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PATHWAYS FOR THE IMPROVEMENT OF THE GRAVIMETRIC METHOD FOR
EARTHQUAKE PREDICTION

Abstract. Among statistical and empirical methods of earthquake prediction, geophysical measurements are the
most informative, as they reflect the state of tectonic plates, which are the root cause of earthquakes. Among geophysi-
cal methods, the most accurate is the gravimetric method as it enables the recording of changes in the Earth's gravita-
tional field associated with the stress accumulation in seismically active zones. The gravimetric method for earthquake
prediction is based on monitoring changes in the Earth's gravitational field prior to seismic events due to mass redistribu-
tion in the Earth's crust and upper mantle.

Based on the radiophysical method of measuring parameters of the Earth's gravitational field, three relativistic gra-
diometers - RG-1, RG-2, and RG-3 - were developed, tested, and certified. As a result of the measurements, anomalous
disturbances of the gravitational field along the vertical axis at the level of 200 uGal were detected, which are associated
with earthquakes. Thus, the possibility of detecting and fixing earthquake precursors associated with gravitational waves
was demonstrated. Gravitational waves originate at the epicenter of an earthquake due to the active movement of tec-
tonic plates, at least a day prior to the earthquake itself, as a result of which an anomalous surge of the gravitational field
occurs, accompanied by three-dimensional propagation of the gravitational wave at the speed of light. Relativistic gra-
vimeters can be designed as three-axis, which makes it possible to apply the trilateration method to determine the loca-
tion of the earthquake epicenter. However, this task can only be solved if at least three three-axis relativistic gravimeters
are available, whose standards are synchronized using the satellite-based method TWSTFT, which ensures synchroni-
zation accuracy of no worse than 1 ns.

Thus, having behind many years of research with relativistic gravimeters, the authors demonstrate in this paper the
feasibility of implementing the gravimetric method for earthquake prediction at a new technological level using the relativ-
istic “redshift" effect. The most promising pathway to implement this method is to create the systems for gravitational
field monitoring using three-axis relativistic gravimeters and the satellite-based TWSTFT method.

Keywords: seismic activity prediction, gravimetric method, radiophysical method, relativistic gravimeter.

1. Introduction

Monitoring seismic activity is integral to the strategy for reducing the risk of natu-
ral disasters, especially in earthquake-prone regions. Its relevance is explained by
several scientific, social, and economic factors.

The most widespread approaches are statistical prediction methods, which were
studied by K. Aki, B. Gutenberg, and C.F. Richter in the 1940s—1960s. Statistical
methods for predicting seismic activity rely on the analysis of historical seismic
events, identification of spatiotemporal patterns, and the assessment of the probability
of future earthquake occurrence [1, 2]. For example, at the seismic station RA086 in
the city of San Tome, earthquake observations are conducted in the Pacific Ocean,
where 5224 earthquakes were recorded [3]; in the Azerbaijan-Alborz seismotectonic
province, 26836 events were recorded [4]; and 9648 earthquakes were localized
around the Tanlu fault zone in eastern China [5]. These studies are carried out to

compare the maximum magnitude of past and expected earthquakes [6], to create
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earthquake catalogs [4], and to cluster seismically active zones [7]. The main objec-
tive in these works is not only to observe the earthquake event but also to identify
anomalies associated with earthquakes for their subsequent prediction.

Early precursors of earthquakes can be deformations of the Earth's crust, in-
creased surface temperature [8], changes in electromagnetic and gravitational fields
[9], shortened intervals between events, increased magnitude scale and pronounced
foreshock swarms immediately preceding the main shock [10], fluctuations of the
Earth's surface [11], monitoring of hydrogeodynamic parameters of groundwater
[12], etc. These approaches form the background for the development of seismic haz-
ard models at both local and global scales. Currently, several statistical methods exist
for predicting seismic activity. In modern research, these methods are being improved
through the development of machine learning models [13], ensemble learning tech-
niques such as stacking [14], stochastic modeling [15], and unsupervised, semi-
supervised, and supervised learning algorithms based on earthquake clustering mod-
els [7]. However, these methods do not provide an accurate prediction of earthquakes
in either time or space.

In addition, geophysical, geochemical, biological, and space-based methods of
earthquake prediction are also widely used. These methods rely on empirical data ob-
tained with specialized measurement instruments. Among them, geophysical meas-
urements are the most informative because they reflect the state of tectonic plates,
which is the root cause of earthquakes. Geophysical prediction methods are based on
the analysis of changes in the Earth's physical fields that precede seismic events. The
most widely used geophysical method is gravimetry.

2. Methods

The gravimetric method enables the recording of changes in Earth's gravitational
field associated with stress accumulation in seismically active zones. In particular,
prior to strong earthquakes, local anomalies of the gravitational field are observed,
caused by deformations of the Earth's crust. High-precision gravimetry can detect
submillimeter displacements of rock masses, which can serve as potential precursors
to seismic events [16].

The gravimetric method for earthquake prediction focuses on monitoring changes
in the Earth's gravitational field that occur prior to seismic events due to mass redis-
tribution in the Earth's crust and upper mantle. Any process of stress accumulation in
tectonic faults is accompanied by microdeformations that can cause local variations
in the force of gravity (4g) [16].

These variations are measured using modern, highly sensitive gravimeters capable
of detecting and recording alterations in the range of 10®-10° m/s2. Having the data
of these observations, gravimetric anomaly fields are constructed and analyzed in dy-
namics to identify potentially dangerous zones of seismic activity.

Depending on the scale of research, the following methods are distinguished:

- regional gravimetric observations — conducted for monitoring the tectonic struc-
tures of large fault systems;
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- local gravimetric profiles — conducted in areas of active faults or in zones where
increased seismicity is expected.

Pre-earthquake processes include:

- accumulation of tectonic stresses in the Earth's crust;

- deformation of rocks and change in density of rock mass;

- uplift or subsidence of crustal blocks (detected by geodetic measurements);

- redistribution of underground fluids, which changes local mass contrasts.

These processes lead to the appearance of gravitational anomalies, which can be
recorded several days or even weeks before the main earthquake.

Gravimetric observations are actively used in Japan, China, Italy, Turkey, as well
as within the Carpathian region of Ukraine (Transcarpathian seismically active belt).

Studies conducted in Italy and Japan have shown that anomalous variations in the
gravitational field (up to 50-200 puGal) were observed 5-20 days prior to strong
earthquakes (M > 5.5). Within the Carpathian region, similar studies were conducted
at the S. I. Subbotin Institute of Geophysics of the National Academy of Sciences of
Ukraine, where short-term anomalies were recorded before weak seismic events in
the Uzhgorod—Mukachevo area [17].

The combination of gravimetric monitoring with GPS and interferometric data
(InSAR) ensures more accurate identification of areas with increased seismic hazard
[18].

The work of E.N. Khalilov, Doctor of Technical Sciences, is of great importance
in determining the location of an earthquake. In 2013, he developed a new instrument
for experimental study of spatiotemporal variations of measured values of G (the
gravitational constant), which he named the ATROPATENA detector [19, 20].

The ATROPATENA station is a system of sensors, enclosed and isolated from the
environment, which is based on the physical principle of the Cavendish balance. The
device is equipped with small weights at the ends of two (instead of one) mutually
perpendicular equalizing beams suspended on fibers. Between them, small and large
weights are placed at an equal distance. The ATROPATENA station measures the in-
dex 4G, which is between the gravitational constant G (the initially measured value
of G) and the values measured by the Cavendish balance at the moment of measure-
ment of GF'[19]:

AG=G-GF. (1)

The ATROPATENA-AZ station (Baku, Azerbaijan) was used to record gravity
anomalies prior to strong earthquakes. From 2008 to 2013, the ATROPATENA earth-
quake prediction stations of the Global Network for Forecasting Earthquakes (GNFE)
recorded gravity precursors of earthquakes before all strong earthquakes in Europe,
Asia, and Southeast Asia. The scheme and general view of the ATROPATENA-AZ
station are shown in Fig. 1.

Analysis of more than 100 gravimetric records obtained from the ATROPATENA
stations before, during, and after strong earthquakes in various regions of the world
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from 2008 to 2011 confirmed the registration of gravitational precursors prior to
strong earthquakes [19].

Figure 1 — Scheme (a) and general view (b) of the ATROPATENA station [19,20]

The first type of precursors includes anomalies observed before strong earth-
quakes - these are precursors of earthquakes, and the second type includes anomalies
recorded after strong earthquakes (secondary anomalies), which are formed as a re-
sult of the emission of tectonic waves at the moment of the earthquake and the release
of tectonic energy. Between these two types of anomalies, in the vast majority of cas-
es, a long-term gravitational anomaly is recorded, characterized by increased or de-
creased values of the 4G and 4g indices, which usually remain stable for 2—15 days.
These characteristic features of gravitational anomalies are observed in more than
90% of cases. According to Dr. Khalilov, gravitational predictors of strong earth-
quakes are the result of the emission of tectonic (stress) waves from earthquake epi-
centers 2—10 days before the event [19, 20]. The time of detection of gravitational
predictors of strong earthquakes also depends on the distance between the
ATROPATENA station and the earthquake epicenter. The duration of three-
dimensional gravitational anomalies varies from 10 minutes to 10—12 hours and de-
pends on the geological structure of the epicentral zone. Dr. Khalilov reached a very
important conclusion: the 4G and Ag indices are universal predictors of earthquakes
and are recorded in more than 90% of cases. Some earthquake prediction results from
the ATROPATENA station are shown in Fig. 2.

In Figure 2, the 4G axis represents an index defined as the difference between the
gravitational constant G (the initial measured value of G) and the values measured by
the Cavendish balance. Values of the 4G index correspond to G starting from the
third digit after the decimal point; 1, 2, 3... are the number of gravitational precursors;
', 2', 3' denote secondary gravitational anomalies. The earthquake moments are
marked with circles.
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(a) — Tohoku, March 11, 2011, M9.0; (b) — Sumatra, April 6, 2010, M7.8; (c) — Samoa, September
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daman Islands; (j) — gravimetric record from ATROPATENA-AZ station (in Azerbaijan) before,
during and after the Sichuan earthquake

Figure 2 — Maps of the epicentral zone of earthquakes [19, 20]
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The results of measurements with the ATROPATENA instrument at various loca-
tions around the Earth convincingly demonstrate the presence of gravitational precur-
sors (gravitational waves) arising in the horizontal plane 2—10 days before strong
earthquakes.

Thus, in the implementation of the concept of earthquake prediction through the
measurements of gravitational waves using a relativistic gravimeter, three main prob-
lems remain:

- the absence of a three-axis relativistic gravimeter;

- the creation of a modern gravimetric network in Ukraine;

- synchronization of measurement data obtained from relativistic gravimeter.

Therefore, the purpose of this work is to analyze the results of experimental re-
search and to improve the geophysical monitoring system using a differential radio-
physical gravimeter and satellite-based retransmission of signals of a highly stable
frequency standard to identify correlations between anomalous disturbances in the
Earth's gravitational field (precursors) and actual earthquake events.

3. Theoretical part

The gravimetric method for earthquake prediction is based on observations of lo-
cal variations in the force of gravity (4g). Mathematically, variations in gravitational
acceleration can be expressed as:

Ap

rgf)dv, @)

Ag :GL

where 4g is the change in gravitational acceleration (m/s?); G is the gravitational con-
stant, G = 6.67430(15)x10! me-kgt-s?; Ap(r) is the density variation within the vol-
ume element dV (kg/md); and r is the distance from the observation point to the mass
element (m).

The main obstacle to the development of the gravimetric method for earthquake
prediction is the lack of modern gravimeters capable of providing continuous meas-
urements of gravitational acceleration along three axes with an accuracy of at least
1-5 pGal

This problem can be solved using a relativistic gravimeter (RG) [21, 22] and a ra-
diophysical method for measuring parameters of the Earth's gravitational field (EGF).
This method is based on measuring the change in frequency of electromagnetic radia-
tion under the influence of gravity, followed by determining the EGF gradient or
gravitational acceleration [23]. In the radiophysical method, the relativistic "redshift"
effect is used to measure the gravitational potential, which manifests as a frequency
shift of an electromagnetic signal propagating through an inhomogeneous gravita-
tional field.

Currently, three types of relativistic gravimeters - RG-1 (a, Figure 3), RG-2
(b, Figure 3), and RG-3 (c, Figure 3) - have been developed, tested, and certified.
They serve as the basis for the development of a three-axis relativistic gravimeter.
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c)

a) — RG-1 gravimeter; (b) — RG-2 gravimeter; (¢) — RG-3 gravimeter
Figure 3 — Types of relativistic gravimeters

One of the fundamental provisions of the general theory of relativity, formulated
by A. Einstein in 1915, is the phenomenon of gravitational redshift. It consists in a
change in the frequency of electromagnetic radiation when the signal moves from a
region with one gravitational potential to a zone with another one. If the radiation
propagates “upward” in the gravitational field (i.e. away from the center of a massive
body), its frequency decreases, which is a shift towards the red region of the spec-
trum.

Mathematically, this effect is described by the relation:

Af h
= 3)

where Af is the change in signal frequency (Hz); f is the initial frequency (Hz); g is
gravitational acceleration (m/s?); h is the distance between the frequency generator
and receiver (m); and c is the speed of light, ¢ = 299,792,458 m/s.

The first laboratory measurements of this phenomenon were carried out in 1959—
1960 in the well-known Pound-Rebka experiment at Harvard University, which con-
firmed the predicted formula (3) with an accuracy of 1%.

However, the authors' experimental studies of relativistic gravimeters showed that
the measured results do not coincide with the values calculated using formula (3). To
explain this discrepancy, we considered the basic formula of the gravitational fre-
quency shift (2) without local restrictions. This relation makes it possible to connect
height variation with the measured frequency change:

Af AD gh—g,h, AgAh
- & ¢ ¥

Q
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The relation (4) is used in processing the measurement results of relativistic gra-
vimeters, where frequencies are compared at two points that differ not only in height
but also in local gravitational acceleration. This is not just an educational special
case, but a working formula for real measurements. The most important thing is that
the relative frequency shift of the useful signal measured by formula (4) is directly
proportional to Ag - the difference in gravitational acceleration depending on height,
which, according to formula (2), is a potential precursor of a seismic event. This
makes the relativistic gradiometer an indispensable tool for predicting seismic events.

Under real conditions, when the gravitational acceleration varies at different low
altitudes, the difference in geopotentials is determined by the formula:

AD ~ glhl - gzhz (5)

To calculate tensor of gradients of the gravitational field, the following relation is
used:

oy, O°® . .
== = ’|’ = X’ ,Z_ 6
! axj 8xi8xj J y ©)

The use of the relativistic “redshift” effect in gravimetry forms the background for
the transition to absolute quantum-relativistic methods for determining the gravita-
tional potential. Such methods combine advances in time metrology, quantum optics,
and gravimetry, enabling the measurement of gravitational variations caused even by
minor tectonic processes [24].

4. Experimental part

The first experimental studies aimed at identifying correlations between anoma-
lous disturbances of the Earth's gravitational field and earthquake events were carried
out by S.A. Matvienko during the development of a geophysical monitoring system
using a differential radiophysical gravimeter and satellite-based retransmission of
signals of a highly stable frequency standard.

At the State Enterprise "Ukrmetrteststandart", more than 130 daily measurements
were performed using the relativistic gravimeter RG-1 during the period from June to
October 2019. First, according to formula (2), the relative frequency shift Af/f =102
was measured and recorded in the calibration certificate UA 01 No. 3782 dated
16.07.2019. Further, according to formula (4), changes in the absolute value of the
gravitational acceleration Ag were recorded at the level of 400 uGal at a distance of
Ah =200 cm. According to formula (6), this corresponds to a gradient value
G, =200uGal/m =2,0x10°E =2kE. This result allows us to conclude that the relativ-
istic gravimeter not only performs the functions of a gradiometer but also records
anomalous disturbances in the gravitational acceleration, which a classical gradiome-
ter cannot.

Thus, a series of operation results for RG-1 were obtained:
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- graphs of measurements of changes in the gravitational acceleration during the
measurement period;

- graphs of measurement errors of coordinates along the vertical axis;

- table of earthquake events during the measurement period;

- combined graph of measurements of changes in gravitational acceleration and
earthquake events.

Figures 4-6 show specific examples of graphs of measurements of changes in
gravitational acceleration prior to earthquakes in Ukraine.
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Figure 4 — Graph of changes in gravitational acceleration (averaging over an interval of 1 hour) and
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Thus, the graphs of gravitational acceleration changes demonstrate that the RG-1
gravimeter recorded precursors in advance. For example, on September 3, 2019, at
14:52, an earthquake with a magnitude of 4.5 occurred in Romania, while the RG-1
gravimeter had already recorded a series of precursors in advance - on September 2
(see Fig. 4). The next case concerns an earthquake on September 28, 2019 in Trans-
carpathia with a magnitude of 2.0, for which the RG-1 gravimeter recorded a series of
precursors in advance - during the whole day of September 26 (see Fig. 5). The same
thing happened after the earthquake of October 16, 2019 in Ivano-Frankivsk region
with a magnitude of 2.7 - the RG-1 gravimeter recorded a series of precursors in ad-
vance on October 14 and 15 (see Fig. 6).

Therefore, it was demonstrated that anomalous disturbances of the Earth’s gravi-
tational field in the vertical plane can be recorded 1-2 days prior to an earthquake at
the level of Ag = 100-200 uGal using a single-axis relativistic gravimeter RG-1.

The results of measurements obtained with the ATROPATENA instrument at dif-
ferent locations on the Earth convincingly demonstrate the presence of gravitational
precursors (gravitational waves) in the horizontal plane 2-10 days before strong
earthquakes, and the results of measurements using the RG-1 confirm the presence of
gravitational precursors in the vertical plane. The combination of these results allows
us to conclude that the gravitational wave arising from tectonic motion is three-
dimensional.

Based on these considerations, the Bulat-Matvienko hypothesis was formulated:

- External and internal natural and anthropogenic disturbances of various types
of tectonic plates constantly affect the stress-strain state of the Earth's geological
structure, gradually changing it to an extremely stressed state, forming earthquake
epicenters in certain locations, which generate three-dimensional propagation of
gravitational waves at the speed of light and anomalous disturbances of the gravita-
tional acceleration and the gravitational field, whose ratio makes possible to deter-
mine the power of expected earthquakes and their location in time and underground
space.

Based on this hypothesis, we can determine the location of a future earthquake us-
ing triangulation. Triangulation is one of the main methods for determining the spatial
positions of seismic event sources and is widely used in applied and regional seis-
mology. The method relies on the analysis of the temporal characteristics of seismic
wave arrivals recorded by a network of seismic stations with known coordinates. We
apply this method to determine the coordinates of future earthquakes.

In the seismological practice, classical angular triangulation is transformed into a
trilateration problem, where the position of epicenter is determined by the distances
to several seismic stations calculated from the differences in the arrival times of lon-
gitudinal (P) waves.

Let the coordinates of the i-th seismic station be (X;; y;), and let the time of regis-
tration of the P-wave be t;. The distance to the epicenter is determined by the ratio:

F=vy(t—1), (7)
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where v, is the average velocity of longitudinal waves in the Earth's crust, 7 is the
moment of earthquake origin.
The coordinates of the epicenter (x, y) are obtained from the system of equations:

(X_Xi)2 +(y_yi)2 :I’iz,i:1,2,3. (8)

When using an excess number of seismic stations, the system is solved by the
least-squares method, which reduces the influence of random errors and improves the
reliability of the results. The accuracy of epicenter localization largely depends on the
geometry of the station network, the accuracy of time synchronization, and the ade-
quacy of the environment's velocity model. Despite these limitations, the triangula-
tion method remains a basic tool for operational seismological data processing and is
used in both automated monitoring systems and analyses of regional seismic activity.

Having analyzed the ground-based and satellite-based methods for transmitting
time and frequency signals, it is possible to conclude unequivocally that the satellite-
based method TWSTFT ensures accuracy of no worse than 1 ns, and, at the same
time, provides global coverage at a significantly lower cost of the system implemen-
tation [23].

Therefore, experimental studies have demonstrated the following advantages of
the gravimetric method for predicting seismic activity:

* high sensitivity to underground mass redistributions;

« suitability for long-term monitoring;

* independence from weather and geomagnetic conditions;

 compatibility with satellite gravity missions (GRACE, GOCE).

Further improvement of the gravimetric method for earthquake prediction is asso-
ciated with:

* creation of more sensitive and stable gravimeters;

* integration of satellite-based and ground-based data;

* application of artificial neural networks for recognition of pre-seismic patterns;

* creation of a national gravimetric monitoring network within seismically active
regions of Ukraine.

Further research. It should be noted that the ground-based implementation of the
gravitational method for seismic activity prediction creates the prerequisites for the
development of a global space-based system for monitoring seismic activity and the
Earth's gravitational field, Gravisat.

5. Conclusions

The results of experimental studies on the creation of a geophysical monitoring
system using a differential radiophysical gravimeter and satellite-based retransmis-
sion of signals of a highly stable frequency standard have allowed us to identify a
correlation between anomalous disturbances in the Earth's gravitational field and
earthquake events.

The theoretical foundations of the gravimetric method for earthquake prediction
were further developed by refining formula (3) of the relativistic gravitational fre-
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quency shift to determine the value of the earthquake predictor 4g - the difference in
the values of the gravitational acceleration depending on the height - and correlating
it with the results of measurements using the relativistic gravimeter.

Gravitational precursors of earthquakes were experimentally recorded as anoma-
lous disturbances of the Earth's gravitational field in the vertical plane 1-2 days be-
fore the earthquake event at the level of 4g =100-200 pGal using the single-axial rel-
ativistic gravimeter RG-1. This demonstrated a correlation between gravitational pre-
cursors and earthquake events, revealing a daily interval between precursor detection
and earthquake occurrence.

A hypothesis was formulated regarding the generation and propagation of seismic
gravitational waves as earthquake precursors.

Three modifications of the relativistic gravimeter were developed: RG-1, RG-2,
and RG-3.
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LWNAXU YOOCKOHANEHHA MPABIMETPUYHOIO METOLY NMPOrHO3Y 3EMJIETPYCIB
bynam A.®., babit K.B., Mameiexko C.A., Mamsienko C.C., KObenic A.

AHorauis. Cepep CTaTUCTUYHMX Ta (DAKTUYHWMX METOZIB NPOrHO3YBaHHS 3eMeTpyciB, HanbinbL iHpOpMaTUBHUMM
€ reoqhianyHi BUMIPIOBAHHS, OCKINlbKW BOHY BigobpaxatoTb CTaH TEKTOHIMHWX MANT, L0 € NEPLUONPUYMHO 3eMIETPYCIB.
Cepen reodisanyHnX MeTodiB HanbINbLL TOYHMM € rpaBiMETPUYHMA METod, SIKUA [O03BONSE PEECTPYBATU 3MiHM Y
rpasitauinHomy noni 3emni, NoB’si3aHi 3 HAKOMUYEHHSIM Hanpyru B CEMCMOAKTMBHKX 30HaX. [paBiMETPUYHWMIA MeTOq
MPOrHO3yBaHHS 3eMNETPYCIB IPYHTYETLCS HA CMOCTEPEXKEHHI 32 3MiHAMM rpaBiTaLiiHOrO nonst 3emi, WO BUHWKAKOTL
YHaCnigoK Nepeposnoainy Mac y 3eMHiit Kopi Ta BEPXHiil MaHTii nepeg CENCMiYHUMM NOZIAMM.

Ha 6asi pagioisuuHoro metody BUMIPIOBaHHS NapameTpiB rpasiTaliiHoro nons 3emni CTBOPeHi, BUNpobyBaHi Ta
cepTudikoBaHi Tpu pensTusicTCbki rpagieHTomeTpn RG-1, RG-2 Ta RG-3. B pesynbTarti BUMIptoBaHb Oynu BUSIBNEHI
aHomarbHi 30ypeHHs rpasiTauiiHoro monst no BepTukanbHiA oci Ha piBHi 200 uGal, siki NoB's3aHi 3 3emneTpycamu.
Takum umHOoM, Oyna [OokaszaHa MOXIMBICTb BWSIBNIEHHSI Ta dikcauii MPOBICHWKIB 3eMmeTpyciB, ki MoB’s3aHi 3
rpaBiTauitHuMKM XBunaMmu. [paBiTauiiHi XBWUSI BUHWKAKOTL B €niLEHTPi 3eMNEeTpycy, B pe3ynbTaTi akTUBHOMO pyXxy
TEKTOHIYHMX NUT, NPUHAWMHI 3a Aoby OO Camoro 3emneTpycy, BHAcMigoK 4oro BigbyBaeTbCs aHOMANbHUIA CNNEcK
rpaBiTaLiiHOro nons, SIKMA CynPOBOMKYETHCA TPUBMMIPHAM MOLLUMPEHHSAM rpaBiTaLiHOl XBWMI 3i WBWAKICTIO CBiTNA.
PenatuBicTChbKi rpaBiMeTpu MOXYTb BYTU CTBOPEHI TPMBICHUMM, L0 Aa€ MOXIMBICTb 3aCTOCYBaTU METOA Tpunatepadii
AN BU3HAYEHHSI MICLE3HAXOMKEHHS EniLUeHTPY 3emneTpycy. Ane Ue 3aBAaHHS MOXIMBO BMPILLWTA MPU YMOBI
HAsIBHOCTI HE MEHLU HiX TPbOX TPUBICHUX PENSATUBICTCHKMX rPaBIMETPIB, CTAHAAPTW AKMX OyOyTb CUHXPOHI30BaHI MiX
co6010 3a LOMOMOrot cynyTHUKOBOro Metogy TWSTFT, skuit 3abe3neyye TOUHICTb CUHXPOHI3aLi He ripLie 1 He.

Takum umHOM, y cTaTTi Ha Basi GaraTopiyHnx pobOoT 3 PEnATUBICTCHKUMU TPaBIMETPAMU MOKa3aHa MOXIMBICTb
peanisauji rpaBiMeTPUYHOrO MeTOZy MPOrHO3y 3eMNeTpyciB Ha HOBOMY TEXHOMOMYHOMY PIiBHI 3 BMKOPUCTaHHSM
pensTuicTcbkoro edoekty «red shifts. Hanbinblu nepcnekTMBHUM LUASIXOM peanisauii LbOro MeToay € CTBOPEHHS
CUCTEM MOHITOPUHTY rpaBiTaLiiHOrO NONS 3 BUKOPUCTAHHSM TPUBICHUX PENATUBICTCHKMX rPaBiMETPIB Ta CyNyTHUKOBOMO
metogy TWSTFT.

KntoyoBi cnoBa: nporHo3 CencMOaKTUBHOCTI, rpaBiMETPUYHUIA MEeTOA, pafioisnyHNii MeTod, PenaTUBICTChKUIA
rpaBimeTp.
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