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KaszakcmaH Pecrniybnukacbl ¥nmmbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibIMOap Cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze kKabbindaHraHblH xabapnaldbl. byn uHdekcmerny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MeKemesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHadbl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMOap 6olbiHWa KoHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, 4ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu U mexHu4eCcKux
Hayk» bbln npuHsam O uHOekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Usesecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpuUpyem Hawy nNpueepXeHHOCMb K Haubosee akmyarbHOMY U 8/1USIMEIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam O5isi Hawezo coobujecmea.
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THE PERSPECTIVE FUNDAMENTAL COSMIC RAYS PHYSICS
AND ASTROPHYSICS INVESTIGATIONS
IN THE TIEN SHAN HIGH-MOUNTAIN SCIENTIFIC STATION

Abstract. In this paper, we have presented research results achieved in the areas of cosmic rays physics and
astrophysics in the Tien Shan high-mountain scientific station. The research was conducted by Physicotechnical
Institute in cooperation with other teams. According to the research program, the fundamental subject area comprised
the following sections: investigating new processes in the cosmic rays (CR) at energies above 10'7e¢V on the
"Horizon-T" installation; a comprehensive study of the extended air showers (EAS) properties on the shower instal-
lation in the range of the (CR ) initial spectrum breaking (104 — 10'7 eV); search of structures in the particles distri-
butions from EAS forward cone at high energies on the "Hadron - 55" installation; earch and investigation of the
cosmic rays gamma sources with energies above 0.5 TeV on the "Hadron-55" installation; registration and investi-
gation of the radio emission from EAS; investigation of the Earth's crust tension degree of the Almaty seismically
active region by registering high energy cosmic rays muons.

Key words: cosmic rays, spectra, kink of the primary spectrum, stormwater installation, wide air showers,
radio emission, thunderstorm phenomena, degree of earth crust intensity, seismically active region, muon interaction.

Introduction. The researchers of Physico-technical Institute study cosmic rays (CR) since the end of
the 1950°s. The institute has highly qualified researchers, unique Tien Shan and Intermediate scientific
stations located at 3340 m and 1700 m above the sea level. Modern level of the conducted investigations
and high quality of the results derived by the Tien Shan high-mountain scientific station were stipulated by
many years of wide and comprehensive cooperation with the leading Russian Research Institutes, namely
with Physical Institutes after Lebedev of the Russian Academy of Sciences and by active involvement in
the International scientific projects. Collaboration that exists between Physical Institute after Lebedev of
the Russian Academy of Sciences and Tien Shan high-mountain scientific station is realized by virtue of
the program of joint investigations between research institutes and universities of Kazakhstan and Russia,
as well as the Consortium Agreement on establishing “Eurasian high-mountain scientific Centre of the
cosmic rays”. Later, Kazakh National University after al Farabi and lonosphere Institute joined this
agreement.

For tackling more fundamental and applied problems using the station located at 3340 m above sea
level, research teams of the above-mentioned institutes implement research investigations on the following
topics:
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— a comprehensive study of the extended air showers properties (EAS) on the shower installation in
the range of the (CR ) initial spectrum breaking (10'* - 10'7 eV);

— searching of structures in the particles distributions from EAS forward cone at high energies on
the "Hadron - 55" installation;

— searching and investigation of the cosmic rays gamma sources with energies above 0.5 TeV;

— registration and investigation of the radio emission from EAS;

— investigation of the Earth's crust tension degree of the Almaty seismically active region by
registering high energy cosmic rays muons;

— studying thundery phenomena as well as neutrons and muons at the depth of 10 meters of the
rocky ground.

In what follows, we provide a more detailed discussion of some of the afove-mentioned.

Results and Discussion.

A compex study of EAS properties in the range of cosmic rays primary spectrum fracture
(10™-10'" eV) on the shower installation. As a result of many years investigations and at the present
stage of science development, a general form of the galactic cosmic rays (CR) energy spectrum became
known. According to these results, the cosmic particles flux registered to the present time varies in an
extremely wide range of the initial energy Ey values: the range scale makes up no less than 10 orders of
magnitude. The respective intensity of their differential energy spectrum falls by 28 orders of magnitude
of the value at the transition from low energy particles to the known highest values of Ey. Throughout the
whole of range the spectrum has a universal power-series shape, while its y index varies sharply at some
characteristic points: in the energy range E; ~ 3-10"° eV, where the well-known primary spectrum
"fracture" is found [1-7], in the region of the slightly visible “second fracture” with E,~ 2:10'7 eV [8], at
"anti-fracture" Ey~ 3-10'® eV [9], and in the "cutting" region Ep~ 5-10" eV [10,11].

The heterogeneities in a single power spectrum of the CR can occur as a result of influence of utterly
different factors such as loss of efficiency of the galaxy sources for particles acceleration with their energy
growth; prevalence of the CR extragalactic component in the very high energy region; effects of CR
propagation in the interstellar medium; local peculiarities of the spatial region surrounding the Solar
System; occurrence of some abnormal component with unusual properties of interaction in the natural
flow of cosmic particles with unusual properties of interaction with normal matter.

For making a final decision among the aforementioned hypotheses, we need an utmost detailed
information about behavior of primary spectrum in the energy range between 10" and 10'® eV. This
stipulates a necessity to implement detailed CR flow measurements in this field with rich statistical data.
For such measurements, 80 scintillation detectors are built and used on the station in the launch building
and outside of it, as well as system of electronic registration was designed ensuring in this energy range
are created and used currently (figures 1 and 2). Due to further increase in detectors’ area, it is expected
that the possible numbers of particles interaction with energy above 3-10'° eV will reach more than 4500
events per year.

The structures searching in particles distributions from the forward cone of the extended air
showers (EAS) at high energies on the “Hadron-55" installation. Deeper understanding of multiple
processes in the narrow forward cone of EAS represents one of the most significant problems of CR
physics. Recent international studies of EAS trunks on the Tien Shan and Pamir-Chakaltai stations as well
as the stratospheric experiments have shown new results [12]. In the context of this problem, the following
two unique phenomena that were discovered should be noted:

— events with anomalous relation of charged and neutral components, so-called centaur of the event;
and

— phenomenon of coplanar particles emission, the events with the geometrical alignment.

Critical and detailed review of relevant problems in nuclear interactions on the «Quark Matter 2017»
conference revealed quite new, ambitious and valuable results [13]. The advanced correlated approaches
are effective tools for studying initial stages [14] and dynamic evolution of multiple processes [15]. The
investigation of the particles of two-hadron correlations in p-p, p-4 and 4-A4 interactions in BNL on RHIC
and on LHC in CMS, ATLAS, ALICE revealed the extremely important distant correlations — “ridges”,
several units of length by rapid distributions, concentrated on two azimuths: “near-side” and “away-side”
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Figure 1 — Scintillation detectors installed Figure 2 — Layout chart of scintillation detectors
in the launch building in the launch building and outside

[16, 17]. In the forward cone the pammmutupumkn were detected in the recent LHCb-experiment [18]. It
should be noted that such correlations, called «alignment», were revealed for the first time during the
experiments with X-Ray films (1998), exhibited in the Pamir mountains [19].

An interesting opinion about complanarity in cosmic rays was presented [20] in comparison with
large hadron collider (LHC) results. For studying and investigating possible centaur type events, new
detector CASTOR (Centauro And Strange Object Research) was designed and implemented, as part of the
LHC CMS experiment [21]. Both LHC [22] and RHIC [23] developed and suggested new ambitious
research of multiple generation processes in the EAS narrow forward cone. Our research team carried out
an analysis of multiple generation processes both in CR at high energies and at the accelerating energies
[24]. In the protons and the CR light nuclei generated multiple processes in the TeV regions, a well-
defined dependence of multiple generation processes from interaction region dimensions was revealed
[25].

It is very important to compare the experimental data received by cosmic rays on "Hadron-55"
complete installation with the large hadron collider experiments [26]. In figure 4, the results of double-
particle angular correlations for the charged particles arising in the proton-proton collisions at the 7 TeV
center-of-mass energy by wide range of pseudorapidity (r) and azimuth angle (¢) received on CMS
detectors are shown [27].

(c) CMSys = TTeV

3
=
<]
(=4
Figure 3 — Distribution of the two-dimensional correlation Figure 4 — Distribution
function for events with large multiplicity from of the two-dimensional correlation function

the experiment in P-P interaction at 7TeV energy in LHC [27] for events with large multiplicity by the "Hadron-55" data [26]

In figure 5, double-particle angular correlations distribution for particles received as a result of
interaction of the cosmic rays particles for events with large multiplicity, arising in the “Hadron-44" instal-
lations dense target, located at a height of 3340 meters above sea level at energies near to the CMS [26].
As can be seen from figures 3 and 4, a certain similarity between them can easily be established.
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Figure 5 — A — ionization calorimeter, composed of gamma-blocks and lower on 2,2 m hadronic block.
B —installation detectors disposition circuit (top view): 1 — calorimeter disposition in the laboratory housing;
2 —SCD by 0,25 m? area disposition in the laboratory housing. In the closest circle within a radius of 40 m and
in large circle within a radius of 100 m in fours SCD with 1 m? area are disposed

The upgraded complete installation “Hadron-55" is located in the building and outside. In the
building with 324 m? area and its height of more than 10 m, there are ionization calorimeter by 55 m? area
and 1050 g/cm? of thickness, as well as 25 scintillation detectors (SCD). Outside the building by the
imaginary circles with radii of 40 and 100 m are located four SCD (with 1 m? areas) for the primary
particle moving trajectory determination. The ionization calorimeter circuit and SCD disposition are
presented in the figure 5. The installation construction allows determine energies of the electron-photon,
hadronic and neutron components of the cosmic radiation, as well as recover particles trajectories. In
consideration of calorimeter and neighbouring infrastructure areas (32400 m?), which will considerably
increase further on, one can estimate that the interaction numbers with energies above 3-10'° eV will make
up more than 5000 events per annum. The peculiarity of the “Hadron-55" installation consists in the fact
that it represents the complex of various detectors that permits to investigate the cosmic radiation particles
interaction characteristics in more detail.

Nowadays, in high-energy physics there are several sufficiently different among themselves pheno-
menological models of the hadronic interactions that are used, each of which claim adequate description of
the hadron-nucleus interaction at the extra-high energy. Their difference leads to considerably different
conclusions about the nature of coplanar generation of the most energetic particles as part of the extensive
air shower (EAS). The latter cannot be described by the hadronic interactions conventional models -
events of “centaur” or “anti-centaur” types with abnormally high part of energy released to the charged
component or, on the contrary, to the neutral component. Abnormally weakly absorbing hadrons obser-
vation enabled us to question the cosmic rays (CR) long-range nuclear-interacting component in the region
of the spectra breaking in the mass composition of the primary cosmic rays (PCR). The latter were
resulted from inverse problem solution — the spectra parameters and PCR composition recovery by EAS
observed characteristics.

Since the problem of primary cosmic rays composition at the super high energies is far from being
solved, the initial set of goals that hold for EAS complete installations are as relevant as before. Today,
however, this problem can be solved in a more effective way by applying more advanced understanding of
this problem and using progress of the last two decades in the field of experimental and computer
technologies, thereby permitting to use new methods of experimental data processing and analysis. This
very approach was used as a foundation in the “Hadron-55" project, which according to us is capable to
make progress in terms of solving classical problems (the primary cosmic rays parameters investigation
and building interaction model) that are relevant within the context of EAS complex installations.
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Searching and investigating cosmic radiation gamma sources with energy above 0,5 TeV.
Today, almost all experiments in the area of cosmic rays are accompanied with design or development of
the installations for investigation in the field of gamma-astronomy. This happens because explosive
processes of generation and acceleration of protons and nuclei are accompanied by generation of gamma-
quanta and neutrino, which are flying along straight line in the magnetic field of the Universe without
scattering. That, in turn, makes possible to investigate catastrophic by energy release interactions in the
Universe and define their place. Moreover, different models and theories of development of the Universe
are created and verified on the base of the experimental data received in the gamma-astronomy field. All
that makes important development of the gamma-astronomy experimental investigations and methods of
their observation.

At the «Energetic Cosmos Laboratory — New Opportunities» workshop, which was held on the
September 13, 2016 and the «Exploring the Energetic Universe 2017» International scientific Conference
(7-12 August 2017) organized by Nazarbayev University (The laboratory of the Nobel Prize Laureate
D. Smuth), a decision was made to extend gamma-astronomy investigations [28], in which the
"Hadron-55" complete installation can be used (figure 5).

Studying gamma-quanta with energies above 0.5 TeV by using gamma-ray telescopes installed on
spacecrafts is practically impossible due to smidgen of such high-energy particles flows, and small
aperture of telescopes, which can be put onto the Earth orbit. Therefore, the ground installations are the
basic instruments for the gamma-quanta origins investigation. Thanks to Cherenkov optical telescope
discovery and launched Fermi-LAT [28] satellite, today thousands sources of gamma radiation are known.
Optical gamma-telescopes mostly operate in the range of 10 GeV — 10 TeV energies and register
Cherenkov light generated by wide air shower.

One of the modern telescopes HESS (The High Energy Stereoscopic System) [30] is located
in Namibia and consists of 4 parabolic plates, 12 meters in diameter. On top of each of them there are
382 circle mirrors which register the Cherenkov radiation. The fundamental achievement of the HESS
telescope at cosmic gamma-radiation registration is that the assumption that supernova remnants are the
cosmic rays sources has been validated.

In our work for performing investigations in high-energy gamma-astronomy region, we use a
modernized ionization calorimeter with scintillation detectors field with area of 31 400 m”. The ionization
calorimeter consists of two parts: upper gamma-block and bottom hadronic-block, which are divided by
two-meter spacing (figure 5). The gamma-block registers by virtue of absorption the electron-photon
components (EPC) of cosmic rays. The hadronic component is passed through gamma-block without
interaction as a result of gamma-block small thickness and begin to interact and generate particles in the
hadronic-block. The project’s scientific novelty consists in implementation of gamma-astronomy inves-
tigations using an air shower method, that is without the expensive Cherenkov detectors. The idea of the
project is to select events with interaction in gamma-block only and with no interaction in the hadronic
block, that is pure EPC are selected. In order to make a dependable measurement of the primary particles
trajectory, the scintillation detectors network are used, which are provided by equipment with resolution
up to nanosenconds. The present installation have the following advantages in comparison with standard
registration of the Cherenkov radiation from the atmosphere:

1. If observation period of Cherenkov radiation from atmosphere is limited by night, moonless and
cloudless periods (5-10% from calendar year), then observation period of complete installation reaches
nearly the calendar year.

2. In the gamma block of the installation we receive the EPC energy and geometric distributions
while studying the same gamma-source with accuracy within the ionization chamber width. Transferable
scintillation detectors have square from 0.25 to 1 m?. Disposition of these detectors on the station area is
shown in figure 5.

3. Angle of the simultaneous view of the scintillation installation is large and with Earth rotation in
one of the experiments, the region of the celestial sphere of several steradians is visible. Enormous amount
of information can be regulated using electronic methods by changing registration threshold. With
availability of large memory capacity, we can register all interactions and, further on, by using a program
we can select and investigate right events.
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The following questions can be attributed to the project scientific problems:

— statistic simulation of air showers for gamma-astronomy experiments;

— obtaining energy distributions of galactic and extragalactic pinpoint gamma-sources;

— studying diffuse gamma-sources (galactic halo, Fermi bubbles, dark matter decay);

— collective registration of air showers by several installations of the station.

As a review of the previous research implemented in our area of the project, it is necessary to note the
following. The main competitor of air Cherenkov telescopes in the field of high-energy gamma-quanta
detection are shower installations. In these installations, a shower of the secondary charged particles is
registered and its energy is determined. However, extraction of showers originated from gamma-quanta
above the hadronic showers background happens by virtue of penetrating component and spatial
distribution. Nowadays, 48 000 events with energy above 0.5 10'? eV are registered by "Hadron-55"
installation. The number of hadronless events is about 3360 or 7%. Currently, mathematical programs for
events registration, processing and analysis are developed taking into account constructive peculiarities of
the installation. Preliminary results of the some processed events are depicted in table 1.

Table 1 — Preliminary results of registration data processing

No. | Energy, Angles, in degrees Right ascension | Declination Galactic Constellation
108 eV Zenith Azimuth Latitude Longitude
1 2.17 23.7 3334 4h 29m 59s 62°48'56" 9.8° 145.2° Camelopardalis
2 0.56 53.2 167.0 2h 39m 04s -9°01'56" -58.8° 182.6° Cetus
3 1.93 37.7 101.3 Oh 37m 28s 27°05'33" -35.6° 119.1° Andromeda
4 2.72 15.6 206.6 3h 08m 58s 29°02'56" -18.0° 165.1° Taurus
5 3.95 27.2 113.2 1h 34m 31s 28°36'55" -33.3° 134.3° Triangle
6 1.96 43.2 344.7 8h 05m 16s 78°39'35" 30.1° 135.4° Camelopardalis

There are no currently own experimental installations in Kazakhstan for implementing research in the
field of gamma-astronomy. The proposed project allows conduct investigations in gamma-astronomy field
sufficiently fast with new possibilities and small cost.

Investigation of Earth's crust tension degree of Almaty active region by registering cosmic rays
muons of high energy. Radiation acoustics is a scientific multidisciplinary area, which is developing
between acoustics, nuclear physics and high energy physics. Its foundation is formed by studies and
application of radiation-acoustic effects that are nascent at the penetrating radiation interaction with a
matter. At the turn of the 80’s and 90’s of the last century, scientists of the Physical Institute after P.N.
Lebedev and Earth Physics Institute (Russia) had developed a concept of a new promising area of seismo-
logy: using a signal from elastic vibrations in the acoustic frequency band for earthquake forecasting.
These elastic vibrations are generated under local ionization influence, which is formed at the moment
when passing of cosmic radiation penetrating particles happens. These particles are high-energy muons
and neutrinos, which pass through seismically tense environment in the deeper layers of Earth [30, 31].
The basic idea of this method is illustrated by figure 6.

Earth crust sounding by a beam of penetrating energetic muons and neutrino enables us to conduct
direct monitoring of the lithosphere internal state at the depth of 1-10 km that is the closest to the zone of
earthquake sources formation. Together with acoustic monitoring of deep environment response on muon
beam trigger action, such sounding represents a unique method of direct penetration in the earthquake
zone vicinity. Every individual measuring at the muon monitoring is local and all measurements together
allow us control considerable volume of the earthquake zone. The size of the zone depends from the sound
receiving devices sensitivity, acoustic noise level and installation square for muon flow detection
sensitivity.

Studying and analyzing time characteristics of high-frequency seismic noise is one of the directions
of developing effective methods for earthquake forecast. One of the possible methods for predicting
earthquakes is the method of recording the intensity of neutron and charged particle fluxes, which is based
on scintillation and semiconductor detectors [32-37]. In [38], the authors have offered a technique of such
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Figure 6 — Model of deeper seismic sounding of Earth’s crust on the basis of muons from the energetic EAS trunk:
P is a deep fault zone; A is elastic vibrations are generated in the seismic stretch environment under local ionization influence
from muons passing and propagated as acoustic wave; M is a sensible microphones system

forecast, which is based on the concept that earthquake preparation processes cause abnormal behavior
over time during intense acoustic noise. The role of a trigger provoking the generation of elastic oscilla-
tions in the acoustic frequency range, can cause increase in short-time ionization degree as result of pas-
sing of high-energy cosmic rays muons through seismically tense regions of lithosphere. Subsequently this
method was quantitatively explained in [39]. In it, authors have studied passing of muons with energy of
~10+100 TeV through ground using numerical simulation. As a result of this investigation, the authors
have determined precise valuations of multiplicity of such muons in EAS with 10> — 10'7 eV, depth of
their penetration inside the Earth crust and number of interactions (microcracks) which such muons can
cause inside seismically strained crust region depending on muons’ energy and stored energy of elastic
deformation. It was also determined that in a significant number of cases formation of such microcracks
can generate acoustic waves in the frequency range of 1-2 kHz and with the amplitude sufficient for their
registration by sensible microphones located near the surface of Earth.

As emerging of penetrating particles is related to EAS developing in atmosphere, for the purposes of
releasing acoustic emission on the noise background described in [40], it is proposed to use the correlation
search between acoustic signals and signals on passing of EAS or muonic detector signals (with account of
EAS trajectory). This will enable us to implement a direct monitoring of lithosphere internal state at the
depths of 1+10 km. Together with seismic acoustic monitoring of response of deep environment on the
muon beam trigger action, this sounding represents a unique method of direct penetration into the compa-
ratively near focal zone vicinity, as compared with other methods. Every individual measurement at the
mu-meson monitoring is local, and collectively all measurements implemented at the certain time period
enable us to control a certain amount of focal zone. The value of this parameter depends on sensitivity of
the acoustic receivers, acoustic noise level and area of installation for detecting mu-meson flow. Searching
of acoustic emission short-time signals in the events that are connected with high energy mu-mesons group
passage was realized during a special experiment on the Tien Shan high-mountain station in 2012 year.
During this experiment, in certain cases acoustic pulses of the significant amplitude in the narrow
temporal vicinity (~10 s) were observed after multiple mu-meson events registration.

Nowadays, the Tien Shan shower installation modification is completed and it started EAS regular
registration. The well was cleaned out up to 52 m deep, in which a microphone with sensitivity of 20 mV/Pa
in the 500 — 10 000 Hz acoustic frequency range was mounted. The preliminary results, which were
obtained by implementing such type of measurements, are illustrated in Fig.8. In it, we show examples of
events in which distinctive short-time increases in amplitude of both the initial microphone signal and its
low-frequency envelope jointly with shower installation data. The latter represent spatial distributions of
the charged particles flow density (generally, electrons) for the several EAS, the passing moment of which
preceded the acoustic signal moment by < 100 s. The mu-mesons from these EAS trunks in these cases
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could play the triggering role, thereby invoking generation of elastic vibrations in the depth of Earth crust.
On the basis of distributions of particles flow density we can obtain a series of estimations for
fundamental shower parameters of EAS data, particularly for shower size (the total number of the shower
generating charged particles). For the cases that are shown in figure 7, the size estimations fall in the
particles range of 10° — 107 that corresponds to the initial energy of cosmic rays > 3-10'* eV and
multiplicity per one energetic mu-mesons shower of 1+10 orders of magnitude. Thus, we have determined
energy threshold of the acoustic signal response during EAS passing.

FEvent was happened in 15 November 2017, Event was happened in 15 November 2017,
11 p.m. 38 min 10 sec 1000 g 11 p.m. 39 min
- { .| 2000
max: 1140; sum: 8625; shower [ B0D 2
{ e w1
| =4
s-i- 2502 07k g |
- - P ‘ a |
— _'{]‘hﬂmmi | LJ ':_ l]_ i) I
[0 " - .ﬁ ald = s “w
-\'Eﬁﬂ;ﬁ o B L 10 i o |
Moty ® 19 0 08 i 1 adil | '
w15 =3 4 o D i |'|." 1) [[*9)
26 27 28 29

Time in seconds

Figure 7 — Short-time events with significant increase in acoustic signal amplitude
and EAS particles flow density distribution: A — EAS registration of the shower installation;
B — a signal from the seismic event in the records of acoustic detector data

An example of registering acoustic signals and temperature in the well during the earthquake
on 30 December 2017. In accordance with RGP IGI Center information, on 30" of December 2017 at 21
hours 55 minutes 43 seconds by Astana time (at 15 hours 55 minutes 43 seconds by Greenwich time) on
the 19™ km to the south from Almaty, a weak earthquake happened. The focus coordinates are 43.05
degrees of the northern latitude and 76.87 degrees of the eastern longitude. The magnitude was mb=3.3
and energy class — K=7.2. The earthquake source was situated at the depth of 10 km (www.kndc.kz).
Figure 8 shows the earthquake’s epicentrum location relative to the well on the TSHVNS territory as well
as on the territory of the Orbita Radiopolygon, where the measuring equipment was installed. Between
November and beginning of December 2017, the following measuring equipment was installed in the well:
microphone (with sensitivity of 25 Pa/Mv) for acoustic signals registration at the depth of up to 54 m, and
three temperature sensors at the depths of 1 m, 24 m and 39 m [41]. There was a hardware and software
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Figure 8 — Locations of earthquake epicenter (30.12.2017) of the catastrophic Vernen earthquake (1887),
“Orbita” Radio poligon, the well on the TSHVNS and the Big Almaty Lake
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package for infrasonic measurements, which belongs to the Institute of Ionosphere, on the Orbita
Radiopolygon. In this institute starting from 2011, a continuous monitoring of infrasonic signals variations
in surface atmosphere is traditionally implemented. It can be seen from figure 9 that 30™ of December
earthquake happened near the operating measuring complex. This gave us a unique chance to use a highly
sensitive equipment for registering responses in the acoustic pulses and temperature variations during
the earthquake. Registration and analysis of the findings were performed from 1% December 2017 to
10™ January 2018.

Figure 9 shows simultaneous recording of the acoustic pulses and temperature variations in the well.
The microphone registered two acoustic breaks with maximum the day before of earthquake (23 Decem-
ber) and 30-31 December (during and after, respectively). As can be seen from figure 9a, these breaks
occur at the same time with small increase in temperature in the well (Fig. 9b). As mentioned above, the
pecu-liarity of the obtained data is that the earthquake’s focus and epicentrum was quite close to the well —
only 5.3+7.2 km away. According to the Dobrovolsky’s formula [42], the deformation processes in the
lithosphere at the earthquake preparation are observed within the range of nominal radius from the
epicenter: R= 10**M, where R is radius in km and M is the earthquake’s magnitude.

earthquake 31122017
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Figure 9 — Comparing acoustic breaks (a) and temperature (b) variations data records registered in the wall a day before,
during and after the 30.12.2017 earthquake. By vertical lines we designate the breaks days before and during the earthquake

The Dobrovolsky’s formula tells us that for the earthquake with magnitude M = 3.3 (30 December
2017), the radius, within the range of which the deformation processes in the lithosphere take place, equals
to 26.2 km. Therefore, location of the downhole measuring equipment location at the distance of 5.3+7.2 km
from the earthquake epicenter fits into the nominal radius and is situated in the zone of the most active
processes of the earthquake preparation. This very fact of close location of the well from the earthquake’s
epicenter allows us register anomalous effects in geophysical fields at the weak earthquake’s preparation.

In order to confirm authenticity of the findings, we have performed a concretization of the earth-
quake’s (happened on 30.12.2017) coordinates relative to the measuring well, since the seismological data
presented by different seismological services ambiguously determined the earthquake epicenter and the
center of origin. Dispersion of earthquake’s coordinates according to data of different seismological
services, Internet sites, urgent reports, interactive bulletins and prompt catalogues is presented in table 2
and figure 10. As can be seen from table 2 that geographical coordinates of the earthquake’s epicenter are
different for more than 0.3 degrees (> 30 km) and the earthquake’s hypocenter was determined as 3+10 km.
In table 2 we also provide different times of the earthquake’s main shock and its magnitude. Therefore, a
question arises about the location of earthquake’s real epicenter and hypocenter. Does the location of
measuring well fit in the circle which is defined by Dobrovolsky nominal radius R? Is the measuring well
really situated in the near-field zone (5.3+7.2 km) or in the far-field zone of the Dobrovolsky's nominal
radius?

In figure 10, we depicted earthquake coordinates dispersion by data from different sources.

Thus, we have six different epicenter coordinates of the same earthquake. Among them, some
coordinates were situated in the near-field zone, the rest were situated in far-field zone of the Dobro-
volsky's nominal radius. To answer a question which seismological service delivered the most precise

— 129 ——



N E W S of the Academy of Sciences of the Republic of Kazakhstan

Table 2 — Seismological data of different seismological services

Latitude Longitude Earthquake Depth Magnitude
Source of data .
NL EL time km Mb Mpv
Hsll-1 kndc.kz — prompt catalogues service 43,0515 76,8774 15:55:45,61 0 34 3,1
Hsll-2 kndc.kz — interactive bulletin 43,3584 76,8681 15:55:45,0 3 3,5 3,3
COMD-1 — some.kz prompt catalogues service 43,0900 76,8800 15:55:45 10 - 42
COMD-2 — some.kz prompt catalogues 43,1000 76,9000 15:55:45,8 10 - 4,2
RAN geophysical service
— ceme.gsras.ru prompt catalogues service 43,23 76,85 15:55:45 10 4,1
— emsc-csem.org European Mediterranean 4321 7676 15:55:45.1 ’ 3.8
seismological Centre
Hall-2
o H
Burundai
Figure 10 —
The earthquake’s epicenter (30.12.2017)
i ; ) disposition by the data of different seismological
:""1? d.tt.erranean " Almaty services, urgent reports, interactive bulletins and
Seismic Center ] prompt catalogues data relative to the measuring

. GeoPhys Service well and the Orbita Radio polygon.
Fabrichnyi EAS By large circles the epicenters in far-field zone
of the Dobrovolsky's nominal radius were labeled;

by small circles the epicenters
COME.2 in the near-field zone were labeled
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location of the earthquake’s epicenter and hypocenter relative to measuring well, we used data of hard-
ware and software package for infrasound measurement, which belongs to the Institute of Ionosphere, on
the Orbita Radiopolygon. This infrasonic complex registered appearance of the “surface-atmosphere”
(ground-coupledairwaves) exchange waves, which were generated at the expense of the Earth surface
vertical displacement at seismic waves transmission through 2.1 seconds after earthquake (figure 11).

It should be noted that the exchange waves were first discovered using infrasonic sensors as early as
in the sixties of the last century [43-45]. Taking into account that the seismic wave reached Orbita
Radiopolygon from earthquake focus after 2.1 seconds with the speed of 6 km/s, then the calculated
distance from the earthquake focus to the infrasonic sensor equals to 12.5 km. With an account of the

Infrasound measurement. Eadiopolizon Orbita 2700 m above sea level
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Figure 11 — Using infrasonic sensor to register exchange waves which were generated
by seismic wave transmission. Vertical line we mark earthquake’s time happened on 30.12.2017
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infrasonic measurements data analysis, one can conclude that the best coincidence corresponds to the
point with coordinates presented by the some.kz prompt catalogues. Therefore, the well with the mea-
suring equipment was situated in the near-field zone of the Dobrovolsky’s nominal radius. Hence one can
definitely come to the following conclusions:

— For the seismic processes activation monitoring the new complex of the measuring equipment was
implemented, which was situated in the well on the "Kosmostantsiya" territory near the Keminsky and
Vernensky catastrophic earthquakes sources.

— Seven days before and during the earthquake (30 December 2017) by M = 3.3 magnitude using this
new complex of measuring equipment revealed simultaneous abnormal effects in the acoustic pulses and
temperature variations.

— We had a unique event when the earthquake took place near the measuring well (5.3+7.2 km).
Consequently, we have demonstrated high sensitivity of the measuring complex towards the weak earth-
quake preparation.

— Near disposition of the earthquake’s focus to the well was confirmed by the infrasonic measure-
ments on the Orbita Radiopolygon while registering exchange waves after the main shock.

Registration and investigation of the radio emission from EAS. Registration of radio-emission
generated by particles of high-energy extensive air showers (EAS) has a number of advantages over other
methods of primary cosmic ray investigation, both of which are based on direct registration of shower
particles (a relative simple and cheap radio-detector system compared with wide-spread electronic detector
systems, the large spatial volume of the space controlled by a single radio antenna, a sensitivity to the
characteristics of longitudinal EAS development), and the methods connected with the registration of
Cherenkov and fluorescent EAS emissions in ultraviolet and optic diapasons (an unrestricted duty cycle of
radio installation which is independent of daytime and weather conditions).

During the measurements searching for EAS connected radio-signals at Tien Shan four radio
antennas are used as detectors of Almarec which are oriented to the north-west and north-east. Each
antenna station is located at a distance of 30 m from the registration point in the north, south, west, east
direction and has two perpendicular loop antennas of the SALLA type, which allow to restore the
polarization of the electromagnetic wave. Setting up a radio-signal registration system mostly sensitive in
the 30-80 MHz radio frequency range. This system is aimed for simultaneous operation with the EAS
particle density and Cherenkov radiation detectors which are present at the station, and will permit a
mutual calibration of all these independent methods of EAS investigation.

As a result of the preliminary experiment, which was made using a newly installed dipole radio-
antennae set, some candidate events were selected which demonstrate the presence of a noticeable radio-
signal pulse in closest 1-3 ps vicinity of EAS arrival time. Specific features of particle density distribution
in these events permit to state that most of them have a rather high primary energy E0> (2-5)-10'® eV and
a close location of their shower cores near to the radio-antennae set, so the time coincidence of the obser-
ved radio-pulse with the shower front arrival time in these events cannot be fully accidental. Hence, the
radio-antennae system installed at Tien Shan together with a designed program complex for registration of
its signal do indeed ensure an effective selection of radio-emission from EAS particles. Later on, with the
use of an EAS radio-emission registration method, an enlargement of the energy range of primary cosmic
ray investigation at Tien Shan up to Eo ~ 10"’ eV is anticipated.

Studying electric storm phenomena on the Tien Shan high-mountain scientific station of the
cosmic rays. TShHSS is located as high as the level of clouds passing and during summer thunderstorms
the station becomes inside the thunderstorm phenomena. For the spatial (by horizontal and vertical) and
temporal investigation of the electronic and gamma radiation from the thunderstorm clouds [46,47], nine
points for registering radiation were created in which different detectors were used (figure 12). As can be
seen from Fig.12, the registration points were located in the gorge along the arc by ~ 2 km length and from
0 to +540 m along the altitude from the 3340 m mark.

Main systems for registering thunderstorm phenomena. The measuring complex of the Tien Shan
station is composed of the following detector systems [48]:

- shower triggering system made of distributed across the station territory hodoscopes on gas-
discharge counters SI5G, which registers a moment of the broad atmospheric shower transmission and
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Figure 12 — Disposition of detectors layout on TShHSS
for the thunderstorm phenomena registration

allows estimate its size and cosmic rays primary particle energy by coincidence of signals from different
group counters;

- the scintillation system of detectors on the Nal (TI) crystals for registering soft gamma- and hard
roentgen radiation intensity from thunderstorm clouds with time resolution from 100 ps to 1 minute in the
six energy ranges from 20 keV to 5 MeV;

- Multiple-row spectrometers of internal absorptance were composed of disposed one above another
gas-discharge counters hodoscopes interleaved by the thin layers of absorbent (rubber, lead and iron). The
spectrometers served for registration of electrons accelerated in the thunderstorm clouds electrical field
and emitted by them gamma- and roentgen quanta and also for estimation of their energy by absorption
curve;

- muonic detector was composed of proportional counters disposed in underground placement at a
depth of 2000 g/cm? with 100 m? total sensible area, which used for EAS muonic component registration;

- a system of the high-energy and thermal neutrons intensity monitoring, including HM64 neutron
supermonitor, was supplemented by the spectrometer on sensible to neutron radiation scintillation
counters, neutron monitor on CHM15 counters in the underground placement and separated detectors on
the base of CHM17, CHM 18, “Helium 2” distributed across station territory;

- two independent radiosystems were operating in the frequency range of 0.1-30 MHz and at
250 MHz. The systems were used for registering radio radiation with high temporal resolution (200 ns),
which was generated in the thunderstorm clouds at striking and also for determining a direction on
discharge location by the relative radio signals delay;

- detector of rapid change (jump) of the static electrical field and its high-frequency component
(return lightning stroke). During the lightning discharge moment, this detector produces a control signal
(trigger) for the whole complex of the measuring equipment.

Since all measuring systems were intended to work directly inside of the thunderstorm cloud, in the
conditions of high electromagnetic interference from striking, the impulse signal transmission from
detectors to the registration centers is implemented along shielded cable (of 3 km in length) using trans-
mitting and receiving amplifiers implemented by vacuum electronic lamps.

For registering the radiation sourced from thunderstorm clouds, the two types of completely different
detectors were used on the experimental complex installations: hodoscopes on gauzy ionization counters
SI5G and scintillation detectors on the base of Nal(Tl) crystals. During the thunderstorm seasons, the
measurements are conducted continuously, with permanent recording of the signals intensity current
values onto the hard-disc of controlling LCU computer.
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Studying lightning formation processes with simultaneous registration of different types of
radiation: electrons, gamma- and roentgen radiation. Gamma- and roentgen radiation bursts from the
thunderstorm clouds, finding which is the goal of measurements, can occur as a result of emergence of the
energetic electrons avalanche, accelerated by the thunderstorm cloud electric field. The inoculating
electrons with the minimum required energy for acceleration can emerge inside of this cloud, particularly
during transmission through atmosphere of the extensive air showers (AES), which are generated by
energetic particles of cosmic radiation (with energies above 1 + 10 PeV). The conditions for the scanning
system’s triggering signal generation were chosen in accordance with the expected burst generation
physical mechanism: high strength electric field in the experimental installation disposition region, and
striking and shower electrons from passing AES. In order to satisfy these conditions, three types of trigger
signals were used in the experiment [49].

Firstly, the trigger signal was received by the data collection system from the local electric field
strength sensor, which was located near the scintillation detectors system center (approximately in the
middle of between NEV and KAPT points in the figure 12). Since the rapid field drop (during ps) in the
installation region should be accompanied by the striking, this trigger was generated in the moments of the
field strength jumping (“bounces”) and corresponded closely to striking.

Secondly, as the trigger signal we used an electromagnetic pulse (EMP) which, as it turned out in the
process of measurements, was directed by striking on the long signal cables, connecting remote points of
detectors location (figure 12 — KAPT, TUR1, TUR2 and TUR3) with the registration center. After appro-
priate amplification, this pulse was sent to the temporal scanning system and initiated recording of the
scintillation signals intensity during the striking inside the thunderstorm cloud.

Thirdly, for registering the EAS transmission moments we used a signal from shower trigger system,
which also caused conservation of the information about scintillations intensity near this moment. In order
to reduce intensity of the shower trigger signals with simultaneous increase in the energy of the primary
particles average, we used signals of the fourfold coincidence between separate detectors of this sub-
system for the trigger signal generating.

Registration of Striking by ionization spectrometer. For investigating the registered charged
particles and gamma-quanta energy spectra we used a multilayer ionization spectrometer, presented in Fig.
13. One small premise could house three modules. In one module four layers with 60 counters each were
situated (figure 13). Between counters there were absorbers, which are the lead layers and rubber rich by
carbon. Such multilayer system composed of the ionization counters and absorbers transforms the
installation from the simple radiation detector to the spectrometer of full absorption which allows estimate
energy spectra of registered charged particles and gamma-quanta by signals intensity correlation in
different layers of counters [50].

Since the coefficient of absorption of gamma-quanta in the photoeffect region strongly depends on
the absorbent atomic number, the filters composed of different substances provide different threshold
energy of gamma radiation, registered in each layer of the spectrometer, and gives full energy spectra of
the registered charged particles and gamma-quanta.

NEVSHY : . . . : .
J i Total

; \#Mr} Jﬁﬁw Wiy "w I"'u@,g
= o r-**‘ Pt e i
! g | b MMiddle row 4
E'W‘HLMNN N e i ekl

E ‘ | EBottom row
7 At

LI:IIJU' 'I‘l}.lli‘ "I'l;l‘!ﬂ 'I'I.f.':l 'IiILI;I 'I'II?':I I'IIM 11‘4{| !1"}'.'.' ﬂlﬂtl‘dﬂl

09.06. 2015

Figure 13 — A multilayer spectrometer for radiation energy estimation during thunderstorm phenomena.
The measurement results by ionization spectrometer
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Figure 13 depicts the result, which was obtained on the ionization spectrometer at the thunderstorm
time on 9 June 2015. The electrons registration continued during an hour and a half from 10.30 a.m. to
12.00 p.m. The burst maximum was observed at the lightning, which happened at 10.48 a.m. With an
account of thickness of ionization spectrometer adsorbent as well as the absorption curve, we can estimate
energy of electrons as the value no less than 12 MeV. Observing energetic electrons at short bursts and
specific features of these bursts (quasi-periodical structure of the radiation intensity at the burst time and
the bursts timed to the moments with the electric field maximal strength) enable us interpret short burst of
radiation as a direct experimental observation of the particles, accelerated in the thunderstorm cloud
electric field.

Registration of striking by the scintillation detector. When passing through scintillation crystal,
the charged particles or a gamma-quantum generate pulses of variable amplitude, where the scintillation
pulse value is proportional to the energy scattered by registered particles inside the crystal. In figure 14,
we show the registration point with scintillation detector and a result of its operation. The scintillation
detector pulse carries important information. It is proportional to the energy of the absorbed inside the
spectrometer gamma-quantum in the wide range of amplitudes. To use this information when working
with scintillation signals, it is necessary to use a certain amplitude analysis method. For this goal during
the experiment, fast parallel amplitudes discriminators were used. The threshold levels, at which the
discriminators are triggered, are adapted by the potentiometers “Porog” by the ascending values: 0.1, 0.2,
0.4, 1.0, 2.0 and 3.5B. The counting circuits of the data collection system allows define intensity of the
signals separately for each amplitude interval between these values (the last sixth interval do not have the
upper bound and correspond to all input pulses with the amplitude >3.5V ). This way the system appro-
ximately estimates the type of the amplitude spectrum of the registered gamma radiation.

T LD 1050 1100 1D 1D 1130 1140 1150
Time

09.06. 2015

Figure 14 — A gamma radiation registration point (a) and measurement results with scintillation detector (b)

Figure 15 shows the result received on scintillation detector during the thunderstorm on 9 June 2015.
As can be seen from figure 14, the lightning flash was registered in the detectors simultaneously. Unlike
the ionization detectors, the relative value of increase in the scintillation signals intensity was equal to
~ 15%, that is greater by one order of magnitude than for the ionization counters, in spite of substantially
smaller (twentyfold) area of the scintillator sensible surface.

It was established that long-period increases were induced precisely by gamma radiation to which the
crystalline scintillators are particularly sensible. This circumstance confirms the conclusion about
stipulation of such bursts by accelerated charged particles, i.e. electrons, as well as by its X-ray brems-
strahlung. With an account of thicknesses of ionization spectrometer's absorber and the absorption curve,
one can estimate the electrons’ energy, which in this case no less than 12 MeV.

Conclusion. Today, in high-energy physics there are several strongly different phenomenological
models of the hadronic interactions are used, each of which claims for adequate description of hadron-
nucleus interaction at the extra-high energy. Their difference leads to significantly diverse conclusions
about nature of coplanar generation of the most energetic particles that are parts of the extensive air
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shower (EAS) trunks. The latter cannot be described by the hadronic interactions conventional models, i.e.
events of “centaur” or “anti-centaur” types with the anomalous high part energy, released in the charged
component, or on the contrary, in the neutral component. Observation of abnormally weak absorbing had-
rons permitted to raise a question about the cosmic rays (CR) long-range nuclear-interacting component in
the region of the spectra breaking in the mass composition of the primary cosmic rays (PCR). The latter
consequently resulted from solving an inverse problem, which is recovering spectra parameters and PCR
composition by EAS observed characteristics.

Since the problem of PCR composition at the ultrahigh energy is far from being solved, the initial
goals set for EAS complex installations are as relevant as before. But now this problem can be solved in a
more effective way, if we base not only on high level of understanding of the problem but also on the
progress of the last decades in the field of experimental and computer technologies, which allows us use
new methods of the experimental data processing and analysis. Precisely such an approach is laid as a
foundation in the installations that are located on Tien Shan high-mountain scientific station, which, as we
understand, are able to make a significant headway in solving classical problems (studying the PCR
parameters and building interaction model), which as before, remained unsolved by the complex
installations of the EAS registration.
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Annoranust. J)Kymbicta OU3HMKa-TEXHUKAIBIK HHCTUTYTTHIH OWiK Taynsl TsHb-1llaHb FRUIBIME CTaHLIMSICHIHIA
FaphIll CayJieNepiHiH (pHU3MKachl MEH acTpOPH3HUKACHl Typajibl KOITEreH 3epTTey KyphlIbIMIapbIMeH Oipiece OpbIH-
JlaFaH 3epTTey OarbITTapbIHBIH HOTIDKeNepi OasHIanansl. 3epTTey KYMBICTAphIHBIH OacThl OarbITTapblH KYpayIllbl
Herisri 6eimMaep: «'opu30HT-T» KOHIBIPFBICHIHBIH KoMeriMeH sHepruckl 10!7 5B skorapbl JeHreiieri Faphii caye-
JIepiHiH KypaMbIHJa OPbIH aJaThIH jkKaHa (HU3MKAIBIK IIPOLECTEPTe 3epTTeyJIep KYPri3iieai; TaCKbIHIAPAbI TipKeyIi
KOHJBIPFBLIAPA FAPHILI COyJIENepiHiH OacTalKbl CIEKTPiHiH «ChIHy» KeHicTiringeri (10'*-10'75B) aykpiMabl aTMo-
cepalblK TACKBIHAAP/IBIH KaCHETTEpl 3epTTenei;

«AIPOH-55» KOHIIBIPFBICBIMEH YHEPTHSCHI KOFAPhI, ayKbIMJIbI aTMOC(EpaIbIK TACKBIHHBIH aJJIBIHFbI KOHYCBIH-
Jla maiiga OosaThiH OenmIeKkTepAiH KYPhUIBIMABIK TalAaybl 3epaesieHeni xone sHeprusicel 0,5 TaB sxoraps! Fapbii-
THIK FaMMa-CoyJIeNepiHiH Ke3aepi i3aectipineai; «Paamo-3» KOHIBIPFRICHIHBIH KOMETIMEH ayKbIMABI aTMOC(EPaTbIK
TacKbIH Ke3iHJe TYBIHJaWTBIH pajio AMAIa30HJarbl TOJKBIHIAp TipKeyaeH oTkisieni; «['po3a» KOHIBIPFBICHIMEH
Tsap-11lanb Onik Taysbl CTAHIMACH MaHAWBIHIA KYH KYPKipeyl Ke3iH/e OpbIH aJIaThIH JIEKTPIIIK NpoLecTep Tana-
HaJIbl; CEHCMHUKANBIK OeNCeHAiTiri 0achiM AJIMaThl aiiMarbIHAAFbI JKep KbIPTHICHIHBIH KEPHEYIITiH 3epTTey KyMbIC-
Tapbl FapbILI COYJIETIEPiHIH KYPaMbIHIAFbI )KOFaphl JHEPTHSIIBIK MIOOHIAP/IBI TIPKEY apKbUIbI OPBIH AT IbL.

Tyiiin ce3mep: aykpIMabl aTMOchepabIK TACKBIHAADP, MIOOHIAP, TaMMa-CayJIECiHIH Ke3/epi, paJoTOIKbIHAAD,
HEWTPOHJap arbIHbI, CEHMHKAJIBIK OeJICEH/I1 aliMakK, >kep KbIPTHICHIHBIH KEPHEYIIIr.
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MNEPCIIEKTUBHBIE ®YHIAMEHTAJIBHBIE HCCJIEJOBAHUSA
O ®U3UKE U ACTPOPU3IUKE KOCMI/I‘IECKHX‘JIY‘IEI?‘I
HA TAHB-IHTAHBCKOH BBICOKOI'OPHOU HAYYHOU CTAHIIUHN

AHHoTanusi. B pabote npencraBieHsl HayYHbIE HANPABICHUS 10 (PU3UKE U aCTPOPHU3NKE KOCMHUUECKHX TydeH,
npoBogumbie Ha TsHb-1llaHbcKOW BBICOKOTOPHOM Hay4HOM CTaHUMU PUBHKO-TEXHUYECKUM MHCTUTYTOM B COTPY-
HUYECTBE C APYTUMH HCCIIENOBAaTENILCKUMU IrpynnaMu. [Iporpamma HCCneqoBaHUM CONEPKUT CAETYIOIIE OCHOBHBIE
paszgensl: Ha yctaHOBKe «I'0pr30HT-T» NPOBOANTCS M3yd4eHHE HOBBIX IPOLECCOB B KOCMUYECKHUX JIydaxX IPU DHEP-
rusx Boeime 10'7 53B; Ha TMBHEBON yCTAaHOBKE MCCIEMYIOTCS CBOMCTBA INMPOKUX aTMOC(EPHBIX JIMBHEH B 00JIACTH H3-
JIOMa TIepPBMYHOTO CrieKTpa kKocMuueckux Jydeii (10'-10'3B); Ha ycraHoBKe «AIpPOH-55»BENETCs MIOUCK CTPYKTYP
B pacIpeieeHlsIX YacThI] U3 MepeHero KOHyca IUPOKUX aTMOC(EPHBIX JIMBHEH NP BHICOKUX SHEPTUSIX U U U3Y-
4arTcAd raMMa UCTOYHMKHM KOCMHYECKOro u3nyueHus c¢ 3Hepruer Boime 0,5 TaB; Ha yctanoBke «Pamgmo-3» peru-
CTPUPYIOTCS paJMON3IIyueHHsI OT IHPOKKUX arMocdepHbix iuBHeH (ILIAJT); Ha ycranoBke «I'po3ay» mpoBoguTcs uc-
cjenoBaHue Ipo30BbIX siBJieHUI Ha TsaHb-11laHckoi BRICOKOTOPHON HAYYHOUM CTaHLIMKA KOCMUYECKUX JIydel; CTENEeHb
HAMpSHKEHHOCTU B 36MHOHN KOpe AJMAaTUHCKOIO CEMCMOAKTHBHOIO PETMOHA HCCIENYETCsl C NMPHUBICYEHUEM METOJa
PETUCTPALIIF MIOOHOB KOCMUYECKUX Ty4el BBICOKUX DHEPTUil.

Ki1roueBble cjIoBa: MIMPOKHE aTMOC(EpHbIE JMBHHU, MIOOHBI, TaMMa-MCTOYHHKH, PaJHOU3ITyYCHUE, MMOTOKH
HEHUTPOHOB, CEHCMO-aKTHUBHBIN PETHOH, CTENIEHb HAIIPSLHKEHHOCTH 3€MHOM KOPBI.
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