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sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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SEISMIC SIGNAL REGISTRATION WITH AN ACOUSTIC
DETECTOR AT THE TIEN SHAN MOUNTAIN STATION

Abstract. The program of future development of the scientific detector complex at Tien Shan mountain cosmic
ray station anticipates the creation of a system of high-sensitive microphones for registration of elastic disturbances
of seismic origin in the acoustic frequency range. Synchronous operation of acoustic detector together with a
widespread system of the cosmic rayparticles detectors permits to test the hypothesis on the possibility of microcrack
creation in the deep seismic active regions of Earth's crustunder the influence of penetrative particles (the muons)
which originateas a result of cosmic ray interaction with the atmosphere. The disturbance ofelastic oscillations which
arise by the opening of microcrack propagatesas an acoustic wave within the mass of lithosphere and can be
detectednear its surface as a momentary increase of acoustic noise. It is supposed that registration of such oscillations
in correlation with passage moments of energetic cosmic ray particles can be a perspective earthquake forecast
method in seismically active regions of the Earth. In this work, we discussthe design principles and possibilities of an
acoustic detector which isbuilt on the basis of a high-sensitive microphone installed in a drilledhole, at the depth of
50 m from the surface, and is presently operating atTien Shan station. We present the results of the test acoustic
signal registration which was held at the end 0of2017. The consideredinvestigation can be of a large importance for
solving the problem of along-term earthquake forecast.

Key words: acoustic detector, cosmic rays, muon components, elastic seismic oscillations, synchronous re-
cording.

Introduction. An actual problem of modern seismology is the long-term forecast of the level of
seismic activity, in particular, of powerful earthquakes, in the seismically dangerous regions of the Earth.
At present time the seismological science experiences a crisis which is connected both with the shortages
of the existing theory of earthquake development and with the lack of any reliable method of earthquake
forecast [1]. In fact, a multitude of methods which are applied now for prediction of the level of seismic
activity such as the measurement of electric conductivity of the medium, the measurements of the
deformation field and of the movement speed of different lithosphere regions, the measurements of the
natural radioactivity level and the intensity of local neutron background, and the like [2, 3] are based on
various physical phenomena which take place in the vicinity to the surface of the Earth’s crust. Same
shortages such as an extreme unreliability of the forecast and a poor reproducibility of the results gained
are typical for the most part of these methods. These drawbacks are caused by the fact that the observable
surface effects cannot be always unambiguously connected with an earthquake preparation in a certain
region of the Earth.

Still, an open question of traditional seismology is the selection from an overwhelming information
stream which comes from different seismological sensors of some distinctive signal on the approaching of
a definite catastrophic earthquake with a strict forecast localization in the time and space. Usually, such a
signal is lost irrecoverably against the steady background of small and non-dangerous earthquakes, and
amongst the fluctuations of the large-scale geodynamics processes. Because of these obstacles, any plain
signal of an earthquake preparation usually can be found only post factum.
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In the late 1980s, the specialists of the P. N. Lebedev Physics Institute and the Institute of the Physics
of the Earth in Russia have elaborated preliminary conception of the new perspective direction in the study
of the earthquake forecast problem. Presumably, such a forecast can be based on registration of the signal
from elastic waves in the acoustic frequency range which can be triggered in the depth of lithosphere
under the influence of local ionization from propagation of the penetrative component of cosmic rays - the
muons. Within an unstable medium like a largely stressed volume of the Earth's crust in a seismically
active region any small disturbance like an elusive ionization increase can cause the momentary dissi-
pation of elastic energy, and reveal itself as a macroscopic effect through generation of oscillations in the
medium which propagate there as a sound wave [4-6].

In the case if such an approach could be realized, an effective probe of the Earth's crust with a beam
of penetrative energetic muons originating from interaction of the high energy cosmic rays in atmosphere
would be possible to test the inner condition of lithosphere up to the depth of 1-20 km which is close to
typical formation depth of the earthquake centers. The monitoring of acoustic response on the influence of
muon beam which can be made near the surface of the Earth is a unique method to reach relatively close
vicinity of an earthquake center in comparison with other methods. Every separate measurement by muon
monitoring is only a local one, but a set of such measurements made systematically and continuously du-
ring some period of time permit to control a large volume of the crust which depends on the sensitivity of
acoustic sensors, on the level of seismic noise, and on the area of the muon detectors disposition.

One of directions in the development of the earthquake forecast methods is the analysis of temporal
characteristics of the high-frequency seismic noise. In the work[7,8]it was suggested that the process of
earthquake preparation causes an anomalous time behaviour of the intensity of such noises, and the role of
trigger to provoke generation of elastic oscillations in acoustic frequency range can play the transient
ionization increase from the passage of muons through the seismically stressed regions of lithosphere. An
effective source of such muons can be the extensive air showers (EAS) — the cascades of a multitude of
elementary particles which develop in the atmosphere after the hits of energetic cosmic rays which have
the energy above 10'° eV.

Later on, the method discussed was proved quantitatively by numeric simulation of the passage of
~10-100 TeV muons through the ground which is described in the paper [9,10]. In this work concrete
estimations were obtained for the muon multiplicity in the EAS with primary energy 10'° — 10'® eV, for
the depth of muon penetration into lithosphere, and for the average number of macroscopic effects (micro-
cracks) which the muons can cause within the seismically stretched crust in dependence on their energy. It
was found that in a considerable part of events the creation of such micro-cracks can result in the
generation of elastic sound oscillations in the acoustic frequency range of 1-2 kHz, and with an amplitude
sufficient for their registration by a high-sensitive microphone near the surface of the Earth. Since the
appearance of energetic muons is generally connected with extensive air shower development in the
atmosphere, it was suggested in [9, 11] to use the correlation method based on the search for acoustic
response signals temporally bound to the passage moments of the high-energy EAS.

A convenient experimental site to investigate the capabilities of considered method is the Tien Shan
mountain cosmic ray station which, firstly, is located in mountain region above a deep lithosphere fault,
and the widespread system of particle detectors of which, secondly, makes it possible to check directly the
passage moments of the powerful EAS and connected energetic muons.

A preliminary search for a short-time emission of an acoustic signal by the group passage events of
high energy muons has been made in a special experiment which was held at Tien Shan station in the year
2012. According to the data published in [12, 13] some transient increases of acoustic noise have been
observed indeed in a short time neighbourhood (~10 s) after registration of a multiple muon event.

After completion of the complex modification of Tien Shan shower installation [14, 15] and the
beginning of regular EAS studies there in 2015-2016, it is planned to continue such a type of experiment
here in its advanced version, i.e. with taking into account any discrete information on the EAS (total
amount of shower particles — the shower size, the type and energy of the primary cosmic ray particle, posi-
tion of shower axes on the ground, and its arrival angles) which accompany the acoustic noise increase
events. Accordingly, the modification program of shower installation anticipates the creation of a special
system of acoustic receivers which should consist on a number of high-sensitive microphones distributed
over the territory of Tien Shan station, with strict synchronization of recording process of acoustic signal
with the moments of EAS passage.
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At the beginning stage of this investigation program, one of such acoustic detectors has been installed
in autumn 2017 and remains in continuous exploitation since that time. A microphone with a 20 mV/Pa
sensitivity in acoustic frequency range, 500-10000 Hz, is placed within a hole drilled in the ground at the
territory of Tien Shan station at a depth of 52 m under the surface. The distance between the hole and
center of shower particles detector system is about 200 m.

A description of the microphone detector which is used now at Tien Shan mountain station for regis-
tration of the seismic noise signals, and an overview of preliminary results obtained by continuous
operation of this detector during the winter season of 2017-2018 years are the subject of the present
message.

Experimental equipment

The schematic of electronic equipment which is used for registration of seismic oscillations in
acoustic frequency range is presented in figure 1. To obtain the necessary level of electromagnetic noise
immunity, the transmission of electric signal from the microphone succeeds through a small-size trans-
former T1 which is connected to a long cable line made of a twisted pair of wires; both the microphone
and transformer constitute a single compact construction unit which is dropped into the drilled hole.
Besides, the £3V direct current voltage for microphone powering is elaborated by a separate AC-DC
power adapter which uses an independent transformer 72 with ungrounded secondary winding. Up to the
microphone this low-voltage direct current feeding comes over another twisted pair of wires. Hence, the
microphone unit as a whole occurs to be isolated electrically and has not any direct contact with the groun-
ding and external power feeding lines. This is necessary to prevent any influence on registered signal on
the part of low-frequency electromagnetic interference, in particular of the 50 Hz sinusoidal noise from the
power main.

Recording of acoustic signal is made indoors in a special cabin situated immediately at the top of the
hole where other units of registration channels are placed: the differential amplifier and the selector of
low-frequency envelope of microphone signal. The differential amplifier (the D1 element in the scheme of
figure 1) is made on the basis of an integrated circuit chip of CA3130E type. This amplifier ensures the
~100" amplification of useful signal with simultaneous ~70 dB suppression of any co-phased interferences
which may arise on the long connection line between the microphone and amplifier input. At the output of
amplifier, the bipolar sinusoidal signal is formed which belongs to acoustic frequency range, ~10-10* Hz,
and is ready for digitization with a final amplitude-to-digital conversion (ADC) unit of the data acquisition
channel. The low-frequency signal selector which consists of a pair of CA3130E (D2) and KA1458D (D3)
operational amplifiers permits to pick out the slow modulating envelope of the seismic acoustic signal
which is digitized by the second ADC channel.

Schematic of the small ADC system with a low power consumption which has been designed
especially for registration of the signals from acoustic detector is shown in figure 2. This system is located
just at the top of the hole together with all other electronics of preliminary signal shaping. The basis of
ADC system is a single board microcomputer Raspberry Pi B+ [16] on a Broadcom BCM2835 type ARM
microcontroller with the tact frequency of 700 MHz. By the means of its in-built general purpose
input/output port (GPIO) the microcontroller is connected to a pair of AD7887 type integrated ADC chips
[17,18]. The latter ensures digitization of the analogue signal level which is present temporarily at their
inputs with a 12-bit resolution and with conversion speed of up to 1.25-10° samples per second.

Two digital tact sequences, C (clock), and CS (chip select) which are necessary for ADC chips
operation are elaborated at corresponding GPIO pins by the special low-level driver program which runs
at the microcontroller unit. Same program accepts the binary conversion results which are set in sequential
code at the DO pins of both ADC chips and converts them into two byte long data words. All micro-
controller signals are connected to ADC pins through additional resistor dividers and through the buffer
SN7404 type TTL- gates which are necessary for proper matching of their logical levels.

Permanent recording of acoustic signal data is made with a high-level program which operates at the
same Raspberry Pi B+ microcomputer together with ADC system driver. Both the current level of the
microphone output signal and its low-frequency envelope are registered uninterruptedly with a 2 ms
temporal resolution which corresponds to the total rate of information income about 4 Mb/s. The whole
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Figure 2 — Small ADC system on the basis of Raspberry Pie microcontroller
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data stream of measurement information is kept completely in a compressed archive file which is created
by registration program on a local hard disk connected to microcomputer through an USB interface plug.

In turn, the information kept within initial archive files is used by another high-level program to
calculate periodically the mean characteristics of acoustic signal which have been observed in succeeding
1 min long averaging periods: the root-mean-square ADC codes of microphone signal and of its envelope,
and minutely amounts of the events when the envelope amplitude was exceeding a number of predefined
ADC code thresholds: 300, 500, and 1000. The resulting set of average characteristics comes into general
database of the Tien Shan mountain station and can be seen in real time at the corresponding page of the
station’s web-site [19].

The results of the test detector exploitation

Test recording of the level of acoustic detector signal in accordance with the algorithm described in
the previous section was initiated at Tien Shan station in November 2017, and since that time it is con-
tinuing there uninterruptedly. Since it was not known in advance any characteristic behaviour of micro-
phone signal which should be expected in response to the events of seismic activity, during all the period
of detector operation digitization of its output signal is made continuously with the time resolution of
2 ms, and the whole data set is kept completely for its further off-line operation. Some of the results
gained in such postponed operation are considered in the present section.

A sample of acoustic events of the type which is most frequently met and is presumably connected
with development and subsequent fast decay of micro-cracks in the seismically stretched medium is
presented in figure 3. Among microphone signal records such an event manifests itself as a sharp but
quickly fading increase of oscillation amplitude with typical duration of 10-20 ms, like the ones which are
visible in upper graphs of figure 3. Momentary increase of the microphone signal is accompanied usually
with a short-time outburst of the amplitude of its envelope, which can be seen also in the discussed figure.
From a statistical point of view the reliability of these effects is beyond any doubts; hence, in the case of
figure 3 the signal/noise ration is not worse than 5-7 times for the direct microphone channel, and
~30 times for envelope. The observed intensity of such a type of events does vary irregularly during the
time, but usually, it remains within the limits of 1-5 events/day (for the threshold ADC code of 1000).

During the period of acoustic detector operation it was registered a noticeable seismic event — an
earthquake with a magnitude of M = 4.9, and with epicenter distance about ~130 km apart from the Tien
Shan station. The earthquake has occurred at the time moment of 16 November 2017, 01:42:58 UT [20].
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Figure 3 — Typical seismic event signal in the data records of acoustic detector.
Upper graphs in the plots correspond to the microphone signal, the lower ones — to its low-frequency envelope.
The time axes of the right plot are stretched around the moment of transient amplitude increase due to transient seismic noise.
Vertical axes are graduated in the values of the 12-bit ADC code
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In the vicinity of Tien Shan station, this event was felt as a weak earthquake with local magnitude about 2.
As shown in figure 4, in spite of general weakness at the observation point, the effect of this event can be
seen prominently in average parameters of acoustic signal. Disturbances from the remote earthquake have
influenced both the records of root-mean-square values of microphone signal, and the multiplicity of
transient outbursts of the envelope amplitude.
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Figure 4 — Average data gained over a 2 days long period of continuous operation of acoustic detector:
the minutely values of the root-mean-square ADC code in microphone channel (above),
and the number, per one minute, of the events when the envelope amplitude code was exceeding the threshold of 300 (below).
Time moment of 16 November 2017, 01:42:58 UT corresponds to a M = 4.9 magnitude earthquake
with epicenter distance about 130 km apart from Tien Shan station
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Time variation of the low-frequency envelope of acoustic signal within the temporal neighborhood of
the 16 November 2017 earthquake is shown in figure 5. This plot was obtained by low-pass filtering of the
original envelope record which consists of its 30-point decimation with multiple application of the moving
average filter to remaining data, each time with compensation of the resulting temporal shift. The arrival
moment of longitudinal seismic wave from the earthquake epicenter into the region of Tien Shan station is
marked with a vertical line in the figure 5. This moment was calculated over the data of a three-component
seismic station of the National Nuclear Center of Kazakhstan Republic KNDC [21]. As it is seen in the
figure, just after arrival of seismic wave the acoustic detector starts to register a characteristic sequence of
quasiperiodic oscillations with sum duration of 2.1 s and with the mean period of 0.55 s. This sequence
can be considered as modulation result of the local seismic noises by the seismic wave in vicinity of the
Tien Shan station.

Figure 5 — An imprint of longitudinal seismic wave which has reached the Tien Shan station
after the earthquake of 16 November 2017 on the record of microphone signal.
Time axes is graduated in the seconds since the beginning of the day 16 November 2017, 00:00 UT

Hence, a conclusion can be made on the basis of experimental results presented in this section that
registration of the acoustic detector signal which is currently on at the Tien Shan mountain station does
indeed provide the necessary sensitivity level to seismic processes which take place deeply in the Earth.
This result permits to consider the applicability of the described measurements technique to practical
search of acoustic signals which could accompany the passage of the high-energy extensive air showers,
including the intensive muon beams in the core region of the latter. Any realization of this task anticipates
continuous recording of acoustic signal, together with strict registration of the shower passage moments
and determination of EAS parameters accordingly to the data of the wide-spread shower particles
detectors system, as well as mutual comparison of both data sets further on. The final goal of this study
should be an answer to the question if some statistically significant excess of EAS events does exist which
precede systematically the moments of transient increase of acoustic signal, and what are the mean
characteristics of these showers (such as their size, primary energy, core distance to location point of
acoustic detector and the like).

Preliminary data which have been obtained in a such type of measurements are illustrated by the
figure 6. Sample events with characteristic short-time imprint of seismic effect in the records of
microphone signal and of its envelope are presented here together with the data of the shower particles
detector system. The latter are two-dimensional spatial distributions of the charged particles density
(mostly, electrons) taken in a number of showers which have been preceding the moments of acoustic
envelope outburst up to the time of 30 s, and the muonic component of which could serve as a trigger to
initiate elastic oscillation deeply underground.

Making an approximation of these experimental distributions with the standard particle density
distribution function of the particles cascade development theory, one can obtain a number of estimations
for the basic shower parameters [8]. In particular, one can define the size of the shower, i.e. the sum
amount of constituting charged particles which is connected with its primary energy and multiplicity of
the muons. For the cases shown in figure 6 the EAS size is in the limits of 10°~10 particles, which
corresponds to the primary energy of ~ 3-10"“~10'® eV, and to the multiplicity of high energy muons of the
order of 1-10 per a shower.
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Figure 6 — Short time events with characteristic amplitude increase of acoustic signal and the two-dimensional distribution
of the charged particles density amongst the shower detector system of the Tien Shan station in a number of preceding EAS
(columns-original density measurements, smooth distributions-their approximation with a standard two-dimensional function
of the particles cascade theory)

Conclusion. At the Tien Shan mountain cosmic ray station it is started the realization of the planned
system of high-sensitive microphone detectors aimed at the search of elastic oscillations in acoustic
frequency range which are connected with seismic processes in the depth of lithosphere. Up to the present
time, the design of acoustic signal detector, of the necessary electronic equipment, and of the software
complex have been elaborated, as well as operation technique of the incoming measurement information.
According to the experience of practical exploitation of the test acoustic detector which has been taken
place at the end of 2017, the detector of considered type does ensure indeed the necessary sensitivity level
for registration of the signal from seismic processes. Synchronous operation of the acoustic detector
system with EAS particles detector installation of the Tien Shan mountain cosmic ray station permits to
check the practical applicability of proposed probing technique of seismic conditions deeply underground
which is based on registration of the elastic oscillations signal originated in the seismically stretched
lithosphere regions under the influence of penetrative cosmic ray particles. This study is of interest for the
problem of long-term earthquake forecast.
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BUIK TAYJIbI TSIHb-IHAHb CTAHIUACBIHBIH AKY CTUKAJIBIK
JETEKTOPBIMEH CEMCMMUMKAJIBIK CUTHAJIJAPABI TIPKEY

AnHoTtauus. buik taynel Tsab-111aHb FRUIBIMH CTAHIMACHIHBIH KYPaMBIHAAFbI FBUIBIMH KaOJBIKTapAbl JaMBITY
Oarmapiiamachl OOMBIHILIA CEHCMUKAIIBIK CEpPIIM/II TepOesicTepAl TipKeyre apHaJlFaH, Ce3IMTalIbIFbl JKOFaPbI JIbIObIC-
TBIK, IMANa30HIaFbICEHCMUKANBIK CepIiMAITepOeIicTepAl TipKeyre apHAIFAHAKYCTHKAIBIK JIETEKTOpJIapAbl xobanay
’KOHE CTaHLMs alMarblHAA KYpy JXOCIapilaHFaH. AKYCTHUKAJbIK JETEKTOPABIH FaphIlll CIyJeNepiHiH AeTeKTopia-
PBIMEH CHHXPOH/IbI XYMBIC iCTEYi COJI Fapbllll cayJelepiHiH xkep aTMochepachIMeH acepliecyi 0apbIChIHIA TYbIH-
JIAMTBIH, OTIMALIIr KOFaphl KypaylIbUIapbIHBIH (MIOOH/Ap) 9cepiMeH JIMToc(epasblK TEPEHAIKTe OpHajlacKaH ceil-
CMHKAJIBIK OOJIIEKTeHY KEeHICTIIHAEMHUKPO ChI3aTTap/bl TyFbI3y Typallbl TUIIOTE3aHbI TEKCEpyre MYMKIHIIK Oepei.
Conpail cpI3aTTapAblH Iaiaa Ooiybl HOTMIKECIHAE TYBIHIANTHIH ceprimai TepOenicTep Kep KhIPTHICHI apKbILIbI
JIBIOBIC TOJIKBIHZAAPHI TYPiHIE Tapaialpl )KoHE JKepAiH OeTTiK KabaThIHIa KbICKAa MEP3IMIIK aKyTHKaJIBIK LIy TYPiHAE
tipkeneni. Ocbl TepOemicTep i )KOFapbl IHEPTUSUIBIK FAPBILITHIK CIyJIeIepIiH oTyiMeH KaTap TipKey MaceJIeciH mIenry
ici ceficMUKaNbIK OeIceH Al aitMaKTapaa )Kep CUIKIHICIH 00Kay IbIH OOJanIarsl 30p TOCUIIEPiHIH KaTapblHA KOCHLTYBI
MYMKiH. Makasazia coll YIIiH apHaliFaH >KoHe OYTiHT1 KyHi CTaHIUS ayMaFbIHAA J)KYMBIC ICTEN TYpFaH, kep OeTiHeH
50 M TepeHIIKTe CKBa)KMHAa OpHAJACKaH, Ce3IMTAJIBIFE alpBIKIIA KOFapbl MUKPO(OH HETi3iHIe jKacanFaH aKyc-
TUKAJIBIK JETEKTOPAbI Kypy MPHHIMII MEH Maiifanany MyMKiHziri 6asuaanansl. ConbiMeH kKatap, 2017 k. cOHbIHA
Kapai oChl XKyieHI TeCTUIK TeKcepyAeH OTKI3y OapbIChIHIA KOJ JKETKEH HOTHIXKENep Je KenTipiieai. 3epTrey xKy-
MBICTApBIHBIH HOTHXKEJEpl JKep CUIKIHICI Typajbl aljblH-ajla y3aK Mep3iMIulik OoJjpkay MoceseciH Ielry YIIiH
alpbIKIIa MaHbI3/IbI.

Tyiiin ce3aep: akyCTUKaJbIK JETEKTOpP, FapbIll CIyJeiepl, MIOOHIBIK KYpaylibliap, CepIiMIl CeHCMHUKAIBIK
TepbOericTep, CHHXPOHABI TipKEY.
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PETICTPAIIUA CEI‘/'ICMI/I‘IECKI/I)S CUI'HAJIOB AKYCTHYECKHUM JETEKTOPOM
TAHb-ITAHBCKOU BBICOKOI'OPHOU CTAHIIMHN

AnHoTanus. [Iporpamma pa3BuUTHA KOMILIEKCA HayyHOU ammaparypsl TsHb-I1laHbCKOM BBICOKOTOpPHON Hayd-
HOW CTaHIMHU TIPEIyCMaTpUBAeT Pa3pabOTKy M pa3MElICHHE HAa HEH CHCTEMbl YyBCTBUTEIBHBIX aKyCTHYECKHX
JETEKTOPOB I PETHCTPAlMK YIPYTHX KoJeOaHuil celicMUYECKOro MPOUCX0XK/ICHUS B 3ByKOBOM JIMAIa30HE YacTOT.
CunxpoHHas paboTa aKyCTHYECKOTO JETEKTOpa C PAcIOIOKEHHON Ha CTAaHIMHU PacIpeAeIeHHON CUCTEMOHN IeTeK-
TOPOB YaCTHI[ MO3BOJSIET MPOBEPUTH TUIOTE3y 00 00pa30BaHUM MUKPOTPELIMH B 30HE TIIyOMHHBIX CEHCMUYECKHX
Pa3IoMOB MO BO3AEHCTBHEM YaCTHIl IPOHUKAIONIEH KOMIIOHEHTHI KOCMHUYECKUX JIyueill (MIOOHOB),KOTOPBIE POXK-
Jar0TCA B pE3yJibTaTe BSﬁI/IMO[leICTBI/IH OHECPIrUYHbIX YaCTUIL] KOCMHUYECKOI'0O MPOUCXOKICHHNA C BEHICCTBOM 3€MHOMU
atMocdepbl. Bo3Mmymienue ot ynpyrux Kosie0aHuid, KOTOpbIe TeHepUPYIOTCS IPU 00pa30BaHUU TAKUX MUKPOTPEIHH,
pacrpocTpaHseTcsi B Macce 3¢MHOM KOpPBI KakK 3BYKOBasl BOJIHA M MOXKET PErHCTPHPOBATHCS BOJM3M IOBEPXHOCTH
3eMJIM B BUJE KPaTKOBPEMEHHOI'O BCILIECKA aKyCTUYeCKUX IIyMoB. IIpenmnomnaraercs,, 4To peructpanus Takux Koie-
OaHMt B KOPPEISIMH C PETHCTpanreii MOMEHTOB IPOXOXICHUS KOCMHUYECKHX ITydell BBICOKOH DHEPTHH, MOXKET
MPECTaBIATh COOOM TMEPCHEKTHBHBI METO]| MPOTHO3a 3eMIICTPSCEHHA B CEHCMHUYECKH aKTUBHBIX paifoHax. B
paboTe 00CYX IaroTcsl MPUHIUI OCTPOSHHUS M BO3MOXHOCTH JICHCTBYIOIIETO B HACTOSIIEE BPEMs HA CTAHLUH JIe-
TEKTOpa, KOTOPHIH OCTPOSH Ha OCHOBE YYBCTBUTEJILHOTO MUKPO(OHA, yCTAHOBIEHHOTO B IPOOYPEHHOH CKBaXKUHE,
Ha nry6uHe 50 M OT moBepXHOCTH 3eMi BMecTe ¢ ommcaHueM aKyCTHYECKOTO IETEKTOpa MPEACTaBICHBI PE3Yilb-
TaThl U3MEPEHHUil, KOTOpPBIE MPOBOIMINCH BO BPEMsI €ro TeCTOBOH 3KciuryaTauuu B KoHie 2017 roma. PesymbraTs
3THX UCCJIEJOBAaHUN UMEIOT BaKHOE 3HAYEHHE JIJIsI PELICHHS IPOOJIEMBI JOJITOCPOYHOTO MPOTHO3a 3eMIIETPSICEHUI.

KiroueBble cjioBa: aKyCTHUECKUI JETEKTOP, KOCMHUECKUE JTyYHd, MIOOHHbIE KOMIIOHEHTBI, YIIpyTrue cercMu-
YeCKHe KOJICOAHUs, CHHXPOHHAs PETUCTPALIUSL.
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