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Abstract. The main goal of this study is to develop and test an algorithm for determining the moment of inertia and angular
momentum of a tectonic plate based on the processing of time series of daily solutions of continuous GNSS (Global Navigation
Satellite System) stations. The proposed algorithm consists of four consecutive stages: reformatting data to the internal format;
dividing the plate into cells and determining their masses; determining the rotation poles and distances from cells to the poles;
calculating the plate’s moment of inertia and angular momentum. The algorithm uses freely available time series of daily solutions
from continuous GNSS stations or any other data prepared in a similar format. The algorithm is tested for determining the moment
of inertia and angular momentum of the Antarctic plate based on the processing of time series of daily solutions of continuous
GNSS stations for the period 1995—2021. It is confirmed that the Antarctic Plate’s rotation poles, moment of inertia, and an-
gular momentum are dynamic parameters. However, additional calculations and in-depth comprehensive analysis are required
to determine the causes of such dynamics. As a result of comparing, the dynamics of changes in the Antarctic Plate’s rotation
poles partially compensate for the unevenness of the Earth's rotation to keep the angular momentum of the Earth constant.
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1 Introduction

The processes of tectonic plate movement are of
considerable scientific interest, important for under-
standing geological processes, earthquakes, mountain
ranges, and other geological phenomena. In recent
years, long-term time series of daily solutions of con-
tinuous GNSS (Global Navigation Satellite System)
stations have been actively used to study them (Atanas-
ova-Zlatareva, 2014; Saria et al., 2014; Vassileva &
Atanasova, 2014; Vassileva & Atanasova, 2016; Zhou

etal., 2016; Li et al., 2019; Dimitrov & Nakov, 2022;
Savchyn, 2023). The interest in such data is driven by
the high quality of geodynamic processes’ determi-
nation due to the fairly dense networks of continuous
Global Navigation Satellite System (GNSS) stations
on all continents (Blewitt et al., 2018) and the ever-
increasing, and already high, accuracy of satellite mea-
surements. Last but not least, most of the data are
freely available. There are enough examples of GNSS
measurements used to study geodynamic processes
on major, minor, and microplates, for example, for
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the Eurasian Plate in Zhou et al. (2016), Li et al.
(2019), Dimitrov and Nakov (2022), for the African
Plate in Saria et al. (2014), Savchyn (2023), for the
North American Plate in Calais et al. (2006), for the
South American Plate in Xiang et al. (2022) and of
course, this list of publications can be extended.

It is interesting to use long-term time series of dai-
ly solutions of continuous GNSS stations to study
the rotation poles of tectonic plates. The basis of such
research is Euler’s rotation theorem (Euler, 1776):
the motion of a solid body on the surface of a sphere
can be described as rotation about an axis passing
through the centre of the sphere. Lobkovsky and
Kerchman (1991) note that this theorem in geody-
namics gave the concept of plate tectonics a quanti-
tative character and opened the way for theoretical
geology to gradually transform from a descriptive sci-
ence into an exact scientific discipline. Modern me-
thods of using GNSS measurements to study the ro-
tation poles of tectonic plates are presented in Mar-
chenko et al. (2012), Altamimi et al. (2017), Tretyak
et al. (2018), Jagoda (2021), Savchyn (2022a; 2022b;
2022c¢), and Savchyn et al. (2023). In fact, using
GNSS measurements, it is possible to find the loca-
tion of the pole of rotation to fix the tectonic plate in
space, as well as the angular velocity to understand
the dynamics of its movement around this location.
The availability of rotation poles makes it possible to
analyze and predict movements within the plates and
develop models of tectonic plate movements and co-
ordinate systems.

Movements of tectonic plates are known to lead to
changes in rotation poles; for example, Savchyn (2022a)
presents the dynamics of changes in the rotation po-
les of large tectonic plates (Pacific, North American,
Eurasian, African, Antarctic, Australian, and South
American). The authors note that the change in the
mean annual rotation poles of North American, Af-
rican, and South American Plates is synchronous. In
contrast, their change is asynchronous to the Pacific
Plate; a synchronous change in the mean annual ro-
tation poles of the Antarctic and African Plates is also
identified. Obviously, synchronous and asynchronous
changes in these parameters compensate for each other
to keep the Earth’s momentum constant since, ac-

cording to the law of conservation of angular mo-
mentum, in a closed system, the geometric sum of
angular momentum (total momentum of the system)
remains constant under any interactions of the bod-
ies of this system with each other.

Since the rotation poles of tectonic plates are dy-
namic, their moments of inertia and angular mo-
mentum are also dynamic. To analyze and predict
the dynamics of their change, as well as to take into
account the influence of these dynamics on keeping
the Earth’s angular momentum constant, it is neces-
sary to develop an algorithm for determining the mo-
ment of inertia and angular momentum of a tectonic
plate based on the processing of time series of daily
solutions of continuous GNSS stations, which have
proven to be effective for determining the rotation
poles of tectonic plates.

2 Data and methods

The study proposes and implements a mathematical
algorithm for determining a tectonic plate’s moment
of inertia and angular momentum based on the
processing of time series of daily solutions of contin-
uous GNSS stations. This algorithm is based on the
assertion that any solid can be considered as a system
of an infinite number of material points, and the mo-
ment of inertia and angular momentum of such a
solid are the sum of the moments of inertia and angu-
lar momentum of these material points, respectively.
The structural block diagram of the proposed algo-
rithm is shown in Figure 1.

Input data. In the proposed algorithm, the input
data are the CRUST1.0 model, Bird (2003) tectonic
plate boundaries, geographic coordinates, and time
series of daily solutions of continuous GNSS stations
located within the tectonic plate.

The CRUST1.0 model is a global model that pro-
vides information on crustal thickness and density with
aresolution of 1° x 1° (Laske et at., 2013). CRUST1.0
consist of less than 40 crustal types. Each of the 1° x 1°
cells has a unique 8-layer crustal profile where the layers
are: water, ice, upper sediments, middle sediments,
lower sediments, upper crust, middle crust, and lower
crust. Parameters Vp, V_and p (density) are given ex-
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Figure 1. An algorithm for determining the moment of inertia and angular momentum of a tectonic plate based on the process-

ing of time series of daily solutions of continuous GNSS stations

plicitly for these eight layers and the mantle below the
Moho (the boundary between the Earth’s crust and
the mantle). The parameters below the Moho are de-
termined using a modified version of the recent Pn
model LLNL-G3Dv3 (Simmons et al., 2012).

The algorithm involves using freely available geo-
graphic coordinates and time series of daily solutions
of continuous GNSS stations from Nevada Geodetic
Laboratory (Blewitt et al., 2018) or any other data
prepared in a similar format.

Output data. The output data in the proposed algo-
rithm are the rotation poles and the determined val-
ues of the moment of inertia and angular momentum
of the tectonic plate.

Structurally, the proposed algorithm involves four
main stages:

1) Reformat data to internal format. At this stage,
the CRUST1.0 model is prepared, i.e., all data out-
side the boundaries of the tectonic plate under study
are removed. The algorithm uses the tectonic plate
boundaries proposed by Bird (2003).

2) Plate-into-cells division and cell mass determi-
nation. At this stage, the entire thickness of the tec-
tonic plate is divided into separate cells. Smaller cell
sizes allow for a more accurate determination of mo-

ments of inertia and angular momentum but increase
the processing time.Therefore, in this study, cells
with a size of 0.5° x 0.5° x 300 m were used, as this
size provides a fairly high accuracy given a not-too-
long processing time. For each cell, the spatial coor-
dinates of its center and the mass, which is the prod-
uct of the volume and the density of the cell obtained
from the CRUST1.0 model, are determined. If a cell
falls on the boundary of CRUSTI.0 layers or the
boundary of the model’s regular grid, it is divided
into several smaller cells.

3) Rotation poles and distances from cells to pole de-
termination.

To determine the rotation poles, we use the mathe-
matical apparatus presented by Marchenko et al. (2012),
based on the relationship between the components of
the horizontal displacement velocities of continuous
GNSS stations and the rotation poles of the plate:

Vp T O, cos(¢,) - sin(L, — 1A,),
v, = @, [sin(¢,) —cos (L, —1,) - tg(B) - cos(9,)], (1)

where, o, is the angular velocity of the plate; ¢,, A,
are the coordinates of the pole; L, B are the coordi-
nates of the continuous GNSS station with the de-
fined components of horizontal velocities v, v,.
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Equations (1) were compiled for each component
of all continuous GNSS stations. The resulting sys-
tem of equations was solved using the least squares
method. It is well known that the quality of the initial
data (i.e., in our case, time series of daily solutions of
continuous GNSS stations) is key to obtaining a cor-
rect and reliable result. Therefore, to solve the system
of equations, the weights of measurements were taken
into account based on data irregularity and data con-
tinuity (Tretyak et al., 2018; Savchyn, 2022a). The use
of weights during processing helps to minimise the
influence of a single station on the quality of the de-
termined rotation poles.

It is important to note that this algorithm is focused
on the long-term time series of daily solutions of con-
tinuous GNSS stations, and according to the authors,
the effect of seasonality on the values of horizontal
velocities will be minimal. Therefore, this algorithm
uses a simple model that does not take seasonality
into account for determining horizontal velocities:

A2) =v(t,— 1) + 3, ()

where 7, — observation epoch, v — the linear velocity
of the station and y, — the intercept (at epoch 7, —
initial epoch).

A detailed description and practical application of
the algorithm for determining the rotation poles of
tectonic plates based on measurements of continu-
ous GNSS stations is presented in Savchyn (2022a;
2022b; 2022c¢) and Savchyn et al. (2023), and a struc-
tural block diagram of this algorithm is provided in
Savchyn (2022b).

After determining the rotation poles, the distance
from the axis of rotation of the plate to the center of
each cell is calculated.

4) Moment of inertia and angular momentum deter-
mination. The following dependencies are used to deter-
mine the moment of inertia and angular momentum:

= 2
L= mr},

. 3)
L,= Zmiri2-oop=ll,~cop,
i=1

where /,is the moment of inertia of the tectonic plate,
L, is the angular momentum of the tectonic plate, n

is the number of cells into which the tectonic plate is
divided, m, is the mass of i-th cell, and r, is the dis-
tance from the axis of rotation of the plate to the
center of i-th cell.

We decided to test the developed algorithm on the
example of the Antarctic Plate. It is a major tectonic
plate containing the continent of Antarctica and the
Kerguelen Plateau and extending outward under the
surrounding oceans. The Antarctic Plate has an area
of about 60 916 000 km? (Brown & Wohletz, 2007)
(or 1.43268 steradians). This plate is particularly in-
teresting because it is the only one within which its
own Euler pole passes; also, the Earth’s axis of rota-
tion passes through the Antarctic Plate. Due to its
polar location, the Coriolis forces cause it to rotate.
At the same time, the tectonic plates that cover the
equatorial belt are linearly displaced in a westerly di-
rection due to these forces.

Long-term time series of daily solutions of 59 con-
tinuous GNSS stations located in the Antarctic Plate
were obtained from the Nevada Geodetic Laboratory
(Blewitt et al., 2018) to serve as the initial data for the
study. The selection of continuous GNSS stations in
this study followed the enhanced criteria proposed by
Altamimi et al. (2017). Additionally, the study includ-
ed time series of daily solutions of the ASAV continu-
ous GNSS station, which the authors installed and put
into operation near the Ukrainian Antarctic Akademik
Vernadsky station between January and April 2019
(Savchyn et al., 2021a; Savchyn et al., 2021b). Figure
2 illustrates the location of the 60 continuous GNSS
stations used in this study and their characteristics.

It should be noted that for the selected continuous
GNSS stations (see Figure 2a), all available mea-
surements were used for 1995—2021. Due to a rather
long research period, the number of stations and the
duration of GNSS observations on them are quite
heterogeneous (see Figures 2a and 2b). The number
of continuous GNSS stations varies from 4 (in 1995)
to 53 (in 2016), while the duration of measurements
varies from less than five years (FIEO, ARVL, SMR5,
SGP5, THRO, and WLRD) to more than 20 years
(CAS1, MAWI, SYOG, VESL, DUMI1, and CRAR).
A detailed description and analysis of the data are
presented in Savchyn et al. (2023).
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3 Results

Using the proposed algorithm, the values of the annual
rotation poles and the annual moments of inertia as
well as annual angular momentum of the Antarctic
Plate for 1995—2021 were determined (Fig. 3).
According to the results (see Figure 3a), the an-
nual longitude ranges from —130.617 to —118.604°
with a standard deviation of 4.548°, and the annual
latitude ranges from 51.318 to 67.463° with a standard
deviation of 3.715°. The annual values of the Antarctic
Plate’s angular velocity (see Figure 3b) vary from 0.187
to 0.313°/Myr with a standard deviation of 0.026°/Myr.
Standard deviation values were obtained by solving
the equations (1) by the least squares method. The
obtained values of the rotation poles correlate well
with the known models of tectonic plate movements
NNR-NUVELI (Argus & Gordon, 1991), REVEL2000
(Sella et al., 2002), ITRF2000 (Altamimi et al., 2002),
APKIM2005 (Drewes, 2009), NNR-MORVELS56 (Ar-

gus et al., 2011), and ITRF2014 (Altamimi et al.,
2017). The highest correlation was seen for ITRF2014
(Altamimi et al., 2017).

Analyzing the results obtained (see Figure 3c), it can
be noted that the annual values of the Antarctic Plate’s
moment of inertia vary from 2.4 - 10°' to 4.4 - 10*' kg - m?
with a standard deviation of 3.5 - 10% kg - m?. The
annual values of its angular momentum vary from
1.8 - 10%to 3.3 - 10®® kg - m? - rad/sec with a standard
deviation of 6.7 - 10** kg - m? - rad/sec. It should be
noted that the Antarctic Plate’s moment of inertia
and angular momentum standard deviation values
were obtained based on the theory of errors by defin-
ing the standard deviation function based on the
standard deviation arguments.

According to the results (see Figure 3), the accu-
racy of determining the rotation poles is not uniform.
This is clearly related to the accuracy and quantity of
the initial data and to the development of GNSS
technologies in general. Obviously, this fact has an
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Figure 2. Scheme of the location of continuous GNSS stations of the Antarctic tectonic plate used in the study (a) and their
characteristics in term of (b) station availability and (c) station time span. (The figures were compiled using plate boundaries of
Bird (2003) and GNSS stations characteristics diagrams of Savchyn et al. (2023))
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Figure 3. Values of annual parameters of the Antarctic Plate in 1995—2021 in terms of (a) pole coordi-
nates, (b) angular velocity, (c) moment of inertia and angular momentum

impact on other parameters under research. Another
important point is that the accuracy of the determina-
tion is much higher than the magnitude of the values.
This confirms that the rotation poles, the moment of
inertia and angular momentum of the Antarctic Plate
are dynamic parameters. However, additional calcula-
tions and in-depth comprehensive analysis are re-
quired to determine the causes of such dynamics.

4 Discussion
It is known that the unevenness of the Earth’s rota-
tion can be periodic (or quasi-periodic), age-related,

18

and irregular. The reason for periodic changes in the
Earth’s rotation velocity is the Earth’s tides caused by
the gravity of the Sun and Moon. According to Wu et
al. (2012), the age-related slowdown of the Earth’s
rotation velocity (due to tidal friction in the Earth’s
body and oceans) is the cause of tectonic plate move-
ment. Sottili et al. (2015) note that changes in the
LOD (Length of Day) lead to horizontal shear stress-
es, which, in interaction with the uneven rotational
motion of the Earth, are the dominant factor influ-
encing the Earth’s geodynamic processes and their

manifestation in seismic and volcanic activity.
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Figure 4. Changes in values of annual parameters of the Antarctic Plate and Earth for 1995—2021 in terms of
(a) Antarctic Plate’s angular velocity and Earth’s rotation velocity and (b) Antarctic Plate’s angular momen-

tum and Earth’s conditional angular momentum

In other words, the unevenness of the Earth’s rota-
tion leads to redistribution of the angular momentum
between the Earth’s crust, hydrosphere, and atmo-
sphere, the appearance of force stresses between the
Earth’s core and mantle, and violation of isostatic
and postglacial equilibrium. It can also trigger the re-
lease of stored energy in the Earth’s crust and the ex-
citation of seismic and volcanic activity. Therefore,
in the framework of the analysis and discussion, it
was decided to establish a possible relationship be-
tween the dynamics of changes in the rotation poles
of the Antarctic Plate and the unevenness of the
Earth’s rotation.

The input data for the calculation of the Earth’s
rotation were the values of the change in LOD, freely
available on the website of the International Earth
Rotation Service (International Earth Rotation and
Reference Systems Service, https://www.iers.org). The
change in LOD values is the difference in the values
of the periods P,, — P, , where P, is the period of the

Ad’

Earth Day, and P, is the period of the Astronomical
Day (86400 s). Based on the values of the change in
LOD, the annual angular velocity of the Earth’s rota-
tion was determined:

LOD (4)

1__’

T

where Q is the nominal rotation velocity of the
Earth (corresponding to the rotation velocity of
the average epoch of 1820), which is equal to
72921151.467064 - 10~'2rad/s, T 'is the duration of an
average Solar Day of 86 400 sec TAI. To obtain the
annual angular velocity of the Earth’s rotation, we
used the average annual LOD values.

According to the law of conservation of angular
momentum, the angular momentum of the Earth is a
constant value. However, the position of the Earth’s
rotation axis and its rotation velocity are constantly
changing. Therefore, it is obvious that changes in
these parameters compensate for each other to keep
the Earth’s angular momentum constant. Addition-

0, =Q, "
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ally, this change is compensated by the movements of
the core, mantle, tectonic plates, ocean, atmosphere,
and many other factors.

Since the Earth’s angular momentum is a constant
value, it was decided to operate with the conditional
angular momentum of the Earth in this study, which
takes into account only the change in the Earth’s ro-
tation velocity:

L,=1o, (5

where [, is the Earth’s moment of inertia (9.723 x
x 10%7 kg - m?).

To establish a possible relationship between the dy-
namics of changes in the rotation poles of the Antarc-
tic Plate and the Earth’s rotational irregularity, Fig-
ure 4 shows changes in their annual values for 1995—2021.

Analyzing the data presented on Figure 4, it can be
noted that there is no clear relationship between the
determined parameters. Obviously, the correlation bet-
ween the rotation poles of the Antarctic Plate and the
Earth rotation cannot be high, since the change in the
Earth’s angular momentum depends not only on the
Antarctic Plate but also on many other parameters.

The change in the angular velocity of the Antarctic
Plate and the change in the Earth’s rotation velocity
(see Figure 4a) are asynchronous (in 2000, 2002, 2003,
2004, 2005, 2006, 2008, 2011, 2012, 2013, 2014, 2019,
and 2021) or synchronous (in 1998, 1999, 2001, 2007,
2009, 2010, 2015, 2016, 2017, 2018, and 2020). The
change in the angular momentum of the Antarctic
Plate and the change in the conditional angular mo-
mentum of the Earth (see Figure 4b) are asynchro-
nous (in 1998, 1999, 2000, 2002, 2006, 2007, 2009,
2010, 2011, 2012, 2015, 2019, 2020, and 2021) or
synchronous (in 2001, 2003, 2004, 2005, 2008, 2013,
2014, 2016, 2017, and 2018).

That is, in most cases (54%), an increase in the
Earth’s rotation velocity leads to a decrease in the an-
gular velocity of the Antarctic Plate, and in most
cases (58%), an increase in the conditional angular
momentum of the Earth leads to a decrease in the
angular momentum of the Antarctic Plate. Such
processes are evidence that Antarctic Plate’s dynam-
ics partially compensate for the unevenness of the
Earth’s rotation to keep the Earth’s angular momen-

tum constant. However, it is obvious that the dynam-
ics of the Antarctic Plate are not the determining fac-
tor in compensating for these processes. Continua-
tion of such studies on other tectonic plates may al-
low us to better understand these processes and es-
tablish certain functional dependencies that will
make it possible to predict them. For example, to
predict crustal movements based on annual changes
in the Earth’s rotation velocity.

5 Conclusions

An algorithm for determining the moment of inertia
and angular momentum of the tectonic plate was de-
veloped based on the processing of time series of dai-
ly solutions of continuous GNSS stations. The algo-
rithm was tested to determine the annual values of
the moment of inertia and angular momentum of the
Antarctic tectonic plate for 1995—2021.

It is confirmed that the rotation poles and the mo-
ment of inertia and angular momentum of the Antarctic
Plate are dynamic parameters. However, additional
calculations and in-depth, comprehensive analysis are
required to determine the causes of such dynamics.

As a result of comparing the dynamics of changes
in the rotation poles of the Antarctic plate and the
unevenness of the Earth’s rotation, it was found that
the dynamics of the Antarctic plate partially com-
pensate for the unevenness of the Earth’s rotation to
keep the angular momentum of the Earth constant.

The presented algorithm and the results obtained
can be used to develop new and refine existing models
of tectonic plate movements and coordinate systems
and to predict the movements of the Earth’s crust.
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Bu3naueHHs MOMEHTY iHepLii Ta MOMEHTY iMITYJIbCY TEKTOHIYHUX ILUIAT

Y BUIAAKY AHTAPKTHYHOI IJTATH

OCHOBHOIO METOIO IIi€l pOOOTH € PO3POOIEHHS Ta alPoOAallist AITOPUTMY BU3SHAUECHHSI MOMEHTY iHEPIIii Ta MOMEHTY iMITYJTbCy
TEKTOHIYHOI TUINTU Ha OCHOBI OIpaIfOBaHHST YaCOBUX PSAiB IIOACHHUX po3B’a3KiB mepMaHeHTHUX ' HCC-cranmiii. CTpyk-
TYPHO 3alIPONOHOBAHMIA aJITOPUTM CKJIAJAETHCS i3 YOTUPHOX MOCTIIOBHUX €TaliB: nepedopMaTyBaHHS JaHUX Y BHYTPIlIHii
¢dopmar; mojiiJi TEKTOHIYHOI IVIMTK Ha KOMIpKM Ta BU3HAYEHHST MacH LIMX KOMipOK; BUBHAUEHHS POTALliliHUX TTapaMeTpiB Ta
BiIcTaHel BiJl KOMipOK J10 ToJjitoca 00epTaHHS; BU3HAYEHHSI MOMEHTY iHepIlil Ta MOMEHTY iMITYJIbCY. AJITOPUTM Tiependavae
BUKOPUCTAHHS HAIBHUX Y BUIBHOMY JIOCTYITi YACOBUX PSi/IiB IIOJEHHUX po3B’s13KiB nepmaHeHTHUX [ HCC-cranuiit a6o Oynb-
SIKUX THIIUX JaHUX, TATOTOBJIEHUX y aHaJoTiuHOMY (hopMarTi. AJITOPUTM aripoOOBaHO 7151 BU3HAUYEHHSI MOMEHTY iHepllil Ta
MOMEHTY IMITYJIbCY AHTAPKTUYHOI TEKTOHIYHOI IUIUTU HA OCHOBI OIpAlLfOBaHHSsI YaCOBMX PSIIiB IIOAEHHUX PO3B’sI3KiB 60-T1
nepMaHeHTHUX [HCC-craHiiiit mist nepiony 1995—2021 poku. Ha ocHOBI onpalitoBaHHSI OTpMMaHUX Pe3yJIbTaTiB MiATBEp-
JIKEHO, 110 POTalliliHi MapaMeTpu, a TAKOK MOMEHT iMITYyJIbCy Ta MOMEHT iHepllii AHTApKTUYHOI IUIUTU € AMHAMIYHUMMU T1a-
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pamerpamu. [Ipote, Wi BCTAHOBJAEHHS TPUYMH TaKOl AMHAMIKM MOTPIOHO MPOBECTU JOJATKOBI OOUMCIEHHS Ta TJIMOMHHUMN
KOMILIEKCHMIA aHai3. Y pe3yibTati NOpiBHSIHHS UHAMIKY 3MiH POTALIiiTHUX MTapaMeTpiB AHTapKTUYHOI IIJIMTU Ta HEPiBHOMIp-
HOCTi 00epTaHHs 3eMJTi BCTAHOBJICHO, IO B OLIBIIOCTI BUNANKIB (54%) 30iIbIIEeHHS IIBUAKOCTI 00epTaHHS 3eMJTi PU3BO-
IIUTH 10 3MEHIIEHHS KyTOBOI IIBUIKOCTI AHTApKTUYHOI ITUTH, a B OiTbIIOCTI BUTIaAKiB (58%) 30iIbIIeHHSI yMOBHOTO MO-
MEHTY iMITyJIbCy 3eMJIi TPU3BOAUTH A0 3MEHILIEHHS MOMEHTY iMITyJIbCy AHTAPKTUYHOI IJIUTU, TOOTO IMHAMiKa AHTApKTUYHOT
TUTUTHA YaCTKOBO KOMITEHCYE HEPiBHOMIPHICTh 00epTaHHS 3eMJTi i 30epeskeHHSI MOMEHTY iMIybey 3emuti ctaimuMm. [Ipote
O0YEBUIHO, 1110 TMHAMiKa AHTaPKTUYHOI IIJIUTH HE € BUZHAYAJIbHUM (DaKTOpPOM KOMIIEH allil X mpoiieciB. [1pencraBneHmit
aJITOPUTM Ta OTPUMaHi pe3yJbTaTh MOXYTh OyTU BUKOPUCTAHI 17151 pO3pOOJICHHSI HOBUX Ta YTOUHEHHS iCHYIOUUX Mofeseit
PYXiB TEKTOHIYHUX IJTUT Ta CUCTEM KOOPAMHAT, a TAKOX AJIsSI IPOrHO3YBaHHS PYXiB 36MHOI KOPH.

Kumouosi ciosa: THCC-nani, MaTeMaTnaHe MONIETIOBAHHS, TTOJTIOCH 00EPTAaHHSI, PyXy 3¢eMHOI KOpU
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