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Purpose. The purpose of this work is eaboration of the results of long-term GNSS-observations at
permanent stations located on the Antarctic tectonic plate; the determination of the change in its rotationa
parameters and angular momentum, the calculation of the angular momentum of the Earth, the oceanic and
atmospheric masses, and the establishment of the interrelationship between these parameters. Methods. The
work represents an improved algorithm for determining the parameters of the Euler pole and the angular velocity
of the tectonic plate, taking into account the continuity and unevenness of time series of daily solutions of the
spatial location of permanent GNSS-stations. Results. According to the results of daily solutions of 28
permanent GNSS-stations in Antarctica for the period (1996-2014), the average position of Euler pole, the
angular velocity of the plate, and their annual changes are determined. The annual parameters of the tensor of
inertia and angular momentum of the Antarctic tectonic plate are determined. Using the data of the Earth’'s
rotation service and geophysical observations, the annual changes in the angular momentum of the Earth, the
tensors of moment of inertia, and angular momentum of oceanic and atmospheric masses for the period
(1996-2014) have been calculated. Scientific novelty. It is established that during the whole observation period
the increase of the angular momentum of the Antarctic tectonic plate corresponds to the decrease of the angular
momentum of the Earth and the atmosphere. This indicates the conservation of angular momentum. The
increases of the angular momentum of Antarctic tectonic plate corresponds to the increases of the angular
momentum of the ocean. Explanation of this interrelationship requires additional research.

Key words: Antarctic plate; angular momentum; tensor of inertia; angular velocity; Euler pole, GNSS-
stations.

I ntroduction velocity of the Earth’s rotation. The secular dowing
down of the Earth’s rotation velocity is the reason for
the motion of tectonic plates, which occur on the
basis of the conservation of angular momentum of
all geospheres. nucleus, mantle, tectonic plates,
atmosphere, and the ocean, and the displacement of
the coordinates of the Earth's center of masses
[Xiaoping Wua, Jm Ray, Tonie van Dam, 2012].
Based on the analysis of inertial motion of the
asthenosphere and solid upper layers of the Earth, it is
assumed that each particle of mantle substrate tries to
conserve its angular momentum with the changing

It is known that Earth’s rotation irregularities are
affecting the uniformity of scale UT (Universa
Time). The unevenness of the Earth’s rotation is
determined by the change in angular velocity and
displacement of the position of the rotation axis
relative to the solid Earth (the motion of the pole).

Variations of angular speed are of three types:
1) periodic or quasiperiodic, 2) secular, and 3) ir-
regular. The reason for periodic change of the velocity
of the Earth’s rotation is the Earth’'s tides caused by
gravity of the Sun and the Moon. The force of

attraction of the Earth by the Sun and the Moon forms
tides in the crust and the oceans, as well as periodic
and secular changes in the length of day (LOD). The
secular effect of tidal friction in the body of the Earth
and the oceans lead to a slow decrease in the angular
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velocity of the Earth’'s rotation [Fylatj'ev, 2007].
Theoretical studies argue that the rotating motion of
the tectonic block according to the law of
conservation of angular momentum leads to the gene-
ration of deformations and stresses in surrounding
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blocks [Vikulin, 2015a] [Vikulin et al., 2016].
Therefore the resulting field of tectonic stresses of all
blocks, plates, and geological structures of the Earth
is a manifestation of their interaction within the
framework of a rotational model of the Earth. It is
established that the changes of LOD lead to horizontal
shear stresses acting on the crust with a pressure up to
0.4 MPa[Doglion, 2015]. In essence, this stress-strain
state in conjunction with the uneven rotating motion
of the Earth is a dominant factor on the impact on
Earth’ s geodynamic processes and their manifestation
in seismic and volcanic activity. Similar conclusons
are obtained on the basis of paleotectonic studies,
which confirm the law of conservation of angular
momentum in the global system of tectonic plates.
According to paleomagnetic and paleotectonic
studies, it has been proven that changes in the
rotational motion of the Earth about 46 million years
ago led to changes in the angular velocity of the
Pacific plate, and changes in its direction of mation
from the north to the west. Accordingly, the
Australian plate has restored its subduction under the
idand arc of Indonesia, which continues up to this
time. Thus, the model of the interaction of these plates
is a consequence of the tectonic conservation of
angular momentum.

On the basis of paleomagnetic and paleotectonic
studies it was established that conservation of angular
momentum of tectonic plates explained at the
planetary scale not only slow rotational deformations
of the neighbouring tectonic plates, but also cause
abnormal displacement of tectonic plates caused by
powerful blows of asteroids, which have manifested
in the terrestrial relief and folded didocations of the
Earth’s crust.

The conseguence of the axial rotation of the Earth
is aso the manifestation of the Coriolis forces,
causing the backlog of continental lithospheric plates
from the rotation of the mantle substrate of the planet
directed from the west to the east and, and as a cones-
guence, their relative displacement isto the west. This
Coriolis force is responsible for the asymmetry of
mid-ocean ridges in the meridional direction [Khain,
2010]. The same changes are manifested in the
kinematics of atmospheric and oceanic masses and
climate change. One example of long-period changes
in the Earth’s axis tilt and angular velocity change is
Milankovitch cycles that were used to explain the
alternation of glacial and interglacial periods.

Periodic tidal forces act directly on the gravitational
fild of the Eath and deform its shape
Correspondingly, changesin the angular velocity of the
Earth lead to redigribution of the angular momentum
between the arth’ s crugt, hydrosphere, and atmosphere.

Appearance of dresses between the Earth's core and
the mantle, and violations of isogtatic and postglacial
equilibrium, can aso be a trigger for the release of
accumulated energy in the Earth’s crugt and the
excitement of seismic and volcanic activity [Sottili,
2015]. LOD change correlates with the amount of
earthquakes and sdsmic energy that is reeased as a
result of itsaction (Fig. 1) [Martin, 1972)].
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Fig. 1. Dependence of the number of earthquakes
N and their energy E on the change of the LOD
duration

The increases of the LOD causes the appearance
of more earthquakes and growth of released energy.
However, it is possible to also inverse the effect of the
manifestation of irregular spin-off changes of the
LOD due to the effects of strong earthquakes,
volcanic eruptions, and actions beyond the planetary
phenomena (emissions of the plasma of the Sun)
[Pandul, 2010].

Taking into account the importance of considering
the rotational factors in the study of motions of
geological and geophysical environments [Khayn,
2007] it should be noted that changes in the rotation
of the Earth should have a different effect on
geodynamic processes of the tectonic plates
depending on their geographical location. In this
aspect, an Antarctic tectonic plate is special. This is
the only plate within which there is its Euler pole,
around which its rotational motion is performed, and
the Earth’s axis of rotation passes through it. It is one
of the largest tectonic plates of the Earth, and its area
is more than 11 % of the total area of the planet.
Edges of the Antarctic plate reach the 28th parallel of
the southern latitude, crossing the differential zone of
the 40" | atitudes with opposite directed transgressions
and regressions of the ocean, which are aso the result
of alatitudinal change in the direction of the Coriolis
forces. Taking into account the polar location of the
Antarctic plate relative to other tectonic plates, it
should be noted that the Corialis forces should mainly
lead to the rotation of the plate, but plates that cover
the equatorial zone, due to these forces should receive



a linear displacement in the west direction. Angular
velocity of the Antarctic plate should be related to the
angular velocity of the Earth’s rotation, and with the
changes of angular velocities it should take or give the
angular momentum. The law of conservation of
angular momentum must also act in the system: core,
mantle, Earth’ s crust, atmosphere and ocean.

For today, we have accumulated long-term
observations on permanent GNSS-stations located on
al continents, and on the basis of these data it is
possible to reliably monitor changes of the rotational
parameters of tectonic plates in time and analyze their
correlation with the kinematic parameters of the
atmosphere and the ocean, which are determined from
geophysical observations.

In order to establish possible regularities between
the changes in the angular momentum of the Antarctic
tectonic plate and the Earth, the atmosphere, and the
ocean, we implemented study of these parameters on
the basis of long-teem geophysical and GNSS
measurements.

Performed work on the study of the unevenness of
the rotary motion of the Antarctic tectonic plate and
the relationship between the changes in its angular
momentum and changes in the angular momentum of
the Earth’s, atmospheric and oceanic masses are the
continuation of previous studies implemented in 2015,
made by order of the NASC (Nationa Antarctic
Scientific Center). The initial data are supplemented
by time series of GNSS-stations, and the method of
determining the rotational parameters is significantly
improved. [Tretyak et al., 2017].

Methodology and results

Input data for calculation of rotational
parameter s of Antarctic tectonic plate

At the first stage, we select time series of daily
solutions of all existing permanent GNSS-stations
located in Antarctica. There were 71 stations in 2014.
Daily solutions for each station were calculated by
Nevada Geodetic Laboratory [NGL, 2016] using
software GIPSY-OASISII  with Precise Point
Positioning, and the daily coordinates of the stations
are available on the NGL website in the 1GS08
reference system [Tretyak et al., 2017].

At the second stage we selected stations that did
not have significant gaps in time series (Fig. 2). For
example, the HAAZ station was removed from the
database because it had a gap in the time series of
about two years (Fig. 2, ¢). Additionally, stations with
length of time series of less than 5 years were
removed, for example CAPF station (Fig. 2, b).

28 permanent GNSS-stations were selected after
filtration of data. Their measurement results for the
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period 1996-2014 were used to study the changes of
angular momentum of the Antarctic tectonic plate.
(Fig. 3) [Tretyak et al., 2017].

From Fig. 3 we can see that disposition of GNSS-
dations is heterogeneous due to difficulties in the
devdopment of Antarctica. In addition, the collected
observations are not homogeneous in time. Table 1
shows the availability of daily solutions for each gtation
over the years of observations [Tretyak et al., 2017].
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Fig. 3. Thelocation of permanent
GNSS-stations selected for researches
[Tretyak et al., 2017]
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Analysis of Table 1 allows us to single out five
GNSS-dtations:  CAS1, DUM1, MAWI1, PALM,
SYOG, VESL, which have the longest series of
observations for a period of about 20 years. Starting
from 2010, the time series of practicaly all stations
are amost homogeneous and continuous [Tretyak et
al., 2017].

Deter mination of velocities and weights
of vector s of permanent GNSS-stations

To determine the components of the vectors of
horizontal displacement velocitiesVg and V|, we

used time series, that is, daily solutions of the
permanent GNSS-station.
For each solution we formulated linear equations.

X =Vg ¥ +Cg ; (1)
Vi =V X +c, 2
where t; — epoch of observation, cg,C — constants.

By the least squares method, we solved
separately the systems of equations (1) and (2) and
determined the components of the vectors of
velocities of horizontal displacementsVg  andV|_,

and peformed estimation of the accuracy of
determined parameters my; and my; .

The weight of each equation (1), (2) depends on
the continuity and uniformity of the data digribution
over the observation time. Fig. 2, a presents a
continuous time series of daily solutions. The weight
of the continuity and uniformity of the data
disgtribution of such time series is equal to 1. Fig. 4
shows time series with gaps and ther irregular
distribution in observation interval. Correspondently
weights of these time series will be different from 1.
For the weights computation it is necessary to
determine the length of the observation interval:

Dt=t,-t, (©)

where t;,t, — the starting and final epoch of
observation, respectively.

Average length of whole observation interval of
data is determined, independently with a number of
solutions:

L+t
===, 4
> (4)
Average epoch of all existing solutions is
computed as.
n
at
i=1
== 5
§=, (5)

where t; — epoch of i—th  solution, n — number of
solutions which could be different from the average

length of observationsinterval S, (Fig. 4).
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Fig. 4. Time series with gaps and their
irregular distribution of permanent GNSS-station
SYOG [Tretyak et al., 2017]

A weight dueto datairregularity is computed as
2 -

p. As-s| ©)
Dt

The bigger the deviation, that is the

differences; - s, the smaller is the weight, but if

S =S, then the weight will be equa to 1.

Determination of weight due to data continuity can be
done using the following expression:

Pl:

4‘2‘- ot
P,=1- T, (7
A |t -
where dt :M — the sum of average residual
n

of epochs of all available solutions from s; .

In addition to the weights B andP, it is
necessary to enter weight Pto account the
unevenness of the geometric distribution of stations
location. In order to calculate the weight P; for the

geometric location of the stations, it was necessary to
divide the Antarctic Continent into sectors with a
given step. Fig. 5 shows how the division into 20
degree sectors was carried out. Weight of each station

==, ®

where N —number of stationsin the sector.
Final weight of each vector components Vg

and V|, is computed using the following
expression:
RP,P:
m

where B — weight for data irregularity, P,— weight
for data of continuity, P; — weight for geometric

location of the stations, m? — r.m.s. of m,, and

my, residual s respectively.

On the base of presented algorithm and time
series of 28 permanent stations of the Antarctic
Continent, the components of the vectors of
horizontal velocities of permanent GNSS-stations of
Antarctic tectonic plates, their accuracy and weight
for the entire observation period were determined
(Table 2) [Tretyak et al., 2017].
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GNSS stations horizontal
displacement vectors (mm)
4 20
Euler Pole @

Fig. 5. Sectoral division Fig. 6. Velocity vectors of the Antarctic
of the Antarctic Continent for calculation permanent GNSS-stations for the period of
of theweight R 1996-2014 [Tretyak et al., 2017]
Table 2

Deter mined velocities of GNSS-station vectors

Station Vg Vi m,, m,

N name BIU L [mm] | [mm] | [(mm] | [mm] e "
1 BRIP -75.796 158.469 -12 8 2.1 2.1 0.371 0.371
2 BURI -79.147 155.8%4 -12 6 19 2.0 0.372 0.373
3 CAS1 -66.283 110.52 -10 2 0.7 0.7 0.969 0.969
4 CLRK -77.34 218.126 -3 17 3.7 34 0.262 0.263
5 COTE -77.806 161.998 -12 8 2.1 2.0 0.364 0.365
6 CRAR -77.848 166.668 -11 9 0.8 1.0 0.656 0.667
7 DEVI -81.477 161.977 -12 7 25 2.7 0.338 0.318
8 DUM1 -66.665 140.002 -12 8 1.0 1.0 0.833 0.914
9 DUPT -64.805 297.183 10 12 3.1 3.2 0.303 0.303

10 FALL -85.306 216.368 -6 12 4.1 4.1 0.268 0.276

11 FLM5 -77.533 160.271 -12 8 15 16 0.407 0.556

12 FTP4 -78.928 162.565 -12 8 13 14 0.468 0.467

13 HOOZ -77.532 166.933 -11 11 13 17 0.691 0.623

14 HUGO -64.963 294.332 10 15 4.4 4.3 0.251 0.295

15 IGGY -83.307 156.25 -13 4 3.1 4.2 0.320 0.290

16 LWNO -81.346 152.732 -12 4 24 24 0.325 0.368

17 MAW1 -67.605 62.871 -2 -4 0.6 0.6 0.984 0.983

18 MINO -78.65 167.164 -11 9 3.9 3.9 0.339 0.314

19 RAMG -84.338 178.047 -11 9 2.1 2.0 0.362 0.363

20 ROB4 -77.034 163.19 -12 9 12 14 0.474 0.484

21 SCTB -77.849 166.758 -12 9 13 12 0.543 0.525

22 SDLY -77.135 234.025 1 19 55 3.9 0.252 0.249

23 SYOG -69.007 39.584 3 -4 0.6 0.6 0.981 0.980

24 VESL -71.674 357.158 10 0 0.7 0.7 0.821 0.923

25 VNAD -65.246 295.746 10 14 3.2 3.3 0.303 0.303

26 WHNO -79.846 154.22 -13 5 2.2 2.3 0.356 0.354

27 OHI2 -63.321 302.099 10 15 16 19 0.671 0.667

28 PALM -64.775 295,949 11 13 0.9 0.7 0.852 0.869

Tadle 2 shows that accuracy of deermindion of vector  vdodity of the parmanent GNSS-dations for the period of
componentsis equd to about 10 % of vedtors length. Hg. 6 1996-2014. Thelocation of vetors hasaratationd cheracter
shows the mation of vedtors of horizontd digdacement  that moveinthedockwisedirection [Tretyak et d., 2017].
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Methods of deter mination of angular velocity
and Euler polecoordinatesfor the Antarctic
tectonic plate

The rdationship between the displacement
velocity of the permanent GNSS-station and the
parameters of the Euler pole: the coordinates and
velocity of the plate rotation (Fig. 7) can be
represented by the following formulas:

Vg = Wxcos(F ) >sin(L - L) (10)
V| =Wxsin(F) xcos(B) -

- cos(F)xsin(B)xos(L- L)), (11)
where Q — angular velocity of plate rotation; @, A
Euler pole coordinates; B, L — coordinates of
permanent GNSS-dation with determined
displacement velocities in latitudinal and longitudina

directions Vg,V .

Earth rotation
axis

— Horizontal displacement vector of GNSS station

————— Normal to horizontal displacement vector

Fig. 7. Euler pole[Tretyak et a., 2017]

For each point of the set of permanent stations,
non-linear equations (10-11) can be written. In these
equations there are three unknowns. the Euler pole
coordinates (®, A) and the angular velocity of plate
rotation (€2). Depending on the number of points, we
will have double the number of equations, so the
number of equationsis aways bigger than the number
of unknowns (when n > 2, where n is the number of
points). In this regard, the determination of unknown
parameters (Q, ®, A) is peformed by the least
squares method [Tretyak and Vovk, 2016].

Using adjusted parameters of the Euler pole
(Q, @, A) we determined their accuracy assessment:

My =M%/ Quw (12)

I'eonesis

me =mX/Qrr ; (13)
m =mx/Q , (14

where Quun: Qe QL — diagona elements of the

. . f %
correlation matrix, m= vl xz—l— error of the
n_

unit of weight of measured vectors, V — deviations of
model values of displacement velocities of permanent
GNSS-stations  in  latitudind and longitudina
directions from measured values [Tretyak et al.,
2017].

Deter mination of rotational parameters of the
Antar ctic tectonic plates for the period 1996-2014

For the entire observation period, the average
angular veocity of the plate rotation and the
coordinates of the average Euler pole were calculated,
their accuracy estimation, and MSE of determination
of model vectors of horizontal velocities are
determined.

Table 3

Aver age values of angular velocity and coor dinates
of the Euler pole of the Antarctic tectonic plate

w [“/year] 0.00074
F [° Euler polg] 58.2157
L [° Euler pole pa] 52.9937
m, [“/year] 0.000008

me [°] 0.308

m [°] 0.416

m,,, [mm] 0.9

The accuracy of determining the angular velocity
of the plate rotation is 100 times smaller than the
velocity value, and the accuracy of determination of
the horizontal velocities vectors is within 1 mm/year
[Tretyak et a., 2017].

Fig. 8 shows the position of the Euler poles,
determined as averages for the period (1996-2014) in
this work, as well as in other works [Drewes, 1998,
2001, 2009; Argus, 1991, 2011; SOPAC, 2016;
Altamimi, 2012; Dietrich, 2001, 2004; Sdlla, 2002,
Jiang Wei-Ping, 2009].

It should be noted that the Euler pole determined
in our research is located practicaly with a pole
defined by the SCAR for the period (1997-2004).

Based on the calculation of annual veocities of
horizontal displacements of permanent gations (for
the period 1996-2014), the annual parameters of the
Euler pole of the Antarctic plate and its angular
velocity are determined (Table 4). The annua
migration of the position of the Euler poleis shown in
Fig. 9 [Tretyak et al., 2017].
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Fig. 8. Euler poles
of the Antarctic tectonic plate
[Tretyak et al., 2017]

Fig. 9. The motion of Euler pole of the Antarctic
tectonic plate based on the GNSS-measurements
(1996-2014) [Tretyak et a., 2017]

Table4
Determined annual parameters of the Euler pole (angular velocities and poles coor dinates)
and their accuracy estimation
Years 1996 1997 1998 1999 2000
w [“/year] 0.00083 0.00118 0.00103 0.00094 0.00071
F [© Euler pole] 60.7776 62.8070 66.3532 64.3146 54.2651
L [© Euler pol€] 57.0776 61.4130 55.7144 48.5908 50.7945
m, [“/year] 0.00010 0.00011 0.00020 0.00008 0.00005
m [°] 1.90520 0.91235 2.45059 1.69567 2.52444
m [°] 3.18467 1.55628 6.95636 3.79690 3.11984
m,,, [mm] 0.8 0.7 7.0 3.0 15
Years 2001 2002 2003 2004 2005
w [“/year] 0.00084 0.00079 0.00083 0.00076 0.00075
F [© Euler pole] 63.3941 61.1644 61.2747 59.6926 59.1372
L [© Euler pol€] 59.2602 54.3568 59.3592 47.6225 51.0585
m, [“/year] 0.00003 0.00005 0.00003 0.00003 0.00002
m [°] 1.88183 1.74935 1.29964 1.32376 0.67070
m [°] 4.84780 2.81064 2.05997 1.87300 0.97277
m,, [mm] 18 25 16 13 3.6
Years 2006 2007 2008 2009 2010
w [“/pik] 0.00077 0.00076 0.00078 0.00074 0.00075
F [° Euler pole] 58.4879 60.2095 57.0464 54.9920 59.4045
L [© Euler pol€] 51.3520 56.5518 59.8963 48.9331 48.5756
m, [“/year] 0.00003 0.00002 0.00002 0.00002 0.00003
m [°] 1.37698 0.74816 1.06245 1.11181 1.38743
m [°] 1.62137 1.00725 1.01728 0.86209 1.425%
m,, [mm] 15 5.8 115 6.6 3.1
Years 2011 2012 2013 2014
w [“/pik] 0.00081 0.00070 0.00089 0.00085
F [° Euler pole] 58.3523 57.4884 62.7808 63.0495
L [© Euler pol€] 52.7899 55.5839 54.9790 54.8560
m, [“/year] 0.00003 0.00002 0.00003 0.00004
m [°] 1.42683 1.32607 1.13422 1.44046
m [°] 1.38077 1.26414 1.27073 1.71990
m,, [mm] 2.6 13 3.0 4.9

12



Fig. 10 shows charts of annual changes of latitude
and longitude of the Euler pole and angular velocity
of the Antarctic tectonic plate rotation.

It should be noted that there exists a relationship
between the change of latitude of the Euler pole and
the angular velocity of the tectonic plate rotation.

72
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When the angular velocity decreases, the latitude of
the Euler pole also decreases, and vice versa. The
angular momentum of the Antarctic tectonic plate is
corrected by the simultaneous change of these
parameters[Tretyak et al., 2017].
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Fig. 10. Change of average annual parameters of the Euler pole of the Antarctic tectonic plate and the
angular velocity of the Earth’s rotation for the period 1996-2014: a— the latitude @; b — the longitude
A; c —theangular velocity of the Antarctic tectonic plate w; d — the angular velocity of the Earth’s

rotation w® [Tretyak et al., 2017]
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In order to establish a possible relation between
the unevenness of the rotating motions of the Earth
and the Antarctic tectonic plate, the caculation of the
change of average annual angular velocity of the
Earth was made. To do this, we use the Internationa
Earth Rotation Service (IERS) about change of the
LOD (Length of Day), expressed in ms
(milliseconds), as the difference in values of periods
(F — F.), where E; is the period of the astronomical
day (86400s.), and F; is the period of the Earth’s day
(Fig. 11). Using averaged annua values of LOD the
average annua angular velocity of the Earth’ srotation
has been calculated:

LOD.

Wa =W L =), (15)

where 1y= 72921151.467064 10 2 rads is the
nominal velocity of rotation (corresponds to the
rotational velocity of the average epoch 1820), T —
the duration of the average solar day 86400 s. TAI.

ms ms
cAr Total vorkation, zonal fides ans removed 34
trand—

ﬂﬁf‘fv’f?*#:rﬁlﬁfrﬂMm o

”1'
I
7970 1980 1990

M*‘q i

I T|

2000

Fig. 11. Change of the parameter
LOD according to IERS data

The results of calculating the change of the
average annual velocity of the Earth’s rotation W
are shown in Fig. 10d. Comparing the change of
angular velocities of rotation of the Earth W5 and the
Antarctic tectonic plate ®, one can notice that when
W, isincreasing the angular velocity o is decreasing
and vice versa. The correlation coefficient between
W, for the period (1996-2014) is 0.536, for the

period (1997-2014) is 0.610. This regularity can also
be explained by the law of conservation of angular
momentum. The moment of the amount of motion in
a closed system (the lithosphere, the mantle, and the
Earth’s core) is conserved during the evolution of this
syssem over time. Decreasng of the angular
momentum of the nucleusmantle system is
compensated by increasing of the angular momentum
of the lithosphere (tectonic plates). At the same time,
the correlation between the angular velocity of the
Earth and the Antarctic cannot be high, since the
change in angular momentum depends not only on the
change of angular velocities, but aso on the change of
position of the Earth’s pole and the position of the
Euler pole of the tectonic plate.

Similar dependencies are manifested in the
Earth’s atmospheric system—the.
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Deter mination of the moment of inertia and
angular momentum of the Antarctic tectonic plate

The established probabl e rel ationship between the
rotating motion of the Earth and the Antarctic tectonic
plate should be confirmed from the standpoint of the
physics of rotational motion, namely, the law of
conservation of angular momentum in the Earth
system (nucleus, mantle, Earth crust).

In the general case, the value of the moment of
inertia of an object depends on its shape and
digtribution of mass in volume: the more mass is
concentrated further from the center of mass of body,
the greater is its moment of inertia. Also its value
depends on the sel ected axis of rotation

A solid body can be considered as a system of
infinite number of materia points, each with mass m;.
If the distance from each point to the axis of rotation
is equa to r;, then the moment of inertia of a body to
the selected axisis determined:

S 2
l=amr (16)
i=1
Values 1,1 .1, are the moments of inertia
relative to theaxes x, y, zand are given as.
= ¢y’ +z%)dm
l,, = ¢§x* +z%)dm. (22)
I, = ¢0¢ +y)dm
Valu&lxy,lxz,lyx,lyz,lb(,lzy ae
ly =1x=-0Oydm
IXZ:IZX:-(‘)(zdm. (23)
I, =1, =-Cyzdm
The set of nine variables:
el, -1, - Ing .y
e I I (24)
3 P T B
e '« Y z g

is caled the tensor of inertia of a body relative to a
certain point, and the variables themselves are the
components of thistensor.

If al six components of the inertia tensor for any
coordinate system are known then we can determine
the moment of inertia of a body relative to an
arbitrary axis passing through the origin of the
coordinates. The moment of inertiarelative to the axis
that does not pass through the origin of coordinates
can be determined by the Huygens-Steiner theorem.

When the solid body is rotated around the
dtationary axis z, the angular momentum of a solid
body is calculated by the expression

J=1xv (25)

The angular momentum of a closed system of
bodies remains constant, that is, it does not change
over time.



So, we developed an dgorithm by which we were
able to determine the angular momentum and moment
of inertia of the Antarctic tectonic plate. The entire
tectonic plate was divided into cells of 300x300x
x300 meters. For each such cdl, the gpatia
coordinates x, y, z, as well as the densties according
to the CRUST 2.0 model were determined (Fig. 12).

Modd CRUST 2.0 isone of the most reliable moddls
of the Eath's crust. Spatid digribution of layer
thicknesses of CRUST 2.0 is determined according to
sdsmic tomography. However, the disagreements with
other models of the Antarctic crust are very sgnificant
[Baranov et ., 2013] and can reach up to 24 km in the
thickness of Earth’scrug.

Rotation axis of tectonic plate

Fig. 12. Calculation of the inertia moment
of the Antarctic tectonic plate

The teritory of Antarctica is characterized by
sharp changes in the thicknesses and physica
properties of the layers. The heterogeneous spatial
distribution of layers of the Earth’s crust of Antarctica
is caused by the complexity of its tectonic structure
formed by the platforms, orogenes, structure of
depression, and the intersection of extensive mid-
oceanic ridges with the Trans-Antarctic Mountain
Range. The continental crust of Antarctica can be
divided into three groups. 1) the oldest Archean and
Proterozoic crust of East Antarctica with a thickness
of 36-56 km (on average 41 km), 2) the continental
crust of Transantarctic mountains, the Antarctic
Peninsula and basin of Wilkes with thickness of
3040 km (on average 30 km); 3) the youngest
continental crust of the Western Antarctic rift system
with a thickness of 16-28 km (on average 26 km).
The average depth of the whole continental crust is
33.8 km [Baranov et al., 2013].

The CRUST 2.0 model is divided into cells of 2x2
degrees and consists of 360 key Id-profiles. Each
individual profile is a 7-layer ID-modd with values:
1) ice, 2) water, 3) soft sediment layer, 4) solid
sediment layer, 5) upper Earth crust, 6) middie Earth
crust, 7) lower Earth crust. Layers 5, 6, 7 correspond
to the consolidated Earth crust, which differ in the
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velocity of seismic waves-R and are characterized by
different petrological composition. Layer 5 consists of
granites (density: 2,6-2,8 g/cm®, the speed of seismic
waves P. 5,7-6,3 knm/s); layer 6 is an intermediate
between granites and basalts (density: 2.8-2.9 glcm®,
velocity of seismic waves P: 6.4-6.7 km/s); layer 7
consists of basalts (density: 2.9-3.1 g/em?, velocity of
seismic waves P: 6.8-7.4 km/s). In addition, for each
of the layers, the values of the longitudina Vp
(primary wave), transverse Vs (second wave) seismic
waves and density p of the Earth are given on the grid
2x2: 1) ice p = 0.92 g/em®,; 2) water p = 1.02 g/em?,
3) soft sediment layer p = 1.7 g/lem®; 4) solid sediment
layer p = 2.3 g/cm®; 5) upper crust p = 2.6 glem’;
6) average crust p = 2.9 glom®; 7) lower crust: p =
=3.05g/cm®>. Topography and bathymetry are
selected according to the global mode ETOPOS5
[ https://iwww.ngdc.noaa.gov/mgg/global /etopo5.HTML].

Fig. 13 shows the distribution of the crusta
thickness of the Antarctic tectonic plate. The
maximum thickness of ice is 4 km. Soft and hard
sedimentary deposits are concentrated mainly on the
edge of the Antarctic continent and their depth is up
to 3 km. The thickness of the upper crust is 17 km and
the thickness of the middle and lower crust is 15 km.
Fig. 14 shows the distribution of the crust of the
Antarctic tectonic plate according thickness. The
thickness of the crust is within the range from 20 to
45 km.

(a-a transversal section, b-b longitudinal section,
c-C section passing through the Euler pole and the
south pole of the Earth).

According to the CRUST 2.0 model, the profiles
of the crust thicknesses were created: transversd
profile a-a (Fig. 15), longitudina profile b-b
(Fig. 16), profile passing through the Euler pole and
the south pole of the Earth c-c (Fig. 17).

Since the tectonic plate rotates around the Euler
pole, it should be noted that the profile a-a, which
represents the dliding surface on the upper mantle, is
much smoother than the b-b and c-c profiles.

The smoothing of this surface on profile a-a, can be
presumed by the many-millionsin the time rotation of
atectonic plate.

Dissection of surface MOHO (bottom crust) on
profiles b-b and c-c isthe result of isostatic impact of
glacial dome.

Using average annual parameters of the Euler pole
and models CRUST 2.0, the annual tensors of inertia
moment are determined. For example the tensor of
inertia of the Antarctic plate relatively to the Euler
polefor 1996 isgiven in Table5.

Table5
Inertiatensor parameters of the Antar ctic plate
relatively to the Euler polefor 1996

Name Inertia tensor
Moment | 221840% -51940° - 4.9840%9
ofinetia | & 519.45° 14240% - 910407<
Ofthe | ¢ sogao® -91040° 24440" *
Eulerpole | &€ ™ ' : a
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Thickness of softsedi mentary deposits, km

Thickness of upper crust, km

Thickness of lower crust, km

Thickness of ice, km

Thickness of hard sedimentary deposits, km

Thickness of middle crust, km

Fig. 13. Distribution of the crustal thicknesses of the Antarctic tectonic plate
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Fig. 14. Total thickness of the crust
of the Antarctic tectonic plate
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Fig. 15. Transverse profile a-a of the distribution of thickness
of geological layers of the Antarctic tectonic plate
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Fig. 16. Longitudinal profile b-b of the distribution of thickness
of geological layers of the Antarctic tectonic plate
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Fig. 17. Profile c-c of the distribution of thickness of geological layers o
f the Antarctic tectonic plate passing through the Euler pole and the south pole of the Earth

Table 6
Inertiatensor parameters of the Antarctic plate
relatively to the South Pole of the Earth for 1996

Name Inertia tensor
Moment of ®12340* -18240%° -58840°0
inertia of the 8 18240° 55740° - 119407+
South Poleof | ¢ 5agqge - 110407 17940%
the Earth

In addition, using the data of 1996, the moments
of inertia of the Antarctic plate in relation to the South

Pole of the Earth, or so-called spin moments of
inertia, have been determined. The results are given in
Table 6.

Theinertiamoment of the Antarctic plate determined
relative to the south pole isless than the inertia moment
of the Antarctic tectonic plate determined relativey to
the Euler pole. This indicates that the south poleis much
closer to the center of mass of the Antarctic plate than
the Euler pole, and that the rotating motion of the
Antarctic tectonic plate is influenced by the tensions of
ne ghbouring tectonic plates.

Table 7
Total average annual moment of inertia and angular momentum
of the Antarctic tectonic plate and their annual changes
Years Inertia mc2>ment Angular Tomentum Change of inertzia Change of angzul ar
(kg-m°) (kg:-m“-rad/s) moment (kg-m°?) momentum (kg-m“-rad/s)
1996 3.018-10™ 3.827-10° 0 0
1997 2.811-10™ 5.109-10"° -2.070-10° 1.282:10"
1998 3.062:10™ 3.645-10° 2.510-10° -1.463-10°
1999 2.703-10™ 3.463-10° -3.590-10%° -1.826-10""
2000 3.665-10™" 4.392.10" 9.620-10 9.293-10"
2001 2.569-10™ 3.282:10° -1.096-10** -1.110-10°
2002 2.872:10™ 3.978-10° 3.030-10° 6.962-10""
2003 3.097-10™ 3.777-10° 2.250-10° -2.006-10""
2004 3.120-10™ 3.599-10"° 2.300-10* -1.782.10"
2005 3.281-10™ 3.720-10° 1.610-10% 1.207-10"
2006 3.423-10™ 3.940-10° 1.420-10% 2.199-10"
2007 3.049-10™ 3.624-10° -3.740-10° -3.156-10""
2008 3.395.10™ 4.117-10" 3.462:10° 4.929-10"
2009 3.893-10™ 4.283-10" 4.978-10” 1.655-10"
2010 3.206-10™" 3.721-10° -6.869-10 -5.615-10""
2011 3.381.10™ 4.154-10" 1.745.10% 4.327-10"
2012 3.398-10™ 3.659-10"° 1.788-10* -4,952-10""
2013 2.942.10™ 3.873-10° -4,563-10 2.147-10"
2014 2.989-10™ 3.672:10° 4.700-10 -2.014-10""
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Table 7 shows the total average annual moment of
inertia, angular momentum of the Antarctic tectonic
plate and their changes for the period 1996-2014.

Therdationship of angular momentums
of the Earth and Antarctic tectonic plate

The angular momentum of the Earth is a constant
value. However, the position of the rotation axis is
changing in the body of the Earth and the angular
velocity is changing. These two parameters should
compensate each other so that the angular momentum
of the Earth will be constant.

In addition, each tectonic plate has its own angular
momentum and the sum of these angular momentums
(nudleus, mantle, tectonic plates, ocean, and atmosphere)
creates the angular momentum of the Earth. Due to the
fact that the atmospheric, oceanic masses and tectonic
plates are moving, their angular momentum is changing,
but their sum is always a constant value.

Earth tides play a prominent role in the variability of
veocity of the Earth rotation with a period of less than
one month. Thetidd power dretchesthe Earth along the
graight line, which connectsits center with the center of
the perturbed body — the Moon or the Sun. In this case,
the compression of the Earth increases when the axis of
gretching coincides with the plane of the equator, and
decreases when the axis of dretching deviate to the
tropics. The moment of inertia of the compressed earth
is greater than thenon-deformed globular planet. In

addition, since the angular momentum of the Earth (that
is, the product of its moment of inertia on the angular
veocity) mugt remain congtant, the speed of rotation of
the compressed Earth is less than when it is undistorted.
Dedlindions of the Moon and the Sun and distances
from the Earth to the Moon and the Sun are congtantly
changing under the mation of the Moon and the Earth-
Moon system. Therefore, the tidd power variesin time.
Accordingly, the compresson of the Earth changes
which ultimatdy causes tidal unevenness of its rotation.
The most significant variations of rotational velocity are
with the half-month and month periods.

Table 8 shows the conditional annua angular
momentum of the Earth and its changes for the period
1996-2014. It is calculated only based on the change
of the angular velocity of the Earth’ s rotation.

Fig. 18 shows the change of annual angular
momentum of the Antarctic tectonic plate and the
angular momentum of the Earth. As seen from the
figure, the angular momentum of the Antarctic
tectonic plate and the conditional angular momentum
of the Earth are asynchronous, that is, when
increasing angular momentum of the Earth, the
angular momentum of the Antarctic plate decreases.
Only in two cases in 2001 and 2007, did changes of
the angular momentums of the Earth and the Antarctic
plate coincide. This asynchrony confirms the law of
conservation of angular momentum.

Table 8

Conditional annual angular momentum of the Earth and its changes for the period 19962014

Years Angular momer;tum of the Earth Change of angular mzomentum
(kg- m*- rad/s) of the Earth (kg- m*- rad/s)
1996 7.09012340 77 X0 % 0
1997 7.09012340 63 X10 = -1.468 x10%
1998 7.09012344 43 x10 = 3.808 K0 %
1999 7.09012347 59 X10= 3.159 0%
2000 7.09012349 83 x10 = 2.237 10 %
2001 7.09012351 02 x10 * 1.186 0>
2002 7.00012351 81 X0 7.901 X0 %
2003 7.09012353 46 x10 * 1.655 X0
2004 7.09012353 16 X10 -3.043 110
2005 7.09012352 17 X10°= -9.906 x10 *
2006 7.09012348 95 x10 * -3.218 ®0®
2007 7.00012348 73 x10 * -2232 X0%
2008 7.09012348 55 x10 * -1.757 x0%
2009 7.09012349 12 x10 * 5.678 0%
2010 7.09012349 99 x10* 8.684 xX10%
2011 7.09012349 47 X10°= -5.215 x10 *
2012 7.09012348 9X10= -5.698 x10 *
2013 7.09012347 31x10 % -1.590 x10%
2014 7.09012347 55 x10 * 2.480 x0*
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Fig. 18. Change of annual angular momentums of the Antarctic tectonic plate and the Earth

Relationship of angular momentums of the
Antar ctic tectonic plate and the atmosphere

The main reason for the seasona unevenness of the
Earth’ srotation isthe atmospheric drculation. It is known
that on the average, the amaosphere moves in relaion to
the Earth's surface from ead to west in low latitudes
(eagtern winds blow), and from west to eat in temperate
and high lditudes (western winds predominete). The
angular momentum of the eastern winds is negative, and
the western one is positive. One might think that these
momentums compensate each other and the angular
momentum of the winds of the entire atmosphere is
always zero. However, cdculations show that in the
eastern winds this value is severd times smaller than in
the western winds. Therefore, the angular momentum of
the winds of the entire amosphereis not equd to zero, but
on average per year is+ 14 - 1025 kg n* - s, Its vdue
variesduring the year from + 16.1-1025 kg- m* -s*in April
and November to + 10.9-1025 kg- m? -sin August.

The angular momentum is a physical quantity that
cannot arise or be destroyed. It can only be redistributed.
The atmosphere held by the Earth gravity rotates like a
solid body together with the Earth and, in addition,
rotates independently relative to the Earth’s surface.. In
this case, redistribution occurs between the atmosphere
and the solid Earth. When the angular momentum of the
atmosphere increases, (the western winds intensfies or
the eastern ones weakens) the angular momentum of the
Earth body decreases and its rotation dows down. When
the momentum of the atmosphere decreases (the western
winds weskens or the eagtern ones intensfies), the
Eath’'s rotation accderates. The totad angular
momentum of the Earth and the atmosphere aways
remains unchanged. Changes of the absolute angular
momentum of the atmosphere arise due to variations in
components of the inertia tensor of the atmosphere (as a
result of redistribution of air and water masses) and, due

20

to the oscillations of components of the angular
momentum of thewind.

According to the data of GGOS Atmosphere web
resource [http://ggosatm.hgtuwien.ac.at/], we can
calculate the annua angular momentums of the Earth’s
atmosphere. The main data of the GGOS Atmosphere
Web resource consigts of the Atmospheric Angular
Momentums (AAM) and related magnitudes from four
major meteorological centers: the National Center for
Environmental  Prediction (NCEP), the Japan
Meteorological Agency (JMA), The United Kingdom
Meteorological Office (UKMO) and the European
Centr for Medium-Range Wesather Forecadts
(ECMWEF).

Based on thee data and the results of the
caculations, the average annual angular momentums of
the amosphere for the period 1996-2014 are presented in
Table9.

Fig. 19 shows the change of angular momentum of
the Antarctic tectonic plate and the atmosphere. Asit can
be seen from the figure change of the angular
momentums of the Antarctic tectonic plate and the
atmosphere occurs synchronoudy, with the exception of
theresults of 2000 and 2004.

Relationship of angular momentums of the
Antar ctic tectonic plates and the ocean

The caculation of the ocean angular momentum
(OAM), bath its axid (AOAM) and equatoria (EOAM)
components, require detailed knowledge about large-
scale circulation of mass under the globa ocean. Thus,
the researches of OAM dedls with al aspects of
forecagting of the ocean angular momentum and mass,
including forced streams on the atmospheric and solid
boundaries of the Earth, which are crucial for an
integrated approach to studying the dynamics and
climate of the Earth.
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Table9
Aver age annual angular momentums of the atmospher e for the period 1996-2014
Tensor of inertia along the axes Angu|ar momentum
Years (kg- m?) of the atgnosphere
Axis X AxisY AXisZ (kg- m*- rad/s)
23 23 26
1996 6.574-10 -1.20810 1.42710 0
23 23 26 25
1997 4.904-10 221310 1.609-10 1.821-10
1998 371210 1110° 151110 -0.789-10
1999 151510 1131710 1.41210° -0.889-10"
2000 23 22 26 24
2.88.10 4.954-10 1.38610 -2.624-10
2001 222810 1131410 141610 293710
2002 210110 -11810° 1.46810° 524310
2003 1.26710" 152710 145710 1110310
2004 2.947.10° 11,3460 1.48610° 2.867-10
2005 23 23 26 24
2.667-10 -2.896-10 1.442.10 -4.386-10
2006 20 23 26 24
45210 -2.18510 1.45810 1.656-10
2007 23 23 26 24
-1.064-10 -3.006-10 1.37-10 -8.792-10
2008 -1.94110° 226610 1.41210° 413610
2009 23 22 26 24
1.26310 -5.875-10 1.44810 3.674-10
2010 226410 750210 1.4210" 281310
2011 1.15710° 230410 141510 575810
2012 513210 1.67610 137210 429910
2013 22 22 26 24
-4.458.10 -9.205-10 1.467-10 9.544-10
2014 22 20 26 24
-9.28610 319510 1.44610 -2.12810
5.5:10'8 1.710°0

s5.10"F

4510
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Fig. 19. Change of angular momentums of the Antarctic tectonic plate and the atmosphere
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Further discussion of various aspects of the
oceanic angular momentum and changes in the
Earth’s rotation can be found in studies, for example,
[Brosche and Siindermann, 1985; Brosche et al.,
1990, 1997; Frische and Siindermann, 1990; Ponte,
1990, 1997a; Ponte and Gutzler, 1991; Eubanks,
1993; Dickey et al., 1993; Ponte and Rosen, 1994;
Bryan, 1997; Segschneider and Siindermann, 1997,
Dickman, 1998; Furuya and Hamano, 1998; Marcus
et al., 1998; Ponte et a., 1998; Celaya et al., 1999;
Johnson et al., 1999, Nastula and Ponte 1999, Ponte
and Stammer 1999, 2000; Chen et al., 2000; Gross,
2000, and Wiinsch, 2000].

Scientigs  from  AER  (Atmospheric  and
Environmental Research) had studied main parts of
global weather analyzes, and conducted research and
analyzed ocean models. The results were used to
diagnose global prediction of angular momentum,
including the exchange of angular momentums
between the atmosphere, the oceans, and the solid
Earth. The work shows that there is a particularly
close connection between variations of the total force
of atmospheric winds and small but noticeable
changes in the velocity of the Earth’s rotation. Other
aspects of the motion and orientation of the Earth are
closely related to the combination of atmospheric and

oceanic influences. In particular, AER researchers
have found that changes in pressure at the bottom of
the ocean also contribute to changes in the velocity of
the Earth’s rotation. Input data for calculating the
ocean angular momentum is found on the
Atmospheric and Environmental Research web site.

Table 10 shows the average annua change of
angular momentum of the mass of the ocean and
change of the angular momentum of the ocean
motion, as well as its total angular momentum from
1996 to 2014.

Fig. 20 represents the change of the average
annual angular momentum of the Antarctic tectonic
plate and the total angular momentum of the ocean.
Asit can be seen from the figure, angular momentum
of the ocean is asynchronous to angular momentum of
the Antarctic tectonic plate. The explanation of this
phenomenon requires additional research. Deviations
recorded only in 2006—2007 and 2013.

Continuation of research on other tectonic plates
may alow the development of predictive models of
rotational parameters of tectonic plates based on the
average annual changes of the angular velocity of the
Earth’s rotation which is important for the
establishment of new coordinate systems and the
forecasting of global crustal motions.

Table 10

Change of the aver age annual angular momentum of the ocean mass,
the water motion, and the total ocean angular momentum
for the period 19962014

Change of the angular Change of angular Total ocean angular
Years momentum of the ocean momentum of the ocean momentum

mass (kg-m?-rad/s) motion (kg-m*rad/s) (kg-m*rad/s)
1996 0 0 0
1997 -9.375.10% -2.056:10% -1.143-10%
1998 5.901.10% -7.534-10% 5.148.10%
1999 1.615-102 -1.582:10% 3.281-10*
2000 -2.107-10% -2.424-10% -4.531-10%
2001 -7.749-10% 8.073-10% 3.234-10%
2002 -3.958.10% -7.902:10% -4.748-10%
2003 7.211-10% 1.049-10% 8.26:10%
2004 8.277-10% -4.485.10% 3.792-10%
2005 1.113-10% -8.999.10% -7.886:10%
2006 1.598-10% -8.183-10% 7.793-10%
2007 -4.167-10% -4.1310% -8.297-10%
2008 6.919-10% 3.022:10% 9.94.10%
2009 -5.069:10% -1.001.10% -6.071.10%
2010 6.003-10% 7.899.10% 6.793-10%
2011 -5.397-10% -2.1310% -2.67-10%
2012 -1.297-10% -1.254-10% -2.551-10%
2013 -1.682:10% 9.918-10% -6.898-10%
2014 3.54.10% 1.261.10% 4.801-10%
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Fig. 20. Change of the average annual angular momentums of the Antarctic tectonic plate
and the average annual total angular momentums the ocean

Conclusions

1) The position of the average Euler pole, angular
vel ocity of the plate rotation and their annual changes
are determined using the results of daily solutions of
28 permanent Antarctic GNSS-gtations for the period
1996-2014.

2) According to the results of determining the
Antarctic tectonic plate tensors of the inertia moment
relative to the Euler pole and to the south pale, it is
established that the inertia moment reatively to the
south pole islessthan the inertia moment relative to the
Euler pole. This indicates that the power stresses that
arise as a reault of interaction with neighbouring
tectonic plates have an effect on rotation of the Antarc-
tic tectonic plate around the Euler pole. Therefore, the
Euler pole is more distant from the center of gravity of
the Antarctic tectonic plate, and the south pole is, on
the contrary, doser to its center of gravity.

3) The change of the conditiona angular
momentum of the Earth and angular momentum of
the Antarctic tectonic plate has an asynchronous
manifestation. With increase of angular momentum of
the Earth, the angular momentum of the Antarctic
tectonic plate decreases and vice versa, that indicates
the law of conservation of angular momentum
between the body of the Earth and the Antarctic
tectonic plate.

4) The change of angular momentum of the
Antarctic tectonic plate and angular momentum of the
atmosphere is synchronous, that allows suggesting
that the mechanism of interaction of conditional
angular momentum of the Earth and the atmosphereis
the same as the interaction of the system the Earth —
the Antarctic tectonic plate.

5) Changes of angular momentums of the
Antarctic tectonic plate and angular momentum of the

ocean are asynchronous. Thereafter, the interaction of
“the Earth — the ocean” system has the opposite
interaction than the systems “the Earth — the Antarctic
tectonic plate’, or “the Earth — the atmosphere”. An
explanation of thisrequires additional research.

6) On the base of implemented research, it is
possible to develop the prediction of models of
rotational parameters of tectonic plates based on the
average annual changes of the angular velocity of the
Earth’s rotation, which is important for the
establishment of new reference systems and the
forecasting of global crustal motions.
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JOCIIKEHHA B3AEMO3B' AA3KY MK 3MIHAMU TA [NHEPEPO3IIOAIZIOM MOMEHTY IMITYJIBCY
3EMJII, AHTAPKTUYHOI TEKTOHIYHOT IIJIUTU, ATMOC®EPU TA OKEAHY

Merta. Meroto 1i€i poOotu € ompaigoBanHs pe3ynbrariB  goBrorpuBanmux ['HCC-cnocrtepexxenb Ha
MIEpMaHEHTHUX CTaHIiSIX, PO3TAIIOBAHUX HAa TEPUTOPii AHTAPKTUYHOI TEKTOHIYHOI IUINTH, BU3HAYEHHS 3MiHH 11
pOTaLlifHUX TapaMeTpiB Ta MOMEHTY IMIYJIbCY, OOYHMCIEHHs 3MiHU MOMEHTY IMITYJIbCY 3eMIIi , OKEaHIYHHX Ta
aTMoc(epHHX Mac 1 BCTAaHOBJICHHS B3a€EMO3B'SI3Ky MK IIMMHU mapamerpamu. Mertognka. Y po0ori
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MIPE/ICTaBJICHO YAOCKOHAJICHWH AJTOPUTM BHU3HAYECHHS NapameTpiB moirocy Elnepa 1 KyToBOi HIBHIKOCTI
00epTaHHs TEKTOHIYHOI IUIUTH 3 ypaxyBaHHSIM Oe3MepepBHOCTI Ta HEPIBHOMIPHOCTI YacOBHX Cepill MIOJEHHUX
PO3B’SI3KIB  IPOCTOpOBOro po3TamyBaHHsa mepMaHeHTHUX I HCC-ctanmiii. Pe3yabTraTn. 3a pesyiabraTaMu
noJieHHnx po3s’ s3kiB 28 mepmanenTHux ['HCC-cranmit Autapkruau 3a nepion (1996-2014 pp.) BusHadeHO
MOJIOXKCHHS CepemHbOro moiocy Einepa, KyTOBOi HMIBUAKOCTI OOEpTaHHS IUIMTH Ta IXHI IIOPIYHI 3MIiHHU.
BusHaueHo mIOpiuHI MapaMeTpH TeH30pa iHepIii Ta MOMEHTY IMOYJIbCy AHTApPKTUYHOI TEKTOHIYHOI IUTUTH.
OOumciieHO 3a JaHUMH CiIyOu oOepTaHHS 3emii Ta reo(i3WYHHX CIIOCTEPEKEHb IIOPIYHI 3MiHU MOMEHTY
IMITyJIbCY 3eMili Ta TEH30PH MOMEHTY iHepILii Ta BEIMYMHU MOMEHTY IMIYIIbCY OKEeaHIYHHX Ta aTMochepHuX
Mmac 3a mnepion (19962014 p.). HaykoBa HoBH3HA. BCcTaHOBJIEHO, M0 MPAKTHYHO MPOTATOM YCHOTO MEPiOAy
CrHoCTepekeHb 30UIBIIEHHI0O MOMEHTY IMITYINbCy AHTapKTUYHOI TEKTOHIYHOI IUIMTH BiJIIOBiNA€ 3MEHIICHHS
MOMEHTY IMIynbCy 3eMii Ta aTMoc(epH, IO CBIAYMTH HPO 30€peKEHHS MOMEHTY IMITYJIbCy. 301IbIICHHIO
MOMEHTY IMITYIbCy AHTAPKTUYHOI TEKTOHIYHOI IUITMTH BiAINOBiZae 30UIBIIEHHS MOMEHTY IMITYJbCY OKEaHy.
[NosicHeHHS 1ILOTO B32€MO3B’ 13Ky BUMArae JI0AaTKOBUX JOCIiIXKEHb.

Kniouosi cnosa: AHTapKkTHYHA IUIMTAa; MOMEHT IMITYJIbCY, TEH30p iHEpIlii; KyTOoBa IIBHUJIKICTb, IIOJIOC
Eitnepa; THCC-cranuii.
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NCCIIEJOBAHUE B3ANMOCBA3U MEXAY U3MEHEHMAMU
1 IEPEPACTIPEJEJIEHMEM MOMEHTA NMITYJIbCA 3EMJIU, AHTAPKTUHECKOH
TEKTOHMYECKOMU IUINTBI, ATMOC®EPBI 1 OKEAHA

Heasn. Iensio naHHOW paboTHl sBisieTcs oOpaboTka pesynbraroB mnutenbHbix [THCC-nabmomenuit Ha
MIEPMAaHEHTHBIX CTAHIMAX, PACIOJIOKEHHBIX Ha TEPPUTOPHUU AHTAPKTUYECKOH TEKTOHWYECKON IUIUTHI;
OIIpe/IeIeHUsi M3MEHEHHsS €€ POTAIMOHHBIX MapaMeTpOB M MOMEHTa HMMIYNIbCA, BBIYUCICHHS W3MEHEHUS
MOMEHTa UMIYJIbca 3eMJIH, OKEAHHYECKUX M aTMOC(EPHBIX MacC M yCTaHOBJICHHE B3aUMOCBSI3H MEXIY 3TUMH
napamerpamu. Metoaguka. B pabore mpeacTaBlieHbl yCOBEPUICHCTBOBAHHBIM ANTOPUTM  ONPEACICHHS
rapamMeTpoB IoJroca Diiepa U yriioBOM CKOPOCTH BpAIllEHUs] TEKTOHUYECKOH IUTUTHI C YYETOM HEIPEPhIBHOCTH
U HEpaBHOMEPHOCTH BPEMEHHBIX CEpUH €XKEJHEBHBIX pEIIeHWH NPOCTPAHCTBEHHOIO PaCHOIOKEHHS
nepmaneHTHbIX [ HCC-crannmii. PesyabsTatsl. [lo pe3ynbTaTamM eXeJHEBHBIX peUICHHHA 28 NepMaHEHTHBIX
T'HCC-crannuit Aurapkruisl 3a nepuos (19962014 rr.), ompeaeneHo moioKeHne CpeHero mooca Jilrepa u
YIJIOBOM CKOPOCTH BpAllleHUs] IUTUTBI U WX €XKeroaHble M3MeHeHus. OnpeneneHbl €XerogHble MapaMeTphbl
TEH30pa WHEPUUU M MOMEHTa HUMIYJIbca AHTAPKTHYECKOW TEKTOHMYECKOW IUIUTHI. BBIYMCIEHO MO JaHHBIM
ciryOBI BpaleHust 3eMiau U reopU3NIeCcKiX HaOM0AeHUH €XXeroJHbIe N3MEHEHHS MOMEHTa UMITYJIbca 3eMITH U
TEH30pbl MOMEHTA MHEPIMU M BEIMUYMHBI MOMEHTa UMITYJIbCa OKEAHWYECKUX M aTMOC(EpHBIX Macc 3a HepHo[
(1996-2014 rr.). HayuHass HOBH3HA. Y CTaHOBJIEHO, YTO IPAKTHYECKU B T€UEHHE BCErO MEPHOIA HAOIIOACHHM
YBEIMYCHUIO MOMEHTa HUMITYJbca AHTapKTHYECKOH TEKTOHMYECKOW IUTUTHI COOTBETCTBYET YMEHBIICHUE
MOMEHTa HUMITyJbca 3eMJIM M aTMoc(epbl, 3TO CBUAETENBCTBYET O COXPAaHEHHH MOMEHTa HWMITYJIbCA.
VBETUUEHNIO MOMEHTa HMITyIbca AHTapKTHYECKOH TEKTOHMYECKOH IUIMTBI COOTBETCTBYET YBEIHYEHUE
MOMEHTa UMITyJIbca okeaHa. OOBSICHEHHE ATOTO B3aUMOCBSI3H TPEOYeT JOMOIHUTENBHBIX UCCIIEIOBAaHHH.

Kniouesvle crosa: AHTapKTHUECKas UINTA; MOMEHT MMITYJIbCA; TEH30p MHEPIIMH; YIIIOBask CKOPOCTD; IOJIOC
Diinepa.
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