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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical 

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. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология жəне 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, 
the Social Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология жəне техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді 
геология жəне техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 
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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 of2017. 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 1016 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 1016 – 1018 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 T2 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 
~100x 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, ~10-104 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 1.25105 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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БИІК ТАУЛЫ ТЯНЬ-ШАНЬ СТАНЦИЯСЫНЫҢ АКУСТИКАЛЫҚ 
ДЕТЕКТОРЫМЕН СЕЙСМИКАЛЫҚ СИГНАЛДАРДЫ ТІРКЕУ 

 

Аннотация. Биік таулы Тянь-Шань ғылыми станциясының құрамындағы ғылыми жабдықтарды дамыту 
бағдарламасы бойынша сейсмикалық серпімді тербелістерді тіркеуге арналған, сезімталдығы жоғары дыбыс-
тық диапазондағысейсмикалық серпімдітербелістерді тіркеуге арналғанакустикалық детекторларды жобалау 
жəне станция аймағында құру жоспарланған. Акустикалық детектордың ғарыш сəулелерінің детекторла-
рымен синхронды жұмыс істеуі сол ғарыш сəулелерінің жер атмосферасымен əсерлесуі барысында туын-
дайтын, өтімділігі жоғары құраушыларының (мюондар) əсерімен литосфералық тереңдікте орналасқан сей-
смикалық бөлшектену кеңістігіндемикро сызаттарды туғызу туралы гипотезаны тексеруге мүмкіндік береді. 
Сондай сызаттардың пайда болуы нəтижесінде туындайтын серпімді тербелістер жер қыртысы арқылы 
дыбыс толқындары түрінде таралады жəне жердің беттік қабатында қысқа мерзімдік акутикалық шу түрінде 
тіркеледі. Осы тербелістерді жоғары энергиялық ғарыштық сəулелердің өтуімен қатар тіркеу мəселесін шешу 
ісі сейсмикалық белсенді аймақтарда жер сілкінісін болжаудың болашағы зор тəсілдерінің қатарына қосылуы 
мүмкін. Мақалада сол үшін арналған жəне бүгінгі күні станция аумағында жұмыс істеп тұрған, жер бетінен 
50 м тереңдікте скважинада орналасқан, сезімталдығы айрықша жоғары микрофон негізінде жасалған акус-
тикалық детекторды құру принципі мен пайдалану мүмкіндігі баяндалады. Сонымен қатар, 2017 ж. соңына 
қарай осы жүйені тестілік тексеруден өткізу барысында қол жеткен нəтижелер де келтіріледі. Зерттеу жұ-
мыстарының нəтижелері жер сілкінісі туралы алдын-ала ұзақ мерзімділік болжау мəселесін шешу үшін 
айрықша маңызды. 

Түйін сөздер: акустикалық детектор, ғарыш сəулелері, мюондық құраушылар, серпімді сейсмикалық 
тербелістер, синхронды тіркеу. 
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РЕГИСТРАЦИЯ СЕЙСМИЧЕСКИХ СИГНАЛОВ АКУСТИЧЕСКИМ ДЕТЕКТОРОМ  
ТЯНЬ-ШАНЬСКОЙ ВЫСОКОГОРНОЙ СТАНЦИИ 

 
Аннотация. Программа развития комплекса научной аппаратуры Тянь-Шаньской высокогорной науч-

ной станции предусматривает разработку и размещение на ней системы чувствительных акустических 
детекторов для регистрации упругих колебаний сейсмического происхождения в звуковом диапазоне частот. 
Синхронная работа акустического детектора с расположенной на станции распределенной системой детек-
торов частиц позволяет проверить гипотезу об образовании микротрещин в зоне глубинных сейсмических 
разломов под воздействием частиц проникающей компоненты космических лучей (мюонов),которые рож-
даются в результате взаимодействия энергичных частиц космического происхождения с веществом земной 
атмосферы. Возмущение от упругих колебаний, которые генерируются при образовании таких микротрещин, 
распространяется в массе земной коры как звуковая волна и может регистрироваться вблизи поверхности 
земли в виде кратковременного всплеска акустических шумов. Предполагается, что регистрация таких коле-
баний в корреляции с регистрацией моментов прохождения космических лучей высокой энергии, может 
представлять собой перспективный метод прогноза землетрясений в сейсмически активных районах. В 
работе обсуждаются принцип построения и возможности действующего в настоящее время на станции де-
тектора, который построен на основе чувствительного микрофона, установленного в пробуренной скважине, 
на глубине 50 м от поверхности земли Вместе с описанием акустического детектора представлены резуль-
таты измерений, которые проводились во время его тестовой эксплуатации в конце 2017 года. Результаты 
этих исследований имеют важное значение для решения проблемы долгосрочного прогноза землетрясений. 

Ключевые слова: акустический детектор, космические лучи, мюонные компоненты, упругие сейсми-
ческие колебания, синхронная регистрация. 
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