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Summary: The low frequency hydrophone with the frequency range 1-300 Hz for marine seismic exploration systems was 
developed. The principle of operation of the hydrophone is based on molecular electron transfer [1] that allows you to achieve 
high sensitivity in the low frequency region. The paper presents the stabilization method of the frequency response in all 
frequency range with depth up to 30 m. Laboratory and marine tests confirmed the stated characteristics and the possibility of 
using this sensor in marine seismic systems. An experimental sample of a hydrophone has successfully passed a comparative 
marine test in Gelendzhik Bay (Black Sea) with technical support from JSC ‘Yuzhmorgeologiya’. 
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1. Introduction 
 

Inertial motion sensors are the main elements of all 
mineral exploration systems. Currently, in addition to 
widely used electromechanical geophones, 
electrochemical geophones operating on the principle 
of molecular-electronic transfer (MET) [1] have begun 
to be used in such land systems [2-4]. 

Hydrophones are one of the main components of 
marine seismic exploration systems. An experimental 
sample of the hydrophone was also made and 
laboratory studies of its main characteristics, such as 
amplitude-frequency response and self-noise, were 
carried out. 

Most marine operations to search for mineral 
deposits are held shelf, in coastal and transition zones. 
Laboratory experiments have shown that in order to 
stabilize the amplitude-frequency characteristic with 
the increasing depth, it is necessary to increase the 
rigidity of the bubble in the upper cover. 

 
2. Stabilization Method of the Frequency  
    Response of the Hydrophone 
 

The detailed scheme and principle of operation of 
the MET hydrophone (Fig. 1) is described in the paper 
[5]. 

If there is air under the cover during assembly, it is 
at the pressure of 1 atm. In this case, if the constant 
pressure on the outer membrane increases (for 
example, when a hydrophone is immersed), the inner 
membrane will flex until the pressure levels out. 
Moreover, for the volume V of the bubble under the 
cover, the following expression will be valid: 
 

 𝑃 𝑉  𝑃 𝑉 , (1) 
 

where P0 = 1 atm., V0 is the initial bubble volume at 
the pressure of P0, V1 is the bubble volume at the 
pressure P1. 

 

  
 

Fig. 1. The scheme and experimental sample hydrophone.  
1 - sensing element; 2 - metal flanges; 3 - elastic rubber 
membranes; 4 – magnet; 5 - electromagnetic coil;  
6 - upper cover. 

 
The volume of the internal bubble will decrease 

inversely to the external pressure. This leads to the fact 
that the membrane begins to mechanically rest against 
the coil and thereby distort the output signal. Secondly, 
the rigidity of the air bubble increases, which leads to 
a decrease in sensitivity at high frequencies with 
increasing external pressure. It should also be noted 
that the feedback option used cannot compensate for 
the effect of the constant pressure. 

Thus, stabilization of the frequency response is 
reduced in order to increase the rigidity of the isolated 
volume, which will change slightly with increasing 
pressure. For this, it was proposed to fill the volume 
with a compressible liquid, and polymethylsiloxane 
(PMS) liquid was chosen for that purpose. 
 
 
3. Laboratory Tests 
 

Two experimental model MET hydrophones were 
assembled. Their sensitivity was adjusted to 0.8 mV/Pa 
±1 dB in the range of 1-300 Hz. The isolated volume 
of one of them was completely filled with PMS liquid, 
other second was partially completely filled. 
Calibration results for different pressure are shown 
in Fig. 2. 
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Fig. 2. Frequency response (0.8 mV/Pa) of MET 
hydrophones with the volume completely filled with liquid 
under the upper cover (a) and with the volume partially filled 
under different pressure differences. 

 
Laboratory experiments have shown that the 

frequency response of MET hydrophone with a 
completely filled volume under the upper cover varies 
by -0.1 dB at low frequencies and -0.5 dB at high 
frequencies with increasing pressure difference on the 
membranes to 3 atm. While the frequency response of 
the second changes much more (-22 dB). 

Further experiments were carried out with first type 
of MET hydrophone. 
 
 

4. Marine Experiments 
 

Marine experiments were held in Gelendzhik Bay 
(Black Sea) with technical support from JSC 
«Yuzhmorgeologiya». The experiment was to compare 
the response of the reference hydrophone (MP-25-250, 
ARAM ARIES II system) and the MET hydrophone to 
an external disturbing signal generated by a single 
pneumatic source of 40 cubic inches. The spectra of 
one of the elastic signals are shown in Fig. 3. 

We see a good match (up to 20 %) of signals in the 
range from 15 to 100 Hz. The discrepancy at low  
(1-15 Hz) frequencies is caused by maintaining the flat 
characteristic of the MET hydrophone in this range and 
the lower boundary frequency by 10 Hz (-3 dB) at the 
reference hydrophone. The discrepancy in the range 
from 100 to 200 Hz can be caused by inaccuracy of 
placing the hydrophones at one point relative to the 
signal source. The discrepancy in the spectra at high 
frequencies (from 200 Hz) is due to the fact that the 
upper frequency of the working range of the MET 
hydrophone is 300 Hz, and the frequency response of 
the hydrophone remains flat. 

 
 

Fig. 3. Spectra of hydrophone signals of the same 
disturbing action in marine experiments. 

 
 

5. Conclusions 
 

As a result, the method of stabilizing the frequency 
response of MET hydrophone in range 1-300 Hz was 
proposed, tested and confirmed by laboratory and 
marine tests. Proven working depths are up to 30 m. 

Comparative marine tests of the developed model 
of the MET hydrophone were carried out, which 
showed the possibility of using this type of 
hydrophone in marine seismic exploration systems. 
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Summary: We propose a new optical method and arrangement to diagnose microcirculatory bed of the peripheral blood 
circulation in the subcutis of human soft tissues. This diagnostic method is based on simultaneous measurement of two indices 
related to blood circulation: total hemoglobin (THb) and degree of hemoglobin saturation with oxygen in the tissue area 
considered (SaO2). 
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1. Introduction 
 

The system of peripheral blood circulation is one of 
the most important systems to provide vital activity. 
The blood vessels of microcirculatory bed are in direct 
contact with the tissues and serve the metabolic, 
regulatory, heat exchange, signal and many other 
functions. Metabolism between blood and 
extravascular medium as well as tissue saturation with 
oxygen occur through the thin walls of capillaries 
formed by a single layer of endothelium cells. Many 
physiological processes occurring in a human 
organism (such as regeneration and healing of 
defective tissues, inflammatory processes, biochemical 
reactions, etc.) depend on blood microcirculation. 

Thereby the diagnostics of local disorders in the 
blood microcirculation system is an important medical 
problem. Those sick with peripheral arterial disease 
especially need such diagnostics [1]. 
 
 
2. The Methods of Blood Flow Study 
 

Now there are several methods to study vascular 
tone and blood flow in small size vessels. 
Plethysmography is the most widely applied. This 
method is based on graphic registration of sphygmic 
(and slower) oscillations of a volume of some body 
part related to the dynamics of vessels blood filling. To 
this end, the studied body part is put into a hermetic 
compartment filled with air or water. The oscillations 
induced by variation of vessels blood filling are 
transmitted to the sensors of a measuring device. 

High labor input for hermetization of some body 
parts to perform measurements under clinical 
conditions became one of the reasons to develop new 
methods that do not require a transmission medium to 
register blood filling variations. 

The optical diagnostic methods are free from the 
mentioned drawbacks. Their advantages are that they 
have no adverse effect on human organism and make 

it possible to create compact inexpensive measuring 
devices to perform screening examinations of people. 
This is of considerable significance bearing in mind 
abundance of vascular diseases. 

Among the existing optical methods of 
microvascular bed diagnostics, those based on 
investigation and analysis of variations of biotissue 
optical properties are distinguished by their simplicity. 
Their realization became possible because the progress 
in development of the theory of optical diffusion 
spectroscopy (ODS) that makes it possible to 
investigate the biotissue optical properties through 
human skin. 

The modern pulse oximeters that measure such 
important blood index as the SaO2 parameter (the ratio 
between oxidized hemoglobin HbO2 and reduced 
hemoglobin Hb) operate using the ODS methods. The 
disturbances of peripheral blood circulation and 
damages in cutaneous covering are often accompanied 
by violation of the ratio between HbO2 and Hb. 
According to the studies performed in [2], the SaO2 
parameter can be taken as one of the diagnostic indices 
of microvascular bed state. 

At present there is no direct optical method to 
measure blood filling. Therefore, in [1] it was 
proposed to measure the amount of hematocrit instead 
of blood filling, and in [3] it was proposed to measure 
total hemoglobin (THb) (placed in the studied tissue 
area) as the measured parameter responsible for  
blood filling. 

However, it should be noted that the problem of 
measuring hematocrit and total hemoglobin in a tissue 
using the optical method still remains unsolved up to 
now. Among the known methods of measuring total 
hemoglobin, only those based on the photon transport 
equation and Monte-Carlo calculations have got 
practical application. Unfortunately, the measuring 
equipment using the above methods requires powerful 
computer aids and does not provide the desired 
accuracy. 

 


