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FEATURES OF THE INFLUENCE OF SEASONAL VARIATION OF SOIL
MOISTURE ON VERTICAL MOVEMENTS OF THE EARTH’S SURFACE

The purpose of the research is to establish experimentally the most favorable conditions for determining the
vertical movements of the Earth's surface in terms of the minimal influence of variations of soil moisture on the
results of observations. Geodetic monitoring of deformation processes at geodynamic testing grounds (GTG)
occurs mainly without taking into account the influence of factors on the dynamics of the Earth's surface and
benchmarks. To successfully separate tectonic or anthropogenic movements from all recorded motions of the
Earth's surface, it is necessary to exclude their hydrometeorological component. One type of meteorological
impact on the dynamics of the Earth's surface and benchmarks is the volumetric deformation of the swelling
soils due to the variation of their moisture. They cause seasonal vertical movements, the magnitude of which
depends on the physical and mineralogical properties of the soil, the characteristics of the environment, and the
amplitude of annual fluctuations in temperature and moisture. The research methodology included the parallel
observations at two points of vertical movements and moisture of the top one-meter layers of soil at GTS in
Poltava for the period 2006 to 2015. The main result is the determination of a nonlinear nature of the effect of
seasonal changes of soil moisture on the vertical displacement of the Earth's surface, depending on the absolute
values of moisture. If soil moisture exceeds its maximum molecular moisture content (MMMC), then its
variations do not affect the dynamics of the ground. This is explained by the different mechanism of vertical
infiltration of water in the soil, depending on its water saturation. At high levels of soil moisture, further changes
are caused mainly by capillary and gravitational forces that do not cause deformations and vertical movements of
the Earth's surface. The scientific novelty of this research is to establish the important role of the MMMC of soil
in the generation of vertical movements of the Earth's surface and benchmarks due to variations in its moisture.
The practical significance of the work lies in the possibility of minimizing the influence of
hydrometeorological factors on the results of high-precision observations of the dynamics of the Earth's surface.
The results obtained can be used in the organization of high-precision observations of vertical movements on the
GTG and their interpretation.
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Volumetric deformations of the upper layers of

Introduction soil depend on the physical and mineralogical

The quantitative spatio-temporal characteristics of
the deformation processes studied at the GTG
represent the total impact of tectonic, human-made,
and exogenous factors. For successful interpretation
of the results of the observations, it is necessary to
separate the individual components of the recorded
movements of the Earth's surface.

Exogenous vertical movements of hydrometeoro-
logical origin can be caused by changes in
atmospheric and hydrological loads on the surface of
the Earth, volumetric deformations of the soil, which
occur as a result of changes in its temperature and
moisture. Using the models of the atmosphere and the
distribution of water in the continental parts of the
Earth, it is possible to calculate the load on the Earth's
surface and obtain the corresponding fields of its
displacement at a global and regional scale [Rabbel &
Zchau, 1985; Dam, et al., 2001; Clark, 2007].
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composition of the soil, the magnitude of variations of
its temperature and moisture, terrain, features of
biological processes of plant life, etc. [Rusanov, 1961;
Pavlyk, et al., 1996; Pavlyk, 2010, 2011; Demoulin,
2004]. The physical and mineralogical composition of
the soil determine the potential for vertical
displacements of the Earth's surface, which are
realized only in the presence of variations in
hydrometeorological factors. As the meteorological
parameters change with annual frequency, this
component is dominant in the spectrum of vertical
movements of the upper soil layers. Seasonal vertical
oscillations of the bedrock and sandy soils are mainly
caused by variations in temperature and do not exceed
1 mm [Dong, et al., 2002; Pavlyk, 2010]. Periodic
deformations of soils, which include clay
components, caused primarily by fluctuations in its
moisture and be as much as tens of millimeters
[Rusanov, 1961; Pavlyk et al., 1996, Vittuari, et al.,
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2015]. The largest seasonal vertical displacements
exceed 100 millimeters and occur on peat and marsh
soils [Zurowski, 1971; Chimitdorzhiev et al., 2013].
Therefore, ignoring periodic displacements of the
ground and benchmarks due to variations in soil
moisture can lead to significant errors in determining
the quantitative characteristics of tectonic or
anthropogenic deformations.

Three basic methods are used to study vertical
motions: repeat leveling, GPS observations and radar
interferometry that allows monitoring with millimeter
accuracy [Ferretti et al., 2009; Hooper, et al., 2012].
Successful interpretation of the observations of the
dynamics of the Earth's surface requires the stability
of the geodetic base to hydrometeorological effects or
information about the magnitudes of their temporal
changes. Geodetic benchmarks, GPS monuments, and
checkpoints for differential radar interferometry often
produce seasonal variations of their surrounding soils.
[Nicolas et. al, 2006; Szczerbowski, 2009; Ji, &
Herring, 2012]. Based on the repeated determination
of benchmark heights along a 40 km long profile in
Western Australia, it has been shown that seasonal
oscillation information for benchmarks is necessary to
obtain reliable data on the velocity of vertical
movements of the Earth's surface, especially in the
case of a short interval between repeated leveling
[Lyon, et al., 2018]. Only 40% of the actual
magnitude of the annual vertical oscillations obtained
from continuous GPS observations can be explained
by the influence of known factors such as ocean (tidal
and non-tidal), atmospheric and hydrological loads,
tidal pole motion [Dong et al., 2002]. Determination
of the parameters of the seasonal component of the
displacement of the Earth's surface by means of repeat
leveling made it possible to explain the nature of
vertical movements according to radar interferometric
observations at the Ust-Selenga test area
[Chimitdorzhiev et al., 2013]. The above examples
show the importance of information on the seasonal
movement of the upper soil layers in the study of the
dynamics of the Earth's surface by geodetic methods.

Variations in the moisture of clay soils cause their
volumetric deformation and vertical movement. Soil
water can be bound by sorption forces and free under
capillary and gravitational forces. Variations in the
amount of bound water in the soil cause changes in
the thickness of the water films around its solids. This
causes changes in the volume of the soil and as a
result its vertical movement. Only weakly bound
water that moves in the soil from thicker to thinner
films and displace its solids is involved in this process
[Tsytovich, 1973]. Strongly bound (hygroscopic)
water is a constant value for a particular type of soil,
and as well as free water, that only fills its pores, is
not capable of causing deformation. The ratio between
bound and free water depends largely on the particle
size of the soil. In coarse-grained soils most of the
water is in the free state and in fine-grained soils in
the bound one. Therefore, in sandy soils vertical

movements due to changes in its moisture are
practically absent, but in clay and loamy soil they
reach considerable magnitudes. The maximum
amount of bound water that the soil can accumulate is
called its MMMC. Moistening the soil to the value of
its MMMC occurs under the action of sorption forces.
This process is accompanied by swelling of the soil
and the vertical uplift of the Earth's surface. Further
increase in soil moisture occurs mainly due to free
water and should not cause deformation of the Earth's
surface. The decrease of soil moisture to the MMMC
value should also not be accompanied by its
compression and sinking of the land surface
[Feldman, 1988].

Purpose

The purpose of the research is, using the
experimental data as the base, to establish the
relationship between the magnitude of the vertical
displacements of the ground surface and the moisture
content of the topsoil at the GTG in Poltava.
Confirmation of the fact that variations in soil
moisture in excess of its MMMC have little effect on
the vertical position of the Earth's surface will allow
to determine the most favorable conditions and
periods of geodetic observations. In this case, the
vertical movement of the ground and benchmarks due
to periodic swelling and compression of soils that
respond to moisture change will be minimal.

Methodology
Repeat leveling

To achieve this goal, we used the results of
observations at the GTG in Poltava, which was
created to study the influence of local
hydrometeorological factors on the dynamics of the
ground surface. In this work we used the series of
vertical movements of the upper one meter layer of
soil according to the weekly observations by repeat
leveling of the two surface benchmarks 5 and 7 for
the period from June 2006 to December 2015. The
benchmarks 5 and 7 are concrete monoliths with a
height of 1 m and a diameter 0.18 m, which are
installed in the top one meter layer of soil. The
benchmarks are located on plain terrain with grassy
vegetation at the distance of 15 m from each other on
medium loamy soils. The mechanical composition of
the top one meter layer of soil near the benchmarks
are as follows: the content of sand fractions (larger
than 0.05 mm) is 37%, silt (0.05-0.005 mm) — 45%,
clay (less than 0.005 mm) — 11%, organic matter —
7% [Pavlyk, 2010].

Previously, we found that seasonal vertical
movements of benchmarks at the GTG in Poltava are
determined by instrumental methods to the depth of 4
m below the Earth’s surface [Pavlyk, 1999].
Therefore, the vertical displacements of any of our
benchmarks consist of the movement of its monolith

in the upper one meter layer of soil v, and the
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integral movement of soil layers, which are located
below its base to the depth of 4 m v, ,,. The

vertical movements of the benchmark 5 can be
expressed as:

Vs = Vo0 T Vio-a- (1)

The displacements of benchmarks 5 and 7 were
determined relative to the base benchmark A15. This
benchmark is a cylindrical concrete monolith with a
height of 30 cm. It is located in a well with a diameter
of 18 cm and depth of 1.5 m from the surface of the
land. Due to the well casing, the deformation of the
soil layers above its foundation is not affected by the
stability of this benchmark. Seasonal motions of the
benchmark A15 consists of the movement of its
monolith at the depth of 1.2-1.5 m from the Earth’s

surface v,, s and the integral movement of soil

layers in the depth range from 1.5 mto4.0m v, 5 4,

Vais =Vigos TVisao- (2)

The vertical movement of the soil layer below the
concrete monolith of the benchmark 5 v, , , , can be

divided into three separate components:

V040 = V0-12 TVioas T Visoa0 - 3)

Seasonal vertical motion of the benchmark 5
relative to the benchmark A15 v 5.5 can be obtained

as the difference of equations (2) and (1) taking into
account the expression (3):

Vass =Vas = Vs ® Vo2 ~ Voo “4)

The movement of the benchmark 7 will be similar
to equation (4).

Thus, if the bottom of the tested benchmark and
the top of the original one coincide, then the stability
of the tested benchmark is not affected by the
deformation of the soil layers below. This statement is
valid only if both benchmarks are placed on a site
with the same physical soil properties, terrain,
climatic conditions, and other factors that cause
seasonal vertical movements of soil layers at different
depths. Benchmarks 5, 7, and Al5 satisfy these
conditions.

At the GTG in Poltava it was not possible to find
such a base benchmark that would allow to
completely exclude the dynamics of all soil layers
below the investigated ones. However, according to
our experimental data, the seasonal vertical
movements of the soil layer 1.0-1.2 m does not
exceed 5-7% compared to the top one meter layer

Vo_10- This is confirmed by fig. 1 which shows the

vertical movements of soil layers 0-0.9 m and 0.9-1.2
m from the surface of the ground, which were
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obtained at the GTG in Poltava in 2017-2018 near
benchmarks 5 and 7.

Therefore, in our studies, we neglect the vertical
seasonal movements of the soil layer at a depth of 1.0-

1.2 m Vv, o, ,, which are much smaller than the top

one meter layer.

£ 25 -

£ 1

» 20 1

®

g 154

g

5 10

=3

® 59 2

O

f =t TN~

q>,0 T T T T T
NN RN N NNNDN
SO oo oo 8383838
AAAAA = 2 2 82 3 =
NN NN N ® ® ©® 0 0 ©
O N A O ® O N B D ® O

Years

Fig. 1. Vertical movements at GTG in Poltava
2017 - 2018:
1 —soil layer 0-0.9 m; 2 — soil layer 0.9-1.2 m.

Soil moisture monitoring

Parallel to the geodetic observations at the GTG,
the soil moisture was determined by the absolute
gravimetric method [Grushka, 2005] to the depth of 1
m every 0.1 m near benchmarks 5 and 7. This method
is quite time-consuming, but is characterized by high
accuracy. Moisture is determined as a percentage of
the weight of water to the mass of dry soil. In winter,
when the soil was frozen, the moisture was not
determined. Monitoring of temporal changes in soil
moisture by this method involves taking soil samples
each time elsewhere. According to the results of our
research, even at points that are only one meter apart,
the moisture can differ by 3-4%, which is much
greater than its accuracy. This indicates a high degree
of locality of this hydrological parameter. The relative
accuracy of soil moisture determination at GPG in
Poltava is 3-4 times lower than the accuracy of the
vertical displacements of the Earth's surface according
to the observations of the benchmarks. Therefore, to
reduce the dispersion of individual moisture values,
we have smoothed the original data by averaging
three time-related values of this parameter.

Results

Variations in the moisture of individual soil layers
may differently affect the integral vertical component
of the dynamics of the Earth's surface, which is
obtained on the basis of the observations of
benchmarks 5 and 7. Therefore, to determine those
soil layers whose deformations have a greater
influence on the displacement of the Earth's surface,
correlation coefficients were obtained between the
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relative vertical motions of each of the benchmarks on
the one side and the moisture of the soil layers 0.1 m
thick to a depth of 1 m on the other side. The
calculated correlation coefficients are shown in Fig. 2.
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Fig. 2. Dependence of the correlation
coefficients between the vertical movements at
benchmarks 5 and 7 and the moisture of the soil

layers with thickness 0.1 m in the depth
range 0-1.0 m for the period 2006-2015.

According to Fig. 2 it can be concluded that the
vertical motions of the surface benchmarks are caused
to a greater extent by changes in the moisture in the
soil layer of 0.4 - 0.8 m. The reliability of the
empirical correlation coefficients obtained [Smirnov
& Dunin-Barkovsky, 1965] is extremely high, since
the mean square deviation of each is in the range 0.02
- 0.04. 1t is also interesting to note that the influence
of moisture variations on the displacement of the
benchmark 7 is systematically greater than for the
benchmark 5. This feature can be explained by the
fact that the benchmark 7 is located in an open area,
and 5 one near trees. Therefore, soil moisture near
benchmark 5 due to increased transpiration should be
higher than at benchmark 7, which is reflected in the
distribution of the obtained values of correlation
coefficients.

Fig. 3 shows the vertical movements of the upper
one meter layer of the Earth's surface according to
repeated ten year observations of the benchmarks 5
and 7 and the corresponding moisture content of the
soil layer at the depth of 0.4-0.8 m.
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Fig. 3. Vertical movements of the top one-meter layer of soil in mm and its moisture at the depth of
0.4 - 0.8 min % at the GTG in Poltava for 2006-2015:

A —according to the observation of the benchmark 5, B — according to the observations of the benchmark 7.
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To ensure the homogeneity of the output, the
series of vertical displacements of the benchmarks are
smoothed similarly to the soil moisture arrays. The
mean square error of one value of vertical motions in
Fig. 3 does not exceed 0.1 mm.

The empirical correlation coefficients of the
investigated time series of vertical motions and soil
moisture are extremely high (0.93 for benchmark 7
and 0.88 for benchmark 5 for arrays longer than 350
values). This fact confirms the main role of variation
of soil moisture in the generation of seasonal
fluctuations of the Earth's surface at GTG in Poltava.

To study the dependence of the influence of
moisture changes on the vertical displacement of the
upper layer of the Earth's surface on the absolute
value of soil moisture, the coefficient k; was
calculated. It is equal to the ratio of the change in the
vertical position of the topsoil 44; to the change of its
moisture AW; at the same time interval 4¢; :

k=S 5)

AW,

The time interval At# was chosen as small as
possible. The magnitude of AW; is determined with
less accuracy than Ah;. Therefore, it is subject to
additional conditions. Changes in moisture in the
determination of each individual value of AW, should
exceed 2%, so as not to doubt their real existence. The
average value of AW; is 2.8%. A total of 150 k;
coefficient values were obtained during the whole
observation period. The following is the grouping of
the obtained coefficients according to the average
absolute value of soil moisture. The average values of
soil moisture are divided into six intervals: less than
15%, 15-17%, 17-19%, 19-21%, 21-23% and more
than 23%.

Fig. 4 shows the dependence of the coefficient k&
(its dimension is mm of vertical displacement to % of
soil moisture) on the absolute value of soil moisture in
percent at benchmarks 5 and 7.

According to Fig. 4, the effect of soil moisture on
the studied parameter k near benchmarks 5 and 7
differs little from each other. Existing differences can
be explained by the high locality of soil moisture,
which we noted above. If the soil moisture is more
than 22%, its effect on the vertical movement of the
Earth's surface decreases considerably. If the soil
moisture reaches 24% or more, its variations
practically do not affect the altitude position of the
Earth's surface. This means that at the GTG in Poltava
the soil MMMC is about 24% and further increase of
its moisture is mainly caused by capillary and
gravitational forces that do not cause deformation of
the land surface.

Fig. 5 and 6 show the absence of response of the
Earth's surface to variations in soil moisture, if it
exceeds its MMMC.

Considerable changes in soil moisture, which
occurred in April 2013 near the benchmark 5 (Fig. 5),
as well as from the end of March to the end of May
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2008 near the benchmark 7 (Fig. 6) did not cause the
corresponding vertical movements of the Earth’s
surface. Thus, the period of time when soil moisture
exceeds its MMMC can be considered as the most
favorable period for performing high-precision
observations of the vertical component of the
dynamics of the Earth's surface. At this time, the
vertical position of the land surface is practically
unchanged, despite considerable variations in soil
moisture.
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Fig. 4. Effect of absolute soil moisture on the
value of the coefficient £ at benchmarks 5 and 7.

30 4

€

£ 25 1

B~

- O

c >

o > 20 4

EQ

2

o.g 15 1

€

_ £

T = i

835 10

'EUJ

)

> 5 L L L A A A L I R §
Q =2 A NO 2 2N
GRNESROIRIIZRE
COO0O0DO0ODOODO O ¢
ERERSS53333388
NRNNNNDODNNNDNDNDG
coocooooooo8Bl
e T s N G i S G G G G GG
WWwWwwmomwowowaewow ww

date
—e— vertical movements —e— soil moisture

Fig. 5. Influence of variations in soil moisture
near its MMMC on vertical movement at
benchmark 5.

In Fig. 7 and 8 the solid lines show the length of
the favorable period for observations of vertical
movements at benchmarks 5 and 7 for the period
2007-2015. The solid lines in show the length of the
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favorable period for the observation of vertical
movements at benchmarks 5 and 7 for the same
period.
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Fig. 7. Duration of favorable period for
observation of the vertical movements at
benchmark 5 2007-2015.

According to Fig. 7 and 8 the period of minimal
influence of seasonal changes of soil moisture on the
stability of the Earth's surface always occurs in the
spring and can last from half of one month to two
months. After the snow melts and the soil thaws, the
moisture of its upper layers always exceeds its
MMMC. In the open area (benchmark 7), the length
of this period is longer than near trees (benchmark 5).
This is explained by the fact that trees are an
additional source of moisture reduction, especially in
the spring, so the soil moisture near the benchmark 5
sooner becomes less than its MMMC. According to
long-term observations, April is the most favorable
for the geodetic observations of the vertical dynamics.
Depending on the location of the site and the climatic
features of a particular year, the period when the

moisture of the topsoil exceeds the value of its
MMMC may begin in late February and last until
mid-May. In the case of heavy rainfall in autumn, a
period of steady vertical position may occur at the end
of the year before the soil freezes. The duration of this
period rarely exceeds half a month and it does not
happen every year.
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Fig. 8. Duration of favorable period for
observation of the vertical movements at
benchmark 7 2007-2015.

Scientific novelty and practical significance

On the basis of the experimental data, the
important role of the MMMC soil in the generation of
vertical displacements of hydrometeorological origin
in the swelling soils is shown. If the soil moisture
exceeds the value of its MMMC, then its subsequent
changes do not cause deformation of the Earth's
surface. This is due to a change in the nature of the
movement of water in the soil and its state (free or
bound) depending on the amount of moisture.

Determination of the numerical characteristics of
the vertical dynamics of during the periods when the
soil moisture exceeds its MMMC will minimize the
influence of external hydrometeorological factors on
the results of observations. At this time, the land and
the benchmarks, which are set in the upper soil layers,
do not respond to variations in moisture. The
established regularity should be wused in the
organization of high-precision geodetic observations
at the GTG and their interpretation.

Conclusions

1. On the basis of ten-year observations (2006 -
2015) at the GTG in Poltava the nonlinear nature of
the influence of variations of soil moisture on the
vertical displacement of the Earth's surface was
revealed. If the absolute value of soil moisture
exceeds its MMMC, then its subsequent changes have
little effect on the vertical movement of the Earth's
surface. This is explained by the differences in the
mechanism of vertical infiltration of water into the
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soil, depending on its water saturation. If the moisture
exceeds the value of the soil MMMC, its movement
occurs mainly due to capillary forces and gravity,
which do not affect deformation.

2. The value of the soil MMMC depends strongly
on its physical properties. At the GTG, which is
located on medium loamy soils, the index of moisture
content is equal to 24%. For finer dispersed soils that
prevail in the south and east of Ukraine [Atlas ...,
1975, p. 116-117], the soil MMMC will be higher
than in Poltava. For loamy soils of coarse structure,
the value of their parameter will be smaller compared
to the soils of our GTG.

3. The magnitude of the soil MMMC allows to
establish optimal time periods for performing
repeated geodetic observations on the vertical
component of the dynamics of the Earth's surface in
terms of minimizing the impact of soil moisture
variations. For GTG in Poltava the average duration
of this period is more than (one month the end of
March and almost all of April). Depending on the
climatic characteristics of a particular year, this period
may be shorter or longer. With increasing magnitude
of the soil MMMC, the period of stable altitude of the
Earth's surface will decrease. A decrease in the
magnitude of the soil MMMC will lead to an increase
in the period favorable for geodetic observations. A
decrease in the magnitude of the soil MMMC will
increase the length of the favorable period for
performing high-precision geodetic observations.
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OCOBJIMBOCTI BIUIMBY CE30HHMX BAPIALIIM BOJIOT'Y I[PYHTY HA BEPTUKAJIBHI PY XU
3EMHOT [TOBEPXHI

MeTo10 A0CHiTKEHb € BCTAHOBJICHHS! €KCIIEPUMEHTAIBHIM IIUIIXOM HAMCHPHUSTIMBININX YMOB BH3HAYECHHS
BEPTUKAJIBHUX PYXiB 3€MHOI IOBEPXHI 3 TOYKH 30pYy MIHIMaJbHOIO BIUIMBY Bapialliii BOJOrM IPYHTY Ha
pe3yNbTaTu criocrepexeHb. ['eone3nyHnii MOHITOPHHT NeopMaliiHUX MPOLECiB Ha F€OMUHAMIYHUX MONTITOHAX
(I'TI) BinOyBaeThCst mepeBakHO O€3 ypaxyBaHHS BIUIMBY €K30r€HHUX YHHHUKIB METEOPOJIOTTYHOTO TTOXOKEHHS
Ha JIMHaMiKy 3eMHOI TIOBEpXHi Ta perepiB. il yCHIIIHOTO BHUAUIEHHS TEKTOHIYHMX YW TEXHOT€HHUX PYXiB 3
YCBOTO CIEKTPY 3aPEECTPOBAHUX MEPEMIllIeHb 3€MHOI IIOBEPXHi MOTPIOHO BHJIYYUTH iX TiJPOMETEOPOIIOTIYHY
cknazoBy. OfHUM i3 BHAIB METEOPOJIONIYHOrO BIUIUBY Ha JWHAaMIiKy 3€MHOI MOBEPXHI Ta pemnepiB € o0’eMHi
pyXu, BEIMYMHA SIKMX 3aJ€KHUTh BiJl (DI3UYHMX Ta MIHEPAJOTIYHUX BJACTHBOCTEH IPYHTY, OCOOJIMBOCTEH
HaBKOJIMIIHHOI'O CEPEIOBUINA Ta aMILTITYIM PiYHUX KOJUBAHb TEMIIEPATYpH i BOJIOTH. MeToAHKa HOCTizKeHb
nependavaia mapayesbHi CIIOCTEPEKEHHS Y IBOX MyHKTAaX 32 BEPTUKAJIBHUMH PYXaMH 1 BOJIOTICTIO BEPXHBOTO
omHoMeTpoBoro mapy rpyuty Ha [Tl y ITonrasi 3a nepiog 20062015 pp. OcHOBHHM pe3yJIbTaTOM POOOTH €
BCTaHOBJICHHsI HENIHIHHOTO XapakTepy Aii CE30HHUX 3MiH BOJOTH I'PYHTY Ha BEPTHKAaJbHI MEpEeMIilleHHs 3eMHOT
MOBEPXHI B 3aJICKHOCTI BiJl aOCONIOTHOI'O 3HAYEHHS BOJIOTOCTI. SIKIIO BOJOIICTh IPYHTY IIEPEBHUINYE HOTO
MaKCHMaJlbHy MOJIEKYIsipHY Bojoromictkicte (MMB), To 1i Bapianii He BIUIMBaroTh Ha AuHaMiky 3emui. Lle
TIOSICHIOETBCSL PI3HUM MEXaHI3MOM BEpPTHKaJbHOI 1H(IBTpamii Boxyd B IPYHTI B 3aJIEKHOCTI Bia HOro
BonoHacuueHocti. [Ipu 3HauHii Bojorocti IpyHTY i MOAANbII 3MiHM 3yMOBJIEHI IIEPEBaKHO KaIlUIIPHUMH Ta
TpaBiTAliiHUIMH CHJIaMH, SIKI HE BUKIIMKAIOTH JeopMaliidi i BEepTHKaJbHUX IEPEMIIlleHb 3eMHOi ITOBEpPXHi.
HaykxoBo10 HOBH3HOI0 JTOCIIPKEHb € BCTAaHOBJIEHHS BakiauBoi poimi MMB rpyHTy B reHepaiii BepTUKaIbHUAX
PYyXiB 3eMHOI IOBEPXHi Ta pemnepiB BHACTIIOK Bapiawiii Bosoru. [IpakTuyHa 3HAYYIIiCTh POOOTH MMOJIATAE Y
MOXITUBOCTI MiHIMi3allil BIUIMBY TiJpOMETEOPOIOTiYHUX YNHHUKIB Ha PE3YJIbTaTH BUCOKOTOYHUX CIIOCTEPEKEHb
3a JMHAaMiKOI0 3eMHOI moBepxHi. OTpuMmaHi pe3yJabTaTH MOXHA BHKOPHUCTOBYBATH [UIsSi OpraHizamii
BHCOKOTOYHHUX CIIOCTEPEXEHb 33 BepTHKaJIbHUMHU pyxamu Ha [T Ta ix iHTepnperauii.

Kniouosi cnosa: MOBTOpHE HIBENIOBAHHS; CE30HHI BEPTUKAIBHI PYXH 3€MHOI IIOBEpPXHi; BOJIOTICTH IPYHTY;
CTIHKICTh penepiB.
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