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ABSTRACT

Report 100 p., 1 book, 37 figures, 4 tables, 35 sources, 5 app.
EXTENSIVE AIR SHOWER, COSMIC RAYS, ELECTRON-PHOTON COMPONENT, MUONS, ACOUSTIC SIGNAL
The research objects: Multimodal EAS pulses, EAS properties, narrow front cone of EAS, acoustic signals in the earth's crust.
The project goal: Operation, analysis and selection of events with energy up to 1018 eV from facilityies: Horizont-T, shower facility, "HADRON-55" and monitoring system MAS1 - MAS2.
The research methods: Theoretical, experimental, computer.
Results and their novelty:
Operation, analysis, and selection of events with energy up to 1018 eV from the Horizon-t facility were conducted. Were estimated particle masses of the order of 1012 eV from the collected experimental data with high measurement accuracy
A comparative analysis of the shower system PCR characteristics with the results of modeling was conducted. A comparative analysis of the calculation results with the data from the shower system showed good agreement. 
A physical launch of the facility and joint analysis of data from all “ADRON-55” facility detectors was performed. A software interface has been developed for visual viewing, selection, and analysis of events based on zero bank data.
A database on acoustic emission of the earth's crust and seismic activity in the region was created. A software package has been developed for analyzing experimental data of monitoring systems MAS1 and MAS2. 
Applications: Theoretical physics, cosmic ray and high-energy physics, astrophysics, atmospheric physics, and seismology. 
Economic efficiency or significance of the work
The development of research on the physics of elementary particles and high-and ultra-high-energy cosmic rays solves fundamental problems in the physics of hadron processes, astrophysics, atmospheric physics, seismology, and cosmology.
Predictive assumptions about the development of the research object: 
Due to the further increase in the area of detectors, it is expected that the number of interactions with energy above 3×1015 eV will amount to more than 3,500 events per year, which is new knowledge in the field of high-energy physics and astrophysics.
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TERMS AND DEFINITIONS

The following terms and definitions are used in this research report.

	Bimodal events
	 are multimodal events in which two pulses are observed.

	Deep seismic hazard monitoring
	 continuous monitoring of the stress state of the earth's crust, at depths as close as possible to the focal zone of the earthquake.

	Seismic acoustic emission method
	 is a method for predicting earthquakes based on the idea that earthquake preparation processes generate abnormal behavior of high– frequency seismic noise.

	Multimodal events
	 an EAS, in which the detectors of the installation registered two or more pulses.

	Muons
	 are deep penetrating particles of cosmic radiation that are born in the atmosphere as part of an extensive air shower.

	Seismic acoustic emission
	 is a high-frequency noise response of a fractured medium (the earth's crust) to deformation.

	Extensive air shower
	 is a cascade of elementary particles formed as a result of the interaction of primary cosmic radiation particles (protons and nuclei) with the nuclei of atmospheric atoms.





LIST OF ABBREVIATIONS AND SYMBOLS

In this research report, the following abbreviations and symbols are used.

	GeV
	–
	109 electron-volt

	ТeV
	–
	1012 electron-volt

	GeV/s
	–
	unit of measurement of particle pulses

	CERN
	–
	European center for nuclear research

	LHC
	–
	Large Hadron Collider

	SPS
	–
	CERN superproton synchrotron

	BNL
	–
	Brookhaven national laborato

	RHIC
	–
	BNL heavy ions collider

	JINR
	–
	Joint Institute for Nuclear Research

	Cluster
	–
	Clot of matter

	CR
	–
	Cosmic rays

	PCR
	–
	primary cosmic ray

	EAS
	–
	extensive air shower

	NES
	–
	nuclear electron showers

	SAE
	–
	seismoacoustic emission

	SAE
	–
	seismically active environment

	HFSN
	–
	High-frequency seismic noise

	km.w.e.
	–
	kilometer of water equivalent

	ns
	–
	nanosecond





INTRODUCTION

Assessment of the current state of the problem being solved
The search and study of new phenomena in the trunks of extensive air showers showed the appearance of pulses with several maxima. Such phenomena were named as delayed EAS particles. All scientific groups recognize that, within the framework of existing theories they cannot explain the appearance of lagging particles in the registered EAS. Experimental data obtained at the Horizon-T facility earlier showed that pulses with several maxima are observed in most of the EAS with energies above 1017 eV [1].
The main characteristics of primary particles are necessary to evaluate that most of the primary particle energy is spent in the atmosphere. The EAS must develop in the atmospheric thickness of more than 1000 g/cm2, to do this. This occurs in showers that develop at large Zenith angles. It should be taken into account that the muon flux densities begin to exceed the electron flux densities only in near-horizontal showers at Zenith angles greater than 60. The Horizon-T integrated facility, located at an altitude of 3340 m above sea level, registers the EAS in a large range of Zenith angles  from 0 to 80. This is due to the ability of the Horizon-T facility to register the Cherenkov radiation of the EAS at large Zenith angles.
Measurement of cosmic ray’s energy spectrum, determination of the chemical composition of cosmic particles, and searches for anisotropy in the directions of their arrival are the subject of study in many experiments that have already been completed and are currently active in various countries of the world [2].
The study of cosmic ray interactions at high-altitude stations opens the way to critical pioneering results in current problems of high-energy physics. However, as the energy increases, the flux of primary cosmic ray decreases, which makes it challenging to obtain sufficient statistical data. Therefore, a detailed study of new facts discovered in cosmic rays can be supplemented with data from modern colliders. 
One of the research topics that is being developed at the Tien Shan station is the search for a possible connection between cosmic rays and seismic effects [3]. It is assumed that intense muon beams that can penetrate deep into the lithosphere for considerable distances can provoke the generation of elastic vibrations, which then propagate in its environment as an acoustic wave [4]. A necessary condition for the occurrence of such fluctuations is the presence of a mechanically stressed medium, which can occur due to the mutual displacement of the lithospheric layers due to deep seismic processes.
The specific features of the location of the Tien Shan station, which is located in a seismically active area directly above the deep lithospheric fault, allow us to conduct an experimental test of this theory there. [5].
Justification of the need for research
The Horizon-T facility was created at the Tien Shan high-altitude scientific station, where the space-time distributions of charged EAS particles caused by primary cosmic particles with energies above 1017 eV are studied. The facility allows registering flows at distances up to 1000 m from the shower axis. The time of charged particle fluxes passage through the facility is determined with accuracy on the order of 1 ns. Thanks to nanosecond accuracy, the Horizon-T facility has unique capabilities for studying new processes.
To study the behaviour of the primary spectrum in the energy range between 1015eV and 1018 eV, to conduct detailed and well-provided statistical measurements of the cosmic ray flux in this region is necessary. As a background for this work, the high-altitude station will use an "air shower array" located in the boathouse, consisting of 80 SC-detectors, with an electronic system created for recording, processing and analyzing experimental data.
Information about patent research and conclusions
During the reporting period patent 3924, No. 2018/0942.2 Republic of Kazakhstan "Coordinate scintillation-ionization calorimeter"was obtained. The coordinate scintillation-ionization calorimeter is designed for a more detailed study of the interaction of cosmic radiation particles.
The calorimeter allows to obtain the primary energy of cosmic radiation particles, study the angular, spatial and deep distribution of secondary particles, and study various components of cosmic radiation.
Information about the planned research level of development
All the problems considered in the project "advanced fundamental research in physics and astrophysics of cosmic rays at the Tien-Shan high-altitude scientific station" belong to a high level of development.
Relevance and novelty of the topic
All the issues discussed in the project are new and relevant. The results of research carried out within the framework of the project were reported at leading international conferences such as ICHEP2018, ICRC-2019, 26th Extended European Cosmic Ray Symposium, 35th Russian Cosmic Ray Conference, International Baldin seminar.
Relation of this work to other research papers
Starting in 2023, the 3rd session of the large hadron collider will include a broad program for studying multiple processes in the interactions of light nuclei.
A certain contribution to these studies is also made by the Hadron-55 installation, which is aimed at studying the interactions of light nuclei in the central region of the EAS.

List of names of interim reports by stage:
1) Interim annual report for the year 2018 “Promising fundamental research in physics and astrophysics of cosmic rays at the Tien Shan high-altitude scientific station”, inventory number 0218РК00548.
2) Interim annual report for the year 2019 “Promising fundamental research in physics and astrophysics of cosmic rays at the Tien Shan high-altitude scientific station”, inventory number 0219РК00660.
The timetable of tasks for the reporting period 2018 - 2020 is presented in Appendix B.
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THE MAIN PART OF THE RESEARCH REPORT

1 Study of new processes in cosmic rays at energies above 1017eV 
Key research insights of 2018
Eighteen scintillation detectors have been created to record the transit times of charged particle fluxes from EAS at large distances from the shower axis. Simulation was carried out using the CORSIKA package, the model represented an EAS that arrived at the Horizon-T facility from a vertical direction and was caused by primary protons with energies of 2∙1017 eV. The calculations made it possible to advantageously place 18 new detectors. Experimental material was collected in 221 hours of operation of the facility, 2908 events were registered. Software has been created for viewing and selecting events; breakdown of experimental data; approximation and measurements.
An EAS was discovered, in which fluxes of charged particles were recorded at 10 points of the facility in all 18 detectors. This Unusual event was named Un133 with an energy of 2∙1018 eV. The processing and analysis of the event showed that the shape of the pulses in unusual events changes with increasing distance from the shower axis.
Key research insights of 2019
The facility was operated in a new configuration for 500 hours. The transition to new conditions for launching the facility increased by a factor of 4 the intensity of events in which the structures of pulses were studied at different distances from the center of the facility. 
9929 events were viewed, registered during 703.2 hours of operation of the facility. We selected 368 events with bimodal pulses. Seven parameters were measured in each bimodal pulse.
It was established that with an increase in the distance from the shower axis R from 300 m to 1100 m, the density of charged particle fluxes in bimodal events did not decrease, but turned out to be tens and hundreds of times higher than it should be in electron-nuclear showers. Taking into account signal broadening in cables showed that with increasing distance from the shower axis R from 400 m to 1100 m, the pulse durations do not increase, but remain constant within 15-40 ns, while in electron-nuclear showers they should increase to values of hundreds of ns. Hence, it was concluded that the multimodal events that were registered at the Horizon-T facility in 2018-2019 are not electron-nuclear showers.
The angles calculations of particles arrival in bimodal events were carried out, which made it possible to find that the groups of particles responsible for individual pulses arrive at the facility at different angles. These angles increase with an increase in the delay times of the 2nd pulse relative to the 1st and become more than 25° at delay times greater than 1000 ns.
1.1 Operation of the facility for 1000 hours 
1.1.1 Processing of all experimental material 
All experimental data from the Horizon-T facility was obtained from February 15, 2018 to March 31, 2020. During this time, the facility worked 6792 hours and registered 23884 events with an average intensity of 27.26 events/hour.
During this period, the facility operated in the following mode.
From February 15 to May 14, 2018, in 1896 hours, it registered 26940 events with an average efficiency of 14.2 events/hour. Due to the onset of the period of thunderstorms, the operation of the facility was stopped on May 15, 2018.
From mid-May to mid-October 2018, various methodological works were carried out and the facility was upgraded. The new launch of the facility took place on October 16, 2018, and it worked until April 15, 2019. Due to the onset of the period of thunderstorms, the operation of the facility was stopped on April 16, 2019.
From mid-April to the end of October 2019, various methodological works were carried out and the facility was upgraded. The new operation of the facility began at the end of October 2019 and continues to the present.
During three periods of operation: from February 15, 2018 to May 14, 2018, from November 1, 2018 to January 18, 2019, from November 1, 2019 to the present - the facility was launched under the condition that, through two scintillation detectors (SC-detectors), located symmetrically with respect to the center of the facility at a distance of 300 m from each other, flows of charged particles with a flux density of more than 12 particles/m2 passed simultaneously. We call this trigger condition "trigger 1". Under the condition “trigger 1”, the facility registers showers with an average intensity of 14-16 events/hour.
From February 1 to April 15, 2019, the facility was launched under the condition that through two SC-detectors, when one of them is located in the center of the facility, and the second at a distance of 150 m from it, flows of charged particles with a flux density of more than 12 particles/m2. We call these conditions “trigger 2”. Under the “trigger 2” condition, the facility registers showers with an average intensity of 64.2 events/hour. A fourfold increase in intensity corresponds to a twofold decrease in the distance between the detectors that trigger “trigger 2”. This means a twofold decrease in the EAS detection threshold.
According to the estimates made, under the condition “trigger 1”, the EAS detection threshold was found to be 2∙1016 eV. Under the trigger 2 condition, the EAS detection threshold was found to be 1016 eV. To determine the probability of the multi-modal events (MME) appearance depending on the EAS energy, the following processing of the experimental material was carried out. Bimodal events are not formed in the nuclear electron shower (NES), their registration is a sign of new processes in the EAS. Therefore, to determine the threshold for the appearance of new processes in EAS, we considered the ratio of the number of bimodal events to the number of unimodal events at point 9, located at a distance of 600 m from the center of the facility.
20394 events were viewed, registered for 1378 hours in November-December 2018, provided “trigger 1”. At the same time, in point 9, 1506 events were detected, of which unimodal pulses were observed in mod1 (1) = 1112 events, bimodal - in mod1 (2) = 242 events; pulses with modes greater than 2 - in mod1 (> 2) = 152 events. Then 89856 events were scanned, recorded over 1365 hours in February-March 2019, provided “trigger 2”. At the same time, in station 9, 7324 events were detected, of which unimodal pulses were detected in mod2 (1) = 5808 events, bimodal - in mod2 (2) = 1077 events; pulses with modes greater than 2 - in mod2 (> 2) = 439 events.
The frequencies of occurrence of bimodal pulses were obtained from the data in station 9. The frequency of occurrence of bimodal pulses with “trigger 1”, that is, with a detection threshold of 2∙1016 eV, turned out to be p9 (> 2∙1016 eV) = 242/1506 = 0.1607± 0.0103; the frequency of occurrence of bimodal pulses at “trigger 2”, that is, at the detection threshold of 1016 eV, turned out to be p9 (> 1016 eV) = 1077/7324 = 0.1471±0.00448. Hence it follows that the frequency of occurrence of bimodal pulses at a threshold of 2∙1016 eV is higher than the frequency of occurrence of bimodal pulses at a threshold of 1016 eV by 0.0136±0.0112. This excess is not provided, it has 1.21 standard deviations. Thus, new processes that cause MME apparently appear in EAS with energies below 1016 eV.
A similar estimate of the frequencies occurrence of bimodal pulses was also carried out for station 10, located at a distance of 1000 m from the center of the facility. For station 10, the frequency of appearance of bimodal pulses at a threshold of 2∙1016 eV turned out to be higher than the frequency of appearance of bimodal pulses at a threshold of 1016 eV by 0.0116±0.0163. This excess is not provided, it has 0.712 standard deviations. Thus, at a distance of 1000 m from the center of the facility, it was also confirmed that new processes that cause MME appear in EAS with energies below 1016 eV.
The main results on the temporal parameters of pulses in MME were obtained with SC-detectors with an error in recording the pulse duration equal to (18.4 ± 2.6) ns. Therefore, Cherenkov detectors (C-detectors) were fabricated, in which an optical glass with a decay time of 0.1 ns serves as the working medium and which register the pulse front with an accuracy of (1.7 ± 0.5) ns.
However, when transmitting a signal from the C-detector to the ADC located in station 1, the cable introduces an error cable. Table 1.1 shows these errors.
Table 1.1  Error cable introduced by the RK-50 cable into the pulse duration when transmitting a signal from station k to station 1

	Error
	№ of k station

	
	1 
(R1 =20m)
	3
(R3 =148m)
	7
(R7=393m)
	9
(R9=594m)
	10
(R10=1000m)

	cable, ns ± cable, ns
	0.36±0.07
	2.2±0.26
	7.9±2.0
	19.1±1.92
	55.0±17.2



Signals from C-detectors, which are located at station 1, are fed to the ADC via cables R1 = 20 m long. Signals from the other C-detectors are fed to the ADC via cables, the length of which is determined by the distance Rk between station 1 and k-stations.
Figure 1.1 shows the old and new registration station placement geometries. 
[image: C:\Users\Arman\Desktop\pic 1.1.jpg]
а)  old geometry,  b)  new geometry

Figure 1.1 – Scheme of registration stations for the Horizon-T facility


The geometry of the registration stations was changed in the summer of 2019. Stations 6, 7 and 8 from distances of 300-400 m (see Figure 1.1 a) were moved to distances of 560 m, 602 m, 602 m (see Figure 1.1 b). Since October 2019, the facility has been operating in the new configuration of items shown in Figure 1b. At station 1, two C-detectors were placed, the signals from which are transmitted to the ADC with errors <0.5 ns.
The new geometry of the facility made it possible to efficiently record EAS, the axes of which pass at distances of up to 600 m and more from station 1. From November 1st to December 31th, 2019, hundreds of showers were recorded, the axes of which passed at distances from 10 to 800 m from station 1. It was calculated that in the range of distances to the shower axis from 10 m to 750 m, the pulse duration does not change and remains in the range from 2 ns to 4.5 ns.
The values of the pulse durations recorded by the SC-detectors located at the registration stations are shown in Table 1.2. 
Table 1.2  Values of pulse durations recorded by SC-detectors located at different registration stations

	Pulse duration
	R, m

	
	300  400
	400  600
	600  1100

	СЦ, ns
	22.112.4
	26.716.2
	45.424.4



An increase in SC values with increasing R is caused by distortion of pulses in cables, which increases with an increase in the distance from the center to stations with SC-detectors. Table 1.2 shows how as far as the CS pulse durations were distorted by long scintillator decay times in SC-detectors and by errors in cables.
Conclusions
All experimental material from the Horizon-T facility was obtained from February 15th, 2018 to March 2020. During this period, the Horizon-T facility operated for 6792 hours and during this time registered 23884 events with an average intensity of 27.26 events/hour.
Correlations were found for MME with one and two modes, which showed that the threshold for the appearance of new processes in EAS is below 1016 eV.
New methods were created for selecting MME and determining the parameters of pulses. These methods showed that in MME the pulse duration does not change and remains in the range from 2 ns to 4.5 ns.

1.1.2 Analysis and selection of events with energies up to 1018 eV 
When studying the transit times of particles of extensive air showers (EAS) through the observation level, the concept of “events with delayed particles” is used. This definition, accepted in the literature gives rise to the idea that first the main group of particles arrives at the facility, which is accompanied by a trail of delayed particles. However, the data obtained at the Horizon-T facility showed that in events with delayed particles, a family of single-mode pulses with the same shape and close values of duration is recorded. Therefore, we called events with delayed particles multimodal events and, accordingly, pulses in these events - multimodal pulses [6].
We have analyzed bimodal events, which are EAS with energies from 2∙1016 eV to 1018 eV. In each of these events, two pulses were recorded in one SC-detector at distances R = 400750 m from the shower axis. Figure 1.2 shows the distributions of the durations of the 1st and 2nd pulses.
The histograms in Figure 1.2 show that the first and second pulses do not differ from each other within fluctuations. 
[image: Gist_tau]
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а) 1-pulse,  b) 2-pulse.

Figure 1.2 – The duration of the registered two pulses, in the SC-detector


In bimodal pulses, the estimates of the mathematical expectations of the durations of the first pulses turned out to be (29.28 ± 6.13) ns; the estimates of the mathematical expectations of the durations of the second pulses turned out to be (28.41 ± 5.04) ns.
It’s clear that in bimodal events the so-called “retarded particles” form a second pulse that does not differ from the first pulse. This indicates that these pulses are caused by two equal groups of particles.
The drawing of nuclear electron showers (NES) using the CORSIKA package of models shows that only one pulse can be formed in the NES, the duration of which increases from 150 ns to 450 ns over the range of distances from the shower axis R from 400 m to 750 m. The CORSIKA model package uses modern concepts of strong, electromagnetic and weak interactions. Therefore, the registration of bimodal pulses with the durations of the first and second pulses is an order of magnitude shorter than it should be in the NES, which means that new interactions occur in the EAS, which are different from strong, electromagnetic, and weak interactions.
Analysis of the event registered on March 7th, 2018, showed the properties of new interactions in EAS, in which families of pulses are born. Figure 1.3 shows the pulses that are recorded at six stations of the facility. In the upper right corner there is a diagram of the facility, which shows the numbers of stations and its distance to station 1. The characteristics of these pulses are given in Table 1.3.
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Figure 1.3 – Pulses of the EAS registered on March 7th, 2018


Table 1.3 – Characteristics of pulses recorded in EAS on March 7th, 2018
	k- pulse
	№ - station
	tk, ns
	k, ns
	k, m-2
	k - pulse
	№ - station
	tk, ns
	k, ns
	k, m-2

	1
	10
	0
	39
	77
	7
	3
	769
	18
	269

	2
	9
	53
	24
	15
	8
	3
	814
	16
	67

	3
	9
	144
	30
	99
	9
	8
	1033
	31
	71

	4
	9
	214
	28
	123
	10
	6
	1386
	26
	76

	5
	10
	326
	42
	97
	11
	8
	1414
	31
	85

	6
	7
	402
	27
	794
	12
	9
	8549
	20
	66



Figure 1.3 and Table 1.3 show following. 
The first pulse was registered at station 10, located at a distance of 1000 m east of the center of the facility. The time moment t1 of the pulse arrival is taken as the beginning of the time scale. The pulse has duration of 1=39 ns and is caused by a group of particles with a flux density of 1=77 m–2.
The second, third and fourth pulses were registered at station 9, located at a distance of 594 m south-east of the center of the facility. These pulses are delayed relative to the first pulse by t2=53 ns, t3=144 ns, t4=214 ns, have durations 2=24 ns, 330 ns, 428 ns and are caused by groups of particles with 2=15 m–2, 399 m–2, 4123 m–2.
The fifth pulse was registered again at station 10 t5326 ns after the arrival of the first pulse, has a duration of 542 ns and is caused by a group of particles with 597 m–2.
The sixth pulse was registered at station 7 t6402 ns after the arrival of the first pulse, has a duration of 627 ns and is caused by a group of particles with 6794 m–2.
The seventh and eighth pulses were registered in station 3, arrived after the first pulse through t7769 ns and t8814 ns, have durations of 718 ns and 816 ns and are caused by groups of particles with 7269 m–2 and 867 m–2.
The ninth pulse was registered at station 8, located at a distance of 367 m north-west of the facility center, t91033 ns after the arrival of the first pulse, has a duration of 931 ns and is caused by a group of particles with 971 m–2.
The tenth pulse was registered at station 6 t101386 ns after the arrival of the first pulse, has a duration of 1026 ns and is caused by a group of particles with 1076 m–2.
The eleventh pulse was registered again at station 8 through t111414 ns, has a duration of t1131 ns and is caused by a group of particles with 1185 m–2.
The twelfth pulse was registered again at station 9 after t128549 ns, has a duration of 1220 ns and is caused by a group of particles with 1266 m–2.
An essential element of randomness is observed in the sequence of arrival of groups of particles at registration stations. For example, after a group of particles arrives at station 10, three groups of particles arrive at station 9, then again a group of particles arrives at station 10. Then, after the arrival of groups of particles at stations 7, 3, 8, 6, and 8, a group of particles arrives again at station 9. This random order of arrival at the facility of twelve pulses, among which there are no selected ones, indicates that these pulses are generated by groups of particles from 12 local showers, which arrive at the facility independently of each other.
In the report for the 3rd quarter of 2019, relations were obtained between t1k – the time delay of the kth pulse relative to the 1st pulse, registered in one detector, with angles 1k between the 1st and kth groups of particles [7]. Table 1.4 lists these links.

Table 1.4 – Angles 1k and time delays t1k of groups of particles that caused pulses
	Angles 1k
	Delay time t1k, ns

	
	100
	200
	500
	1000
	2000
	8000

	, degrees
	8.069
	11.36
	17.75
	24.62
	33.56
	56.25



In the event on March 7, 2018, at station 9, four pulses were registered, with the last of them delays behind the first pulse by 8495 ns. It could be seen from Table 1.4 that the first and fourth pulses are formed by groups of local shower particles arriving at the facility at an angle greater than 56.52 to each other. If local showers were generated at an altitude of 10 km above the facility, then the distance between the stations of their generation is greater than 10.8 km.
Results and conclusions
In an EAS with delayed particles, a phenomenon has been discovered that has the following properties.
1) 1 EAS with delayed particles arise in new processes in which the primary cosmic particle gives rise to many local showers.
2) Local showers reach the detectors of the facility well-developed; therefore, their generation centres are located at an altitude of about 10 km above the facility.
3) Local showers arrive at the detector at large angles, from which it follows that these showers begin to develop at stations at distances of more than 10 km from each other.
From these results, it can be concluded that further study of this phenomenon will make it possible to elucidate the nature of new processes that generate EASs with retarded particles.

1.1.3 Search and study of new processes in EAS that generate MME 
A family of pulses in a detector is formed when several groups of ultra-relativistic charged particles from different shower disks pass through it [8]. 
Unusually, groups of ultra-relativistic particles pass at angles of tens of degrees to each other. It was also unusual that in families of pulses, the areas and durations of any individual pulses do not depend on the distance R from the shower axis to the detector [9].
The obtained results indicate that families of pulses in EAS are formed in new unknown physical processes that are caused in the Earth's atmosphere by cosmic particles of a non-nuclear nature [10, 11]. For studying these processes in the summer of 2019, the Horizon-T facility was modernized. Since the end of October 2019, it has been operating in a new configuration, which makes it possible to record families of pulses with time accuracies much more significant than using scintillation detectors. Such accuracy was achieved with new detectors (C-detectors), in which optical glass is used instead of scintillators [12,13]. Figure 1.4 shows two C-detectors with an area of 0.62 m2 each, which are located at station 1 (Center) of the facility.
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Glass-1T, Glass-2T - C-detectors; stacks of C-detectors (1-2) and (3-4)

Figure 1.4  Photo of the new configuration of station 1 (Center) of the Horizon-T facility
Figure 1.4 also shows the two “stacks” that were placed at station 1 in early March 2020. Each stack consists of two C-detectors located one above the other. Between these C-detectors, a 3 cm thick layer of lead placed (6 t.e.).
In the second half of March 2020, another one of the same stack was added to the two stacks. The system of three stacks is shown in Figure 1.5.
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Figure 1.5  Three stacks for studying local NES

Above the stacks, there is a 1 cm thick layer of lead (2 t.e.), in which the “air” electron-photon cascade (EPC) transforms into the “lead” EPC. The C-detector (or SC-detector) consists of a light substance (aluminum, glass, plastic). The thickness of this light substance is insufficient for the EPC to pass from the “lead” mode to the “light” mode after passing through the detector. This means that the passage of a local nuclear electron shower (NES) through a stack is similar to the passage of an EPC in the lead. Hence, it follows that by comparing the ratio of the number of particles above and below a three-centimeter layer of lead with the cascade curve of an electron-photon shower in the lead, it is possible to estimate the age of local NES arriving at the facility.
Such a system of stacks makes it possible to detailed study the spatiotemporal and energy characteristics of local NES. The transverse structure of local NES was registered with a resolution of 0.5 m. The temporal resolution of the passage of NES particles through the detector was better than 5 ns.

1.1.4 Form a data bank of EAS registered at the "Horizon-T" facility 
A systematic review of all experimental material obtained from the Horizon-T facility in the period from February 15, 2018, to March 31, 2020, was carried out in early 2020. The results of this viewing are reflected in the report for the first quarter of 2020. In 2020, we started to create a bank of experimental data from the Horizon-T facility. The formation of a bank of experimental data required special methodological work to determine the time accuracy of scintillation and glass detectors.
This work was carried out at a depth of 2000 g/cm2 in the underground laboratory for registration of EAS muons, which is located on the territory of the station. A special stand was created to measure the accuracy of the detectors (Figure 1.6).

	а)
	b)
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а) photo of the muon stand; b) scheme of the detectors on the muon stand

Figure 1.6  Muon stand


Among the charged particles of secondary cosmic radiation that come to the Earth's surface, electrons predominate (about 99%). Many of these electrons have energies in the vicinity of 1 MeV. Among the particles that reach the underground laboratory located at a depth of 2000 g/cm2, muons with energies above 5 GeV prevail. Therefore, the determination of errors in measuring the times of passage of particles through the detectors, as well as the calibration of detectors, muons with such energies can be carried out with much greater certainty than electrons on the Earth's surface.
The time characteristics of Cherenkov detectors, in which glass plates are the working body, were studied at the muon stand. Light flashes of Vavilov-Cherenkov radiation from the passage of ultra-relativistic charged particles were recorded by Hamamatsu-R7723 photomultiplier tubes with a pulse front recording accuracy of 1.5 ns.
The material collected on the muon stand showed that the main factor determining the error in measuring the times of passage of particle fluxes through the detector is the ADC sampling step, equal to 2 ns.
Since the end of the 50s of the 20th century, all EAS researchers have stated that at an energy of 3∙1015 eV, they observe a break in the energy spectrum registered by EASs. Most researchers ascribe this fracture to a change in the composition of the primary cosmic radiation and that this change leads to a fracture in the energy spectrum of the primary cosmic radiation.
Based on the experimental data obtained at the Horizon-T facility with nanosecond precision, we came to the assumption that the fracture in the energy spectrum registered by EAS is caused by the appearance of new processes in which unknown particles are born.
From the analysis of the experimental data obtained from 2016 to the 1st quarter of 2019, an estimate of the mass of the order of 1014 eV was obtained for the unknown particles born. However, this estimate seemed to us overestimated in energy, and in order to get a clearer picture, in the first half of 2020, a system of stacks was tested and installed to study the spatiotemporal and energy characteristics of local NES. During 2020, experimental material was collected, and in the 4th quarter of 2020, thanks to the high measurement accuracy, it was possible to estimate the particle masses of the order of 1012 eV.
The possibility of the presence of heavy particles with TeV masses in the primary cosmic radiation was previously noted when analyzing the data of the ADRON experiment. The presence of multimodal EASs in the knee area independently and with an excellent technique confirms this conclusion.
Due to the remoteness of CR sources at cosmologically large distances from the Earth, possible variants of the non-nuclear component are limited by the requirement for particle stability. In fact, this is the only option proposed in 1984 by Witten (USA), which assumes the presence in CR of stable quark quasi-cores of hypothetical strange quark matter (SCM), consisting of u, d, s quarks or stranglets. Calculations show that SCM particles become stable only at large values of baryon numbers of the order of A = 103, that is, at masses of the order of 1 TeV and more. The stranglet mass is limited to values of 1-104 TeV, size R = 5-200 Fm, electric charge Z = 30-103. Because of the Coulomb barrier, the main channel of energy loss during its interaction with air nuclei is the emission of π0 mesons, which, as a result of decay, emit γ-quanta with energies of tens and hundreds of TeV isotropically. Electromagnetic cascades formed by these γ-quanta in a wide range of angles can lead to an unusual structure of EASs observed in the GORIZONT-T experiment. It is also impossible to exclude the processes of the decay of stranglets into hundreds of hyperons, which can occur at large transverse momenta. More reliable conclusions can be made only after detailed calculations of the passage of stranglets through the atmosphere.
Currently, the processing and analysis of the experimental material obtained in 2020 on the stacks is in process. Below are the preliminary results of processing this material.
The preliminary results of processing this material showed:
- new interactions have large transverse momenta and small ranges (large sections),
- new interactions give rise to a cascade process in the upper layers of the atmosphere, in which a strong randomization takes place, and hadrons with space-time and energy characteristics are born, which have distributions close to the maximum entropy.


2 
 Comprehensive study of the properties of eases in the region of fracture of the primary spectrum of cosmic rays (1014 -1017 eV)

Key research insights for 2018
On the basis of modern microprocessor technology with low power consumption, systems of unified registration have been created: the electron-photon, hadron, and neutron components of EAS.
As a result of the simulation, it was found that the absolute values of the flux for gamma radiation, electrons and neutrons, in order of magnitude, are in the ratio of ∼ 1:10:30.
A database and a software package have been created for the simultaneous registration of the electron-photon, hadron, and neutron components of an EAS in a system of synchronously operating detectors.
Key research insights for 2019
Experimental data obtained with the simultaneous registration of EAS components are studied. 
The calculations of the particle flux density ρ, which were observed during the passage of an EAS at the points where the detectors of the facility were located, were performed. 
The results of measuring the hadron flux in an EAS with the total number of charged particles Ne = 105 - 107 at distances of about 30 m from the axis have been obtained.

2.1 Comparative analysis of the primary cosmic rays characteristics with simulation results
2.1.1 Analysis of experimental data on the EAS passage accompanied by neutron fluxes of and associated low-energy gamma radiation
While studying the effect of the background fluxes of neutron for the data of neutron accompanying of the EASs that comes from detectors with a low registration threshold, the most significant interest is the intensity calculations of neutrons that are formed during the interactions of cosmic ray particles in the soil, and after that in the process of chaotic diffusion emerges into the external, the space filled with air – albedo of neutrons.
The approach that is used to solve this problem consists in tracing the trajectories of all generated neutrons in the next played event and analyzing the parameters of its motion (coordinates, kinetic energy) that are continuously changing throughout the trajectory of each neutron. The distributions of these parameters averaged over the biggest number of played events at the characteristic points of each trajectory will be the response to the posed question.
Figure 2.1 shows in the view of two-dimensional surfaces, the neutron intensity distributions obtained as a result of modelling in the region of positive z values, in the near-surface layer of atmosphere. 
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a), b), c) are the dimensional-energetic distributions of neutrons formed in the ground with a ground moisture of 0, 10% and 20%; d), e), f) - time distributions of neutrons generated in the ground with a ground moisture content of 0, 10% and 20%

Figure 2.1  Dimensional-energetic (left) and time (right) distributions of neutrons generated in the ground of the Tien Shan station during interactions of cosmic ray hadrons

The calculations were carried out for the primary neutron-particle with the energy of 1000 GeV, falling on the ground perpendicular to its surface. The moisture content of the ground (the mass quantity of contained water in it) in three consecutive series of calculations was 0, 10% and 20%. All distributions are normalized to the number of model events simulated in each series of calculations, and thus represent the average number of neutrons in the range of ΔhΔE or ΔhΔt values per one event. The time t, in all cases, is measured relative to the moment of the interaction of the primary hadron.
Thus, the represented distributions characterize the probability for an individual albedo of the neutron to have energy Eh at the position corresponding to its largest distance from the ground surface.
The figure shows that in the region of h>0, the neutrons albedo have an almost uniform distribution over height, and there is no noticeable decrease in their intensity until the maximum distance from the ground level, 60 m, is considered. The influence of environmental humidity appears in the relative intensity of low - energy neutrons: an increase in the mass content of water in the ground from 0% to 20% reduces the neutron flux by order of magnitude in the energy range E < 1 MeV. It should be emphasized that the intensity of the neutron flux in the dimensional region z> 0 is low: in figure 2.1 shows that even for the very high energy of a primary particle in 1 TeV, the average number of albedo neutrons with energy E ⩾ 1 GeV ranges 0,01-0,03 particles/event; at lower energies, the neutron albedo fluxes, at least does not increase, while the probability of their detection in the monitor quickly falls to the value of about 1% or less.
So, the simulation results indicate that the background neutrons that are generated during interactions of cosmic hadrons in the environment should not make any significant effect on the signals from the internal detectors of the standard designed neutron monitor. The time distributions shown in Figure 2.1 were obtained following way: the trajectory of each of the neutrons born in the interaction is traced to the end, and at its endpoint, the current values of the time variable t are fixed, which in this case is the neutron lifetime, and the coordinates z, which corresponds to the height of the last neutron interaction h above the ground level. So, the distributions correspond to the probability of a free neutron to exist for a time t and probably be captured by a nucleus by surrounding matter at a height h above the ground surface.
The two-dimensional distributions show that in the spatial region above the ground, the dependence of the albedo neutron intensity from time has an approximately exponential shape, which remains practically the same at any height of the capture point h. This circumstance makes it possible, to sum up, the individual time dependences for all h> 0 and construct the general distribution of the neutron albedo lifetime in the entire range of heights considered in the calculation.
This cumulative distribution is shown in Figure 2.2. Figure 2.2 shows that the exponential form of the neutron lifetime distributions in the near-surface layer of air is preserved in a wide range of t values, up to 80-100 ms. It can be seen that in this time range, the calculated distributions can be represented with good accuracy as the sum of two exponents that have a constant attenuation of about 0.28 ms and 14 ms, and these parameters do not weakly or at all depends from the accepted in calculations the mass content of water in the ground.
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Figure 2.2  Time distributions of neutrons albedo after hitting the ground (humidity 0, 10% and 20%) of the primary hadron of cosmic rays with an energy of 1000 GeV


On the other hand, the experimentally measured time distributions of the neutron intensity generated in the region of the passage of the EAS trunk have a lifetime of about 15 ms, that is, they are in good agreement with the simulation results. This circumstance serves as another confirmation of the correctness of the entire set of physical interaction models used in the study of the characteristics of particle detectors at the Tien Shan station, as well as the chemical composition and aggregate properties of the "ground" model accepted in this particular calculation.
Along with albedo neutrons, which are observed above the ground surface, as a result of calculations, we could get similar time distributions for neutrons propagating in the “lower” part of the dimensional volume occupied by the ground. The distributions of evaporated neutrons obtained as a result of modeling over their lifetime in the ground are shown in Figure 2.3.
Comparing these results with the “ground” distributions in Figure 2.2, it can be seen that the time characteristics of neutron fluxes both below and above the ground surface coincide with each other within the accuracy of this calculation: in both cases, the time dependence of the intensity is the sum of two exponents I(t)~et/τ with time constants, which turn out to be practically the same both outside and inside the volume filled with soil: τ1 ≈ 0,26 – 0,28 ms and τ2 ≈ 11-14 ms, respectively. The relative contributions of the "fast" and "slow" exponents for these two components of the neutron fluxes also turn out to be close: in the spatial region above the ground surface, the exponent with a lifetime of 0,28 ms enters the total signal with a coefficient of 0,95, and below the surface, with a coefficient 0,99.
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Figure 2.3  Time distributions of neutron intensity below the ground surface obtained in three versions of model calculations with zero, 10% and 20% water content in the ground


The mutual similarity of the time distributions in Figures 2.2 and 2.3 means that both the near-surface layer of air and below the level h=0 we are dealing with the same flux of evaporative neutrons, which in their mass are formed during interactions of cosmic ray particles in dense ground, and the contribution to the total background fluxes of neutrons arising from the interaction of cosmic rays with the nuclei of air atoms can be neglected.
Figure 2.4 shows two-dimensional spatial distributions of the albedo neutron intensity in the x and y coordinates on the horizontal plane. The origin of the coordinate corresponds to the point of primary interaction.
These distributions were obtained as a result of modeling the interaction of hadrons with a primary energy of 1000 GeV in the substance of dry ground and in ground with a mass content of water 10% and 20%. The values of the x and y coordinates, which were used to construct these distributions, for each analyzed neutron correspond to the point of maximum distance of its trajectory from the place of primary interaction.
Figure 2.4 shows that the characteristic spatial scale of the albedo neutron intensity decay in the transverse is relative to the direction of motion of the primary particle is of the order of several meters: for example, for a ground with a water content of 10%, the neutron intensity decreases by a factor of e at a distance of about 5 m from points of interaction.
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a) with a mass content of water in the ground 0%; b) with a mass content of water in the ground 10%; c) with a mass content of water in the ground 20%

Figure 2.4  Dimensional distributions of albedo neutrons in horizontal coordinates x and y


Similarly, as a result of data modeling on secondary particles-products of the cosmic rays interaction, it could be obtained the spatial-energy and particles time distributions of the electromagnetic component - gamma-quants and electrons, which accompany the formation of these neutrons and their propagation in the external environment: tracing the entire trajectory between the creation and absorption points of each secondary particles, it is possible to determine the maximum value of the z coordinate, which corresponds to the point of greatest distance of the given particle from the ground surface, and its lifetime t. In this case, the energy that the given particle possessed at the moment of its birth can be used as the energy parameter E. As a result, we find that, like albedo neutrons, in the region of positive values of the z coordinate, the intensity of the electron-photon component weakly depends on the rising height above the ground surface, at least in the range of heights up to 60 m considered in the modeling.
The time distributions of the intensities of the gamma quants and electrons have the same exponentially decreasing shape as the analogous dependences for albedo neutrons, and in the first approximation do not depend on the height above the ground level. Summing up the distributions for different heights, one can obtain the dependence of the intensity of the electromagnetic component on the time elapsed after the moment of primary interaction. Figure 2.5 shows the time dependences of the albedo neutron intensity and the electron-photon component in the surface layer of air after the interaction of a primary hadron with an energy of 1000 GeV in the ground.
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The smooth line shows the sum of two exponents with the lifetime τ1 = 0,26 ms and τ2 = 14 ms, obtained by approximating the neutron distribution

Figure 2.5  Time dependences of the intensity for neutrons albedo and the electron-photon component in the near the ground air layer after the interaction of the primary hadron with an energy of 1000 GeV in the ground


The time interval during which the intensity of gamma radiation in the surface layer of the air noticeably exceeds the intensity of albedo neutrons lasts no more than one millisecond from the moment of the primary interaction; at long times, the observed intensity of electrons and photons turns out to be 1–1.5 orders of magnitude lower than the intensity of the neutron flux. After the first millisecond, the electron-photon component's decay occurs almost synchronously with the albedo neutrons: the characteristic relaxation period of these distributions is 11 ms and 14 ms, respectively.
This means that upon a sufficiently long time after the primary interaction in the flux of the electron-photon component, prevail particles that genetically associated with inelastic interactions of albedo neutrons slowed down to thermal energy radiative capture of these neutrons by atomic nuclei in the environment. During the thermalization period, t ≲ 1 ms, the form of the electromagnetic component's time distributions significantly differ from the exponential one, which corresponds to an additional contribution to the total flux from electrons and photons, which are generated during elastic collisions of energetic neutrons with light nuclei.

2.1.2 Analysis of experimental material on neutron events that are observed in underground neutron detectors, comparison with simulation results
Besides of the NM64 neutron monitor and detectors with a low registration threshold, the complex facility of the Tien Shan high-altitude station has another similar detector - a neutron monitor, which is located in an underground room, directly under the "carpet" of scintillation detectors of the “Center” shower system. From the station's outer surface this room is separated by a layer of rocky ground 11 m deep, which corresponds to an absorber thickness of about 2000 g/cm2. The detector consists of two separate sections, the internal structure of which generally repeats the design of a standard NM64 monitor: each section includes a set of CHM15 gas-discharge neutron counters placed inside alternating layers of a light substance - moderator, a heavy substance - target  an evaporative neutron generator, and light-weight external reflector. In contrast to the configuration of a standard NM64 monitor, the individual sections into which the neutron detector located in the underground room is divided are arranged so that particles that have passed through one of these sections without interacting with a high degree of probability can enter to another. [14] The free space between the two sections is filled with a solid iron absorber. This design increases the likelihood of the interaction of cosmic rays with the underground detector's substance, converting the latter into a calorimetric type facility with a large target thickness.
The most essential characteristic of events registered on a neutron monitor is the neutron multiplicity M. It is the total number of signals received from the neutron detectors of the monitor during a time gate of a fixed duration. Considering the corrections for the difference in the registration efficiencies of evaporated neutrons between the underground monitor and the standard monitor HM64, it is possible to associate the observed multiplicity of the neutron event with the energy release of the neutron-forming component of cosmic rays inside the monitor. To clarify the nature of neutron events recorded on the underground monitor, it is crucial to study their spectrum by the total neutron multiplicity M.
The differential spectrum of the multiplicity of neutron events observed in the underground monitor is shown in Figure 2.6.

For comparison, the same figure shows the multiplicity spectra obtained on the ground monitor НМ64, as well as in the section of the underground monitor installed on the surface of the high-altitude Tien Shan station. The total operating time during which the data presented in Figure 2.6 is equal to 11,400 hours for the underground monitor, 3200 hours for the section located on the surface, and over 50,000 hours for the HM64 monitor. As can be seen from the figure, the differential multiplicity spectrum in an underground monitor with a sufficient degree of accuracy can be represented in the form of a simple power dependence:  where A = 0,36 m-2s1
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1 - underground neutron monitor of the high-altitude Tien Shan station; 2- monitor НМ64; 3- section of the underground monitor, working on the surface of the station

Figure 2.6  Differential spectrum of the multiplicity of events

In region M> 3, the degree form of the spectrum observed on the underground monitor is close to the form of the spectrum, which is recorded in monitors operating on the surface of the TSHASRS, notably that the difference in their slope values does not exceed 0.3. This is despite the fact that the nature of the particles responsible for neutron events in these facilities should be different. Indeed, neutron events on the surface of the Tien Shan station are generated by cosmic ray hadrons, which on their way to the underground placement must be completely absorbed by the ground: the absorption range of the hadron component is λh = 120-130 g/cm2, and in this case, the ground layer with thickness 2000 g/cm2 should weaken the hadron flux by more than 106 times.
Additionally, the figure shows that the absolute intensities of neutron events observed on the underground monitor and in the monitor section, which operates on the station's surface, differ only 600-800 times. This intensity ratio corresponds to the value of the absorption distance of the neutron-forming component of the order of 300-320 g/cm2, which is 2.5-3 times higher than the specified value of λh for the hadronic component of cosmic rays. The observed intensity of neutron events in the underground monitor means that these events must come from particles' interactions that have the penetrating properties of muons. This conclusion is also confirmed by the fact that in the region of low magnitudes of the multiplicity M≤5, where threshold effects associated with the absorption of hadrons in the atmosphere begin to affect the spectra of the HM64 monitor and the section located on the surface, the multiplicity spectrum in the underground room retains its power-law shape.
The result allows us to assert that for generating neutron events on the underground monitor, ordinary hadrons (nucleons and pions) of cosmic rays cannot be responsible since their flux should have been weakened by the ground layer above the underground placement by at least 106 times. Simultaneously, the dimensional distributions of neutron signals obtained in the experiment indicate that the generation of events in the underground monitor is carried out by individual single particles, not by cascades of primary particles. Such particles can be cosmic ray muons.
Assuming that the generation of secondary particles in underground detectors occurs due to the interactions of the penetrating component of cosmic rays  muons, it is possible to calculate the expected spectrum of the multiplicity of neutron events in a neutron monitor by modeling. In this case, muons with energies distributed according to the experimental energy spectrum should be used as primary particles in model events, and the absolute intensity of the muon flux should be normalized to the intensity of the experimental spectrum I(⩾ Eμ) at the point Eμ min = 5 GeV. The multiplicity spectrum obtained from this simulation is shown in figure 2.7, together with the experimentally measured spectrum.
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Circles - experiment, squares  Geant4 simulation results for primary particles-muons

Figure 2.7  Integral spectrum of multiplicity of neutron events

Figure 2.7 shows that the calculated and experimental multiplicity spectra are in good agreement with each other both in their shape (slope) and absolute intensity. This coincidence means that the bulk of real neutron events on the underground monitor must be caused by muon interactions, and the latter, thus, can play the role of a kind of muon detector. 
Summing up, we can conclude that the placement of neutron detectors in a placement that was shielded from the effects of cosmic ray hadrons makes it possible to obtain physical results regarding the muon component. The obtained results demonstrate the effectiveness of using the neutron technique in solving tasks related to the study of muons, both belonging to the background flow and following in the EAS composition.

2.1.3 Analysis of the dimensional-energy distributions of the electron-photon and hadron components of the EAS
During 2018 and 2019, a series of measurements were made at the high-altitude Tien Shan station's shower facility. The total operating time of the shower system during the measurements is about 6500 hours. During this period, the signals of 72 shower detectors that form the scintillation "carpet" of the CENTER subsystem were used to register the EAS components.
Detectors of the electron-photon component placed at different distances from the center of the facility measured the flux density of charged EAS particles. Then, based on the spatial distribution of this density, the EAS’s main parameters are estimated: its size (the total number of charged particles) Ne, "age" s, and the coordinates of the shower axis X0 and Y0. This estimate is made by approximating the distribution of ρD (x,y) by the Nishimura-Kamata-Greisen function ρNKG(x, y, Ne, s, X0, Y0). The resulting approximation is a set of values (Ne, s, X0; Y0) and is taken as an estimate of the main parameters of this EAS.
The measurement results concerning the EAS's primary characteristic — the size of the shower, that is, the total numbers of charged Ne particles that make up the shower — are presented in figure 2.8 as an integral spectrum of registered shower events by the number of Ne.
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At the top  spectra based on the results of measurements made in previous years at the Tien Shan station and mount Aragats, at the bottom  based on data obtained at the Tien Shan facility during the series of measurements in 2018 and 2019

Figure 2.8  Integral spectra of registered EAS by the number of particles (shower size) Ne
The figure shows that in the case of large showers, Ne> 106, the spectra obtained at the shower facility are in satisfactory correlate with the known results of previous measurements, both in their slope and in absolute intensity. In General, a comparison of data on the integral spectrum of Ne shower sizes for events that were registered at the Tien Shan station's shower system with similar data known from previous measurements indicates that the applied method for determining the EAS parameters is capable of producing acceptable results.
According to the shower system's experimental data, the spatial distribution of the EAS hadrons was obtained in the range of distances (40-50) m from the shower axis in the range Ne =105 -106. The following formula determined the average density of hadrons:

, 

where, nj - quantity of detectors, ρ – the density of hadrons, R- distance from the detector.

According to the calculations, the spatial distribution of hadrons is obtained, as shown in figure 2.9.
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Figure 2.9 – Spatial distribution of hadrons according to the experiment and the results of calculation using the software CORSIKA

The same figure shows the results obtained by the CORSIKA software for primary protons. As can be seen from the figure, the calculation results according to the software do not contradict the result obtained from the experimental data of the shower system.
Also, the differential spectrum of energy release in the detector network was obtained from the shower system's experimental data for hadrons. The energy release spectrum is approximated by a power dependence in the form of dN/dε ~ ε-γ, ε is the energy released in the detector, and γ is the power-law exponent. Its value is γ~2.57. The differential spectrum is shown in figure 2.10.
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Figure 2.10 – Differential energy release spectrum of the hadron component


A differential energy spectrum for primary protons was also obtained based on the CORSIKA software. This spectrum is approximated by the power dependence:

dN/dEh ~ Eh-γ, γ ~ 2.68.

When comparing the calculation result with the shower system data, there is coherence.
It should be noted that in order to obtain statistically correct spectra that would be suitable for comparison with the generally accepted world data on the size spectrum of EAS and the associated energy spectrum of primary cosmic rays E0, in a wide range of Ne and E0 values, it is necessary to expand the shower facility with a system of peripheral shower detectors, as well as to reduce the threshold for detecting EAS.
Currently, the high-altitude Tien Shan station is planning to gradually expand the shower system with the gradual addition of scintillation detector points in the range of 40 - 70 m from its center.

2.1.4 Analysis of the arrival directions of EAS from galactic space
In analyzing the arrival directions of EASs, it is possible to detect the general anisotropy of cosmic rays, which makes a significant contribution to propagating cosmic rays study. At large facilities located near sea level, the EAS arrival's anisotropy began to manifest itself at energies above 1018 eV, at which an increase in the EAS intensity is observed. A significant proportion of these showers had directions close to the disk of the Galaxy.
In research [15], based on data from the Yakut facility of EAS, arguments were given in favor of the fact that there is a small-scale anisotropy and there is a tendency to cluster the directions of showers with energies E0 of the order of 1017 eV and zenith angles θ < 45°.
During the research, an analysis was conducted for the unevenness presence in the direction distributions of EAS parishes registered by the detectors of the high-altitude Tien Shan station. The facilities databases contain the results of processing data from detectors: coordinates, age parameters s, the total number of particles, and the direction of arrival of showers-Zenith angle θ, azimuth angle φ.
The values of the zenith angle are taken in the range of 40°. The classification of showers is based on the number of Ne particles, and the showers with different values of θ are determined according to the ratio:

,

herewith  Ne ~ 105-106 corresponds to particles with an energy E0 greater than 1015 eV.
The directions of arrival of showers zenith angle θ and azimuth angle φ are converted to the Equatorial coordinate’s α-right ascension and δ-declination. The type of distribution is determined by the geometry of the EAS facility and is approximately described by the following function:

,

where S(δi) is the part of the area viewed in the direction δi, and n is the number of parts of the area segments.
The right ascension α varies from 0 to 3600, and the entire scale is divided into 120 intervals of 30; the declination δ is represented in the range from 230 to 830, 20 intervals of 30. For each interval δ, the corresponding distribution over α was studied for uniformity.
The distribution analysis of the EAS's arrival directions showed that for particles with energy E0 greater than 1015 eV, the obtained distributions could be considered isotropic. Thus, the considered equipment data do not provide sufficient reasons for the presence of dedicated directions for EAS arrival. However, for accurate estimates at higher particle energies, more statistics are needed.
Figure 2.11 shows a two-dimensional distribution in the coordinates α –δ.
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Figure 2.11  Distribution of the number of registered EAS N according to the coordinates of right ascension α and declination δ


3 
Search for structures in distributions of particles from the narrow front cone of the eas at high energies 
Key research insights for 2018
The design, creation, and calibration of the electronic channels the 7th and 8th series of the hybrid ionization calorimeter "HADRON-55" was conducted. Commissioning of the hadron block was carried out. 
Estimates of the initial conditions for particles' interaction, both in cosmic rays and on accelerators, are obtained with limited statistics. In cosmic rays, the problem is solved based on data from the Almaty-LPI RAS collaboration "Stratosphere". Analysis of fluctuations in the initial conditions for light-light, medium-light, and heavy-heavy nuclei classified by the degree of centrality showed a distinct increase in fluctuations with a decrease in the size of the interaction region. A sharp increase of fluctuations in multiplicity and pseudo-speed in most Central interactions is interpreted as a manifestation of light nuclei's internal virtual alpha clustering.
Key research insights for 2019
42 detector modules of channel electronics were created to register the neutron component: 10 Geiger counters and 1 helium counter per each module. Installation works of modules for registering the neutron component in the calorimeter, neutron counter amplifiers in muon-neutron hodoscope modules, and printed circuit boards with potentiometers for adjusting the high voltage of 1600 – 1800 V for each module separately were conducted. 
The software for analyzing the gamma's coordinates and hadron blocks of the "HADRON-55" facility for an individual event has been developed. Data processing is reduced to combining and matching the mutually perpendicular rows of each block of the facility. The result of the executed part of the software generates arrays of combined and normalized data for each layer of the "HADRON-55" facility.

3.1 Physical launch of the facility and joint data analysis of all detectors of the "HADRON-55" facility
3.1.1 Creating additional registration software for new subsystems
In the 1st quarter of this year, the operation and maintenance of the complex facility "HADRON-55" consisting of the gamma block, hadron block, and carpet of SC-detectors continued. It has been accumulated more than 5,000 events in 1510 hours of live time.
The "Adron" software was created and debugged for individual viewing, visual analysis, and selection of events based on histograms of the signals' amplitudes from ionization chambers and scintillators of experimental data of the zero Bank obtained at the "HADRON-55" facility.
The "Adron" software was created in Python using the Matplotlib graphics library [16]. Figure 3.1 shows the “Adron” software's window interface with the controllers located on it, i.e., controls – buttons, text - boxes, check - boxes.
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Figure 3.1  The “Adron” software's window interface

Figure 3.1 shows three main functions - "Search, EAS Parameters, Calibration", each of which has corresponding controls. The text window displays information about running procedures, frame properties, and channels marked by the operator.
The small square TextBox with the value "1.5" marked "Coefficient" - a manually entered coefficient of acceptable code variation, by default K = 1.5.
"FindErrCanals" - button for starting searches of and highlighting failed channels in all session frames where code values cannot be converted to millivolts.
Currently, the following functions have been implemented in "Adron" software:
· viewing and selecting measurements consisting of consecutive multi-channel frames in digital format, these include: physical measurements, calibration measurements performed for monitoring and configuring recording equipment; test measurements;
· determination of parameters for recording equipment based on calibration measurements;
· conversion of measurement results to standard physical units – volts;
· software and manual detection and exclusion of broken channels from further calculations. By pressing the "Left" And "Right" keys, you can sequentially view graphs of neighboring channel recovery functions, and by pressing the "Up" And "Down" keys, you can initiate viewing of sensitive (High) and coarse (Low) channels.
In each frame and channel, the registered code of value is programmatically checked for the possibility of converting it to volts using the recovery function obtained for each channel during calibration measurements.
If this conversion is not possible, the code value of the channel being checked is placed in the frame with the corresponding error code, and in the diagram - in yellow, and is excluded from further calculations.
In addition to programmatically detecting failed channels, the software provides the ability to manually exclude individual channels that may not work correctly in a qualified handler's opinion.
Code values in such channels are placed in the frame with the corresponding error code by clicking the right mouse button, and in the diagram, it is in red and excluded from further calculations.
The function of viewing the performance characteristics of each channel in a visual-dialog mode is also implemented. When you click the left mouse button, a graph of the code recovery function in volts of this channel appears on the diagram in the channel of interest in a separate window.
By pressing the "Left" And "Right" keys, you can sequentially view graphs of neighboring channel recovery functions, and by pressing the "Up" And "Down" keys, you can initiate viewing of sensitive (High) and coarse (Low) channels.
Here, the functions – viewing the entire session by frames in visual-dialog mode and saving the most significant frames in a specially created file are installed.
The program allows viewing each frame sequentially in the form of a diagram of code values, with color highlighting of failed channels, both on a logarithmic and linear vertical scale, and in the form of a diagram of both source and generalized channel values converted to volts.
Each frame can be commented out by the handler in free text, which can be used as an indicator to search and view the corresponding frames during repeated views.
The search indicator could also be the expert that started registering an event, a specified minimum value in one of the specified series, or a set of the listed indicators.
It is also possible to select the closest calibration to the processed session in terms of time - previous or subsequent.
Figure 3.2 shows a saved frame of the "event view" mode - a histogram of the signal amplitudes of detectors in all sections of the gamma and hadron blocks of the ionization calorimeter of the "HADRON-55" facility.
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Figure 3.2  The saved frame of event from April 13, 2020

Conclusions
The work on the analysis of experimental data using the "Hadron" program was performed. The histogram of signal amplitudes of ionization chambers and scintillators has been used to view and to select interesting events from the zero Bank, which have been recorded in a separate file for further processing.

3.1.2 Physical launch of the "HADRON 55" facility in full. Calibration of the facility by the energy spectra of the EAS
Since June 2020, the "HADRON-55" complex facility is fully operational; it is eight lines or four levels of the calorimeter. With 1200 ionization chambers, thirty SC-detectors, and two lines of 42 neutron counters. The total effective area is 322 m2.
The muon hodoscope subsystem for recording the muon component of the EAS has been debugged and enabled. 
The hodoscope consists of 42 modules forming a carpet of 6 rows of 7 modules in each row; in each module installed 10 Geiger counters of the IC_5G type (figure 3.3). The modules are installed in the calorimeter cavity inside the iron target of the hadron block. In addition to Geiger counters, the module has helium counters "Helium-2" for registering the neutral component of the EAS (Fig. 3.3, b). 
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a) the layout of hodoscopic modules (6m9m area, dotted line – wooden tunnel); b) the module design (10 Geiger counters - IC_5G, helium counter - "Helium-2»)

Figure 3.3  The hodoscope diagram for registering the muon component of the EAS

The hodoscope's target consists of 39 layers of lead 1 cm thick each and iron bars with a total thickness of 25 cm. The total thickness of the lead (Pb) and iron (Fe) target t for calculating absorption is: е = 11.4 (Pb)  39 + 7.7 (Fe)  25 = 623 g/cm2.
Calibration of the facility by the energy spectra of the EAS
The selection of events during the registration at the HADRON-55 installation is performed using a master system or trigger, formed in a particular module called the "Master block".
The master system has schemes for summing signals from ionization chambers and SC detectors and threshold schemes for generating a control signal - trigger.
The total signal is directly related to the number of particles in the shower and, accordingly, to the EAS's power Ne and energy Eo. The master block provides the ability to change thresholds - 5 fixed threshold levels can be set using the switch.
The expert system's fixed levels were calibrated with the help of the energy spectrum of the EAS measured directly at an altitude of 3330 m (figure 3.4). The spectrum relates the intensity int of the appearance of EAS to the power of EAS Ne in a given power range Ne(i) – Ne(i+1).  The intensity is measured in the number of showers that fell on 1 sq. m in 1 hour in the solid angle of 1 steradian [sq. m-1 hour-1 sr-1].
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Figure 3.4  The nucleons energy spectrum in cosmic rays at an altitude of 3330 m

Calibration performed as follows: set the required threshold on the switch; enable physical recording and accumulate Ns = 50-100 events; calculate the live time (Tliv) of the session Tliv = T2 – T1 – TM (T2 - start time, T1 - end time, TM - dead time); calculate the intensity int = Tliv/(Ns *S *tliv*2*pi); find a point with int intensity on the energy spectrum graph and calculate the corresponding value of Eо.

3.1.3 Search for multiparticle energy and geometric fluctuations and correlations in the "narrow" cone of the "HADRON 55" facility
Understanding energetically and geometric fluctuations in the EAS's narrow front cone is one of the most important problems of cosmic ray physics. EAS is considered an electron-nuclear shower, in which all the components present in the atmosphere are fully developed. Three main problems arise in research using the EAS method: the study of the properties of the EAS themselves; the study of the characteristics of the interaction of particles at ultrahigh energies; astrophysical problems.
Generally, researchers use three types of energy spectra, which are known as the Nikolsky spectrum, the Ryan spectrum, and the Grigorov spectrum. The most preferred of them is the Nikolsky spectrum [17].
In this study, the solution to this problem is considered based on the collected statistics with threshold energy greater than 1014 eV (it is 1260 events) from the complex facility "Hadron-55", the layout of which is shown in Appendix C in figure C.1. 
An algorithm for data preparation and processing with a description of all main stages and processes has been developed, the block diagram presented in Appendix C in figure C.2.
The following criteria were used for selecting events for analyzing structures in the distributions of EAS particles:
· the number of conditionally operable detectors was more than 85%;
· interactions were selected when the energy-weighted center of gravity of events determined by the SC-detectors fell within the area of the calorimeter;
· particle trajectories must pass through the body of the calorimeter (pass through 8 lines of ionization chambers);
· the trigger threshold is set to more than 1014 eV;
· in case of thunderstorms, the registration and power supply system is switched off.

Figure С. 3 (Appendix С) shows the arrangement of lines of ionization chambers from the 1st to the 8th line of the gamma block and the calorimeter's hadron block.
Coordinate system
It is generally assumed that the X coordinate axis is directed across even lines (2,4,6,8) and allows you to determine the shower trunk's position along the X-axis with an accuracy of up to the size of the chamber width equal to 11 cm. 
The Y-axis is directed across cameras of odd lines (1,3,5,7) and allows you to determine the Y-coordinates of the shower axis and the X-axis with an accuracy of 11 cm. 
The Z-axis is directed vertically from top to bottom along the particles' path in the shower, as is customary in accelerator experiments.
Two adjacent lines – even and odd-form the observation level. Thus, there are 4 levels in the calorimeter: 1 and 2 lines - 1st level, 3 and 4 lines - 2nd level, 5 and 6 lines - 3rd level, 7 and 8 line - 4th level.
The code converting to millivolts
Under the control of the registration program, a data Bank is formed - "Bank-0", recorded in the ADC codes. According to individual calibration characteristics of channels, the conversion program "A2_convert" uses the interpolation method to convert channel codes into amplitudes (mV), forming a secondary data Bank "Bank-1."
Converting millivolts to ionization
Ionization refers to the number of relativistic particles Ne that has passed through the chamber. The signal amplitude on the UIC chamber filament is proportional to the number of Nion particles and the signal level from one particle Ue = 0.39 mV/part – for an ionization chamber 3 m long filled with argon, 5 ATM. Thus: UIC = Ue∙Neon, where the ionization is equal to:  Nion = UIC /Ue = UIC /0.39.

The transfer of ionization energy in eV
The energy of relativistic particles passing through the chamber is proportional to the average energy of the particle E0 and the number of Nion particles: Ek = Nion * E0 = Ni* 300 MeV; E0 = 300 MeV/particle [18].
Evaluating the center of gravity
Determination of the coordinates of the energy-weighted center of gravity for SC-detectors was calculated from the relations: 



 ,         
accordingly, for the "HADRON-55" detectors


 ,        

The development was performed in a standard Windows environment using the modern international software platform MATLAB [19]. To work in the MATLAB environment, m-files were created for processing data obtained from the complex facility "HADRON-55". The full set of working m-files is presented in Appendix D. 
While searching for jets, two main assumptions are made: all the jets run in the calorimeter approximately parallel to each other - as part of the EAS trunk and the fluctuations (dispersions) of ionization trunk are less than across the trunk. 
Figure 3.5 shows the selected by the maximum of jets for visualizing energy and geometric fluctuations and correlations in three-dimensional.
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Figure 3.5  Energy and geometric fluctuations and correlations of event number 9, rendered at the installation on September 20, 2019
The three resulting planes correspond to three levels of the ionization calorimeter. The width of the planes corresponds to the area of the ionization calorimeter. "Peaks" correspond to the energies of the combined series. The height of the peaks characterizes the received energy in mV.
The searching for and studying structures in the particle distributions of the narrow front cone of cosmic ray EAS is also an urgent task of modern high-energy physics [20]. To solve this problem, huge new experimental facilities are being created, and theoretical, and computer methods of analysis are being developed.
A narrow front cone exists in every experimental setup engaged in research in the field of cosmic ray physics. Figure 3.6 shows, according to preliminary data, the distribution of energy density fluctuations from the distance to the energy-weighted center. The ordinate shows the ratio Ei/∆Еmах, and the abscissa shows the distance from the energy-weighted center in centimeters.
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Figure 3.6  Energy density distribution in relative units depending on the distance to the energy-weighted center


As you can see from Figure 3.6, the distribution is described by a third degree polynomial  , where the coefficients a, b, c, d are determined using the built-in MATLAB polyfit function: a = -1.8 • 10-9 b = 2.18 • 10-6; c = -8.56 x 10-4; d = 0.1147. We assume, based on the fact that the leading particles in acceleration experiments carry away ~ 50% of the energy, then in our case at least 50% of the energy is released in the narrow front cone. In this event, this distance from the energy-weighted center is 65 cm. 
Figure 3.7 shows the fluctuations of the relative particle flux depending on the absorber thickness.
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Figure 3.7  Fluctuations of the relative particle flux depending on the thickness of the absorber


A standard formula was used to determine the range of interaction in cosmic rays . Where N is the number of particles that passed through layer x without interaction,  is the range of interaction. A preliminary estimate of the interaction path was carried out using the maximum likelihood method and is equal to 310 g / cm2.

3.1.4 Comparison of fluctuation and correlation results obtained at the “HADRON 55” facility with Collider data
In these later days, due to the launch and investigation of interactions at ultrahigh energies at the Large Hadron Collider, the research center of EAS has shifted from studying the characteristics of interactions at ultrahigh energies to studying such characteristics of primary cosmic particles as the energy spectrum and the behavior of the composition of primary cosmic radiation as a function of energy.
This stage of the work is devoted to the experimental study of angular distributions at energies ≥ 1012 eV. The main research object is the interaction of cosmic rays with atmospheric atomic nuclei and data obtained in e±p interactions at the “ZEUS” accelerator in “DESY” (German Electron Synchrotron, Hamburg, Germany) [21].
A comparison of fluctuation and correlation results obtained in azimuthal angles in e±p interactions at the “ZEUS” accelerator with experimental events obtained at the “HADRON-55” facility will make it possible to evaluate the performance of the upgraded “HADRON-55” facility.
It has been created the “HADRON-55” sub-software for direct calculation of azimuthal angles from data on registration of cosmic radiation particles and the “ZEUS” sub-software for a search of azimuthal angles φ in e± p- interactions on the part of statistics (exposure 07p) of e± p interactions, which are ~37 million events.
10,000 events were taken as initial data for the "HADRON-55" facility, from which 470 events with energies E0 ≥ 1015 were selected and digitized [22]. Events with short avalanches in the ionization calorimeter were not included in the analysis.
For azimuthal angles searching  - φ in the e ± p-interactions obtained at the ZEUS facility, criteria that ensure the track is in the detector's excellent registration zone and is reliably measured were established. Events with fewer than three selected tracks were not included in processing. Using the selected tracks, the program generates arrays of azimuthal angles.
Figures 3.8 and 3.9 shows the azimuthal angle distributions of the particles registered at the “HADRON-55” and the “ZEUS” electron synchrotron facilities.
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Figure 3.8 – Azimuthal angle distribution of particles registered at the “HADRON-55” facility
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Figure 3.9 – Azimuthal angle distribution of particles registered on the “ZEUS” electron synchrotron

The distribution over the azimuthal angle of particles emission differs from the uniform one, which is due to particle registration's uneven efficiency in different areas of the detector. The distributions were constructed with an interval width of 0.2618 radians, which corresponds to an angle of 15°. 
The figures show that within the acceptable three-fold error there is no difference in the distributions. However, it can be seen that in figure 3.8, the distribution is smoother for events received in cosmic rays. 
Thus, the presented distributions for the azimuthal angle of emission particles differ from the uniform one, which is due to the unequal efficiency of particle registration in different areas of the detector.
In General, no anomalies were found that may be associated with the subroutine incorrect operation, and that, therefore, may interfere with the correct calculation of the function in the-Δφ scale.
It should be noted that all conclusions are valid only within the limits of the errors that occur in each experiment. Unfortunately, according to the small statistics accumulated in cosmic rays, most of the conclusions are preliminary. Nevertheless, it is the physics of cosmic rays that finds common features of interactions, the specification of which is successfully continued by accelerators.

4 
Study of the degree of tension in the earth's crust of seismically active region of Almaty caused by cosmic-ray muons high-energy 
Key research insights of 2018
The results of theoretical and experimental studies on the effect of cosmic ray muons on the stress-strain state of the Earth's crust in seismically active regions are systematized. It is shown that the stream of high-energy cosmic ray muons generated in the EAS that penetrates the Earth's crust can be used to monitor the level of rock tension at a depth of earthquake focus formation.
A software package for the MAS1 monitoring system has been developed. A software has been developed for loading the average parameters of the acoustic signal.
The MAS1 system is being monitored to study cosmic ray muons, acoustic emission, and regional seismic events. Varieties of acoustic effects are obtained that are associated with the development and microcracks decay in a stressed seismically active medium when they are exposed to high-energy muons of cosmic rays generated in the EAS.
Monitoring data were analyzed to find a correlation between acoustic emission and seismic activity in the region.
Key research insights of 2019
A qualitatively new monitoring system MAS2 (Muons Acoustic Signals with 2 microphones) was operated. The launch and continuous monitoring of geoacoustic emission in the frequency range of 1.5-10 kHz in the downhole.
Commissioning of the MAS2 monitoring system was carried out, and round-the-clock recording of acoustic emission in the downhole was launched simultaneously with two microphones. The ability of the monitoring system with two microphones installed at a depth of 40m and 96M to determine the direction and angles of arrival of acoustic signals in the downhole was tested. The level of acoustic emission in the downhole changes with a daily frequency, which is sometimes disturbed.

4.1 Research and analysis of experimental data from the monitoring system MAS1 and MAS2
4.1.1 Creation of a database on acoustic emission of the earth's crust and seismic activity in the region
To store information on variations in acoustic emission obtained in the measuring downhole of the Tien Shan high-altitude station, as well as the results of its processing, a set of relational databases are used, which are placed on a separate computer specially designed for this purpose. The entire database system operates under the general control of the PostgreSQL server software, which can be accessed by remote client software over the local network with specific requests for data processing: creating and modifying internal database tables, entering new records into it, selecting the necessary information, and other operations. From the client's side, all requests to the server are formed in a special language for managing queries to relational databases SQL and transmitted to it in text form using the low-level library – “C-libpq”.
The functional diagram of the complex and the created database system that is used for recording acoustic detector data are shown in figure E.1, Appendix E. The main principle underlying the architecture of the database software package under consideration is to divide the entire set of functions necessary for managing the installation between separate, relatively simple modules, each of which is responsible for solving only one strictly defined and limited task.
The k09001 measurement management software is responsible for fetching the data generated by the driver from shared memory and further processing this information. This software performs standard functions for supporting the measurement process: it reads a set of configuration parameters from the k09in input file immediately after launch. And adjusts the algorithm of its work to the features of a specific measuring equipment; tracks the appearance of new information parcels in the shared memory segment; generates an array of binary data with measurement results from these parcels and writes this array to a file with the extension .zdat on the local disk drive. Before downloading to disk, the array is compressed by the built-in k09001 archiver, which reduces the total amount of output data and reduces the duration of information exchange with the disk. Since the files recorded in this way directly during measurements are packed in a non-standard way, before they are sent for permanent storage, they are processed again (in off-line mode) by a special utility software k09006, which converts them into regular archive files dat.gz, which can be read by standard zip, gzip, and similar archivers. After conversion, archive files with data are automatically sent to the shared processing center via wireless communication lines.
One of the specialized software designed to work with archived acoustic detector data files is the visualization software k09007, which, when launched in graphical mode, allows to view the measurement results stored in these files in the form of interactive graphs in its window.
The k09007 software loads the parameters of the acoustic signal into the acou table of the database specially designed for them. The information stored in this table can be requested by the web server for display, in text or graphic form, on the web page of the Tien Shan station. Processing requests from the web server and preparing the necessary information for it is carried out using an auxiliary software-the general - purpose CGI script k14003. A web interface has been created for remote access to the database over the Internet (IP address 89.250.81.11).
All these software use procedures written in C++ and Python using standard libraries.
Thus, a database has been created for processing and collecting data on acoustic emission of the Earth's crust to search for a connection with the seismic activity of the region.

4.1.2 Development of a software package for analysis of experimental data of monitoring systems MAS1 and MAS2
To record and analyze the signals of acoustic detectors installed at points MAS1 and MAS2, a unique software and hardware system for amplitude-digital conversion (ADC) with low power consumption was developed. The software and hardware system is based on a single-Board Raspberry Pi B+ computer based on an ARM-based Broadcom BCM2835 microprocessor with a clock frequency of 700 MHz [23]. This computer, controls two ADC elements - 12-bit AD7887 chips manufactured by Analog Devices [24] through the lines of a general-purpose digital input-output port built into it (the term GPIO - general purpose input-output port is used in the technical documentation for microprocessors). The clock sequences C (clock) and CS necessary for the operation of the chips are generated by the computer's microprocessor running a special driver software; the same software takes the results of converting input signals that come from the DO outputs of ADC chips as a sequential binary code and converts them to binary data bytes. The schematic diagram of connecting ADC elements to the Raspberry Pi B+ microcomputer is shown in figure E.2, Appendix E.
One of the specialized software designed to work with archived acoustic detector data files is the visualization software k09007, which, when launched in graphical mode, allows to view the measurement results stored in these files in the form of interactive graphs in its window. An example of such information display (with a short — term intensity outburst-a typical acoustic signal from fast-moving seismic processes) is shown in figure 4.1.
The k09007 software is written in Python [25, 26], and its graphical window interface is implemented using the Tkinter library [27] and the Matplotlib graphical library in Python [28].
The k09007 software supports interactive user mode, as well as transmission modes information from archived files with measurement results, instead of being directly displayed in a graphical window, is transmitted to external k09007exe plug-ins that implement various processing algorithms: digital data filtering, search for short-term intensity peaks, and etc.
Conclusion
Based on modern information and microprocessor technologies, a software and hardware complex has been developed for analyzing experimental data from monitoring systems MAS1 and MAS2.
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а)                                                                   b)

a) signals recording with a large time interval; b) signals recording with a reduced time interval (stretched along the horizontal axis). The upper graph in the figures is the microphone signal; the lower graph is the low-frequency envelope.

Figure 4.1  Visualization of recording signals from an acoustic detector in the graphical window of the k09007 software


4.1.3 Analysis of monitoring data MAS1 and MAS2 to find the correlation between the Earth's crust and acoustic emission
The research on the correlation between the Earth's crust and acoustic emission is based on the assumption that the elastic strain energy accumulated at the edges of a crustal fault in a seismically active region can be released when exposed to the penetrating component of cosmic rays, which can cause vibrations and propagate as a sound wave through the Earth's crust and can be detected by highly sensitive acoustic detectors. High-energy muons, including those with an energy higher than (0.1–1) TeV that can penetrate the lithosphere to a depth of about several kilometers are present in the central region of powerful EAS. Therefore, the moment of their passage can be strictly signalled by the EAS trigger from the Tien Shan installation of shower detectors. A modern approach to the study of acoustic emission signals from seismic faults is given in [29, 30]. Theoretical studies [31] have shown that the ionization created in the lithosphere by the interaction of penetrating elementary particles is quite sufficient to play the role of a trigger effect. In [5], a practical approach is proposed for searching for an acoustic response after the passage of high-energy cosmic ray muons. Regular detection and monitoring of the intensity of such signals is of interest for solving problems related to the assessment of conditions at the depths of the lithosphere in real-time, as well as for predicting the nearest earthquakes [32, 33].
With the help of the monitoring systems, MAS1 and MAS2 created at the TSHASRS in 2017-2019, a 6800-hour experiment was conducted on simultaneous monitoring of EAS and acoustic signals. When analyzing monitoring data, the following rules were applied to exclude the influence of random coincidences between acoustic pulses and the passage of high-energy cosmic ray muons at the depths of the lithosphere:
− only those EAS events that had a sufficiently large primary energy E0> 1015 eV and the integral intensity of such EAS was approximately (20-30) h−1 were included in the review.;
− taking into account the need to suppress the random background, the minimum amplitude (A) of acoustic event selection was assumed to be A> 700;
− all periods of time when the average wind speed on the territory of the TSHASRS exceeded 11 m/s were excluded from the monitoring data.
Taking into account these conditions, probability distributions of the time delay values         T = tACOU - tEAS were obtained (Figure 4.2).
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а) EACOU ≤10,  b) 10 <EACOU ≤ 50,  c) EACOU> 50.

Figure 4.2  Probability distribution of delays between a powerful EAS (tACOU) 
and subsequent acoustic events (tEAS)
The initial experimental points are shown as circles; the distribution constructed for randomized data of acoustic event timestamps is shown as triangles. The points are normalized to the total number of strong NEAS air showers used in the analysis. The width of the time interval is 100 s. In their differential form and for the binning step ∆T = 100s. These distributions are shown as circles in the graphs in figure 4.2. All the error bands marked there refer to the values of the standard deviation σ of the statistical type.
To infer the existence or absence of a systematic correlation between the pairs of tACOU and tEAS moments, a series of data operations was performed in which a random moment of time t * ACOU was artificially attributed to each acoustic event present in the data bank, instead of its original tACOU. Accordingly, a different set of time delays T* = t* ACOU - tEAS was calculated, which then worked according to the same algorithm. The resulting distributions of T * values are indicated by triangles in the graphs in figure 4.2.
As can be seen in the upper graph of figure 4.2, during "quiet" periods with a small daily number of acoustic events EACOU ≤10, the two distributions of T and T * values almost overlap. Basically, the difference between them remains within the (1-1.5) σ-corridor over the entire range of the horizontal axis. The absence of any statistically significant differences between the distributions constructed for experimental and artificially randomized data sets means that any temporal correlation that could be detected between EAS and acoustic events on those days is completely random. The only possible exception is the leading point (T ≈ 100s), where the difference between the distributions under consideration is of the order of (2.5–3) σ. In contrast, in the average graph of figure 4.2, which was constructed for days with a higher daily score of acoustic events - 10 <EACOU ≤50, an obvious excess is observed in the initial part of the distribution T over the corresponding randomized data points. Up to the delay time T ≈ (1000-1500)s, the difference between these two sets of data on the vertical axis remains approximately three times the standard deviation error and can thus be considered statistically significant. The same conclusion can be drawn from the lower graph of figure 4.2, where the leading experimental point at T ≈ 100 s is ∼3σ above the randomized distribution.
Analysis of the graphs in figure 4.2 shows that on days with frequent occurrence of acoustic events, there is some regularity between these events and previous extensive air showers, including the passage of high-energy muons, which are usually part of the EAS. This correlation may indicate a causal relationship between both phenomena. This correlation effect appears to be most pronounced during periods with a moderate daily number of acoustic events, 10 <EACOU ≤50.
If high-energy muons penetrate immediately into the area of a deep seismic fault (located under the territory of the TSHASRS), then the detected temporal correlation can be experimental proof of the theoretical assumption of correlations between the events of the EAS, the passage of muons into the earth's crust, and acoustic emission signals of seismic origin.
Conclusions
A statistically significant correlation was found between the appearance of acoustic events, with the preceding passage of muons of cosmic rays with high energy (100 TeV), or extensive atmospheric showers with high primary energy, which also include energetic muons. This correlation is most pronounced in the time interval (100-400) s. Still, it can be traced quite confidently up to the time of the order (1000-1500) s from the moment of muon passage.
The temporal correlation between the passage of high-energy cosmic ray muons and subsequent acoustic events is shown mainly in data with a large total number of recorded acoustic events, EACOU> 10.
Systematic study of time correlations could be a promising tool for operational monitoring of earthquake preparation in the area of a seismic fault.
The hardware and software complex MAS1 and MAS2 created on the territory of the TSHASRS is a useful tool for experimental proof of the theoretical assumption that acoustic signals can be emitted under the influence of penetrating cosmic ray particles.

4.1.4 Analysis of monitoring data MAS1 and MAS2 in connection with seismic activity in the region
Monitoring of geoacoustic emission by the hardware and software complex (APC) MAS1 and MAS2 is carried out on the TSHASRS in continuous mode. The assessment of the region's seismic activity is based on seismic data presented on the website of the Kazakhstan national data center [34]. A large amount of data on geoacoustic emission variations has been accumulated. This made it possible to conduct a comparative analysis of the data of AIC MAS1 and MAS2 with the seismic activity of the region.
Variations in background seismic activity are shown in figure 4.3. graph of background seismic activity is based on more than 58,000 earthquakes recorded between 2016 and 2019.
The essence of plotting was as follows. Data on the number of earthquakes with a magnitude of M≥2 for each day were taken from the interactive seismic bulletin. A number equal to the number of earthquakes was plotted as a dot on the graph. Each point on the graph represented the number of earthquakes on a particular day. Then the resulting series was filtered by moving averages for 30 days (points) with a one - day shift. With such a large averaging of data, the seasonal course of seismic activity was clearly revealed with maxima in the spring (March-April) and autumn (October) months – the periods of the solar equinox. Attention is drawn to the maximum seismic activity in March 2017.

[image: ]

The vertical arrows show seasonal maxima of variations in seismic activity. On the horizontal axis-days of the year, starting from January 1, 2016

Figure 4.3  Seismic activity of the region from 2016 to 2019


Registration of geoacoustic emission using AIC MAS1 and MAS2 showed that quasi-harmonic variations occur periodically in the recordings. Taking into account the obtained data on the seismic activity of the region, we compared them with variations in geoacoustic emission in the downhole. A fragment of the occurrence of quasi-harmonic variations in geoacoustic emission and seismic activity in the region during the same time period is shown in figure 4.4 for ease of comparison, the vertical axis graphs are given in relative units.
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(1) - variations of background seismic activity, (2) - variations of geoacoustic emission. On the horizontal axis-days of the year, starting from January 1, 2018

Figure 4.4  Сomparison of variations in seismic activity and variations in geoacoustic emission in a downhole at a depth of ~100 m

Figure 4.4 shows, that for 52 days from 23.07.2019 to 14.09.2019, both variations in geoacoustic emission and variations in background seismic activity produced similar fluctuations lasting 10-16 days. Sometimes they are quite synchronous - for example, 31.07.2019 and 26.08.2019.
Using the monitoring system MAS1 and MAS2, an increase in the level of geoacoustic emission in the downhole was registered on the eve and during the earthquake significant for the city of Almaty. 14.09.2018 at 22h 15min 03.0 s (GMT) an earthquake occurred M5,3, energy class K=11.9. Coordinates: 41.92 SSH 77.22 VD. Depth 5 km [35]. An earthquake of 2-3 points (on the MSK-64 scale) was felt in Almaty. The epicenter of the earthquake was located within the Dobrovolsky radius at a distance of 126 km from the measuring downhole. Two days before the main shock, an increase in geoacoustic emission was registered in the downhole, which reached its maximum values on the day of the earthquake (figure 4.5, a). For ease of comparison, the vertical axis graphs are shown in relative units.
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(a) - variations in geoacoustic emission, (b) - the number of earthquakes according to the data of the online catalog kndc.kz. The vertical line on the graph (a) indicates the time of the earthquake. Horizontal axis - time in seconds from the starting of the day 09/12/2018 GMT

Figure 4.5  Comparison of variations in geoacoustic emission in a downhole with data on the number of earthquakes


The histogram (figure 4.5, b) shows an increase in the number of earthquakes from 34 to 54, respectively, on 12.09.2018 and 14.09.2018. It can be assumed that the increase in the level of geoacoustic emission was associated with an increase in the number of earthquakes.

Conclusions
The periodic occurrence of quasi-harmonic variations of geoacoustic emission in the downhole is revealed.
In certain periods of time, increased geoacoustic emission in the downhole accompanies an increase in regional seismic activity based on a comparative analysis of monitoring data MAS1 and MAS2 and seismic activity in the region is shown.
An increase in geoacoustic emission in the downhole was established during the period of increased seismic activity on the eve and on the day M5.3 of the earthquake on October 14, 2018.



CONCLUSION

Summary of research results for 2018-2020
Task 1. At the research stage on the problem "Study of new processes in cosmic rays at energies above 1017 eV", the following results were obtained.
The year 2018: 18 SC-detectors have been created to register the time of passage of charged particle fluxes of EAS at large distances from the shower axis. The simulation was performed using the CORSICA software package. The model represents the EAS that came to the Horizon-T facility from the vertical direction and was caused by primary protons with energies of 2∙1017 eV. The calculations made it possible to advantageously place 18 new detectors. Experimental data was collected for 221 hours of facility operation, and 2908 events were registered. The software has been created: viewing and selecting events, splitting experimental data, approximations of measurements.
An EAS was detected in which charged particle fluxes were recorded at 10 facility points in all 18 detectors. This Unusual-event is named Un133, with an energy of 2∙1018 eV. Event processing showed changes in the pulses' shape in an Unusual-event with increasing distance from the axis of the shower.
The year 2019: The facility operated in new configuration for 500 hours. The transition to new conditions for starting the facility increased the intensity of events in which pulse structures were studied at different distances from the facility's center by 4 times. 9929 events registered during 703.2 hours of facility operation were viewed. 368 events with bimodal pulses were selected. Seven parameters were measured in each bimodal pulse.
It was established that as the distance from the shower axis R increased from 300 m to 1100 m, the density of charged particle fluxes in bimodal events did not decrease, but was tens or hundreds of times greater than it should be in electron-nuclear showers. It is established that the multimodal events that were registered at the Horizon-T facility in 2018-2019 are not electron-nuclear showers.
Calculations of the arrival angles of particles in bimodal events were performed, which showed that groups of particles responsible for individual pulses arrive at the installation at different angles. 
The year 2020: All experimental material from the Horizon-T facility was obtained from February 15, 2018 To March 2020. During this period, the Horizon-T facility worked for 6792 hours and registered 23884 events with an average intensity of 27.26 events/hour. 
The MME ratios with one and two modes were revealed, which showed that the threshold for the appearance of new processes in the EAS is below 1016 eV. New methods for selecting MME and determining pulse parameters were developed, which showed that the pulse duration does not change in MME and remains in the range from 2 ns to 4.5 ns.
A phenomenon that has the following properties has been discovered in the delayed particle EAS: delayed particle EAS arise in new processes in which the primary cosmic particle generates many local showers; local showers reach the detectors of the facility developed and at large angles; therefore, the centers of their generation are located at an altitude of about 10 km above the facility.
Task 2. The following results were obtained at the research stage of the problem "Complex investigation of EAS's properties in the area of the primary cosmic ray spectrum fracture (1014-1017 eV)".
The year 2018: Based on modern microprocessor technology with low power consumption, a single registration system has been created: electron-photon, hadron, and neutron components of the EAS. A database and software package for unified registration in the system of synchronously operating detectors have been created.
As a result of the simulation, it is obtained that the absolute values of the fluxes for gamma radiation, electrons, and neutrons are in the order of magnitude in ratio ∼ 1:10:30.
The year 2019: Experimental data obtained during simultaneous registration of the EAS's components are studied. Calculations of the particle flux density p, which were observed during the passage of the EAS at the detector locations of the facility, were performed. It can be argued that, when using two ranges amplitude, HS and MS, it is possible a correct operation of the shower system in the Central area of the EAS (r ~ 1 - 3M) up to showers size of Ne ~ 107, which corresponds to the primary energy E0 ~ (3-5) 1016 eV.
Registration of the EAS's hadron component with a hadron energy Eh >50 MeV is performed using the NM64 neutron monitor located in the facility. The results of measuring the flow of hadrons in the EAS with the total number of charged particles Ne = 105 – 107 at distances of about 30 m from the axis are obtained.
The application of various detectors with a low energy threshold in a joint experiment with the shower facility of the station Tien Shan's made it possible to detect non-trivial effects associated with the passage of powerful EAS. Such effects, in turn, cannot be predicted in calculations based on a set of standard particle interaction models.
The year 2020: The intensity of neutrons that are formed during interactions of cosmic ray particles in the ground, and then in the process of chaotic diffusion of albedo neutrons exiting into the outer air-filled space, were calculated. The spatial-energy and time distributions of particles of the electromagnetic component-gamma quanta and electrons are analyzed. It is found that after a sufficiently long time after the initial interaction, the electron-photon component flow is dominated by particles that are genetically associated with inelastic interactions of albedo neutrons that have been slowed down to thermal energy by radiation capture of these neutrons by atomic nuclei in the environment. 
Integral spectra of the multiplicity of neutron events are obtained. The calculated and experimental multiplicity spectra are in good agreement with each other both in their shape (slope) and in their absolute intensity. This coincidence means that muon interactions must cause the bulk of real neutron events on the underground monitor, and the latter can thus play the role of a kind of muon detector. 
According to the shower facility's experimental data, the spatial distribution of the EAS hadrons in the range of distances (40-50) m from the shower axis the range Ne =105 -106 of the differential energy spectrum for primary protons was also obtained. When comparing the calculation results with the storm system data, there is a good agreement.
Task 3. At the research stage of the problem "Search for structures in the distributions of particles from the narrow front cone of the EAS at high energies", the following results were obtained:
The year 2018: The design, creation, and calibration of the electronics channels of the 7th and 8th series of the hybrid ionization calorimeter "Hadron-55" were conducted. Check out and start-up of the hadron block was carried out. 
Estimates of the initial conditions for particles' interaction, both in cosmic rays and in accelerators, are obtained under limited statistics. In cosmic rays, the problem is solved based on data from the Almaty-LPI RAS, collaboration "Stratosphere". Analysis of fluctuations in the initial conditions for light-light, medium-light, and heavy-heavy nuclei classified by the degree of centrality showed that there is a distinct increase in fluctuations with a decrease in the size of the interaction region. A sharp increase of fluctuations after multiplicity and pseudo-speed in the most Central interactions is interpreted as a manifestation of the internal virtual alpha clustering of light nuclei.
The year 2019: 42 detector modules of the electronic channels were created to register the neutron component: under 10 Geiger counters and 1 helium counter in the module. The facility of modules for neutron component registration in the calorimeter, neutron counter amplifiers in muon-neutron hodoscope modules, and printed circuit boards were installed. 
The year 2020: Hadron software has been developed to analyze and select events based on histograms of the signal amplitudes from ionization chambers and scintillators of experimental zero-Bank data obtained at the HADRON-55 facility.
The muon hodoscope subsystem for registering the muon component of the EAS has been debugged and enabled. The fixed levels of the master system were calibrated using the energy spectrum of the EAS.
The search for multi-particle energy and geometric fluctuations and correlations in the "narrow" cone of the "HADRON 55" facility is performed. Data on azimuthal angles obtained in e±p interactions at the ZEUS accelerator in DESY (German electronic synchrotron, Hamburg, Germany) are compared with events obtained at the HADRON-55 facility.
Task 4. At the stage of research on the problem "Investigation of the degree of tension in the earth's crust of the Almaty seismoactive region caused by muons of high-energy cosmic rays", the following results were obtained.
The year 2018: The results of theoretical and experimental studies on cosmic-ray muons effect on the stress-strain state of the earth's crust in seismically active regions are systematized. A software package has been developed for the monitoring system MAS1. The software has been developed for loading the average parameters of the acoustic signal.
Monitoring was performed by the MAS1 system for studying cosmic ray muons, acoustic emission, and regional seismic events. Varieties of acoustic effects are obtained that are associated with the development and decay of microcracks in a stressed seismically active medium when exposed to high-energy muons of cosmic rays generated in the EAS.
Monitoring data were analyzed to find a correlation between acoustic emission and seismic activity in the region. The created installation is a unique experimental polygon for a set of statistical data on the effect of the cosmic ray muon flux on the seismically active environment, which will expand fundamental knowledge in the field of geocosmic communications.
The year 2019: The new monitoring system MAS2 (Muons-acoustic signals with 2 microphones) was operated. The work performed on the development and manufacture of the electronic unit, installing acoustic equipment, and test measurements made it possible to launch and monitor geoacoustic emissions in the adit and in the well.
The checkout and start-up of the MAS 2 monitoring system were conducted, and round-the-clock registering of acoustic emission in the well was launched simultaneously with two microphones. 
The year 2020: The database has been created to process and collect data on acoustic emission of the earth's crust to search for links with seismic activity in the region.
Based on current information and microprocessor technologies, a software and hardware complex has been developed for analyzing experimental data from monitoring systems MAS1 and MAS2. 
Monitoring data MAS1 and MAS2 were analyzed to find the correlation between the earth's crust and acoustic emission. A statistically significant correlation was found between acoustic events' appearance, with the preceding passage of muons of cosmic rays with high energy (100 TeV), or extensive atmospheric showers with high primary energy, which also include energetic muons.

The planned task for 2018-2020 under the program was completed in full and following the calendar plan. 
Nine young specialists took part in the program: 1 PhD, 2 doctoral students of KazNU, 3 master's students, 2 bachelors, and 2 technicians with incomplete technical education.
The work results will be applied in further research and will be recommended for use in related fields of science and technology.
The scientific and technical level of research is at the proper height and corresponds to the achievements of modern world science in the field of high-energy physics and cosmic rays.
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APPENDIX B 

Work schedule for 2018-2020

Time schedule for the 2018

3. Name of work item, complementation time, results
	#
	Name of work item under contract and main realization steps 
	Complementation period
	Expected result

	
	
	Start
	Finish
	

	1.1
	Studying new processed in cosmic rays at energies above 1017 eV
	January
2018 
	November, 1
2018 
	Studying new processes in cosmic rays at energies above 1017eV will start. A new configuration of Horizon-T installation will be developed. 

	1.1.1
	Establishment of detectors for new registration points
	January 
2018 
	March
2018 
	New registration points will be developed

	1.1.2
	Installation of SC-detectors in the registration point at various distances from the center.
	April
2018
	June
2018
	SC-detectors in the registration point at various distances from the center will be installed

	1.1.3
	Installation operation for 200 hours
	July
2018 
	September
2018
	Installation will be operated for 200 hours 

	1.1.4
	Program development and analysis of 200 hour experimental materials 
	October 
2018 
	November, 1
2018 
	Program development and analysis of 200 hour experimental materials will be conducted

	2.1
	Complex research of EAS properties around knee the primary spectrum of cosmic rays (1014-1017ev)

	January 
2018 
	November, 1
2018 
	Complex research of EAS properties around knee the primary spectrum of cosmic rays (1014-1017eV) will be launched. 
A registration system for the electron-photon component, hadron and neutron components of EAS will be developed

	2.1.1
	In the central part of the installation, create a registration system for the electron-photon component (EPC) of EAS
	January 
2018
	March 
2018
	In the central part of the installation, a registration system for the electron-photon component (EPC) of EAS will be created

	2.1.2
	Creation a registration system for hadron component of EAS
	April
2018
	June
2018
	A registration system for hadron component of EAS will be created

	2.1.3
	Creation of a system for recording neutrons and gamma quanta accompanying them
	July 
2018
	September
2018 
	A system for recording neutrons and gamma quanta accompanying them will be created

	2.1.4
	Development of software for simultaneous registration of electron-photon, hadron and neutron EAS components in a system of synchronously operating detectors
	October 
2018 
	November, 1
2018 
	Software for simultaneous registration of electron-photon, hadron and neutron EAS components in a system of synchronously operating detectors will be developed

	3.1
	Searching for structures in the distribution of particles from a narrow front cone of the EAS with high energies
	January 
2018
	November, 1
2018
	Searching for structures in the distribution of particles from a narrow front cone of the EAS with high energies will be launched. 
Electronics channels of the 7th and 8th rows of ionization calorimeter (IR) will be developed. The energy correlations of the narrow front cone of EAS will be studied. 

	3.1.1
	Design of electronics channels of the 7th and 8th rows of ionization calorimeter
	January 2018 
	March
2018 
	Electronics channels of the 7th and 8th rows of ionization calorimeter will be designed

	3.1.2
	Production of analog memory modules and ADC modules in the general scheme of the ionization calorimeter
	April 
2018 
	June
2018
	Analog memory modules and ADC modules in the general scheme of the ionization calorimeter will be produced

	3.1.3
	Installation and assembly of chambers of the 7th and 8th row of the ionization calorimeter. Commissioning of the hadron block. Development of programs for analyzing the amplitudes of gamma data and hadron blocks of the HADRON-55 installation in a narrow front cone
	July 
2018
	September 
2018 
	Installation and assembly of chambers of the 7th and 8th row of the ionization calorimeter will be performed. Commissioning of the hadron block will be performed. Programs for analyzing the amplitudes of gamma data and hadron blocks of the HADRON-55 installation in a narrow front cone will be developed

	3.1.4
	Development of programs for analyzing the amplitudes of gamma data and hadron blocks of the HADRON-55 installation in a narrow front cone
	October 
2018 
	November, 1
2018 
	Programs for analyzing the amplitudes of gamma data and hadron blocks of the HADRON-55 installation in a narrow front cone will be developed

	4.1
	Study of the state of stress in the earth crust of the almaty seismoactive region caused by muons of high-energy cosmic rays
	January 
2018
	November, 1
2018 
	Study of the state of stress in the earth crust of the almaty seismoactive region caused by muons of high-energy cosmic rays will be launched. 
Acoustic emission amplitude measurements on the monitoring system MAS1 (Muons - Acoustic Signals with 1 microphone) will be conducted. Acoustic emission variations due to seismic activity in the region
Variation of acoustic emission due to seismic activity in the region will be conducted. 

	4.1.1
	Systematization of theoretical and experimental studies on the response of cosmic ray muons to the stress-strain state of the earth's crust in seismically active regions
	January 
2018
	March
2018 
	Systematization of theoretical and experimental studies on the response of cosmic ray muons to the stress-strain state of the earth's crust in seismically active regions will be performed

	4.1.2
	Development and creation of a software system for the monitoring system MAS1
	April 
2018 
	June 
2018 
	A software system for MAS1 system operation and the formation of monitoring database will be developed 

	4.1.3
	Monitoring by the MAS1 system for the study of cosmic-ray muons, acoustic emission and regional seismic events
	July 
2018 
	September
2018 
	MAS1 system will be monitored for the study of cosmic-ray muons, acoustic emission and regional seismic events

	4.1.4
	Analysis of monitoring data to find a correlation between acoustic emission and seismic activity of a region
	October 
2018 
	November, 1
2018 
	Monitoring data will be analyzed to find a correlation between acoustic emission and seismic activity of a region





Time schedule for the 2019

Name of work item, complementation time, results
	The code of the specified stage
	Name of works under the Contract and the main stages of its implementation
	Due date
	Expected result

	1.2
	Study of new processes in cosmic rays at energies above 1017 eV.
	January
2019
	November 1,
2019
	Study of thermal processes in cosmic rays at energies above 1017 eV will be continued. The installation will be operated in the new configuration for 500 hours.

	1.2.1
	Analysis and classification of multimodal events (MME)
	January
2019
	March
2019
	Analysis and classification of multimodal events (MME) will be carried out.

	1.2.2
	Study and identification of features of MME pulses at distances up to 500 m from the shower axis. 
	April
2019
	June
2019
	The features of MME pulses at distances up to 500 m from the shower axis will be studied and revealed.

	1.2.3
	Calculation of angular distributions of MME arrival
	July
2019
	September
2019
	The angular distributions of the arrival of MME will be calculated.

	1.2.4
	EAS modelling with energies of 5 101 1016 eV and higher at different zenith angles. 
	October
2019
	November 1,
2019
	EAS with energies 5 101 1016 eV and higher at different zenith angles will be simulated. 

	2.2
	Integrated study of EAS properties in the fracture area of the cosmic rays primary spectrum (1014-1017eV).
	January
2019
	November 1,
2019
	Integrated study of EAS properties in the fracture area of the cosmic rays primary spectrum (1014-1017eV). Experimental data on the simultaneous recording of the EAS components will be investigated. The results will be published in the journals Nuclear instruments methods (Elsevier Science), Physical Review Letters (USA), indexed in the Web of Science database, with (1 article), as well as foreign and domestic reviewed scientific journals with nonzero impact factor (Publication 1).

	2.2.1
	The Study of experimental data of EPC (electronic-photon component) EAS recording system
	January
2019
	March
2019
	The study of experimental data of EPC (electronic-photon component) EAS recording system will be carried out.

	2.2.2
	 Investigation of experimental data from the EAS hadron component recording system
	April
2019
	June
2019
	The study of experimental data of EAS hadron component recording system will be carried out.

	2.2.3
	Study of experimental data of the EAS recording system of neutrons and gamma rays
	July
2019

	September
2019
	Study of experimental data of the EAS recording system of neutrons and gamma rays will be carried out.

	2.2.4
	The Study of experimental data of the EAS recorded components
	October
2019

	November 1,
2019
	The analysis of experimental data of the EAS recorded components will be carried out. 

	3.2
	Search for structures in particle distributions from a narrow anterior cone of EAS at high energies.
	January
2019
	November 1,
2019
	Search for structures in particle distributions from a narrow anterior cone of EAS at high energies will be continued Channel electronics for recording the neutron component will be created Geometric correlations of the EAS narrow front cone will be studied.

	3.2.1
	Design and creation of channel electronics for neutron component recording 
	January
2019
	March
2019
	Channel electronics for neutron component recording will be designed and created

	3.2.2
	Creation of 42 detector modules of channel electronics for recording a neutron component
	April
2019
	June
2019
	 42 detector modules of channel electronics for recording a neutron component will be created each module has 10 Geiger counters and 1 helium counter tube.

	3.2.3
	Installation of modules for recording the neutron component in the calorimeter.
Development of programs for analyzing the coordinates of the gamma and hadron units of the HADRON-55 installation in the narrow front cone
	July
2019
	September
2019
	Modules for recording the neutron component will be installed in the calorimeter. Programs for analyzing the coordinates of the gamma and hadron units of the HADRON-55 installation in the narrow front cone will be developed. 

	3.2.4
	Installation, debugging and technical start-up of channel electronics for recording the neutron component.
Development of search programs in individual events of multiparticle geometric fluctuations in the narrow front cone based on the hadron and gamma units data of the Hadron-55 installation
	October
2019
	November 1,
2019
	Installation, debugging and technical start-up of channel electronics for recording the neutron component were carried out. A technical launch will be carried out.
Search programs in individual events of multiparticle geometric fluctuations in the narrow front cone based on the hadron and gamma units data of the Hadron -55 installation will be developed.

	4.2
	Investigation of the tension level in the earth's crust of the Almaty seismoactive region caused by muons of high-energy cosmic rays.
	January
2019
	November 1,
2019
	Investigation of the tension level in the earth's crust of the Almaty seismoactive region caused by muons of high-energy cosmic rays will be continued. A qualitatively new monitoring system MAS2 (Muons-Acoustic Signals with 2 microphones) will be put into operation on the territory of HMSS.

	4.2.1
	Performing infrastructural operations to accommodate the detectors equipment of the МАS2 monitoring system in the territory of the Tien Shan High-Mountain Scientific Stationю
	January
2019
	March
2019
	Infrastructural operations to accommodate the detectors equipment of the МАS2 monitoring system in the territory of the Tien Shan High-Mountain Scientific Station will be carried out.

	4.2.2
	Installation and adaptation of acoustic detectors in the tunnel at a depth of more than 50 meters of rock.
	April
2019
	June
2019
	Installation and adaptation of acoustic detectors in the tunnel at a depth of more than 50 meters of rock will be conducted.

	4.2.3
	Installation and commissioning of the monitoring system MAS2 equipment on the territory of Tien Shan High-Mountain Scientific Station
	July
2019
	September
2019
	Monitoring system MAS2 will be installed on the territory of Tien Shan High-Mountain Scientific Station and commissioning of measuring equipment will be performed.

	4.2.4
	4.1.4 Testing of the МАS2 monitoring system in the territory of Tien Shan High-Mountain Scientific Station
	October
2019
	November 1,
2019
	The MAS2 monitoring system will be tested on the territory of Tien Shan High-Mountain Scientific Station






Time schedule for the 2020

Name of work item, complementation time, results 
	The cipher of the task, stage
	Name of Work under the contract and the main stages of its implementation
	Term of implementation
	Term of implementation

	
	
	beginning
	beginning
	

	1.3
	Study of new processes in cosmic rays at energies above 1017 eV.
	January,
2020
	November 1,
2020
	New processes in cosmic rays at energies above 1017 eV will be studied. The facility operating time will be for 1000 hours.
The results will be published in peer-reviewed foreign scientific publications indexed in the Web of Science or Scopus databases with a non-zero impact factor (1 article) and peer-reviewed foreign and domestic scientific publications with a non-zero impact factor (1 publication).

	1.3.1
	Processing of all experimental material.  
	January,
2020
	March,
2020
	Proceeding of all experimental materials will be conducted.
Methods for detection for MME and determining the parameters of MME pulses will be developed.

	1.3.2
	Analysis and selection of events with energy up to 1018 eV.
	April,
2020
	June,
2020
	Events with energy up to 1018 eV will be analyzed and selected.

	1.3.3
	Detecting and studying of new processes in the EAS that generate MME.
	July,
2020
	September,
2020
	The search and study of new processes in the EAS that generate MMEs will be conducted.

	1.3.4
	Create a database of EAS registered on the Horizon-T facility.
	October,
2020
	November 1,
2020
	The data Bank of EAS registered on the Horizon-T facility will be formed. From the data obtained at the facility, the mass of a superheavy particle capable of generating MME will be estimated.

	2.3
	The comprehensive study of EAS properties in the area of the primary cosmic ray spectrum fracture (1014-1017 eV).
	January,
2020
	November 1,
2020
	The comprehensive study of EAS properties in the area of the primary cosmic ray spectrum fracture (1014-1017 eV) will be completed. A comparative analysis of the characteristics of primary cosmic rays with the results of modeling will be conducted. The results will be published in peer-reviewed foreign scientific publications indexed in the Web of Science or Scopus databases with a non-zero impact factor (1 article) and peer-reviewed foreign and domestic scientific publications with a non-zero impact factor (1 publication).

	2.3.1
	Analysis of experimental data on the neutron flux accompanying the EAS passage and the associated low-energy gamma radiation.
	January,
2020
	March,
2020
	An analysis of experimental data on the neutron flux accompanying the passage of the EAS and the associated low-energy gamma radiation will be performed.

	2.3.2
	Analysis of the experimental data on the neutron events observed on underground neutron detectors compared with the simulation results.
	April,
2020
	June,
2020
	The experimental data on neutron events observed at underground neutron detectors will be analyzed and compared with the simulation results.

	2.3.3
	Analysis of the spatial-energy distributions of the electron-photon and hadron components of the EAS.
	July,
2020
	September,
2020
	The spatial-energy distributions of the electron-photon and hadron components of the EAS will be analyzed.

	2.3.4
	Analysis of the arrival directions of the EAS from galactic space.
	October,
2020
	November 1,
2020
	The analysis of the arrival directions of EAS from galactic space will be conducted.


	3.3
	Search for structures in distributions of particles from the narrow front cone of the EAS at high energies.
	January,
2020
	November 1,
2020
	The search for structures in the distributions of particles from the narrow front cone of the EAS at high energies will be completed. The facility will be physically launched, and data from all the detectors of the "HADRON-55" facility cooperatively will be analyzed. Scientific research results will be reported at international conferences and published in peer-reviewed foreign and domestic scientific publications with a non-zero impact factor (2 publications). A patent will be obtained in the Kazakhstan patent office.

	3.3.1
	Creating additional registration software for new subsystems.
	January,
2020
	March,
2020
	Additional registration software for new subsystems will be created.

	3.3.2
	Physical start of the “HADRON 55” facility in full. Calibration of the equipment according to the energy spectra of the EAS.
	April,
2020
	June,
2020
	The full physical launch of the "HADRON 55" facility will be conducted. The facility will be calibrated using the energy spectra of the EAS.

	3.3.3
	Search for multiparticle energy and geometric fluctuations and correlations in the "narrow" cone of the "HADRON 55" facility.
	July,
2020
	September,
2020
	The search for multiparticle energy and geometric fluctuations and correlations in the "narrow" cone of the "HADRON 55" facility will be conducted.

	3.3.4
	Comparison of fluctuation and correlation results obtained at the "HADRON 55" facility with Collider data.
	October,
2020
	November 1, 2020
	The comparison of fluctuation and correlation results obtained at the "HADRON 55" facility with the Collider's data will be conducted.

	4.3
	Investigation of the tension degree in the earth's crust of the Almaty seismoactive region caused by muons of high-energy cosmic rays.
	January,
2020
	November 1,
2020
	Studies will be conducted on the degree of tension in the earth's crust of the Almaty seismically active region caused by muons of high-energy cosmic rays. Experimental data from monitoring systems MAS1 and MAS2 will be studied and analyzed. The scientific research results will be presented at international conferences and published in peer-reviewed foreign and domestic scientific publications with a non-zero impact factor (at least 2 publications).

	4.3.1
	Creation of a database on acoustic emission of the earth's crust and seismic activity in the region.
	January,
2020
	March,
2020
	Databases will be created on acoustic emission of the earth's crust and seismic activity in the region.

	4.3.2
	Development of a software package for analyzing experimental data of monitoring systems MAS1 and MAS2.
	April,
2020
	June,
2020
	The software package for analyzing experimental data from the MAS1 and MAS2 monitoring systems will be developed.

	4.3.3
	Analysis of monitoring data MAS1 and MAS2 for searching a correlation between the earth's crust and acoustic emission.
	July,
2020
	September,
2020
	The analysis of the monitoring data MAS1 and MAS2 to search for correlations of the earth's crust and acoustic emission will be conducted.

	4.3.4
	Analysis of monitoring data MAS1 and MAS2 in connection with the seismic activity of the region.
	October,
2020
	November 1,
2020
	The analysis of the monitoring data MAS1 and MAS2  in connection with the seismic activity of the region will be conducted.







APPENDIX C

“Hadron-55” Hybrid Ionization Calorimeter

Algorithm for preparing data from the "HADRON-55" facility
Figure C. 1 shows the complex facility scheme "Hadron-55", which contains an ionization-neutron calorimeter, internal and external carpets of SC-detectors.
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Black square - ionization calorimeter, small squares with crosshairs - SC detectors

Figure C. 1  Scheme of the complex facility "HADRON-55»


Figure C. 2 shows a block diagram of the algorithm for preparing and processing data from the “HADRON-55” facility.
The following steps and processes are indicated by numbers in the diagram:
1 – Downloading data on the server to external computers to form a zero Bank "Bank-0" of users using the "Putty" (system) software and the "iocaomni" software;
8 -- 14 – The processing of the sessions and printouts of listings by software "Calibr.cpp" and "spectrum.cpp";
17 – Software for converting channel codes into amplitudes (mV) of detector signals using an ADC ("Bank-2.cpp");
18 – Creating Bank-1 in the original format;
19 – The creation of Bank-2 in the "total" format "Hadron";
20 – Calculation of the basic parameters of the "EAS": - Eo, S, x0, y0, teta, f0. (the software is in the process of debugging).
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Figure C. 2  Block diagram of the algorithm for preparing and processing data from the "HADRON-55" facility

Figure C. 3 shows the scheme of ionization chambers lines placement from the 1st to the 8th line of the gamma block and the calorimeter hadron block.

[image: C:\Users\Arman\Desktop\FigB3.jpg]

Figure C. 3  Arrangement of lines of ionization chambers from the 1st to the 8th row of the gamma block and the hadron block of the calorimeter

Software algorithm
To process the data, a search was done for the relationship of tracks in height between signals received from ionization chambers. The following algorithm was developed for this purpose. First of all, the reference point is the "lower" level of the ionization calorimeter. To do this, we artificially introduce two variables, kol and rad, corresponding to the number of correlations and the sample radius. 
The number of required correlations is the number of values corresponding to a single flux of particles. The sample radius refers to the number of ionization chambers involved in the correlation search. 
By the kol variable, a loop is formed by writing to a new array of sorted values of ionization chambers with their corresponding sequence numbers. This is necessary to search for the strongest energies registered by the ionization chambers. Then, taking the variable rad as a basis, a selection is made from a series of the calorimeter, which in turn is parallel to the sorted one. I.e., if you are sorting 5th line number of sample is made from 3rd line. Then, in the same way from the 1st line. The maximum value is searched in the sample, and the sequence number of the ionization chamber is recorded in a separate array. The algorithm assumes that the maximum energy that came to the ionization chamber is more likely to be the same maximum energy that came to the ionization chamber located above. Then the resulting correlations are removed from the General data array.
Figure C. 4 shows data received from event 14 of 31.08.2020 at 04:42:34. Odd 1, 3, 5, 7 rows on the left and even 2, 4, 6, 8 rows on the right are depicted one under the other in two columns. The abscissa is the location of the ionization chambers, the ordinate is the ionization value in mV.
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Figure C. 4  Energy values obtained from ionization chambers

We combine mutually perpendicular series to visualize energy and geometric fluctuations and correlations in three-dimensional space. To do this, the data of the first row (the sequence number of the ionization chamber and its amplitude) is combined with the data of the second row, thereby finding the coordinate of interaction in three-dimensional space.


APPENDIX D

Software modules for data processing calorimeter "Hadron-55"

clear all
clc
 
rad = 3; % Радиус ошибки (от 1 до 36)
kol = 3; % Количество "стволов" (от 1 до 72)
H = 1000
 
%=====================УРОВЕНЬ 1==============================
right = [0  28  30  25  18  0   14  49  12  0   0   12  26  123 38  35  55  30  74  6   62  27  87  39  0   74  65  84  0   15  70  17  68  78  0   31  85  29  54  78  156 263 246 233 0   24  59  210 45  97];
left = [225 50  53  156 365 454 13  11  304 281 5   93  92  159 84  121 97  459 20  365 163 13  12  111 83  0   13  94  14  69  68  0   69  35  61  45  20  18  63  33  28  47  69  30  50  48  0   45  38  28];
back = [21  14  20  21  8   18  16  16  14  14  20  0   0   17  0   17  11  23  0   52  26  50  13  25  30  20  22  45  20  22  200 21  0   25  19  0   18  0   27  34  35  25  31  16  15  0   23  0   17  13  0   24  13  27  17  15  26  19  20  37  19  50  229 0   0   0   0   0   0];
front = [64 34  34  23  200 26  24  32  213 63  98  70  86  101 54  72  163 0   86  91  35  98  75  151 273 87  199 358 99  151 208 100 104 143 154 99  77  63  123 200 146 190 124 203 0   64  117 91  68  170 154 200 74  57  74  73  96  52  40  44  44  161 32  39  45  31  0   0   0];
 
%=====================УРОВЕНЬ 2=======================
right1 = [13    7   9   0   14  8   11  10  16  11  4   7   12  13  8   15  15  10  0   0   11  10  11  0   16  6   0   8   3   10  12  12  16  0   0   0   13  10  0   11  0   0   5   5   9   9   4   8];
middle1 = [14   10  11  7   9   11  16  15  21  7   13  10  18  0   0   10  8   0   5   0   0   7   5   0   0   0   32  18  13  13  18  15  19  14  21  20  22  15  13  13  26  13  17  15  12  13  0   12];
left1 = [19 13  12  9   10  0   19  12  19  21  15  20  12  14  17  18  26  16  12  13  18  19  20  17  18  14  0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   40  0   0   0   14  15];
 
front1 = [11    14  12  10  11  11  15  14  13  14  14  13  12  12  16  14  14  14  14  10  13  11  13  14  16  15  12  26  18  20  158 12  17  12  7   0   11  0   0   13  0   12  0   15  0   0   3   0   12  0   0   0   0   0   11  3   0   12  6   0   9   9   10  0   8   11  6   11  7   9   0   0];
back1 = [2  12  4   0   3   5   2   4   8   2   0   0   2   6   0   0   6   5   0   0   0   0   0   0   1   0   0   0   1   0   0   0   2   0   3   15  13  13  16  11  12  12  14  0   43  0   22  18  24  16  18  21  25  17  21  21  20  20  24  13  16  18  28  20  23  15  21  15  28  25  25  0];
 
%=====================УРОВЕНЬ 3====================
right2 = [0 0   0   0   0   0   0   0   0   0   0   3   3   3   6   3   5   4   1   0   0   0   2   4   3   3   11  3   6   5   3   3   2   5   10  2   6   0   3   0   2   4   2   3   1   2   4   2];
middle2 = [4    2   2   2   0   0   2   2   3   0   0   0   1   0   0   0   0   0   0   0   0   0   0   0   0   11  11  8   9   0   2   5   1   0   0   0   0   0   0   0   0   0   0   0   6   0   0   0];
left2 = [0  0   0   0   4   0   0   0   0   0   0   0   3   5   6   10  6   9   7   6   9   4   5   9   3   5   6   6   3   8   11  7   0   5   3   4   5   8   9   4   2   7   12  9   8   8   9   7];
 
front2 = [3 5   3   2   0   0   2   6   3   2   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   10  0   0   0   2   5   2   3   0   0   4   3   11  16  71  0   19  12  0   0   0   11  10  7   10  4   11  0   10  0   2   7   12  0   6   12  9   11  11  10  10  8   9   11];
back2 = [11 0   2   4   3   2   0   0   0   0   0   0   3   0   0   0   0   4   15  18  0   0   0   0   2   3   3   0   0   1   0   0   5   2   2   0   9   3   0   0   4   0   0   0   1   2   0   0   2   0   0   2   3   2   0   0   5   2   0   0   3   2   2   2   15  2   4   0   5   2   0   1];
 
 
for i = 1:length(right) % переменная i меняет свое значение от 1 до количества элементов массива right
   up(i) = right(i) + left((length(left)+1)-i);    
end  % соединяем нужным образом данные 
 
for i = 1:length(back)
    down(i) = front(i) + back((length(back)+1)-i);
end  % соединяем нужным образом данные 
 
%--------выравниваем количество элементов в массиве--------
plus = zeros (1, 19);
up = [up plus];
 
%-------выравниваем с нижними уровнями------
r = zeros(1, 3);
up = [up r];
down = [down r];
 
%----------соединение трубок----------
up1 = right1 + middle1 + left1;
down1 = front1 + back1; 
 
%----------выравнивание количества элементов массива--------
raz = length(down1) - length(up1);% разница количества элементов в массиве
RAZ = zeros (1, raz);% нулевой массив
up1 = [up1 RAZ];% переформируем массив с нужным количеством элементов 
 
%-----------соединение трубок----------------
up2 = right2 + middle2 + left2;
down2 = front2 + back2; 
 
%----------выравнивание количества элементов массива--------
raz1 = length(down2) - length(up2);% разница количества элементов в массиве
RAZ1 = zeros (1, raz);% нулевой массив
up2 = [up2 RAZ];% переформируем массив с нужным количеством элементов 
 
%--------сортировка элементов------------
[xmax2, indx2] = sort(down2);
xmax2 = fliplr(xmax2);
indx2 = fliplr(indx2);
 
[ymax2, indy2] = sort(up2);
ymax2 = fliplr(ymax2);
indy2 = fliplr(indy2);
 
%--------Выборка из последнего уровня самых сильных "пиков"--------
for i = 1 : kol
    new_index_x2(i) = indx2(i);
    new_index_y2(i) = indy2(i);
    
    new_xmax2(i) = xmax2(i);
    new_ymax2(i) = ymax2(i);
    
end
%------------------------------------------------------------------
%-----В переменную Xmax1 записываются максимальные значения выборки каждого
%ряда 2 уровня, где переменная kol = число просматриваемых пиков, в переменную
% new_index_x1 записывается соответствующие индексы элементов. 
 
for i = 1 : kol % цикл с 1 по количество искомых стволов
    k = new_index_x2(i); % переменной присвайваем каждый раз элемент массива снизу
    if ((k - rad) < 1) % условие (если индекс переменной меньше размера массива)
         new_xmax1 = down1(1 : (k + rad));% создаем массив с размером с 1 по искомый
         [new_Xmax1(i), new_index_x1(i)] = max(new_xmax1);% В переменную записываются максимальное значение и его индекс
         new_index_x1(i) = new_index_x1(i);% Так как счет массива идет с 1 => в переменную сваписывается его оригинальное значение
    elseif ((k + rad) > 72) % условие (если индекс переменной больше расзмера массива)
            new_xmax1 = down1((k - rad) : 72); % создаем массив с размером с искомого по последний
            [new_Xmax1(i), new_index_x1(i)] = max(new_xmax1);% В переменную записываются максимальное значение и его индекс
            new_index_x1(i) = new_index_x1(i) + (k - rad - 1); % Пока под вопросом 
    else % если размеры сформированного массива по индексам входят в изначальный, то происходит следующее
        new_xmax1 = down1((k - rad) : (k + rad)); % создаем массив с нужнам расмером в соответствии с rad
        [new_Xmax1(i), new_index_x1(i)] = max(new_xmax1);% В переменную записываются максимальное значение и его индекс
        new_index_x1(i) = new_index_x1(i) + (k - rad - 1); % В переменную записывается его предыдущий индекс плюс число, обозначающее индекс "вырванного" массива радиуса
    end  
    down1(new_index_x1(i)) = 0;
end
%-------------------------------------------------------------------------
for i = 1 : kol
    k = new_index_y2(i);
    if ((k - rad) < 1)
        new_ymax1 = up1(1 : (k + rad));
        [new_Ymax1(i), new_index_y1(i)] = max(new_ymax1);
        new_index_y1(i) = new_index_y1(i);
    elseif  ((k + rad) > 72)
        new_ymax1 = up1((k - rad) : 72);
        [new_Ymax1(i), new_index_y1(i)] = max(new_ymax1);
        new_index_y1(i) = new_index_y1(i) + (k - rad - 1);
    else
        new_ymax1 = up1((k - rad) : (k + rad));
        [new_Ymax1(i), new_index_y1(i)] = max(new_ymax1);
        new_index_y1(i) = new_index_y1(i) + (k - rad - 1);
    end
    up1(new_index_y1(i)) = 0;
end
%-------------------------------------------------------------------------
for i = 1 : kol
    k = new_index_x1(i);
    if ((k - rad) < 1)
        new_xmax = down(1 : (k + rad));
        [new_Xmax(i), new_index_x(i)] = max(new_xmax);
        new_index_x(i) = new_index_x(i);
    elseif  ((k + rad) > 72)
        new_xmax = down((k - rad) : 72);
        [new_Xmax(i), new_index_x(i)] = max(new_xmax);
        new_index_x(i) = new_index_x(i) + (k - rad - 1);
    else 
        new_xmax = down((k - rad) : (k + rad));
        [new_Xmax(i), new_index_x(i)] = max(new_xmax);
        new_index_x(i) = new_index_x(i) + (k - rad - 1);
    end
    down(new_index_x(i)) = 0;
end
%-------------------------------------------------------------------------
for i = 1 : kol
    k = new_index_y1(i);
    if ((k - rad) < 1)
        new_ymax = up(1 : (k + rad));
        [new_Ymax(i), new_index_y(i)] = max(new_ymax);
        new_index_y(i) = new_index_y(i);
    elseif  ((k + rad) > 72)
        new_ymax = up((k - rad) : 72);
        [new_Ymax(i), new_index_y(i)] = max(new_ymax);
        new_index_y(i) = new_index_y(i) + (k - rad - 1);
    else 
        new_ymax = up((k - rad) : (k + rad));
        [new_Ymax(i), new_index_y(i)] = max(new_ymax);
        new_index_y(i) = new_index_y(i) + (k - rad - 1);
    end
    
    up(new_index_y(i)) = 0;
end
%-------------------------------------------------------------------------
 
 
% ZZ = zeros (72, 72);
% ZZ1 = zeros (72, 72);
% ZZ2 = zeros (72, 72);
% 
% for i = 1 : kol
%     ZZ2(new_index_x2(i), new_index_y2(i)) = ((new_xmax2(i) + new_ymax2(i))/2);
%     ZZ1(new_index_x1(i), new_index_y1(i)) = ((new_Xmax1(i) + new_Ymax1(i))/2);
%     ZZ(new_index_x(i), new_index_y(i)) = ((new_Xmax(i) + new_Ymax(i))/2);
% end
% %=========конец===30.08.2020============================
% 
% ZZ1  = ZZ1 + 50;
% ZZ = ZZ + 350; 
% figure
% 
% hold on
% surf(ZZ, 'FaceAlpha',0.5)
%  shading interp
%  colorbar
%  grid on
% 
% %figure;
% surf(ZZ1, 'FaceAlpha',0.5)
%  shading interp
%  colorbar
%  grid on
% % figure;
% surf(ZZ2, 'FaceAlpha',0.5)
%  shading interp
%  colorbar
%  grid on
% hold off
 
% %=======вывод (вид сбоку по Х)=====================
% figure
% bar(new_index_x2, new_xmax2)
% figure
% bar(new_index_x1, new_Xmax1)
% figure
% bar(new_index_x, new_Xmax)
% 
% %=======вывод (вид сбоку по Y)=====================
% figure
% bar(new_index_y2, new_ymax2)
% figure
% bar(new_index_y1, new_Ymax1)
% figure
% bar(new_index_y, new_Ymax)
 
r = [82 101 130 146 420 427.5]; % расстояние от низа до ионизационной камеры (ее верха)
 
x = 1 : 72;
y = 0;
 
 
%----------------формирование уровней---------------
p = 1 : 864;
o = zeros(1, 864);
for i = 1 : 864
    o1(i) = r(1);
    o2(i) = r(2);
    o3(i) = r(3);
    o4(i) = r(4);
    o5(i) = r(5);
    o6(i) = r(6);
end
%-------------------Вид Х----------------------------
hold on;
grid on;
plot(p, o, '-g');
plot(p, o1, '-b');
plot(p, o3, '-b');
plot(p, o5, '-b');
for i = 1 : kol
    x = [new_index_x2(i), new_index_x1(i), new_index_x(i)];
    x = x * 12;
    y = [r(1), r(3), r(5)];
    if new_index_x2(i) == new_index_x1(i) && new_index_x1(i) == new_index_x(i)
        break;
    else 
        plot(x, y, '*b')
        xi = -100:0.1:1000;
        coeff1 = polyfit(x, y, 1);
        y2 = coeff1(1) * xi + coeff1(2);
        plot(xi, y2, 'r')
    end
    
    
end
hold off;
%----------------Вид У---------------------------------------
figure;
hold on;
grid on;
o = zeros(1, 864);
plot(p, o, '-g');
plot(p, o2, '-b');
plot(p, o4, '-b');
plot(p, o6, '-b');
for i = 1 : kol
    x = [new_index_y2(i), new_index_y1(i), new_index_y(i)];
    x = x * 12;
    y = [r(2), r(4), r(6)];
    if new_index_y2(i) == new_index_y1(i) && new_index_y1(i) == new_index_y(i)
        break
    else 
        plot(x, y, '*b')
        xi = -100:0.1:1000;
        coeff2 = polyfit(x, y, 1);
        y2 = coeff2(1) * xi + coeff2(2);
        plot(xi, y2, 'r')
    end
end
hold off;
%---------Вывод в 3D---------------------------------------
figure
hold on
grid on
for i = 1 : kol
    x = [new_index_x2(i), new_index_x1(i), new_index_x(i)];
    x = x * 12;
    y = [new_index_y2(i), new_index_y1(i), new_index_y(i)];
    y = y * 12;
    z_x = [r(1), r(3), r(5)];
    z_y = [r(2), r(4), r(6)];
    z_h = [91 153 424];
    scatter3(x,y,z_h,'ob')
    if new_index_x2(i) == new_index_x1(i) && new_index_x1(i) == new_index_x(i)
        break
    elseif new_index_y2(i) == new_index_y1(i) && new_index_y1(i) == new_index_y(i)
        break
    else
        C1 = polyfit(x, z_x, 1);
        C2 = polyfit(y, z_y, 1);
        Z = 0 : H/10 : H;
        X = -(C1(2) - Z)/C1(1);
        Y = -(C2(2) - Z)/C2(1);
        
        plot3(X, Y, Z, 'r')
        
        legend('Ионизационные камеры', 'Аппроксимирубщие линии');
    end
    
end
 
xlabel('X')
ylabel('Y')
zlabel('Высота, см')
view(50, 30)
hold off
grid on
 


APPENDIX E

MAS1 and MAS2 monitoring system 

Creation of a database on acoustic emission of the earth's crust and seismic activity in the region 
The functional diagram of the complex and the created database system that is used for recording acoustic detector data are shown in figure 4.1. The figure shows both the central software units that are used to support the functioning of various components of the measuring system and the basic information structures and data exchange flows that are necessary for the satisfactory operation of control software.

[image: ]

Figure E.1  Functional diagram of the complex for recording signals of an acoustic detector and a system for processing and transmitting signals to a database


In the diagram (Fig.E.1) directly with the hardware registers to the built-in microcomputer Raspberry Pi B+, parallel input-output port lines which are connected the control signals of ADC chips interact with the driver-software k09raspi.c. The software is written in a compiled programming language. It is responsible for the formation, with appropriate time characteristics, two clock sequences C and CS, which provide the necessary synchronization of operation of the ADC chips.

Development of a software package for analysis of experimental data of monitoring systems MAS1 and MAS2
The schematic diagram of connecting ADC elements to the Raspberry Pi B+ microcomputer is shown in figure E.2.

[image: ]

Figure E.2  Small-sized ADC system based on the RaspberryPie microcomputer


In the diagram (Fig. E.2), the signals of the ADC chips are connected to the outputs of the GPIO port of the microcomputer through the TTL-logic buffer elements that are part of the K155LN1 chip, and through resistive dividers that are necessary for matching the level of logical signals from the microprocessor (3.3 V) with the level of the AD7887 chips (5 V). Digitization of the current level of the amplitude of the input analog signals at the two inputs of the ADC system is performed continuously with a period of 2 ms, and the data obtained as a result of measurements is accumulated for subsequent analysis in a file on the local disk of an external control computer. The Raspberry Pi B+ microcomputer is connected to the latter via the built-in USB interface. Thus, the conversion frequency in each information channel is equal to 0.5 kSPS (kilosample per second), and the total rate of information receipt from the ADC system is 4 Mb/s.
The Raspberry Pi B+ microcomputer provides the process of digitizing acoustic detector signals and runs a specially adapted Linux operating system. This system includes software to support the operation of the entire measurement process. The main functions include the automatic launch of the necessary utility software, monitoring and automatic correction of the system clock, the ability to remotely connect via communication lines to monitor the system in on-line mode and extract measurement results, etc.
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