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Abstract: In order to observe changes in the geomagnetic field strength (that is, magnetic
induction - magnetic flux density) in 2025, 4 magnetometric variation stations (MVS) were operating
in Azerbaijan — “Sheki”, “Ismayilli”, “Zagatala”, “Lankaran” and “Gusar”. The stations are equipped
with American-made G-856 proton-type magnetometers and are equipped with internet connection
facilities for initial analysis of the received data. The technical specifications of these stations are
given using the example of the “Ismayilli” station. The daily average hourly and average daily
magnetometric observation data from all MVS are recorded on the computer and transferred to the
Magnetometry Department of the Seismological Service Center in Baku for analysis. The article
shows the results of an experimental study of the daily variation of the magnetic flux density
(magnetic induction) in the Imailla region of Azerbaijan. It was established that the magnitude of the
magnetic induction decreases by 0.1% in the daytime between 12:00 and 16:00. This effect is related
to the influence of the magnetic field created by the ionosphere, which increases during the day when
the solar activity increases. A physical model of such an effect of solar activity is proposed, model
calculations are performed.
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ISMAYILLI QEOSTANSiYADA ORTASUTKALIQ MAQNIT AXINININ SIXLIGI
VARIASIYALARIN MODEL ANALIZi

A.A.Bayramov, R.B.Muradov, N.B.Xanbabayev, L.A.Ibrahimova

Xiilasa

Azorbaycan orazisinds 2025-ci ildo geomaqnit saha gorginliyinin (daha doagiq desak, maqgnit
induksiyast - maqnit axinmm sixligr) doyismalorini miisahido etmok mogsodilo 5 magnitometrik
variasiya stansiyast (MVS) faaliyyatds olmusdur - “Soki”, “Ismayill1”, “Zaqatala” , “Lonkaran” vo
“Qusar”. Mantagalordo Amerika istehsali olan G-856 markali, proton tipli magnitometrlor qurasdiril-
mis vo alinan molumatlarin ilkin tohlilini aparmaq ti¢iin internet alagoasi vasitalori ils tachiz olunmus-
dur. Bu stansiyalarin texniki gostoricilori “Ismayilli” stansiyasinin misalinda olaraq verilmisdir.
Biitiin MV S-dan giindolik ortasaatliq vo ortasutkaliq maqnitometrik miisahido malumatlar1 kompyu-
tera yazilir vo tohlil olunmasi iigiin Baki soharina Seysmoloji Xidmat Markazinin Magnitometriya
s6bosing otiiriiliir. Bu mogalods Azarbaycanin Ismayilli rayonunda magnit axmninin sixligmin (magnit
induksiyasi) sutkaliq doyismolorinin eksperimental todqigatinin naticalori tagdim olunur. Malum olub
ki, giindiiz saatlarinda (12.00-16.00) maqnit induksiyasi 0,1% azalir. Bu tasir ionosferin yaratdig:
magnit sahasinin tasiri ilo alagalandirilir va giindiiz artan giinas aktivliyi ilo giiclonir. Giinas
aktivliyinin bu tasirinin fiziki modeli taklif edilir voa model hesablamalar1 aparilir.

Acar sozlar: magnit sahasi, maqnit induksiyasi, glinas aktivliyi, ionosfer, model

1 Republican Seismic Survey Center of Azerbaijan National Academy of Sciences


mailto:azad.bayramov@yahoo.com
mailto:raufmuradov208@gmail.com
mailto:xanbabayev1953@mail.ru
mailto:lala.ibrahimova55@gmail.com

SEISMOPROGNOSIS OBSERVATIONS IN THE TERRITORY OF AZERBAIJAN, V. 29, Ne1, 2026, pp 28-34 29

MO/JIEJbHBINA AHAJIU3 CYTOUYHBIX U3MEHEHUH MJIOTHOCTH
MATHUTHOT' O IOTOKA HA TEOCTAIMN UCMANJLJIN

A.A Baiipamos, P.5.Mypanos, H.b.Xan6a0aes, JI.A.UOparumoBa

AHHOTANUA

Jlns HaOaroAeHus 3a U3BMEHEHUSIMU HaIPsHKEHHOCTH T€OMarHuTHOTO MOJIs (TOYHee, MarHUTHON
WHIYKIUWA — IJIOTHOCTH MarHUTHOTro motoka) B 2025 roay B AzepOaiimxkane padoTanu 5 cTaHIIUA
MarautomeTpuueckux Bapuanuii (MBB) — «lllekwn», «Mcmanmmmy, «3araranay, «Jlankapan» u
«I"ycap». CtaHIMM OBbIIIM OCHAILIEHBI TPOTOHHBIMU MarHUTOMETPAMH aMEPUKAHCKOTO ITPOU3BOJICTBA
G-856 u cpeacTBamMH MOAKIIOUEHHUS K MHTEPHETY IJIsl MPEIBAPUTEIHLHOTO aHajIn3a MOTYyYEHHBIX
naHHbIX. TexHUueckHue Moka3aTelu 3THX CTAaHIUI NpuBeIeHbl B Tabauue | Ha mpumepe cTaHUUU
«Memanmmmy». CpeaHecyTOYHBIE TOYACOBBIE U CPEIHECYTOYHbIE JaHHBbIE MarHUTOMETPHUYECKUX
Habmroaenuit co Bcex MBC 3anmuchIBaloTCsl HA KOMITBIOTED M MEPENAIOTCs B OTJeNT MAarHUTOMETPUHU
CelicMOJIOTHYECKOTO CEPBUCHOTO LieHTpa B baky s ananusa. B craThe mpuBeneHbl pe3yibTaThl
SKCIIEPUMEHTAJIBHOTO MCCJIEI0BAaHUS CYTOYHOM BapHallMM IIJIOTHOCTM MarHUTHOTO IOTOKa
(MarHUTHOM WMHAYKIIMK) B paiione MManmiel AzepOaiimpkaHa. belsio ycTaHOBIEHO, YTO B JIHEBHBIC
gacel 12.00+16.00 BennyrHa MarHUTHON MHAYKIUH yMeHbInaeTcs Ha 0,1%. 31oT addekT cBsizaH ¢
BO3/ICIICTBEM MarHHUTHOTO TOJIS, CO3/IaBa€MbIM HOHOC(EpOil, KOTOPBIN yCUITUBAETCS B JHEBHOE
Bpemss npu ycuneHun ConHeuHoil akTtuBHOCTH. IlpeanokeHa ¢uznyeckas MoOJEIb TaKOIro
BO3JICUCTBHSI COJTHEYHOW aKTUBHOCTH, BBITIOJTHEHBI MOJIEJIbHBIE PACUETHI.

KitoueBble cjioBa: MarHuTHOE IIOJie, MarHUTHas WHAYKLHSA, COJHEYHAas AaKTHUBHOCTb,
nonocgepa, MoieTh

Introduction

As a continuation of magnetometric observations conducted in previous years, in 2025, 4
magnetometric variation stations (MVS) were operational in Azerbaijan to observe changes in
geomagnetic field strength (more precisely, magnetic induction - magnetic flux density) - "Sheki",
"Ismayilli”, "Zagatala", "Lankaran™ and "Gusar".

All MVSs are equipped with modern magnetometric devices. American-made G-856 proton-
type magnetometers are installed at the stations and are equipped with internet connection facilities
for initial analysis of the received data. The technical indicators of these stations are given in Table
1, using the example of the “Ismayilli” station. Daily average hourly and average daily magnetometric
observation data from all MVSs are recorded on a computer and transmitted to the Magnetometry
Department of the Seismological Service Center in Baku for analysis. Here, the method described in
the article [Bayramov et.al., 2021] was used.

Table 1.
Technical indicators of the stations, using the example of the “Ismayilli” station.
Observed Measurement Operatin

Observatio Devices parameters,Earth's . Measurement P g
. - limit, temperature

n stations type magnetic (nTI) error, (nTI) range. °C

induction, (nTI) g,
Ismayill G-856 T 20000+100000 +0,1 -20°C++50

Analysis of the average hourly Sq~f(t) variations during the lunar-solar attraction during the
day shows that they pass with the same flow at all observation stations. While at night (from 01 to 06
and from 20 to 24), the voltage on the Sg~f(t) graph is approximately at the background level, a
decrease of the geomagnetic field voltage by 30-40 nT is observed from 1000 to 1600, and then a
gradual increase until 1800 and a return to the previous level is observed (Fig. 1).
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Thus, it can be said that the surface electromagnetic waves are distributed uniformly between
the points in a circle of 10 longitudes and 10 latitudes. Analysis of the Sq variations proves that the
magnetic field in both polygons is the same on days when it is constant.

The oscillations of the average diurnal variations T~f(t), are presented in a large spectrum. As
a result of the influence of infiltration processes in the Earth's crust, low-frequency harmonic
fluctuations with an amplitude of 5.0 £0.5 nT, which are most likely directly related to magnetic
induction, are clearly traced. The degree of this "obstacle” is at the level of the accepted errors of
seismomagnetic observations. Low-frequency harmonics complicate the T voltage field with high-
frequency impulsive vibrations. Such magnetic storms are separated from the solar plasma and are
observed on the Earth's surface as a strong impact wave.

Geomagnetic variations.

Observed anomalous magnetic changes sometimes last up to 2-3 days. The amplitude of large
anomalous magnetic changes can reach 30-50 nT. The high-frequency signal has a sharp form from
several hours to 1-2 days. Changes in this intensity are "leaping™ and spread simultaneously
(synchronously) across all stations, which is related to the electromagnetic processes occurring in the
ionosphere. Such interference signals are removed by cleaning with the linear transformation method
during comparative analysis. A comparative analysis method was carried out in order to overcome
the ionospheric "barrier” factors and electromagnetic induction from the observed T voltage field
variations. As a result, AT(t) = Tm(t) - To(t), in which Tm(t)-t was taken as the field voltage value
observed at the base station and To(t) - t at all stations.

The study of the anomalous changes in the stress in the geomagnetic field during the effect of
the stress caused by the excess elastic waves on the rocks in the zones near the epicenters of the
earthquake shows that the seismomagnetic effect changes independently of the main directions of the
stress in the centers of the earthquake [Rzaev, 2013].

The local variation of the geomagnetic field voltage in the seismogenic zones is calculated using
the following formula [Rzaev, Isaeva,2006]:

AH= Aae(c) H + I; (o)

Here, AH is a local variation of the geomagnetic field voltage under overvoltage conditions
(seismomagnetic effect).

Calculations have shown that for the Sheki-Shamakhi polygon, theoretically, the diaposon of
the seismomagnetic effect can be expected to change by 15-25 nT. The results of the studies of
seismomagnetic researchers of previous years show that when the compressive stress in the source is
dominant, the seismomagnetic effect (SME) is formed due to the positive increase of the geomagnetic
field [Rzaev, 2005].

When tensile deformation occurs in the furnace, SME has a negative sign and is observed with
decreases. The observed increase or decrease can be up to 15-30 nT, which corresponds to the
theoretically calculated values of SME.

The analysis of magnetic variation curves AT~f(t) allowed the detection of a number of events
related to the seismomagnetic effect before the earthquake (M1>4.0). Seismomagnetic effects reflect
the mechanism of the geodynamic state of the seismic stress centers located in the blocks in the Earth's
crust [Rzaev, 2006, 2013].

It is known to researchers that geomagnetic anomalous changes are observed due to strong
earthquakes in seismically active areas. The studies carried out by the magnetometric method allow
specifying the boundaries of geological structures [Rzaev, 2006; Rzaev, Etirmishli and others, 2013].

Accumulation of stress-strain energy at different depths of the earth is related to internal and
cosmogenic factors. The mechanical, physico-chemical and other properties of the environment
change with characteristic indications in the Middle and Lower Kura depressions, where anomalous
stress-strain energy accumulates, in the earthquake foci that occur in the northern and southern
foothills of the Greater Caucasus, Kuratrafi-Talish. The effect of such active processes on the earth's
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surface is studied in the seismoactive regions of the world as the anomalous changes of geophysical
fields: gravity, electricity, magnetism and geochemistry, warning factors of earthquakes.In Figure 1,
as an example, the mean diurnal variations of Sq on 25.02.2025 at the Ismayilli station are presented.

st. ismayill1 25.02.2025

1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 1B 19 20 21 22 23 24
t, hours

Fig. 1. Mid-day variations at Ismayilli station on 25.02.2025.

It can be seen from Figure 1 that during daytime hours, from approximately 11:00 to 20:00, the
intensity of the Earth's magnetic field (magnetic induction) decreases by ~ 30 nT, i.e. ~ 0.1%, from
the average value. The reason for this decrease is related to the ionosphere and solar activity. The
atmosphere conducts electricity, and the currents in it create a magnetic field that adds up to the
Earth's. Below we consider a model of such daily behavior of the magnetic field.

A model of mean diurnal geomagnetic variations.

At noon, the strength of the Earth's geomagnetic field drops for the following reasons. Solar
radiation strongly ionizes the ionosphere. During the day, especially at noon, solar radiation is
maximum, the concentration of ions is higher and the ionosphere becomes a better conductor of
electrical charges. Currents arise in the ionosphere (Sg-currents - Solar quiet currents). These currents
form ring systems around the Earth and create their own magnetic field. The magnetic field of Sg-
currents partially compensates (weakens) the main dipole field of the Earth. Therefore, the measured
magnetic field strength at the surface decreases slightly during the day. The maximum attenuation is
around local noon, when solar forcing and ionospheric currents are strongest.

Typically, the magnitude of daily variations is tens of nT, which is less than 0.05-0.1% of the
total field (=50,000 nT). This is what we see in Fig. 1. Thus, at noon, the magnetic field strength
drops because the ionosphere, enhanced by solar radiation, generates currents that create a magnetic
field opposite to the earth's, which leads to a small, 0.1% weakening of the resulting field.

Let us imagine ionospheric Sq-currents as an equivalent circular ring of radius (a) and height
(h). The equivalent total ring current I is estimated as | = K-2ra, where K = ZE is the surface current
density (Pedersen conductance) [Evans et.al., 1977]. The magnetic field on the axis from the ring (at
a point under the ring, on the surface) is calculated using the following formula

tola?
Bring(x) = 2(a2 +x2)3/2

Here: x = h — distance from the plane of the ring to the observer.
The resulting field, taking into account that the field from Sq is usually directed opposite to
the vertical component of the dipole at noon, is equal to

Biotai(t) = By — Bring(t)

If, for example, we take a = 2000 km, h = 110 km, the typical daytime Pedersen conductivity
is [Mishin et.al., 2011] = =5 S and E = 1 mV/m, then K = 5.10 A/m and the equivalent current is
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Imax ~ 6,283-10* A ~ 63 kA

We take the dipole field Bo = 50000 nTI. Maximum ring field amplitude Bsgmax =~ 19.65 nTI. At
noon, the resulting field Btotal ~ 49980 nT, that is, a drop ~ 19.65 nTl compared to the dipole. The
daily current shape has the form

I(t) = lLyg,max [sin (:—D,O],

that is, at night 0 and maximum at 12.00.

Modeling of daily Sq variations of the Earth's magnetic field.

Statement of the problem. Let us assume that from experimental measurements it has become
known that the average induction of the Earth's magnetic field during the day is Bayr = 50555 nT. At
noon at 15.00 the strength of the Earth's magnetic field was 50505 nT. Let's build a mathematical
model of the influence of solar activity on the state of the ionosphere and its influence on a given
daily variation of the Earth's magnetic field.

To model daily Sq variations of the Earth’s magnetic field (Solar quiet) under the influence of
solar activity, the concept of an ionospheric dynamo is used [Kopp et al., 2015]. The daily variation
of the magnetic field AB(t) under quiet conditions is explained by the emergence of electric currents
in the ionosphere (layers E and F) under the influence of solar ultraviolet radiation.

Main assumptions and parameters of the model:

1. lonization and conductivity: Solar activity (F10.7 index or Wolf number R) determines the
degree of ionization of the atmosphere. The conductivity of the ionosphere X is directly proportional
to the flux of solar radiation.

2. Dynamo effect: The movement of neutral gas (tides) in the Earth's magnetic field generates
electromotive force (EMF). The current density is equal to

j=Z(E + v x Bo).

3. Magnetic effect: These currents create an additional magnetic field AB, which appears on the
Earth’s surface as a diurnal cycle.

To simplify calculations, a harmonic model (Fourier approximation) is used, where the
amplitude of variations depends on solar activity:

B(t) = By + A(S) - cos (—Zﬂ(t;ipeak)),

where Bar=50555 nT is the average magnetic field induction, A(S) is the amplitude depending on
the level of solar activity S, tpeax is the time of maximum/minimum (around noon).

Calculation algorithm.

1. 1. Definition of parameters: Entering the average value Ba=50555 nT and the local value
at 15.00 (50505 nT).

2. Deviation calculation: AB = 50505 — 50555 = - 50 nT.

3. Calibration of the model: Selection of the amplitude coefficient so that at

t = 15.00 the value corresponds to the specified.

4. Generation of daily cycle: Calculation of values for each hour (0 — 23).

5. Visualization: Plotting a graph of tension versus time.

Below is a Python program for modeling and plotting (Fig. 2) this variation.

import numpy as np

import matplotlib.pyplot as plt

# Input data

B_avg = 50555 # Daily average, nT

B 15 =50505 # valuein 15:00, nT

t obs=15.0 # Observation time



SEISMOPROGNOSIS OBSERVATIONS IN THE TERRITORY OF AZERBAIJAN, V. 29, Ne1, 2026, pp 28-34 33

# 1. Calculation of the amplitude of daily variation (A)

# Model: B(t) = B_avg + A * cos(2 * pi * (t- 12) / 24)

# From the condition at 15:00: B_15 =B_avg + A * cos(2 * pi * 3/ 24)

delta B=B_15-B _avg

cos_factor = np.cos(2 * np.pi * (t_obs - 12) / 24)

A =delta_ B/ cos_factor

print(f" Calculated amplitude of variation: {A:.2f} aT")

# 2. Timeline generation and field calculation

hours = np.linspace(0, 24, 100)

magnetic_field = B_avg + A * np.cos(2 * np.pi * (hours - 12) / 24)

# 3. Plotting a graph

plt.plot(hours, magnetic_field, label=" Modeled field ")

plt.axhline(B_avg, color="r", linestyle="--", label=" Average value")

plt.scatter(t_obs, B_15, color="black’, label="Data at 15:00")

plt.title("Mathematical model of daily variation (Sqg)")

plt.xlabel("Time, h")

plt.ylabel("B, nT")

plt.legend()

plt.grid(True)

plt.show()

A decrease of 50 nT at 15:00 indicates active processes in the daytime ionosphere (increased
conductivity due to the Sun), which create a counter-directional field at a given observation point.
With increasing solar activity, the amplitude A will increase, as the concentration of electrons in the
ionosphere increases, which enhances the dynamo effect currents [Givishvili & Leshchenko, 2009].

Daily variation of the Earth's magnetic field
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Fig. 2. The result of modeling the daily variation of the Earth's magnetic field.

Conclusion

Thus, the results of experimental measurements of daily variations in magnetic flux density
(magnetic induction) in the Imailly region of Azerbaijan have been studied. It was found that in the
daytime hours of 12.00-16.00 the value of magnetic induction decreases by 0.1%. This effect is
associated with the influence of the magnetic field created by the ionosphere, which intensifies during
the daytime with increased solar activity. A physical model of such effects of solar activity has been
proposed, and model calculations have been performed.
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