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Abstract. The short analysis of characteristics of underwater earthquakes is given. The analysis of existing 
technical means of measurements of their parameters for the purpose of phenomenon forecasting is provided. 
Need of development of the sensor the low-frequency of vertical accelerations is shown. The device con-
structed on the principle of modulation of nutation fluctuations of the debalanced 3-stage gyroscope with 
horizontally located axis of rotation of a rotor is considered. The description of a design of the device and its 
measuring scheme is provided. 
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Introduction 

Study the Earth crust structure, measuring the 
parameters of the phenomena occurring in it, are very 
important for mankind. They are earthquakes, vol-
canic eruptions. These also include the human factor, 
for example conducting underground nuclear tests. 
All of this adversely affects the existence of humans 
and nature. 

During the underwater earthquake  motion of 
seabed soil leads to a slow ousting of large masses of 
water on the surface. But the waves under the point of 
an earthquake emergence have a height of 0,3 … 1,5 
m. During the movement of the waves due to depth 
reduction wave height increases and on the mainland 
coast reaches a height of 30 … 40 m. This pheno-
menon is called a tsunami. It leads to the loss of 
human lifes and property damage. To reduce the 
impact of the tsunami is necessary to develop the 
technical means of forecasting such phenomena up to 
make provision and means to reduce the impact. 
Under the threat of a tsunami are vast territories, 
many heavily populated areas and even countries 
such as Japan, Indonesia, Thailand, and Peru. Gov-
ernments of such countries that are most often ex-
posed to tsunamis repeatedly raised the issue of 
creating an international system predicting the oc-
currence of a tsunami. Therefore, modernization, 
improvement of existing technical means for mea-
suring and recording the parameters of these phe-
nomena, as well as the development of new devices 
and instruments that can be used in solving the de-
scribed problems are very relevant. 

To solve the problem of predicting tsunamis are 
most likely to be used methods and technical means 
of geophysical prospecting. 

Geophysical prospecting of minerals is one of the 
most progressive and modern study of Earth's bo-
wels. Investigation of a variety of physical pheno-
mena on the earth's surface, in mine workings, wells 

allows  make a conclusions about the structural fea-
tures of rocks, available deposits of minerals. One of 
the areas of geophysical exploration is seismic ex-
ploration [1]. 

Seismic exploration is a collection of methods of 
researching geological structure of the earth's crust, 
based on the study of elastic waves excited artificially 
spread. Elastic waves, which is caused by explosion 
or blow is spread in all directions from their source 
and penetrates the cortex to a greater depth. Here they 
like light or sound waves undergo refraction and 
reflection and partially returnes to the surface, where 
created by them vibrations are recorded by means of 
special equipment. Measuring the time of wave 
spreading, and studying the nature of the oscillations, 
we can determine the depth and shape of the geo-
logical boundaries, on which refraction or reflection 
of the wave occurred, as well as to judge about the 
composition of the rocks through which the wave has 
passed on its way. 

To receive seismic signal ground seismic receiv-
ers is most widely used. Seismic receiver is a device, 
which perceives mechanical vibrations of soil and 
converts them into electrical oscillations. In ground 
seismic receivers inductive transducers are mainly 
used. Case of seismic receiver is mounted on the soil 
surface, and case movements exactly repeat the 
movement of soil. In the case of seismic receiver coil 
is placed, the core of which is a permanent magnet 
suspended in the case on a spring. During movement 
of seismic receiver′s case in the core current appears 
which have information of seismic signal′s parame-
ters. The transfer function of the described transducer 
is oscillating unit. The natural frequency in modern 
seismic receivers is 20 ... 30 Hz. If it is necessary to 
record desired signals at a lower frequency, the nat-
ural frequency is reduced. The wide range of seismic 
receivers’ construction with induction transducers is 
known [1]. 
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Statement of the problem 

Estimation of the parameters of the tsunami waves 
is performed using analog shore recorders of level 
(tide gauges), which are still used in the hydrographic 
service. The main principles of 
forecast” of tsunami based on the pre
tsunami waves by bottom gauges put forward in the 
open ocean. Modern remote sensing methods for 
registration (including the space) significantly e
panded the capabilities of modern oceanography.

Hydrophysical tsunami forecast assumes that the 
sensor, mounted on the bottom provides a signal in 
advance. The time interval of warning should be 
sufficient to evacuate people from coastal areas. 
However, we know that the height of the tsunami in 
the open ocean is small and only near the coast, the 
wave becomes noticeable and dangerous. This means 
that automated recognition of the 
tsunami waves appearance as a record of sea level is 
ineffective. Problem of tsunami waves’ altimetry is 
even more complicated. This is because the variation 
of level in the records due to synoptic eddies have the 
same spatial scale as the tsunami. 

Modern operational tsunami forecast is based 
primarily on seismic information. Registration of 
strong underwater earthquake, capable of causing a 
tsunami is a for warning services a signal to the 
prompt action.  

1. Defining the earthquake’s source 
ters(magnitude, epicenter, depth). 

2. Estimation of the time of tsunami waves 
reaching to settlements on the coast.

3. Depending on the design time, the position of a 
possible tsunami source and the probability of a ts
nami approach, a decision on the immediate a
nouncement of anxiety is accepted. 

The complex of equipment for marine seismic 
research includes selffloating standalone digital bo
tom stations. To implement a system of diagnosis and 
prediction of extreme events, it is necessary to place 
sensors of vertical acceleration with the help of avi
tion in earthquake prediction areas, composed of 
digital bottom stations (fig. 1). 

Digital selffloating bottom seismic ADSS
veloped by the Experimental Design Bureau in Ru
sian Academy of Sciences, designed to study the 
crustal structure using artificial sources (seismic 
survey), as well as for detecting signals of natural 
seismic events on the seabed in the frequency range 
above 1 Hz [2]. 

ADSS-1 contains 3-channel seismic signals and 
1-channel recording sonar signal. Station can operate 
in a continuous or start-stop mode registration. Using 
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Fig. 1. Complex of digital ground stations

Analysis of the parameters of underwater eart
quakes shows that the frequency range of crustal 
movements is probably 0,02 
ceiving device is oscillating unit and at very low fr
quencies have a very low sensitivity. Obvious need to 
develop a device based on a different principle, which 
will measure the acceleration of very slow motions 
deep bottom surface. 

Searching the solution 

Overview of methods and technical means suitable 
for the task solving showed that a perspective way of 
receiving seismic signals of subsonic frequencies is the 
use of the accelerometer, built on the principle of mo
ulation of nutation oscillations of unbalanced 2DOF 
gyro with a horizontal axis of the rotor rotation. Anal
sis of the equations describing the angular movement of 
the gyroscope rotor axis, shows the following. By 
moving the center of mass of the inner frame with the 
rotor due to the weight of the additional items attached 
to the inner frame, outer frame rotates with a constant 
angular velocity relatively to vertical axi
is called precession. At the same time the rotor axis 
performs harmonic angular oscillations relatively to 
horizontal axis of the inner frame. This motion is called 
nutation. Amplitude and frequency of nutation oscill
tions depends on the parameters of the gyroscope (the 
moment of inertia and the angular rotor speed) and 
torque arising during displacement of the mass center. 

M = Pl; P = mg,

where l – shift of the center of mass of the inner frame.
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During moving the gyro along the vertical axis the 
gravity force will have the form 

P = m (g ± a), 

where a – measured vertical acceleration. Vertical ac-
celeration causes the modulation of nutation oscilla-
tions. Figure 2 shows an example of the reaction of an 
unbalanced 2DOF gyro on the vertical accelerations. 

 
Fig. 2. Infra low frequency harmonic modulation of 

nutation oscillations 

Mathematical modeling of nutation oscillations with 
specific physical parameters of directional gyro 
ГПК-52 showed a very small amplitude of signal. 
Range of linear vertical displacements end portion fur-
ther details when nutation oscillations is 2–80 microns. 
To obtain useful information necessary to develop a 
primary converter micromovings. 

Development of design and functional scheme of 
the device 

Based on the above, developed sensor design in-
fra-low vertical accelerations. Development is the 
modernization of direction gyro construction ГПК-52. 
The sensor uses a system of horizontal correction for 
stabilizing the position of the axis of the gyroscope rotor 
during rotation of the Earth. In Figure 3 is a perspective 
view of the structure. To the body of the inner frame 1 
attached additional item 2, the outer part of which is a 
movable screen of differential capacitance sensor of 
micromoves. On the outer frame 3 housing of capacit-
ance sensor of micromovings 4 is fixed. For balancing 
the outer frame of the gyroscope the balancing load 5 is 
mounted on opposite side. 

The design of the differential capacitor converter is 
presented in fig. 4. Electrodes 1н, 1в are called 
high-potential as they join humeral windings of trans-
former (fig. 5) Bridge [3]. The electrode 3 is called 
low-potential (reception) as it joins an entrance of the 
amplifier of the bridge. In a gap between electrodes the 
mobile screen which movement changes the active 
areas of humeral condensers is placed. Some experi-
ment of use of capacitor converters for measurement of 

micromovements is shown by possibility of measure-
ment with an accuracy of 5 microns. It is very accepted 
for creation of the device of measurement of nutation 
fluctuations. 

 
Fig. 3. Design of sensor infra-low vertical accelerations: 

1 – inner frame; 2 – additional unit; 3 – outer frame; 
4 – body of capacitance sensor of micromovings; 

5 – balancing weight 

Capacitor sensors have a number of essential ad-
vantages – the increased accuracy, temperature and 
temporary stability, reliability. It provides them rather 
wide range of application. 

 
Fig. 4. Differential capacitor sensor of micromovements: 

1н, 1в – the top and bottom high-potential electrodes; 
2 – mobile screen of the sensor; 3 – low-potential (reception 

electrode) 

 
 

Fig. 5. Differential capacitive transducer 
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Conclusions 

The developed device can be applied to reception 
the low-frequency of seismosignals. It will allow to 
use it in a complex of technical means of forecasting of 
emergence of underwater earthquakes. Results of 
scientific researches of structure of crust and the 
processes happening in Earth, also can be more exact 
and reliable when using the developed device reliable 
when using the developed device. 
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