter accuracy increases. For longer
peiods, the offset error stabilizes at the millimeter
level, and the direction acquires a clearer tendency
and equals 52+1° with veocity of 25 mm/year at the
submillimeter accuracy order.

3. Culling per D>3mp causes the expression

of the first, even of low accuracy, motion
parameters for the observation duration of over 4
years. At the beginning of this period, only
individual stations can render surface motions. The
values of various parameters and their errors, which
corresponds to the millimeter level of the
coordinate accuracy, are stabilized when a number
of stations is around 10 %. An interesting pattern
can be noted: the relative stabilization of the motion
parameters per such culling criterion can be
observed for observation duration, which is
consistent with the constant specified in the
previous section, when the determination accuracy
of motion parameters for the duration that exceeds
the specified period correlates with the presented
millimeter coordinate accuracy.

Table 1
GNSS stations culled most often during the elabor ation
Culling criterion D>m; D>3mp

ankr dyng kipd krOg | aqui bogo bras brst brus brux bzrg cako cebr crao dent dubr glsv hers

Names of the mdvo mozi noal npld hflk ildx kato khar kiru linz mOse madr mad2 mdvj medi mets metz

culled stations ober obet 0s0g pkmn mikl mobj mobk maobn mopi mops morp newl nssp obe2 obe4 orid
riba srjv svrt toul trom | pore pozeregi rigarove sekc sfel sfer soda sofi terstor2 torstrab trol

tuc2 wett zimz zwen tubi untr upad usal uzhl vaas vene witzt ysst zada zwe2
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Fig. 2. Average motion parameters of the Earth’ s surface 2005-2015

4. Comparative analysis of the facts stated in
the previous sections results in the following
conclusions:

Data processing using QOCA ensures
representative (of millimeter accuracy) results of

observation duration for over 5 years, and only for
the duration of 2 years, we can achieve the
centimeter accuracy;

The same level of accuracy of motion
parameters can be achieved using GAMIT-GLOBK
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and GIPSY-OASIS for data processing, but with
the observation duration of more than 6 years and a
bit morethan 2 years;

Data processing in GAMIT-GLOBK and
GIPSY-OASIS provides amost identical final
results in terms of standard deviation. A similar
result is presented in the article [DeMets ¢ al.,
2010], where “the station velocity differences,
computed using both software systems, did not
exceed £0.5 mm/year”;

Obtained results certify that QOCA
software (and a corresponding JPL base) is more
appropriate for data processing that leads to the
solution of geodynamic problems, because it
provides comparable, in terms of representati-
veness, results (compared to GAMIT-GLOBK or
GIPSY-OASIS) for a shorter duration of
observations;

The number of stations after the culling per
D>3my at 10 % level provides results of data pro-

cessing that are identical with the ones abtained af-
ter station culling at the level of 70 % per D>mp;

If we adhere to the specified minimum
duration of observations, then representative
estimations of motion parameters can be aobtained
without stations culling. However, we must
consider the offset accuracy according to the set
weights that will minimize the impact on the final
outcome with gross errors.

Analysis of the results of data processing during
2005-2008 (Fig. 3) and their comparison to the
same results for period of 2005-2015 result in the
following conclusions:

1. Practically all stations are subject to culling
per D>my in al data blocks if their observations
last for less than 0.5 year. In case of culling per
D>3my, such minimum periods last for 2.2 years

for “GAMIT-GLOBK” and about 1.7 years for 2
other data blocks.
2. When culling per D>mp, the centimeter

accuracy of parameters according to “QOCA” can
be reached with observations for over 0.8 year. In
“GAMIT-GLOBK” and “GIPSY-OASIS’ data
blocks, the same parameters were obtained with a
minimum duration of 1.1 and 0.9 year respectively.
Millimeter accuracy level of parametersis achieved
for observations lasting for over 2.5 years,
according to “QOCA”, 2.8 — “GIPSY-OASIS’, and
more than 3 years (not even illustrated within the
graphs) — “GAMIT-GLOBK”. Comparison of these

results with the corresponding in 2005-2015 shows
a significant reduction in the duration of the
minimum acceptabl e observation periods.

3. Other conclusions presented earlier in this
articleremain valid for this part of the research.

The presented results were obtained from
processing observational data, if their end dates
were  1/01/2015 and  1/01/2008.  Similar
computations are conducted also using the input
data sets, where the end dates were the first
calendar day of each of the intermediate years of
the specified time range. This made it possible to
determine the corresponding minimal duration of
the periods for each end date that allows to stabilize
the motion parameters both at the millimeter and
centimeter accuracy level. The obtained results are
presented in Fig. 4.

It shows that the minimum duration of
observation is not constant and varies during the
research period according to the pattern that is close
to linear. From 2008 to 2015, the duration of the
stabilization period has doubled. These differences,
in our view, can be explained only as aresult of the
impact on the outcome of GNSS observations of
the trandlational motion of the ITRS origin. This
conclusion has the following arguments:

The period of 2005-2008 approximatdy
coincides with the dates of the official verification
of rdevant ITRF versions [Altamimi et al., 2007;
2011];

The minimum duration of the observational
period sufficient to achieve the stabilization of
motion parameters at the millimeter accuracy
during 20052008 and determined using different
data blocks, equals 2.5-3.1 years and generaly
coincides with the minimum observational period
as defined, for example in the studies [Argus et al.,
2010; Mao et al., 1999; Williams et al., 2004]. Two
preliminary arguments provide grounds to consider
the specified minimum period of observation as
reference period,

In different ITRF versions, the position of
the origin in the geocentric system is adjusted by
the amendments that express its regular offset. The
meaning and numerical order of such amendments
is described in the analysis of the research problem
above. After the introduction of the ITRF2008
version, which includes coordinates of stations of
al data blocks (up to 1/01/2015), such adjustments
were not enforced.
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Fig. 3. Average motion parameters of the Earth’ s surface 2005-2008

31



32 leodesis, kapmozpachisi i aepogpomosHimaHHs. Bun. 86, 2017

Fig. 4. Minimum duration of observational periods
sufficient to achieve the parameter accuracy
of the millimeter (solid lines) and centimeter level
(dotted lines)

Conclusions and outlook

1. Achievement of millimeter accuracy of
motion parameters that corresponds to the stated
coordinates accuracy, by the most optimistic
estimates, is possible for observations with duration
for over 2.5 years. This result is achieved using the
JPL database, which is formed by the processing of
observations using QOCA. JPL databases (software
package GIPSY-OASIS) and SIO (GAMIT-
GLOBK) showed the same parameters for observa-
tions with duration for over 2.8 and 3 years
respectively. These results ensure both equally
established criteria for culling, even with the consi-
derable screening of not representational stations
considering the condition of D>3my. However,

these terms are only applicable for the period of
20052008 applied in the official ITRF versions.
For the entire decade of the research period, the
specified time frames double.

2. Centimeter accuracy of the motion parame-
ters within the period between the same ITRF
versons can be achieved after the culling per
D>my during at least 0.8 year using the JPL
(QOCA) database, 0.9, and 1.1 years respectively,
according to JPL (GIPSY-OASIS) and SIO
(GAMIT-GLOBK). For the whole experimental
period, such time frames also double.

3. Data culling per representativeness criterion
D>3mp is a perfect means of achieving reliable

results, but even over the long period of observa-

tions, it leads to the screening of a large number of
stations. Thus, considering the sufficient spatial
coverage of areas under study by the GNSS
stations, it is expedient to use culling per criterion
D >m. Data processing without any culling of the

stations is alowed only if observation periods,
mentioned in the previous two sections, exceed.
Under this condition, the accuracy of computed
integrated motion parameters is almost equivalent
to the one that is computed using stations culling.
Otherwise, the feasibility of using GNSS data to
determine integrated motion parameters is questio-
nable, because the obtained results would provide a
distorted interpretation of the phenomenon.

4. According to the conducted studies, the
movement of the Earth's surface in Europe (Fig. 1)
is expressed by the following absolute parameters:
surface offset occurs at the velocity of 25 mm/year
in the direction of 52°.

5. The obtained results prove the benefits of the
combined QOCA solutions of the time series of
observations, compared with the solutions obtained
using GIPSY-OASIS and GAMIT-GLOBK, in
terms of their usein geodynamic studies.

6. The findings presented in previous
argumentations for possible impact of the
translational motion of the origin of the ITRF on
the results of the GNSS data processing is an
attempt to motivate the identified differences
between the minimally acceptable duration of
observations at different times of the studied time
period using the data for the geodynamic purposes.
With the confirmation of this hypothesis, the
obtained results, though indirectly, indicate the
need to introduce the latest ITRF version of the
geocentric system. This recommendation is even
more relevant considering the fact that the
introduction of the latest version was 7 years ago,
while the longest interval between the coordinate
system implementations was 5 years (2000—2005),
and until 1997, the adjustments of the position of
the starting point was carried out annually. Other
argumentations for these differences were not
found. In this regard, until the coordinate solutions
are converted into the new ITRF version, the task
of the previous empirical determination of the
minimum duration of observations and related
reiable solution of geodynamic problems has
exceptional importance and relevance.
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AHAJI3 TA PE3VJIbTATHU JOCHIIXKEHD PETIPESEHTATUBHOCTI GNSS-TAHUX
B OLIIHKAX CYYACHMX I'OPU3OHTAJIbHUX PYXIB 3EMHOI IIOBEPXHI
(HA TIPMIKJIAJII TEPUTOPIT €BPOITH)

Merta. IIpoanamnizoBaHo cy4yacHuil ctaH BukopucTaHHS GNSS-jaHux mis BupileHHs 3aBJaHb I€OAWHAMIKH,
JIOCITI/DKEHHSIM CTYIIEHsI NPUIATHOCTI JaHWUX JUIsS OL[HIOBAHHS PETiOHANBHHX PYXIB 3€MHOI ITOBEPXHi 3 IMO3MLIH
KPHUTEPiiB TXHBOI TOYHOCTI Ta TPUBAIOCTI CIIOCTEPEKEHb, MMOHAJ 5Ky BOHM 31aTHi 3a0€3MEUUTH penpe3eHTaTHBHI
pe3ynbTatu omiHioBaHHSA. MeToamka. MeTy AOCTIKEHb BMOTHBOBAHO BiJICYTHICTIO OJHO3HAYHO BCT@HOBJIEHHX
MOKa3HUKIB PYyXy JIiTOCHEpHHUX IUINT, BiAMIHHOCTSIMH CTpaTerii ONpalIOBaHHS CIOCTEPEXKEHb 1 BiJIOBIIHOTO
MpOrpaMHOro 3a0e3NeYeHHs], HEBPETYIbOBAHICTIO BCTAHOBIJICHHS! MiHIMaJbHOI TPHBAJIOCTI CIIOCTEPEKEHb, & TAKOXK
noTpe0or0 30UIBIIEHHS TYCTOTH IOKPUTTS TEPUTOPIM 1 3ajydeHHs BEJUKOI KIJIBKOCTI CTaHIIW JJIsl Jeramizatii
TEKTOHIYHHX Mojened, aedopMalidiHOro aHamizy, paiOHyBaHHS TEpUTOpiHl 1 BHSBJIEHHS AaHOMAJbHUX 30H
MIOTEHII{HO HeOEe3MEeYHNX T'eOJIOTIYHHX IPOIeciB. BXiaHUMYU TaHMMU 00paHO TpH 3arajbHOJOCTYIIHI 0a3u YacOBHX
KOOpJIMHATHUX PSIiB CTaHIIHM y Mexxax €Bpa3ilicbkol INTUTH Ha TepuTopii €Bpomnwy, siki po3mimeni B apxiBi SOPAC:
6a3za manux SO, chopMoBaHa OMpPAIFOBAaHHAM CIIOCTEPEKEHb Y mporpamHomy komiuiekci GAMIT-GLOBK (177
craHmiit), i aBi 6a3u ganux JPL (204 cranmii), e KOOPAHWHATHI PSIIU OJEPIKAHO OMPAIFOBAHHAM CIOCTEPEKEHD Y
nporpamaomy kominiekci GIPSY-OASIS i kombinoBanuM QOCA-po3B’ s13koM. EMIIpUYHAM TOCHIKSHHSIM OCiIOHO
JUTSL KOXKHOT 0a3M JaHuX miiaraiu koopauHatHi psau npotsrom 1.01.2005-1.01.2015 pp. 3 AuckpeTusalii€eto B O1H
Micsib. CyTh €KCHEpHMEHTY Iojisirajia y BU3HAYEHHI TaKWX IHTETPOBAHHMX ITOKA3HUKIB PYXy JOCIIIKYBaHOI
TIOBEPXHi SIK CEepe/IHi BaroBi JIiHIIHI 3MilIEHHS, JOBXWHH 1 HAIPSMKH BEKTOPIB 1 MBUAKOCTI pyxy. Lli mokazHuku
obuuciieHi 3a yciMa CTaHIISIMM, a TaKoX Iicias IX BHOpaKkOBYBaHHS 3a JBoMa ()OPMaJbHUMH KpPUTEPIIMHU
pernpe3eHTaTUBHOCTI: 1) abCOMIOTHI 3HAYEHHS 3MIIlIEHb CTAHIIIH MEPEBUIIYIOTH TXHI CepeHi KBaapaTU4Hi MOXHOKH;
2) abCoMOTHI 3HAYCHHS 3MIICHb MEPEBHUINYIOTh IXHI PaHUYHI MOXHUOKH. 3 MOMNISAAY TaKUX KPHUTEPiiB BUSIBICHO
CTaHIIi1, sIKi BHOPaKOBYBAIMCh HAaWHyacTillle, TOMY ITOBHHHI MiUIATaTH PETEIbHOMY IHAWBIAYyaJbHOMY aHaNi3y 3a iX
BUKOPHCTaHHS sl moTpe® reoanHamikd. Pe3yabTaTH. Pe3ynbTaTH eKCIIEpUMEHTY IOKa3alld, IO MiHIMallbHa
TPUBAICTh CIIOCTEPEKEHb HE € CTAJIOI0 BEJIMYMHOIO 1 TOBUHHA BCTAHOBJIIOBATUCH ISl KOKHOTO EMITIPUYHOr0 Habopy
JIaHUX. 32 HAHONTHMICTUYHIIIUMH OLIHKAMH JIOCSITHEHHS MUJTIMETPOBOT'O PiBHSI TOYHOCTI MTOKa3HHUKIB PyXY MOXKIIMBE
TIPY TPUBAJIOCTI CITOCTEPEIKEHB MOHAA 2.5 POKIB 32 YMOBU BUKOPHCTaHHS KOOPAMHATHUX YacOBUX PsIiB 0a3u JaHUX
JPL (QOCA). Takwuii TepMiH J0cATaETHCSA 32 000Ma KPUTEPisIMU BUOPAKOBYBaHHS JUTs Tiepiony croctepesxers 2005—
2008 pp., sikuit HaOMKEHO BKIAJaeThest y Mexi odimiiaux | TRF-peanizauiid. J[ocsrHeHHsI caHTUMETPOBOTO PiBHS
TOYHOCTI 32 TaKUX CaMHX YMOB MOXJmBe Bxke moHan tepMiH 0,8 poky. /i ycboro AecSTHUIITHBOTO JOCIIJIHOTO
Mepioy BKa3aHi TEPMiHU OLIBII HiXkK MOABOIOIOTHCS. Taki BETHKI PO301KHOCTI HE 3HAWIIUIN 1HIIOTO MOSCHEHHS, KPiM
TOrO, IO € HACTIIKOM PyXY i HE CKOPEroBaHOIrO IOTOYHOI'O MOJIOKEHHS [TOYAaTKy BiIUTiKy pedepeHIHoi cucteMu
ITRS. HaykoBa HoBM3Ha i mnpakTuuHa 3Hauymicte. OpnepkaHuii pe3yabTaT BKa3ye Ha HEOOXiJHICTh
3arpoBapkeHHs1 HOBiTHBOI | TRF-peaizarii i OijbII yacTOro KOpUryBaHHs MOJOKEHHS TOYATKy BiIUTIKY. 32 YMOBH
JIOTPUMYBaHHS 3a3HAaUYEHUX MiHIMAJIBHUX TEPMIHIB CIIOCTEPEKEHbh BUOPAaKOBYBaHHS 3a TPAaHUYHHM KpHTEpieM
HEJIOIIFHE SIK TaKe, [I0 3yMOBIIIOE BiJICIIOBaHHS BEJIMKOI KiJIBKOCTI CTaHIid. Pe3ynbTaTi eKCiepuMeHTY ITOCBI YT
nepeBarn QOCA-po3B’ sa3kiB, mopiBHAHO 3 GIPSY-OASIS ta GAMIT-GLOBK, 3 norisay BUKOPHCTAHHS YaCOBHX
KOOpPJIMHATHUX DPAIIB JUIS TOTPEd re0JUHAMIKH.

Kniouosi crnosa: GNSS-cioctepexenHs; 0a3u TaHWX; TOYHICTh YaCOBHX KOOPJUHATHUX DPSIIB; Cy4acHi pyxXu
3€MHOI IMOBEPXHI; JIHIWHI 3MIIIECHHS 1 ITBUIKOCTI.
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