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Before studying the tectonomagnetic effect, the magnetoelastic effect of rocks
was studied under laboratory and field conditions. The results showed that
reversible and irreversible changes are manifested in the remanent magnetization.

Until now, the detected changes have manifested themselves in the tectonomag-
netic field in the form of reversible changes. The absence of irreversible changes
suggests that physical processes are not fully reflected in the tectonomagnetic field.

In 2021, at the geomagnetic station irreversible changes were observed in the
tectonomagnetic field, which was a consequence of the foci located 20 km from the
“Saragyugh” Geomagnetic Station. The observed reversible and irreversible
changes fully reflect the process of elastic and plastic deformations occurring in the
sources of nearby earthquakes.
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Introduction. It is known that the basis for tectonomagnetism as a method of
earthquake prediction is the magnetoelasticity of solid bodies, a well-established
physical phenomenon that has been thoroughly studied by many researchers [1-3].
These studies, as a rule, have been performed on metals with residual magnetism,
their oxides and alloys. Similar studies were conducted by geophysicists on rocks
[4-6], the results of which justified the assumption that the mentioned physical
phenomenon can be used for the development of the tectonomagnetic method of
earthquake prediction.

For this reason the magnetoelasticity of rocks, especially their piezo properties,
were studied under conditions of high pressures and temperatures. The results were
more than encouraging. Positive results were obtained in many geophysical centers,
as well as in our Laboratory of Geophysics and Engineering Seismology of the NAS
of the RA on invstigations of physical properties of rocks.

Under conditions of high pressures (up to 1000 kg/cm?), both reversible and
irreversible changes in residual magnetism were recorded in rocks [4, 5]. Irreversible
changes were restored within time. The result was checked on naturally occurred
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rocks under conditions of filling and emptying of big reservoirs, as well under the
influence of explosions [7]. Both reversible and irreversible changes were recorded
in the Earth’s magnetic field, which linearly reflected changes in tectonic stresses.
It was assumed that similar changes should be seen as signs during the formation of
earthquake foci, but among the thousands of possible signs found, signs of irreversible
nature, which are the result of residual deformations, were mostly absent [4, 5, 7].

During 2021, earthquake foci were registered in close to the “Saragyugh”
Geomagnetic Station (GMS), the hypocentral distances of which were within
1-20 km. Especially small hypocentral distances (1-10 km) of the foci were
registered in July-August, where magnitudes in the foci reached up to 4.5.
Meanwhile, signs of an irreversible nature were found in the tectomagnetic field.

The aim of the work is to show that, in addition to observable changes in the
tectonomagnetic field, there are also irreversible changes that are detected at small
(up to 20 km) hypocentral distances, which are sometimes unique signs for forming
centers.

For irreversible changes, the well-known formulas of the tectonomagnetic
field [7] are applicable, by means of which, with the magnitude of the irreversible
change, the parameters of the foci of earthquakes can also be estimated.

Research Methodology.

Estimation of the Parameters of Foci Formed by Irreversible Signs. During
the formation of earthquake foci, their omens are expressed in the absolute values of
the tectonomagnetic field, values of field change rates, daily variation and other,
reversible changes of various parameters that create an omen process. In this process,
from time to time, irreversible changes appear, the conditions of which still remain
unexplained. Based on the results of experiments on magnetoelasticity described in
the introduction, it can be assumed that irreversible changes are associated with the
residual deformations in the zones that can act in the faults of the Earth’s Crust.
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Fig. 1. The histogram of the magnitudes of the earthquakes that occurred during the month of
August 2021, the time graph constructed with the absolute values of the tectonomagnetic field and the
averaged curve of that graph. For didactic purposes, the histogram of magnitudes is enlarged 10 times.

In the months of July—August 2021, to the “Saragyugh” GMS, irreversible
changes were recorded in the absolute values of the Earth’s magnetic field, both in
the form of a sharp increase and a sharp decrease, the values of which reach the
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magnitude of about 23 nT. Fig. 1 shows the histogram of magnitudes of earthquake
foci recorded during August, the curve of tectonomagnetic field (TE) changes and
the averaged appearance of that curve. As we can see, the TE values are lower
than 0, which is usually rarely seen in earthquake signals.

The drop in TE values can be explained by the abundance of foci formed by
earthquakes near the “Saragyugh” GMS and the proximity of the foci, when in that
region, in the Earth’s Crust, active residual deformations become dominant.

A low TE background shows dips with large amplitudes, sometimes being
earthquake harbingers.

Since irreversible changes occur in the absolute values of TE (Fig. 2), we can
use the formulas for estimating the values of the expected magnitude (M) and
hypocentral distance [7]:

M = ATELc, (1)

where ATE is the change in the tectonomagnetic field, c=5.3 nT is the tectono-
magnetic coefficient of the Earth’s Crust.

It is known [7] that the magnitude of the hypocentral distance of the forming
hearth is calculated by the formula

Ro = a-M/TEL, (2)

where a = 33.4 nT/km is the magnetic moment of a direct virtual magnet equivalent
to the magnetic moment created by the given focus at the point of observation,
the local component of the TE field created by the TEL-formed focus, which is
apparently equal to the first-order derivative of TE during the period of irreversible
change.

Using formulas (1) and (2), for a specific example, let’s calculate the
magnitudes and hypocentral distances of foci corresponding to irreversible changes in
the TE field.
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Fig. 2. Irreversible changes registered in the TE field on 30.08.2021 to the “Saragyugh” GMS.

As can be seen from Fig. 2, from 6:00 a drop in the TE field of ATE=20.36 nT
is observed, followed by a sharp increase of ATE=19.29 nT. A sharp increase is
observed twice more during the period of the Fig. 2. This is a typical residual
deformation process that accompanies an earthquake. A similar drop in the field,
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according to the theory of tectonomagnetism, was accompanied by a transition from
elastic deformation to residual deformation.

A sharp drop of 15.65 nT was observed from 13:45. The difference
19.29-15.65 = 3.64 nT is a residual irreversible change resulting from residual
deformation in the fault. If the stresses due to elastic deformation were dominant
until 6:45, after that they started to decrease, along with which the residual
deformations increased in the hearth. Such processes are constantly operating in
focal zones, which are most active before and after a seismic shock.

Due to the distance of the centers, there are no irreversible changes in
“Hovit” GMS.

Magnitudes (M), their corresponding signs (ATE) and hypocentral distances (Ro)
in the epicenters of the earthquakes

No Date ATE, nT M [VT| avg. Ro, km M Ro, km Date

1 | 01.08.2021 11.81 2.23 6.08 12.25 2.2 13.0 18.08.2021
2 | 01.08.2021 11.57 2.18 5.91 12.30 2.2 13.0 18.08.2021
3 | 02.08.2021 11.04 2.08 5.55 7.95 2.1 8.0 15.08.2021
4 | 02.08.2021 17.07 3.22 8.74 12.30 3.3 10.0 15.08.2021
5 | 02.08.2021 14.21 2.68 5.34 16.80 2.6 15.0 | 09.08.2021
6 | 02.08.2021 16.57 3.13 6.72 15.60 3.0 15.0 | 09.08.2021
7 | 03.08.2021 18.48 3.49 2.30 51.00 35 46.0 | 07.08.2021
8 | 03.08.2021 12.05 2.27 6.06 12.50 2.3 11.0 14.09.2021
9 | 03.08.2021 9.20 1.74 4.90 11.90 1.7 13.0 | 22.08.2021
10 | 03.08.2021 11.44 2.16 3.84 18.80 2.2 17.0 13.08.2021
11 | 03.08.2021 13.03 2.46 6.60 12.45 25 10.0 19.08.2021
12 | 07.08.2021 12.75 2.40 6.63 12.10 24 11.0 11.08.2021
13 | 07.08.2021 8.94 1.69 1.61 35.00 1.7 31.0 | 28.08.2021
14 | 07.08.2021 14.49 2.73 7.38 12.40 2.6 12.0 11.08.2021
15 | 11.08.2021 16.66 3.14 8.66 12.10 3.1 9.0 17.08.2021
16 | 11.08.2021 15.08 2.84 7.6 12.50 2.8 10.0 14.11.2021
17 | 14.08.2021 14.13 2.67 7.83 11.40 25 10.0 19.08.2021
18 | 14.08.2021 16.20 3.06 8.80 11.60 3.1 9.00 17,08.2021
19 | 15.08.2021 12.69 2.39 6.86 11.60 2.4 10.0 17.10.2021
20 | 15.08.2021 17.36 3.28 9.03 12.10 3.3 10.0 15.08.2021
21 | 16.08.2021 21.18 4.00 12.51 10.70 3.8 8.0 18.08.2021
22 | 23.08.2021 20.89 3.94 10.82 12.70 3.8 8.0 03.09.2021
23 | 29.08.2021 18.81 3.55 9.96 11.90 34 11.0 | 05.10.2021
24 | 29.08.2021 22.82 4.30 11.68 12.30 4.3 6.0 24.10.2021
25 | 29.08.2021 8.81 1.66 3.12 17.80 1.7 21.0 | 26.10.2021
26 | 30.08.2021 9.49 1.79 5.13 11.66 1.8 12.0 | 23.10.2021
27 | 30.08.2021 15.65 2.95 5.25 18.80 3.0 15.0 15.09.2021
28 | 30.08.2021 19.29 3.64 9.90 12.28 34 11.0 | 05.10.2021
29 | 30.08.2021 11.89 2.24 6.71 11.15 2.2 11.0 | 08.09.2021

Let’s calculate 11:05-11:10 the parameters of the forming hearth, in which
the residual deformation that occurred in the volume has drastically changed the
elastic stresses that existed until then.
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According to formulas (1) and (2), ATE=19.29 nT and R¢=12.28 km.
In this way, the parameters of the foci of all nearby earthquakes that occurred in
August 2021 were calculated, which are presented in Table.

In the Table, the first column contains the serial numbers of the omens, the
second column shows the dates of the omens’ appearance, the third column contains
the magnitudes of the omens, the fourth column contains the calculated magnitudes,
and the fifth column contains the average values of the TE local component (TEL)
or, which is the same, the TE change rates in the hearth, in the sixth — the hypocentral
distances, in the seventh — the magnitudes according to the seismic catalog, in the
eighth —the hypocentral distances according to the seismic catalogue and in the ninth
— the date of the earthquakes.

In formula (2), the magnitude of TEL is almost always equal to the magnitude
of the modulus of the average rate of change of the tectonic magnetic field of the
hearth. For that simple reason, [VT| is used instead of TEL in (2), an average taken
from a graph of velocities. It is technically easier and the value of [VT| is determined
with an accuracy of 0.01 nT.

Conclusion. Before studying the tectonomagnetic effect, the magnetoelastic
effect that constitutes it was studied under laboratory and natural rock setting
conditions. As a result of those studies, reversible and irreversible changes in the
magnetoelastic effect were recorded.

The tectonomagnetic effects discovered so far, or what are the same, the
tectonomagnetic signs of earthquakes, are of a reversible nature.

The omens of the earthquakes that occurred in 2021 were recorded as
irreversible changes that were very close to the “Saragigh” GMS, at a distance of
1-20 km. This gave a reason to confirm that irreversible changes are imagined only
in the case of foci very close to the observation station. The observed reversible and
irreversible changes reflect the presence of elastic and plastic deformations in the
formed foci.
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Wdithnthnid

Stiunniuniwgihuwuid Edtlmh nunidwuhpnipinithg wnwe wyh Yug-
dwynpnn dwqbhuwwnwaqujub Ebtump niunidwuppyly b jwpnpunnp
wyunbtinh pwjut mtinunpiwb yuydwabbipnd: Wn ntunidimuhpniinil-
Gtiph wpyniipnd gputigyty th dwqhuwwnwaqujubt Ebtlmh nupatih
wiytpunund thnthnpunipynibbbp:

Uhtsle hhdw hwymtwptpud ntiunniwdwghuwut Ephlmbtpn, Jud
nn bnybd k, Gpipupupdtinh mbjuntuiwgihuwjut bwhwbyubitph nibbgty
L nupdabh pnype: agtpunund Eptlmdtph pugujuynigyniip hnipmd k, np
ntjunbwiwgihuwjud nupwmnd 6 wpmwgnpty ponp wyt phghuljut
wpngtiutttipp, npnip Jupnn tht wyn nqupumd  unbindtp wbytipunupa
thnthnpunieynLbiitip:

2021 p.-ht mtinh nLdkgwo tipypuywpdtph twhiwmbywdttpp gpubgytght
npytiu wiipunuind thmhnpunipyniabbp, npnip quiynid Ehtt «Uwipugynin»
tpypudwgbhuwswthwubt juyubhb ywnm dnn” 1-20 4 htinwnpnippub Ypu:
Uw hhdp £ wmydl hwumwnbni, np wibpunuipé thnthnpunipgynibtpp tplowyy-
Ynid Gb dhuyh nhunwpliwd juyubthd pun dnn guiiynn opwipubitinh ntiyypni:
ShunupJuwo nupdth b wiybpunuing thnthnpuniggnibitipp wipmugnnid G
Juquuwynpynn opwpibtipnid phpwgnn wnwaqujub b yuunmhl nEdnpiw-
ghwtitiph wnyuynignibp:

C.P. O'AHECIH, A.T. MAKAPAH

TEKTOHUMYECKHE ITPOLECCBHI B OBPA3VIOINXCA
OYAT'AX 3EMIIETPACEHNU

PesomMme

Jlo u3ydyeHus: TEKTOHOMArHUTHOTO 3P QeKTa B J1a00PATOPHBIX U ECTECTBEH-
HBIX YCIOBHSIX OBbUI M3YyYeH MAarHUTOYNPYTHH 3PPEKT TOPHBIX OPoA. Pe3ynbTarhl
MOKa3aJIy, YTO 00PATUMBIC M HEOOPATUMBIC U3MEHEHHS TIPOSBIISIFOTCSI B OCTATOYHOMN
HAMarHWYCHHOCTH.

Jo cux nop oOHapyKEHHbIE H3MEHEHHS MPOSBISIINCH B TEKTOHOMArHUTHOM
MmoJie B BHUAC OOpaTHMMBIX H3MEHEHHWH. OTCYTCTBHE HEOOPATHMBIX H3MCHCHHUN
TOBOPUT O TOM, YTO (PU3UYECKHE MPOIIECCHI HE MOIHOCTHIO0 OTPAKAIOTCS B TEKTOHO-
MarHuTHOM IIOJIE.

B 2021 r. B TeKTOHOMarHMUTHOM IIOJIE, pacroiokeHHoM B 20 xu OT Teo-
MarHuTHOW ctaHmmu “‘Capariox”, Kak CIEJICTBHE 3eMJICTPSCEHUH HaOII0JaNCh
HeoOparuMble W3MeHeHus. HaOmromaemble oOpaTUMble M HEOOpATUMbIE H3MEHE-
HUS TIOJHOCTBIO OTPaKalOT MPOIECC YIPYTHX M IDIACTHYCCKUX Je(opMariuid,
MPOUCXOSIINX B OUarax OJM3KHUX 3eMIICTPSICEHUH.
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