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The geomagnetic field, along with other environmental factors, is a necessary compo-
nent of life on the Earth. Currently, there are relevant ecological standards for the values
of constant and variable fields. Taking them into account, it is possible to determine the
conditions necessary for the normal functioning of biological objects in general and hu-
mans in particular. In a number of regulations, certain limit values for a constant magnetic
field are introduced, as well as the maximum permissible time of a human being stay in
such fields. In this regard, the article considers the spatial-temporal change in induction
B on the Earth's surface using the example of its main magnetic field according to the
international model IGRF-13 for the time interval 1950—2020. In more detail for this time
interval, the induction module B and its perturbation were analyzed for geomagneti-
cally different regions that are, namely, the territories of Ukraine, of Yamal (Russia) and
around the ukrainian antarctic «Akademik Vernadsky» station. For the planet in whole, a
significant decrease in the geomagnetic field is shown, against the background of which
its sharp jumps are observed (in 1960—1965, 1980—1985 and in 2000—2005), and after
2005 to the present, a deceleration in the decrease of the geomagnetic field is observed.
Against the background of a decrease in the geomagnetic field of the planet, areas with
extreme changes both in the direction of increase (Ukraine, Yamal) and decrease («AV»
station) are distinguished. The spatial-temporal changes in the geomagnetic field detected
on the Earth's surface determine the structure and dynamics of its magnetosphere, which
by-turn affects the nature of the interaction with it of solar wind substance and of cos-
mic radiation, as well as the flow altitudes of magnetospheric and ionospheric currents.
According to the distribution of the geomagnetic field anomalies on the surface of the
planet, as well as to their changes over the studied time interval, regions with different (as
compared with proposed ecological norms) values of the constant magnetic field and its
disturbances are distinguished. In particular, for the epoch of 2020, for the territory in the
vicinity of the «AV» station, the induction vector module B is on average 15,000 nT less
than its value for the territory of Ukraine and 25,000 nT — of Yamal. Significant changes
in the geomagnetic field were determined: an increase of 1765 nT for Ukraine, 1418 nT for
Yamal and a decrease of — 7081 nT in the vicinity of «AV» station. At the same time, the
perturbation of the geomagnetic field of the territory of Ukraine is within its ecological
norm, deviates from it in the direction of increase on the Yamal Peninsula, and near the
«AV» station it will soon go beyond its limits in the direction of decrease, while maintain-
ing modern field changes.
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Introduction. The geomagnetic field along
with other environmental factors (gravitati-
onal field, air, temperature, pressure, humidi-
ty, etc.) is an extremely needed component
of the existence of life on the Earth. The en-
vironmental aspect of the geomagnetic field
boils down to two significant points, namely:
a) it is a powerful power shell that protects
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the planet's surface from the ingress of so-
lar plasma and charged particles of cosmic
radiation in a wide frequency range; b) its
presence, de facto, as a necessary parameter
of the environment.

Currently, there are numerous data on the
effect of constant and alternating magnetic
fields in a wide range of frequencies on liv-
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ing organisms, in general, and on human life,
in particular [Travkin, 1971; Pavlovich et al.,
1991; Orlyuk, 2001; Physical ..., 2003; Serpov,
200%; Belokrinitsky, 2009; Serdyuk et al., 2010;
Kulikov, Timofeeva, 2011; Medvedeva et al.,
2011; Gorbunova, 2015 and many others]. In
this regard, in the Department of Geomag-
netism of the Institute of Geophysics of the
National Academy of Sciences of Ukraine for
almost 20 years a new scientific direction has
been developing — geomagnetic ecology,
which provides, first of all, a description and
analysis of the spatial-temporal disturbance of
the geomagnetic field, as one of the significant
environmental factors [Orlyuk, 2001; Orlyuk,
2007, 2013; Orlyuk, Romenets, 2018], aswell as
anecessary «component»in interdisciplinary
research [Orlyuk et al., 2007, 2012; Frolov et
al., 2009; Kurnikov, Orlyuk, 2011, 2012; Mel-
nyk et al., 2012, 2014; Orlyuk, Orliuk, 2012;
Zasekin et al., 2013]. The geomagnetic field is
considered as one of the determining factors
in the functioning and development of the or-
ganic world.

The solution to these problems is seen in
determining the values of the constant and
variable components of the geomagnetic fi-
eld at which a particular individual (popula-
tion, ecosystem) can exist and develop, as
well as the limiting values of these quantiti-
es at which their development and existence
is impossible [Orlyuk, 2001]. In [Physical ...,
2003], the lower limit of the sanitary norm
for the magnitude of the constant magnetic
field is half the background values of the
field in the territory of residence. Consider-
ing the fact that the geomagnetic field on the
Earth's surface varies in a very wide range, the
value of the «ecological» norm of a constant
field in the range of 35—55 YT is proposed
in [Orlyuk, Romenets, 2005]. In connection
with the analysis of the working and living
conditions of people to date, with respect to
a constant magnetic field, not only its limit-
ing values have been introduced, but also the
maximum time possible to stay in such fields
[Standart ..., 2008; Snandard ..., 2015]. Norms
have also been developed for alternating high-
frequency magnetic and electromagnetic
fields [ICNIRP Guidelines, 1998]. Note that in
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large megacities, the Earth's natural magne-
tic field is substantially supplemented by the
technogenic component from various elect-
ric and ferromagnetic sources [Havas et al.,
2004; Orlyuk, Romenets, 2003, 2004; Henzl et
al., 2006; Lowes, 2009; Tyagunov, 2011; Rezin-
kina et al., 2009; Romenets, Orliuk, 2013; Or-
lyuk et al., 2016]. Therefore, in each specific
case (place and time) it is necessary to charac-
terize the magnetic field numerically and draw
conclusions about its «environmental friendli-
ness» on the basis of a comprehensive analysis
of its natural and man-made components.

In this regard, the article first of all consi-
ders the spatial-temporal change in induction
B on the Earth's surface using the example
of its main magnetic field (B|ggrp) as a whole,
which reflects the vast majority of the total
changes for the time interval 1950—2020. In
more detail for this time interval, the inducti-
on module and its perturbation are analyzed
for regions that are geomagnetic different,
namely the territory of Ukraine, Yamal (Rus-
sia) and around the ukrainian antarctic «Aka-
demik Vernadsky» («AV») station.

The spatial-temporal perturbation of the
geomagnetic field means its difference at
some point from a certain norm (for the spa-
tial case) or its regular change (for temporary
changes). As already noted, currently there
are relevant environmental standards for the
values of constant and variable fields, taking
into account which, determine the condi-
tions necessary for the normal functioning of
biological objects in general and humans in
particular [Orlyuk et al., 2005; Serpov, 2007
Standart ..., 2008; Rozov et al., 2013]. From
this point of view, it is interesting to consider
the parameters of the geomagnetic field of the
Earth as a whole, as well as various regions of
its northern and southern hemispheres.

Purpose of work. To perform an analysis
of the spatial-temporal change in the Earth's
magnetic field as a whole, as well as the geo-
magnetic regions of Yamal, Ukraine and the
«AV» station in the time interval 1950—2020
to evaluate them as an environmental factor.

Research Methodology. An estimate of
the spatial-temporal perturbation of the geo-
magnetic field requires the presence of dif-
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ferent-scale maps: anomalies in the magnetic

field induction module AB,, its normal com-

ponent By, (as the Earth's normal magnetic
field, we used the analytical model B ggre

(International Geomagnetic Referenc Field))

and finally the induction module B.

In the work, standard techniques were us-
ed in the individual stages of assessing the
spatial-temporal disturbance of the geomag-
netic field, namely: constructing maps of the
anomalous magnetic field; calculation of the
normal geomagnetic field B|ggg; calculation
of the induction module of the geomagnetic
field B; estimates of the spatial-temporal dis-
turbance of the geomagnetic field for the
planet as a whole and its individual regions.

The most laborious moment is the develop-
ment of maps of the anomalous component
of the magnetic field AB,. Corresponding
maps are developed according to ground-
based, aeromagnetic and satellite imagery.
The scale of the maps is determined by the
density of the observation network. To create
a conditional map, it is necessary to take into
account variations in the Earth's external mag-
netic field, which in this case are interferences
and to bring the results to the middle of the
year. Therefore, usually the work procedure
provides for:

a) synchronous observations of module B at
the measurement points and at the mag-
netic observatory. This technique makes
it possible to exclude the variational com-
ponent of the magnetic field 6B and obta-
in absolute values of the module B for the
observation points at the time of the By =
= B — 0B. The variational component B is
defined as the difference between the me-
asured values of the induction modulus B
and its average annual value;

b) abnormal values of the module are deter-
mined by the expression AB, =B, —B|ggrr-
Here the B|ggf is the value of the normal
component of the international geomag-
netic field of relativity at the point of ob-
servation.

To solve the set tasks, digital arrays we-
re first generated and B ggg digital maps we-
re built for the entire globe with a step of 5
years for the time interval 1950—2020. Calcu-
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lation of B,grg was performed on-line with a
step of 1° x 1° in longitude and latitude using
NASA software DGRF-IGRF Geomagnetic
Field Model 1590—2024, international model
IGRF-13 (https://ccmc.gsfc.nasa.gov/model-
web/models/igrf_vitmo.php). The beginning
of the calculations was taken in 1950, then the
field change over 5 years was determined as
the difference between its values in 1955 and
1950 (dBgrp (1955—1950)/dt = B|gre (1955) —
—Bgre (1950)), for 10 years —as the difference
between 1960 and 1950 (dBgrg (1960—1950)/
dt=Bgrr (1960) —B|grr (1950)), and so on un-
til 2020. This approach allows us to analyze
both the field gradient for every 5 years and
its total values for longer intervals. Temporary
changes in the B|grg field for individual points
were calculated in increments of 1 year.

So, having arrays of fields AB, and BggE,
for any time (epoch) for an arbitrary point, it
is possible to determine the absolute value of
the induction of the geomagnetic field: B,pg; =
=AB, + B ggr; (hereiis the corresponding era).

Due to the fact that the values of the ano-
malous magnetic field AB, are determined
by the sources in the Earth's lithosphere and
are practically unchanged (constant, with the
exception of the magnetizing effect, which
in most cases is insignificant with respect
to the magnitude of the anomalies [Orlyuk,
Romenets, 2005; Starostenko et al., 2013]), the
absolute values of the geomagnetic field will
depend only on secular changes in the main
field, which are displayed in the values of the
normal field B|gre. We note in this case that
the accuracy of constructing maps of the in-
duction module in different regions is prede-
termined by the accuracy (error) of the models
of the Earth's main magnetic field. Currently,
this is becoming especially important, since
B|grr maps are compiled once every 5 years,
and the geomagnetic field changes quite
quickly. Accordingly, to calculate the absolute
values of the geomagnetic field induction for
a certain epoch, itis necessary to evaluate the
sum of the anomalous and normal geomag-
netic fields. Suppose, for the era of 1950, the
absolute values of the induction of the geo-
magnetic field are calculated by the formula

Babs, 1950 = AB4 * Bigrr, 1950 €tc.
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For further calculations, we used digital
data on the anomalous magnetic field ob-
tained on the basis of published and available
digital maps for the territory of Yamal [Ma-
karova, 1977, Purucker, 2007] and Ukraine
[Orlyuk, Romenets, 2005; Orlyuk et al., 2017,
2018a]. Adigital map was used for the territory
in the vicinity of the «AV» station, developed
by the authors based on the results of expe-
ditionary work in 2005—2008 [Orlyuk et al.,
2008; Orlyuk, Romenets, 2008, 2009].

The spatial-temporal perturbation of the
Earth's magnetic field was estimated by the
criterion proposed by us [Orlyuk, Romenets,
2005] in accordance with the expression AD =
= (B = Byorm) / 2Bporm (here AD is the spatial
perturbation of the Earth's geomagnetic field,
B is the absolute value of the total vector of
the geomagnetic field, By, is the normal
geomagnetic field of B|ggrg. According to the
expression AD is the dimensionless, insig-
nificant in intensity, and therefore the unit
of perturbation of the Earth's magnetic field
— Distortion — is introduced (1D = 10° c.u.).

The environmental aspect is based on the
«environmental norm» of the geomagnetic
field, which for a constant field we take equ-
al to 45,000 nT and an on the estimate versus
this norm of the magnetic field perturbation
ADecoI = (B— BEC0|)/2BGCO| ,Where BECO| =45000nT.
Geomagnetically favorable regions are those
in which the spatial-temporal perturbation
of the field is within +10 000 D. This issue has
been considered in more detail in a number
of authors' works [Orlyuk, Romenets, 2005,
2018Db].

Also, for analysis were used a number of
surface temperature anomalies for the period
1950—2019 (anomalies are calculated from
the meteorological norm of 1961—1990) and
temperature series for weather stations «AV»,
Salekhard, and Kiev for the same period.

Geomagnetic field and its spatial-tempo-
ral disturbance. The spatial-temporal struc-
ture of the geomagnetic field of the planet
as a whole, as well as of its separate regions,
has been the subject of a large number of
works that used the results of observations
in observatories, of ground-based, aerial and
satellite surveys [Thébault et al., 2010, 2015;
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Mandea, Korte, 2011; Purucker, Clark, 2011;
Maksymchuk et al., 2010, 2012, 2013, 2015;
Orlyuk et al., 2012, 2017, Duma et al., 2013;
Tregubenko et al., 2013; Dyment et al., 2016;
Finlay et al., 2016; Olsen et al., 2017, Maksym-
chuk, Orlyuk, 2018; Witze, 2019]. The cited
works reflect the state and change of the geo-
magnetic field for different regions and time
intervals, indicating its significant spatial he-
terogeneity and substantial dynamics of its
various components. In this article, the chan-
ge in the geomagnetic field is considered
and analyzed, namely, using calculated da-
ta arrays, as well as Bjgrr maps were const-
ructed for the epochs of 1950—2020. (Fig. 1,
a, b). This made it possible to trace the field
dynamics over 70 years (Fig. 1, ¢) and draw
conclusions about the change in the magni-
tude of the normal component as a whole.

In accordance with calculations on the
surface of the planet, the maximum values
of the main magnetic field of the Earth Bggg
for 1950 and 2020 are characteristic for the
negative magnetic pole (Bigrg. 1950 =69000nT,
BiGrF, 2020=66900nT) (located near the Earth's
geographical North Pole) and positive (locat-
ed near the Antarctic coast opposite Austra-
lia), and the minimum ones for the near-equ-
atorial regions of the South Atlantic (the so-
called South Atlantic Anomaly) (B ggrf, 1950 =
=24 500 nT, B|GRF, 2020 — 22 300 nT) (See Flg
1, a b).

For the period from 1950 to 2020 the ave-
rage B ggr value on the planet's surface de-
creased by 1797 nT (from 47 603 to 45 806
nT) (Fig. 2). Naturally, a decrease in the in-
duction modulus of the geomagnetic field
on the planet's surface reflects a correspon-
ding change in its dipole moment M, from
31,200 Am? in 1950 to 29,800 Am? in 2020
(about 4.5 %).

Against the background of a general de-
crease in the magnetic field of the planet,
areas with extreme values of its change are
standing out. The maximum field decreases
from 1950 to 2020 (from —5500 to —7400 nT,
from —-80 to —100 nT/year) are located near
the Atlantic coast of Central America (18 °N;
-65 °W, as well as in the region the Drake
Strait (-65 °S; 85 °W) and between Africa
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and Antarctica (=50 °S; 10 °E). Field increase
maxima (2100—3500 nT, 40—60 nT/year) are
typical for Europe (60 °N; 30 °E) and the In-
dian Ocean (30 °S; 70 °E) (see Fig. 1, ¢). Note
that the European field maximum for the
studied time interval practically corresponds
to the East European Craton, which is of un-
doubted interest in relation to the study of the
nature of such a correlation. For a more visual
notion of the scale of secular changes in the
geomagnetic field of different regions of the
planet, Fig. 2 presents graphs of its changes
(Fig. 2, a) and the rate of change for the planet
as a whole (curve 1), «AV» station (curve 2),
Salekhard (curve 3) and Kyiv (curve 4).

As can be seen from Fig. 2, for the planet
as a whole, as noted earlier, a decrease in the
field by almost 1800 nT is observed (curve I
in Fig. 2, a). The time flow of these changes
seems interesting, namely: against the back-
ground of a general decrease in the field (at
a rate of about —25 nT/year), its sharp jumps
are observed (up to—45 nT/year in 1960—1965;
—-58 nT/year in 1980—1985; —32 nT/year in
2000—2005) after which over the next 15 ye-
ars there was a less intensive decrease in its
changes (to —18 nT/year in 1975; =12 nT/year
in 1995; -2 nT/year in 2015) (curve 1 in Fig.
2, b). From all this it can be concluded that,
starting from 1985 to the present, there is a
slowdown in the geomagnetic field decrease.
Since the beginning of the 70s, a similar pat-
tern of changes in the geomagnetic field has
been observed for the «AV» station (which is
located in almost one of the foci of the ma-
ximum decrease in the geomagnetic field),
for which the field is also decreasing, howe-
ver, in contrast to the planet as a whole, after
2000 years, it decreases more intensively
from —86 nT/year (in the interval 2000—2010)
to —96 nT/year after 2010. The opposite pic-
ture of field dynamics is observed for the ter-
ritories of Ukraine and Yamal. For Salekhard,
maximum field increases are confined to 1955
(61 nT/year), 1975 (29 nT/year) and 2000 (43
nT/year). Between these years, changes in
the geomagnetic field slow down to 9 nT/
year in 1970, and even to negative values
(—10 nT/year) in 1985. After 2000, a more or
less regular decrease in the growth of the
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geomagnetic field to 21 nT/year in 2017 was
established. It should be noted here that the
growth of the geomagnetic field rate slows
down. The logical expansion of the geomag-
netic field is characteristic for the territory
of Ukraine. In this case, the field growth is
less differentiated with relative maximums
in 1975 (33 nT/year) and 2000 (35 nT/year)
and a minimum in 1985 (13 nT/year). On the
territory of Ukraine from 1985 to the present,
there has been an increase in the growth of
the geomagnetic field (44 nT/year) in 2015.
Therefore, it can be noted that the increase in
the geomagnetic field of Ukraine differs from
the increase fixed for the planet as a whole
and Yamal, for which its relative decrease is
noted. According to the Geomagnetic Ob-
servatory «Kiev », a very intensive increase in
the growth of the geomagnetic field dB¢/dt
has been observed over recent years (Fig. 3).
In particular, from 2005 to 2009, a more or
less monotonous decrease in the growth of
both the dB /dt induction module (from 30
nT/year to 26 nT/year) and its normal com-
ponent dBgre/dt (from 32 nT/year to 29 nT/
year). After 2009, the increase in induction
module B increases to 42 nT/year in 2015 and
to 62 nT/year in 2018 (see Fig. 3, b, curve 1).
A smaller increase is characteristic for B|ggrg,
which, with small deviation, reaches 42 nT/
year in 2015 and remains the same for the
next 4 years (see Fig. 3, b, curve 2). For the
considered time interval, one more regularity
can be noted, namely, from 2005 to 2010, the
increase in the dB,gge/dt field was larger than
the increase in the dB,¢/dt values observed in
the observatory, from 2011 to 2015 (except for
2014) it was almost the same, and from 2016 it
was sharp increase in the observed values (up
to 17 nT/year in 2018) relative to the increase
in the normal field. Apparently, this may in-
dicate the problem of constructing models of
the Earth's normal magnetic field B|ggf, since
it is doubtful that the anomalous component
of the induction module AB can undergo such
rapid temporary changes.

Based on the foregoing, when studying
the spatial-temporal structure of the induction
module B for some territories, information on
regional and even global features of the B|grg
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4120 -80 40 0 40 80 120 160

-160

Fig. 1. The main magnetic field of the Earth B|ggrg for the epoch 1950 (a), the epoch 2020 (b),
its temporary changes for the interval 1950—2020 (c) and the layout of studied regions.

parameter is extremely important. In this re- was analyzed using the international model
gard, the structure of the secular variation of IGRF-13. As can be seen on the given map of
the magnetic field B|ggg on the Earth's surface  the secular variation of the B|ggr (see Fig. 1,¢),
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Fig. 2. The dynamics of the main magnetic field in-
duction of the Earth B|ggf (a) over 70 years (1), at the
«AV» station (65°15' S, 64°15" W) (2), in the city of
Salekhard (Yamal) (66°32" N, 66°38" E) (3) and Kyiv
(Ukraine) (50°27' N, 30°3' E) (4) and its temporary
changes (b) respectively.

intense anomalies (foci) are observed that
form the character of the SV field in Ukraine,
Yamal, and in the vicinity of the «AV» station.

B, B
50000 — =

50700 1
50500 2|
50300

50100
dB/dt, dBigpe/dt @

Year
b

Fig. 3. The dynamics of the induction module of the
geomagnetic field Bgps (curve 1) and its normal com-
ponent B|gg (curve 2) (a), as well as their temporal
changes for the Kyiv magnetic observatory (b).

Induction module B and its spatial-tem-
poral disturbance for the territories of Uk-
raine, Yamal and the «AV» station. The terri-
tories of Ukraine, Yamal, and «AV» are in qui-
te different «geomagnetic» conditions [Orly-
uk, Romenets, 2017, 2018a,b]. In particular,
Ukraine (Fig. 4, a) is located in middle geo-
magnetic latitudes with a rather differentiat-

nT
56900
56300
55700
55100
54500
53900
~ 53300
-~ 52700
~ 52100
51500
50900
50300
49700
49100
48500

Fig. 4. Magnetic field induction module B of the territory of Ukraine (a), in the vicinity
of the «AV» station (b) and Yamal (c) (epoch 2020).
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Fig. 4 (b).

ed character of its magnetic field due to the (Fig. 4, ¢) — in the nearpolar region close to
complex structure of the Earth's crust of the the East Asian continental anomaly with a
Precambrian East European craton; Yamal weakly differentiated field of the West Sibe-
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rian plate of Mesozoic age. The territory of
Antarctica (Fig. 4, b) is generally poorly cove-
red by magnetic measurements [Orlyuk, Ro-
menets, 2009]. Studies conducted in the regi-
on of «AV» station indicate a significant hete-
rogeneity of the geomagnetic field. Identified
anomalies with an intensity of the first thou-
sand nanoscale indicate the presence of rocks
with very different magnetic properties. The-
refore, an estimate of the spatial-temporal dis-
turbance (heterogeneity) of the geomagnetic
fields of these territories looks quite natural.
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According to the obtained digital data, the
full vector modulus of the geomagnetic field
for Ukraine and Yamal varies within By 1950=
=46 815 + 54 814 HT, BYamal, 1950 = 54 678 +
+65 579 nT (epoch 1950) and By, 2920 =
=48707 + 56 806 nT and By, ), 2020 = 96 446+
+ 73 449 nT (epoch 2020), while the average
values differ by more than 12 000 nT. For the
investigated territory near «AV» station, the
full vector modulus varies within the limits of
B.av», 1050 =41 345+ 48654 nT (epoch 1950) and
B.av» 2000 = 34221+ 41530 nT (epoch 2020), that
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4000

Fig. 5. Environmental perturbation of the geomagnetic field Dggq) for the territory of Ukraine (a),
Yamal (b), «AV» station (c).

is on average, 15,000 nT less than the average
modulus of the full vector of the territory of
Ukraine and 25,000 nT for Yamal.

As provided by the calculations, the eco-
logical disturbance of the magnetic field
on the territory of Ukraine varies between
4000—13 200D, for Yamal — 13 000—25 000D
and for «AV» station — from —5200 to —9800D.
The time trend of the spatial disturbance of
the magnetic field over 70 years has chang-
ed in the range from —-409 to +50D (for Ukrai-
ne), from -563 to +13D (for Yamal) and from
—7#77 to +731D (for «AV»). So, the dynamics
of the perturbation of the magnetic field
of Ukraine is significantly higher than that
in Yamal, but significantly lower than the
perturbation in the vicinity of «AV» stati-
on. The time trend of the environmental dis-
turbance of the geomagnetic field over 70
years is within §(AD)g., = 1864 + 2157D (for
Ukraine), 8(AD)geq from =277 to +5949D (for
Yamal) and 6(AD)geq from —7914 to —=7916D
(for «AV») (Fig. 5).

Discussion of the results and conclusi-
ons. Fig. 6 shows a comparison of the isolines
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of the induction of the main magnetic field
B\grr for the epoch of 2020 and its secular
variation over 70 years, from which a signifi-
cant change in the geomagnetic field follows.
In accordance with the above, the spatial-tem-
poral characteristics of the geomagnetic field,
indicating a very significant change for a short
time interval, both for the whole planet and
for its individual regions (see Fig. 6) should
be considered as the main result of the study.
Therevealed decrease in the average value of
the geomagnetic field induction B (by almost
1800 nT over 70 years) on its surface indicates
a change in the shape of the magnetosphere
and, accordingly, the heights of the upper and
lower boundaries of the Van Allen radiation
belt. Therefore, it is possible to indicate the
weakening of the protective function of the
Earth's magnetosphere and the deeper pe-
netration of solar and cosmic matter into the
Earth's atmosphere, as well as the approach to
its surface of the heights of magnetospheric
and ionospheric currents.

It should be also noted that in accordance
with the accepted environmental norm of the
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magnetic field within 35 000—55 000 nT (see
Fig. 1, a, b), territories with geomagnetically
unfavorable living conditions can be distin-
guished on the Earth's surface. In particular,
these are the territory of Canada, the Asian
part of Russia, Central and South America,
southwestern and southern parts of Africa
and southern Australia. Due to the general
decrease of the geomagnetic field, these are-
as slightly increase in size.

Salekhard

\/\/ Coastline

The second very important point is that
against the background of a general decrea-
se in the magnetic field of the planet, areas
with its extreme change values are distingu-
ished: maximums of field decrease are locat-
ed near the Atlantic coast of Central America,
in the Drake Strait, and also between Africa
and Antarctica. Field maxima are typical for
Europe and the Indian Ocean. This indicates
an increase in the peculiar «contrast» of the
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Fig. 6. Scheme for comparing the normal component of the B|grr geomagnetic field for the epoch
of 2005 and its temporal change for the time interval 1950—2020.

geomagnetic field and, accordingly, a compli-
cation of the magnetosphere configuration. In
a number of works [Orlyuk, Romenets, 2011;
Orlyuk et al., 20134, b; Ryabov et al., 2019] it
is shown that the heterogeneity of the geo-
magnetic field relief on the Earth's surface
is manifested to one degree or another on
the entire power of the magnetosphere and
should affect the processes taking place in
it. In [Orlyuk, Romenets, 2011], significant
differences in the distribution of heights with
the same values of the magnetic field induc-
tion for the planet as a whole are shown. We
estimated the change in the geomagnetic fi-
eld topography in the time interval 1950—2020
for the studied regions. According to calcula-
tions within 100—1000 km above the Earth's
surface, heights with the same values of the
induction of the geomagnetic field over 70
years increased by 80 km for the territory of
Ukraine, by 55 km for Yamal and decreased
by 380 km in the vicinity of «AV» station. Ap-
parently, it is impossible that such significant
changes do not affect a number of magneto-
spheric-ionospheric processes. A number of
works [Cnossen et al., 2012; Olsen, Stolle,
2016 and others], in which it was shown that
in the upper atmosphere at heights of 300 —
800 km both the corresponding parameters of
theinternal geomagnetic field at these heights
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and short-term perturbations of the external
magnetic field influence the spatial-temporal
parameters of magnetospheric-ionospheric
currents. In particular, it was shown that the
internal geomagnetic field and its variations
affect the change in the height of the region of
maximum electron density in the ionosphere
(from -50 km in the region of the South At-
lantic anomaly to 20 over West Africa, which,
incidentally, is an order of magnitude higher
than the decrease by 5 km of the correspond-
ing height conditioned by an increase in CO?
concentration), and the maximum density
of electrons in low-mid-latitude ionospheric
current systems [Cnossen, 2014]. The cor-
respondence of long-wavelength changes in
the geomagnetic field with periods of 30, 55,
and 180 days (identified by analysis of the
perturbation of the geomagnetic field in the
«Odessa» geomagnetic observatory [ Ryabov
et al., 2019]) with variations of electrons and
ions temperature in the upper ionosphere at
the altitude of 500 km according to satellite
observational data [Prabhakaran et al., 2004]
is also shown.

In the environmental aspect, it isimportant
that the considered regions with extreme va-
lues of geomagnetic field changes are either
already regions with unfavorable geomagne-
tic conditions, or may become such onesin the
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near future if the identified trends in the field
dynamics will continue. This is confirmed by
theresults given in the article on the estimate of
the spatial-temporal disturbance of the geomag-
netic field in Ukraine, Yamal and the «AV» station.

In particular, significant spatial changes in
the geomagnetic field are shown, namely, for
the epoch of 2020 for the territory near the «AV»
station, the module of the induction vector By,
is on average 15 000 nT less than its value in
Ukraine and 25 000 nT for Yamal. Significant
temporary changes in the geomagnetic field
were also determined: its growth by 1765 nT
for Ukraine, 1418 nT for Yamal and a decrease
by 7081 nT in the vicinity of «AV» station.

Under accepted «environmental norm»
of the perturbation of the geomagnetic field
(¥10000D) in Yamal, its excess is observed (see
Fig. 4, b), which makes this territory less «com-
fortable» compared to Ukraine (see Fig. 4, a),
in the «geomagnetic sense», of course. The
area near the «AV» station is characterized by
intense temporary changes in spatial and en-
vironmental disturbances, which is explained
by a decrease in the magnetic field reaching
—100 nT/year in some years. The opposite pic-
ture is observed for the territories of Ukraine
and Yamal, which are characterized by a regu-
lar increase in the geomagnetic field (see Fig.
4, c¢). Therefore, when the perturbation of the
geomagnetic field deviates from the norm to
its increase for Ukraine and Yamal, there is a
significant decrease for «AV». It should be no-
ted that in localities of intense positive ano-
malies in the area of «AV» station environmen-
tal disturbance is within normal limits.

In conclusion, it should be noted some cor-
relation between the change of the geomag-
netic field and temperature. The temperature
changes in the regions of the planet that we
are studying are taken from the databases [In-
dex ..., 2020; KNMI ..., 2020]. In particular, the
decrease of geomagnetic field induction over
70 years by 1800 nT, noted generally for the
planet, is characterized by a regular increase
in its average annual surface air temperature
by 1.1 °C/100 years for the period 1950—2019.
(Fig. 7, a). It should be noted that since the
70s of the XX century temperature rose sig-
nificantly.
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Regions with extreme changes in the geo-
magnetic field are also characterized by cor-
responding increase in temperature. At «AV»
station with a maximum magnitude of geo-
magnetic field decrease, the largest tempera-
ture increase from -8 °C to -2.5 °C occurred
in the interval 1957—1972, then it decreased
to —4.7 °C in 1973. From 1977 to 2010, an in-
crease in temperature from-4.8 °C to-2.4 °C
is observed, and then its relative decrease to
-3.0 °C follows (see Fig. 7, b). Therefore, in
the region of «AV» station, the average annu-
al temperature for the studied time interval
varied in the range of —(8—2.4) °C.

For Salekhard, the largest temperature
changeis confined to the interval 1970—2017%,
when the temperature increased from -2.4 °C
to 0.1 °C (see Fig. 7, c). For Kyiv, during the
studied time interval, the average annual tem-
perature increased by more than 2.5 °C, and
a significant increase began in 1985, and an
even stronger increase was observed in the
last 10 years (see Fig. 7, d). In accordance with
calculations, it can be noted that, as a first ap-
proximation, the temperature increases with
changes in the geomagnetic field with high
correlation coefficients for the planet as a
whole (r=-0.95), Salekhard (r=0.81), Kyiv (r=
=0.81) and «AV» station (r=-0.79) may indica-
te their relationship. A definite relationship is
also taking shape between the annual growth
of the geomagnetic field and the correspond-
ing trends in temperature increase (see Fig. 3
and 7). But the revealed preliminary patterns
require an in-depth analysis with a proposal
for amechanism for such an interconnection,
etc., which was not part of the tasks of the
work performed.

However, even without analyzing the ca-
uses and mechanisms of such an interconnec-
tion, we note the interdependence of these
two important environmental factors, the di-
rection of change of which is by no means
aimed at improving the comfort of the envi-
ronment for the organic world as a whole and
for the human being in particular.
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IIpocTOopoBO-4acoBi 3MiHM reOMarHiTHOTO IIOASI:
€KOAOTiYHUM aCIeKT

M.I. Opawok, A.O. PomeHerns, 2020
[actutyT reogizuku im. C.I. Cy6ootina HAH Ykpainu, Kuis, Ykpaina

l'eoMarHiTHe 1TOAe HapiBHI 3 iIHIIMMHU (DAaKTOPaMU 30BHIITHBOI'O CEPEAOBUIIA € HEOO-
XiAHOIO KOMIIOHEHTOIO iCHYBaHH4 >KUTTS Ha 3eMAi. B poaHUN Yac iCHYIOTH BIAIIOBipHI
€KOAOTIUHI HOPMU BEAWYMH IMOCTIMHUX i 3MiHHUX IIOAIB, 3 OTASIAY Ha SIKi BH3HAYalOTh
YMOBH, HEOOXIAHI AAST HOPDMAABHOTO (PYHKIIIOHYBaHHS OiOAOTiYHMX 00'€KTiB y miromy
1 AFOAMHM 30KpeMa. Y psAl HOpPMAaTUBHUX AOKYMEHTIB AAS IIOCTIMHOI'O MArHiTHOTO IIOAS
BBEeAEHI I'PaHMYHI BEAWUMHM, @ TAKOK MaKCUMaAbHUU d4aC MOJKAUBOrO IlepeOyBaHHS
AIOAVHM B TAKUX ITOASIX. Y 3B'S3KY 3 IIUM, ¥ CTAQTTi PO3TASIHYTO IIPOCTOPOBO-4aCOBi 3MiHU
IHAYKIII B Ha NOBepxXHI 3eMAl AN 4acoBOTO iHTepBaAy 1950—2020 pp. Ha DpUKAaAAL 11
TOAOBHOI'O MArHiTHOTO IOAS 3@ Mi>KHapoAHOIO MopeArto IGRF-13. Biabln pAeTarnbHO AAST
IIBOT'O YaCOBOT'O IHTEPBAaAY IIPOAHAAI30BAHO MOAYAB IHAYKIIT B i Or0 30ypeHICTb AAA
Pi3HUX y reOMArHiTHOMY BiAHOIIIEHHI perioHiB, a caMe TepuTopil YKpainu, Amany (Pocis)
i AOBKOAA YKPAIHCBKOI @aHTaPKTUYHOI CTaHI1 « AKapeMik BepHapCbKU». AAg IA@HETH
B IIIAOMY IIOKa3aHO iCTOTHe 3MeHIIIeHHS T€OMarHiTHOTO IIOAS, 3 Pi3KUMM CKauykaMU B
1960—1965 pp., 1980—1985 pp. Ta B 2000—2005 pp., are micas 2005 p. 1o TenepintHik
Yac CIOCTEePIiraeThbCsl YIOBIABHEHHS HIIBUAKOCTI Moro 3MeHIIeHHs. Ha TAl 3MeHIIeHHSA
TreOMarHiTHOTO IIOAS TIAQHEeTH BUAIAIIOTHCS 30HU 3 eKCTpeMaAbHUMHU MOTro 3MiHaMH SIK B
CTOPOHY 30iAbllleHHs (YKpaiHa, fIMan), Tak i 3MeHIIeHHd (cTaHLig «AB»). BusiBaeHni Ha
IIOBEPXHi 3eMAi IPOCTOPOBO-YACOBI 3MiHU reOMarHiTHOIO MOAS BU3HAYAIOTh CTPYKTYPY
Ta AMHAMIKYy 11 Mar"iTtocdepy, sgKa y CBOIO 4epry BIIAMBA€ Ha XapaKTep B3aEMOAII 3 HelO
PEYOBUHU COHAYHOTO BITPY Ta KOCMIYHOI'O BUIIPOMIHIOBAHHS, @ TAKOK Ha BUCOTHU IIPO-
TIKaHHS HU3KU IIPOIeciB B ioHOCdepi Ta aTMocdepi. BIATTOBIAHO AO PO3IOAIAY @aHOMAAIN
reOMAarHiTHOTO MOAS Ha IMOBEPXHIi NAAHETH, a TAaKOXK 1X 3MiH 3a AOCAIAKEHUU 4aCOBUU
iHTEepBaA BUAIAEHO PETiOHU 3 BIAMIHHUMH BiA 3alIPOITIOHOBAHUX €KOAOTTYHUX HOPM BEAU-
YWHAMU IIOCTIMHOI'O MarHiTHOIO IIOAS i oro 30ypeHoCTi. 3okpeMa Ha enoxy 2020 p. ara
TEPUTOPII B OKOAI CTaHIIT «AB» MOAYAB BEKTODY IHAYKIIIL B ag, Y CepeAHBOMY Ha 15 000
HTA MeHBIIIe TOTO BEeAMUUH AT TepuTopil YKpainu i Ha 25 000 HTA — fAMaay. BusHaueHo
TaKO>X CYTTEBI 3MiHU reOMarHiTHOTO ITOAS — 30iAbIlieHHd Ha 1765 HTA A YKpainy, 1418
HTA — ang SIMany i 3MeHIIeHHs Ha — 7081 HTA B paiioHi cTaHIIii «AB». 3a nporo 30ype-
HICTh TEOMAarHiTHOTO TOAS TEPUTOPIl YKPAIHU 3HAXOAUTHCSA B MeKaxX MOTO «eKOAOTIUHOT
HOPMM», Ha SIMaAi BIAXUASETBCS Bip HEl B CTOPOHY 30iABIIIEHHS, a MIOOAU3Y CTaHINT « AB»
— CKOpPO BHUMAe 3a 11 MesKi B CTOPOHY 3MeHIIIeHHs 3a 30epesKeHHs Cy4YaCHUX 3MiH IOAS.

KAaro4oBi croBa: reoMartiTHe 1oae, Martirocdgepa, IpocTOpoBO-4acoBa 30yPEHICTh,
IGRF, ekoaoriuna HOpMa, TAaHETa, YKpaiHa, SAMan, « AKapeMik BepHaACBKUT».
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IIpocTpaHCTBEHHO-BPEMEHHbBIE N3MEHEHUS
r€eOMarHUTHOTO MOASI: BKOAOTHYECKHUH aCIeKT

M. U. Opawok, A.A. PomeHrer;, 2020
NuctutyT reopusnku uMm. C.1. Cy6ooruna HAH Ykpannsr, Kues, Ykpanna

l'eoMarHuTHOe MTOAE HapaBHE C APYTUMU (DaKTOPaMM BHEITHEU CPeABl IBASEeTCS He-
00XOAMMBIM KOMIIOHEHTOM CYIIIeCTBOBAHMS JKU3HU Ha 3eMAe. B HacTogllee BpeMs Cy-
IIECTBYIOT COOTBETCTBYIOIINE 3KOAOTUYECKUE HOPMBI BEAUYNH ITOCTOSHHBIX U [IePEMEH-
HBIX ITIOAEH, YIUTHIBast KOTOPHIE, OIIPEAEASIOT YCAOBUS, HEOOXOAMMEBIE AAST HOPMAABHOTO
(PYHKIIMOHUPOBAHUS OMOAOTMYECKHUX OOBEKTOB B IIEAOM 1 YeAOBeKa B UaCTHOCTHU. B psipe
HOPMAaTUBHBIX AOKYMEHTOB AASI IIOCTOSSHHOI'O MArHUTHOTO IIOASI BBEAEHBI IIPEAEAbHEBIE
BEAWUMHBI, @ TaK)Ke MaKCMMaAbHOE BpeMs BO3MOXKHOTO TpeObIBaHUS YeAOBeKa B TaKUX
TTOASIX. B CBSI3U € 9TUM, B CTaThe paCCMOTPEHBI IPOCTPAaHCTBEHHO-BPpEeMEeHHbIE U3MEeHEeHNs
WHAYKIIUY B Ha IOBEPXHOCTU 3€MAU A BpeMeHHOro uHTepBanra 1950—2020 rt. Ha npume-
pe ee TAaBHOT'O MarHUTHOT'O ITOAS IO MeXAyHapopHou Mopean IGRF-13. Boaee moppoOGHO
MASI 3TOTO BPEMEHHOT'O UHTEePBaAa IPOAHAAN3UPOBAHBl MOAYAL MHAYKIIMU U €70 BO3MY-
IIIEHHOCTDb AAST PA3AWYHBIX B TeOMariHuTHOM OTHOIIIEHUY PETMOHOB, @ UMEHHO TePPUTOPUN
Yxpaunsl, fImanra (Poccusa) 1 BOKpYT YKPauHCKON aHTapPKTUUECKOM CTAHITUN « AKapAeMUK
BepHapckuii». AAS IIAGHETHL B IEAOM IIOKA3aHO CYIIeCTBEHHOEe YMeHBIIeHHe reoMar-
HUTHOTO IIOAS, C Pe3KMMU cKadkaMu B 1960—1965 rr., 1980—1985 rr. 1 B 2000—2005 rr.
Ho nmocae 2005 r. A0 HaCTOsAILETO BpeMeHU HAaOAIOAQETCSI 3aMeAAeHHe CKOPOCTU €ro
yMeHbIIeHUs1. Ha hoHe yMeHbIIIeHNsl TeOMarHUTHOI'O ITOAS IAAHETHI BBIAEASIOTCS 00AACTH
C 3KCTPEeMaAbHBIMU €0 U3MeHeHUsIMU KaK B CTOPOHY yBeAndeHUs (YKpanHa, SIMan), Tak
U YMeHBbIIIeHud (cTaHIua «AKapeMuK BepHaackuii»). OOHapy KeHHBIe Ha IIOBEPXHOCTHU
3eMAM IIPOCTPAaHCTBEHHO-BpEMEHHbIEe U3MEHEHUS T€OMarHUTHOTO IOASI OTIPEAEASTIOT
CTPYKTYPYy ¥ AMHAMUKY €€ MarHuToc@epsl, KOTOpasd, B CBOIO OUYEPEAD, BAUSAET Ha XapakK-
Tep B3aUMOAEMUCTBUS C HeN BellleCTBa COAHEUHOTO BeTpa ¥ KOCMHUYECKOI'0 U3AYUEeHUs, a
TaK>kKe Ha BLICOTHI IPOTEKaHUs PSIA@ IPOIleccoB B HoHocdepe 1 atMocdepe. CoraacHo
pacipepereHUIo aHOMaAUY TeOMarHUTHOTO TTOAST Ha TOBEPXHOCTHU TAAHETHI, a TaK>Ke UX
U3MEHEeHUSM 3a UCCAEAOBaHHBIM BpeMEeHHOU MHTEPBaA BHIAEAEHBI PETHOHBI C OTAMYAIO-
HIVMUCS OT TPEANOKEHHBIX DKOAOTUYECKUX HOPM BEAMUYNHAMU ITOCTOSTHHOTO MAarHUTHOT'O
IIOAS U €r0 BO3MYILLeHUM. B wacTHOCTH, Ha 110Xy 2020 MOAYAB BEKTOPA UHAYKIUYN B AN
TEPPUTOPUU B OKPECTHOCTHU CTaHIUU « AKapAeMuK BepHaackuii» B cpepaHeM Ha 15 000 HTA
MeHbIIIe, YeM AAS TeppUTOpUM YKpauHsl, 1 Ha 25 000 HTA, ueM Ars AAMana. OnpepereHb
CyllleCTBEHHBIEe U3MeHeHUsI rTeOMarHUTHOTO ITOAS — YBeAndeHue Ha 1765 HTA Ang YKRpa-
uHbl, 1418 HTA pArg AAMana u yMmeHbIleHue Ha 7081 HTA B palioHe CTaHIMU « AKapAEMHUK
Bepnaackuit». [ToaToMy BO3MYIIEHHOCTh I'€OMAarHUTHOTO MOASI TEPPUTOPUM YKpPAWHBL
HaXOAUTCS B IIpEAEAaX €T0 «9KOAOTUYECKOU HOPMBI», Ha SIMare OTKAOHSETCS OT Hee B
CTOPOHY YBEAWYEHHUS, & BOAU3U CTAHIIUU «AKApAE€MUK BepHAACKHNU» CKOPO BBIMAET 3a
ee IIpeAeAbl B CTOPOHY YMeHbIIIeHNs IIPU COXPaHeHU! COBPEMEHHBIX N3MeHEeHNM TIOAS.

KaloueBblie CAOBa: TeOMarHUTHOE TTIOA€, MaTrHUTOC(epa, TPOCTPaHCTBEHHO-BpeMeHHast
Bo3MmylieHHOCTh, IGRF, skonrornueckas HOpMa, IIAaHeTa, YKpauHa, JAMan, «AKapeMHuK
Bepnaackuii».
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