Leonov, M., & Otruba, Yu. (2021). Measurement

of the difference in the geomagnetic induction between
the magnetometer pillars of the geomagnetic observatory
of the Ukrainian Antarctic Akademik Vernadsky station.
Ukrainian Antarctic Journal, 1, 16—23.

https://doi.org/10.33275/1727-7485.1.2021.662

KopoTtke noBizomaeHns
Short note

EY MG

MO

M. Leonov*, Yu. Otruba

State Institution National Antarctic Scientific Center, Ministry
of Education and Science of Ukraine, Kyiv, 01601, Ukraine

* Corresponding author: g60s1981@gmail.com

Measurement of the difference in the geomagnetic induction
between the magnetometer pillars of the geomagnetic observatory
of the Ukrainian Antarctic Akademik Vernadsky station

Abstract. The article describes the features of measurements of spatial inhomogeneities of the geomagnetic field between the pillars
of magnetometers in the measuring pavilion, which were carried out at the geomagnetic observatory of the Ukrainian Antarctic
Akademik Vernadsky station in 2015. Some preliminary results of these measurements are also given. The concept of the time-
scaled value of the geomagnetic field induction is introduced, which is convenient for compensating for time changes of the real
geomagnetic induction and bringing it to one reference level of induction. The differences in geomagnetic induction between pillars
are obtained as the differences in time-scaled values of the geomagnetic induction on the pillars. The technique allows comparing
long-term series of measurements of field inhomogeneities at important points in space. The main objectives are to increase the
accuracy of measurements of local inhomogeneities of the geomagnetic field in the measuring pavilion of the geomagnetic
observatory of the Ukrainian Antarctic Akademik Vernadsky station and to determine the differences in the geomagnetic induction
between the pillars on which the magnetometer sensors are installed. Obtaining numerical values of the differences in the geomag-
netic induction between the pillars as objective criteria needed to assess the accuracy of the data in the final processing of geomag-
netic observatory data. The method of comparison of two series of data is used: one obtained by the scalar magnetometer installed
in the observatory as a mandatory stationary device, and the other obtained during measurements with a mobile magnetometer at
the desired points in space. Compensation of temporal changes of the geomagnetic field by time-scaling the measurement readings
of the mobile magnetometer relative to one reference value and thus, bringing them to one selected and fixed time epoch. Special
geometric scheme of mobile measurements in the space around the pillars with magnetometer sensors or at important points in
space. A rough estimate of method errors. Based on the analysis of the obtained data, the efficiency of the method and its accept-
able potential accuracy were confirmed. We obtained approximate numerical values of the differences in the geomagnetic field
induction between the pillars on which the magnetometer sensors are installed. Further increase in the accuracy of determining
these differences is possible using modern devices of high accuracy and GPS-synchronization of mobile measurements.

Keywords: geomagnetic field gradient, compensation of time changes of the field, time-scaled geomagnetic field induction, in-
crease of accuracy of geomagnetic field measurements

1 Introduction

The need to determine and periodically re-check the
overall accuracy of geomagnetic data is due to two
factors: (1) the need to use a scalar magnetometer as
a mandatory device in the equipment of a geomag-
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netic observatory and (2) the change of the format of
data transmitted to the INTERMAGNET network
from IMF V1.22 to IMF V1.23.

Generally speaking, evaluation of the observatory’s
geomagnetic data’s accuracy should incorporate all
possible errors on all the stages of the measuring proc-
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ess, starting with automatic and manual measurements
and ending with calculations yielding the final results.
In this paper, we did not evaluate the contribution of
the errors of absolute observations to the overall accu-
racy of geomagnetic data but concentrated only on the
accuracy of the part which consists in measuring the
differences of the geomagnetic field induction between
the pillars bearing magnetometer sensors or between
separate points within the measurement pavilion.

As such differences can change with time, it is rec-
ommended to measure them at least once a year
(Jankowski & Sucksdorff, 1996; INTERMAGNET
Technical Reference Manual, 2012). One should
bear in mind that the project of the measurement pa-
vilion was developed to accommodate photographic
registration of the field’s components, while the sen-
sitive digital magnetometers we have today do require
qualitatively different conditions. Besides that, the
limited amount of information necessary for urgent
measurements to be made by winterers forced them
to solve the problems using their own resources. The
measurement of the differences of the field induction
was somewhat similar to the method employed near
the Akademik Vernadsky station during tectonomag-
netic profiling and geomagnetic mapping (Orlyuk &
Romenets, 2020; Korepanov et al., 2004; Maksym-
chuk et al., 2018). However, in contrast to the cited
works, we focused on those operations (critical in
terms of accuracy of measurements), which consti-
tute the whole process of measuring the differences
in geomagnetic induction between points. That is
why the emphasis was also placed on the described
technique, which aimed to ensure the maximum pos-
sible accuracy in determining the geomagnetic in-
duction differences over long time intervals, regard-
less of the time changes of the geomagnetic field.

2 Methods

2.1 The approach to the measurement
of the geomagnetic field induction differences
between the magnetometers’ pillars

We considered the factors that could affect the accu-
racy of determining the between-pillar differences in
the induction of the geomagnetic field. First of all,

this is the temporal variability of the field and the
possible presence of a spatial field gradient where the
magnetometer sensors are located.

We made following obvious assumptions:

1. The spatial image of the geomagnetic field’s in-
duction can be built for one and the same time 7.

2. Temporal changes in each F  reading taken at
the time 7, by the mobile magnetometer can be com-
pensated by time-scaling of the F reading with re-
spect to the selected and fixed reference value F ,
which was recorded by the stationary scalar magne-
tometer at the time 7.

3. Spatial uncertainty of the field’s heterogeneity
(caused by the presence of the spatial gradient) can
be minimized by a choice of a geometric pattern of
mobile measurements around the point of interest,
e.g., the geomagnetic sensor on the pillar.

Let us consider these assumptions in more detail.

1. Spatial image of the field: For every point of the
studied space, it is possible to simultaneously deter-
mine the induction of the geomagnetic field at the
chosen and fixed time 7, (and thus to the absolute
value of the field induction F, which is registered by
the observatory’s stationary scalar magnetometer at
1,). To do this, one should neutralize the field’s tem-
poral variability for the mobile measurements at 7.

It should be noted that this tacitly postulates a lin-
ear approach. For every spatial point, the temporal
changes of the geomagnetic field caused by secular
and daily variations are taken as linear and propor-
tional, discarding the non-linear effects of the field’s
distortion when it changes. Since the daily variations
in the modulus of the field induction vector are small
(no more than ~0.3% of the modulus), this assump-
tion of linearity seems to be acceptable in the range
of the considered time intervals.

2. Compensation for time changes of the geomag-
netic field is that each F, reading of mobile measure-
ments made by the mobile scalar magnetometer at
the desired point in space at any point in time 7 has to
be led (scaled) to a single selected and fixed time .

Although, more precisely, this means scaling all
mobile measurements of Frelative to the fixed value
of the field induction F,, recorded by the stationary
scalar magnetometer of the observatory at .
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Figure 1. The geometry of the mobile measurements to obtain
the field induction in the sensor placement point Z. Measure-
ments are done above (points T1, T2, T3, and T4) at distance
R from the axis Z at height 4, over the sensor; below (B1, B2,
B3, and B4) at distance R, from Z at height 4, lower than the
sensor’s center

For this purpose, two scalar measurement datasets
are used:

« The data of measurements F,, made using the
stationary observatory scalar magnetometer, which is
a mandatory piece of equipment of the magnetome-
ter complex.

« The data of mobile measurements F , made using
the mobile magnetometer near the studied points.

The time-compensated values of F, are obtained
from the equation

F=KxF,, ()

F
where K, = Fm is the space-time-dependent coeffi-

cient of the Va¥iability of the geomagnetic field calcu-
lated from the readings F, and F, of the stationary
scalar magnetometer at the fixed moment 7, and some
arbitrary moment 7z, when the mobile-magnetometer
measurement was done, and F is the reading of mo-
bile measurement made by the mobile scalar magne-
tometer at 7, in a studied point of space.

Let us name the values of the field induction F cal-
culated in this way at the desired points in space as
time-scaled.

The difference of the field between the points of inter-
est (the magnetometers’ pillars) can be obtained as the
difference between their time-scaled field induction.

The chosen value F is a constant relative to which
one should compare the measurements done in dif-
ferent time epochs. Since such temporal scaling pos-
its no special limitations as to the duration or the ex-
act time of mobile measurements (and under the li-
nearity assumption), it seems possible to suggest that
the scaling can be done over large intervals of time,
e.g., months or even years, if one bears in mind the
estimated overall accuracy of the technique and the
class of accuracy of the measuring devices.

3. Error minimization given some spatial gradient of
the field to minimize the overall error of the calcula-
tions is done through a choice of measurements ge-
ometry (Fig. 1). For this purpose, mobile magnetom-
eter readings are taken in more than the one point
(the placement of the sensor Z on the pillar) but in
several points around the device.

We considered it sufficient (to detect the presence
of a gradient) to choose 4 points above the location of
the sensor Z and, accordingly, 4 points below. At the
presence of a noticeable spatial gradient of the field
near the sensor, it is possible to increase the absolute
accuracy if one conducts mobile measurements in more
points around the sensor. The field induction in the
sensor placement point Z, minimized with respect to
spatial errors due to the gradient, is obtained as the
mean of the time-scaled field induction F,around the
sensor, measured with the mobile magnetometer as
shown in Fig. 1.

2.2 The general components of errors
of measurement of the field induction differences

For the following consideration, it is convenient to
regard the geomagnetic field’s temporal variations at
two time scales: the slow drifts (over years or decades)
and fast changes (seconds to hours). Then the mo-
mentary field induction F (r, 7) at the Earth surface in
any point # and at any time 7 can be conditionally
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presented as a sum of two parts, one quasi-stable and
the other changeable:

- — —
F(r,t)=F,(r,t)+F(r,t) (2)

The first component F0(7 , 1) isquasi-stable, not much
dependent on time, and describes the so-called basic
field vector believed to be generated by the outer layers
of Earth core. Over very short geologic time intervals
(day to month), the component shapes an almost time-
stable spatial distribution of the geomagnetic field of the
measurement pavilion, arising primarily from the mag-
netism of the rock and artificial objects located nearby.
Thus we can neglect the temporal dependence of the
component and consider only its spatial dependence.
Then, this component can be presented as a function
of only the spatial coordinates F0(7 ,H = F0(7 ).

The second component Fv(7 , ) represents the fast-
changing field generated by sources in the outer Earth
layers and the geospace. It’s a function that incorpo-
rates the dependency of the field both on the spatial
coordinates and on time. When this component is
measured in point around the sensor with fixed space
coordinates # over some time interval, it can be writ-
ten as the function Fv(7 , )= F(2).

Under these assumptions, the overall evaluation of
the errors of the calculation method can be done as
the field differential Fv(7 , 1) in (2) depending on the
variable variations in this way:

AF(F)=VF(1)-AT+ SRO-AL ()

At geomagnetically calm conditions (as the sim-
plest and best case), the rate of change of the field is

zero or near zero, and we have % F(7) = 0. Then the

overall method error AF (7, 1) is defined by only the
field gradient V F0(7 ) near the point of the sensor
placement Z and the error of the mobile magnetom-
eter positioning during the measurements around the
sensor. But it is also possible that the pillar design or
the gradient in the point Z itself imposes the neces-
sity of measurements in several points above the sen-
sor and below it (Fig. 1).

Under geomagnetically disturbed conditions, when

the rate of change of the field % F (1) is noticeable,

the primary source of the method’s error can be the

mutual imprecision of time points Af between the
times of measurement by the stationary and mobile
magnetometers (their mutual dyssynchrony). The over-
all error AF (¥, 1) will be proportional both to the value

of the mutual dyssynchrony of the measurements by

the magnetometers Af and to the rate % F (1) of the

field change as a measure of its perturbation, giving
> d
AF(r,t)=~— F (1) - At.
(F.0) =2 F 0

Evidently, GPS-synchronization of both the sta-
tionary and mobile measurements allows reducing
the error to zero.

The linearity assumption means that the ratio of
the field induction F, , measured by a mobile magne-
tometer at one point in space, to the field induction
F, simultaneously measured by the stationary scalar
magnetometer of the observatory, should be constant
for all points in space at a fixed time instant ¢.

Using the formula (2) and taking F to be con-
stant, one can roughly evaluate the relative error of
the time-scaled field induction F, as

AR _AF,, AF )
F_F, F

mt st
AF . )
The first summand — is the relative error of read-

ings F, of mobile magne:[ncf)meter measurements. In our
case, it arises mostly from two aspects. The first is the
mutual asynchrony of the measurement times of the
stationary and the mobile scalar magnetometers. The
second is the relative error of measurements of the mo-
bile scalar magnetometer (low accuracy grade magneto-
meter PMP-8). The operator’s reaction time for ma-
nual registration of the measurement time can be neg-
lected under geomagnetically calm conditions.

The second summand AF, in the formula (4) is

St
the relative error F, of the stationary scalar magne-
tometer, including the equipment’s accuracy class.

3 Results
3.1 Measurements in 2015

On the Akademik Vernadsky station, the stationary sca-
lar magnetometer since 2011 has been magnetometer
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POS-1 based on the Overhauser effect. As the mobile
scalar magnetometer, the proton magnetometer PMP-8
was used. This same magnetometer was always used for
standard absolute observations in the observatory.

In 2015, during the 20th Ukrainian Antarctic Ex-
pedition, three series of measurements were carried
out: in September, October and November.

The perturbation of the geomagnetic field in Sep-
tember — November 2015 gradually decreased, as
one can see from the averaged modulus of field chan-

ge rate % F(r, 1) (see Table). Thus, the measurements

in October and November 2015 were done in favora-
ble geomagnetic conditions. This is why in these se-
ries of measurements, the contribution of the error
arising from manual time registration can be consid-
ered the least.

3.2 Measurement error

Rough estimates of measurement error were done
using general considerations as outlined in the pre-
ceding sections.

F
In the expression (4), the relative error — of the

F
stationary scalar magnetometer was determirs{ed both
by its technical characteristics (for POS-1 it can be around
<2.5- 1073 (Khomutov, 2017; Denisova et al., 2002)) and
the specifics of its installation and exploitation. Due to
noticeable POS-1 data noise, minimal filtering (arith-
metic averaging or Gaussian filter) was applied.

Table. The conditions of measurements of the differences
of geomagnetic field between pillars

Measurement d
Ne Month between pillars E Hr, 1
LEMI-008 Ne16,
1 | September POS-1 <60 pT/sec
LEMI-008 Ne16,
2 October Abs. <40 pT/sec
3 | November LEMIX);)S 8 Nelo, <15 pT/sec

Note: Pillar Abs. is the pillar of absolute measurements with
the scalar magnetometer PMP-8 used for the regular absolute
observations.

At field perturbation of <40 pT/sec, typical for
measurement series of the mobile scalar magnetom-
eter PMP-8 in October and November 2015, the

mt

me
ceed approximately ~5 - 10-¢. Tentatively, the value of
the overall relative error of the field differences could
have reached ~2 - 1073 (that is, about ~1 nT).

relative error in the expression (4) could not ex-

3.3 Results of measurements

It was known a priori that in the measurement pavil-
ion near the magnetometer pillars, a field gradient
can exist not specifically studied before.

While measuring the field induction for the pillars
LEMI-008 and POS-1, we followed the layout de-
picted in Fig. 1. The distances R and R, to the verti-
cal axis were the same, ¢. ~75 cm. The heights /2, and
h, (above and below the sensor in question, respec-
tively) were also almost the same, c. ~20 cm.

The layout was far simpler for the pillar of the ab-
solute observations since the magnetometer PMP-8
was installed at its fixed position as always during ab-
solute observations. To reduce the error, the meas-
urements were taken from the PMP-8 magnetometer
for a certain (~1—1.5 minutes) time. The results of
these measurements are shown in Fig. 2.

For convenience, the value 38177.0 nT was cho-
sen as a reference value of the field induction F| for
the time-scaling of all measurements. It should be
noted that for this constant, if necessary, you can
also take another value, respectively, adjusting the
previous results of calculations. This is relevant
when comparing the differences over long time in-
tervals (months or years).

It can be seen that measurements of the field dif-
ferences near the pillar of absolute observations in
the conditions of the least perturbation (October 11
and November 23, 2015) showed acceptable stability
of results. The plot in Fig. 2 also illustrates the overall
errors of converting data obtained from mobile meas-
urements (marked as stars) to time-scaled and time-
independent (black circles).

For the pillar of the scalar magnetometer PMP-8 (the
pillar of absolute observations), we obtained the value
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Figure 2. The measurements taken on October 11, 2015, around the pillar of absolute observations were done in two series (17 h
02 min 00 s — 17 h 02 min 40 s and 17 h 22 min 00 s — 17 h 23 min 10 s). The data of continuous measurements of the scalar
magnetometer POS-1 are marked by "x" on the thin line above. Asterisks on the dash-dotted line indicate the mobile measure-
ment readings. The black circles on the solid bottom line represent the time-scaled field induction. The POS-1 scalar measure-
ment data at the moments of mobile measurements are marked with inverted black triangles on the upper dashed line

of the time-scaled field induction F,, = 38168.5 nT
with the error not above ~0.5 nT (Fig. 2).

For the time-scaled field induction on the pillars
holding the sensors of other magnetometers, we ob-
tained results of varying accuracy.

The measurements confirmed the presence of a gra-
dient near the pillars POS-1 and LEMI-008 Ne16. The
value of the time-scaled field induction for the pillar
holding the LEMI-008 Ne16 sensor can be estimated
as F,,, = 38161.0 nT. The errors of calculations were
caused by the imprecise positioning of the mobile
magnetometer and the flawed manual fixation of
time. In addition, at each of the 8 points around the
sensor, only one measurement was made. That is, we
cannot even use the Student’s t-distribution. From
this, it follows that we can only conclude about the
presence or absence of a gradient. These results indi-
cated the need for careful measurements of the field
inhomogeneity around the pillars in the future.

Thus, a rough value of the difference in the field
induction between the PMP-8 pillar and the LEMI-
008 Ne16 pillarin 2015 could be estimated as A, . =
T~ FLEMI =~8nT.

To obtain more precise results, it is necessary to
conduct measurements using better equipment (e.g.,

a gradiometer with GPS-synchronization of mobile
measurements). Expanding the dataset can greatly
reduce the statistical error of measurements. All ob-
tained data should be appropriately time-scaled.

4 Conclusions

The essence of the proposed method lies in the deter-
mination of the time-scaled field induction (tied to a
fixed time epoch) for every single important point or
pillar bearing measuring equipment sensors. The dif-
ferences in geomagnetic induction between the pil-
lars of the magnetometers are calculated as the dif-
ferences in the corresponding values of time-scaled
field induction.

During the measurements of the differences of the
field induction between the magnetometers’ pillars in
2015, we were able to obtain results of low precision
because we used devices of low accuracy class. The
measurements confirmed the presence of the gradi-
ent near the pillars of POS-1 and LEMI-008 Ne16.
The method can potentially yield more accurate val-
ues of the field induction differences between pillars
if the mobile measurements are GPS-synchronized
and the mobile scalar magnetometer belongs to a
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higher accuracy class than PMP-8. In our opinion,
continued research could contribute to the necessary
objective basis for the treatment of the geomagnetic
data of the Akademik Vernadsky observatory.

To employ the method, one needs two datasets of
scalar measurements of the geomagnetic field induc-
tion tied to the accurate timestamp:

1. A dataset of continuous observatory measurements
F, of the stationary scalar magnetometer, which is a
mandatory piece of equipment of a ggomagnetic ob-
servatory.

2. A dataset of mobile measurements F using a mo-
bile scalar magnetometer around the studied point
(such as shown in Fig. 1).

The measurements are not required to be simul-
taneous since linear interpolation can be applied to
any given point in time. It is necessary only to pre-
cisely synchronize the clocks of both scalar magne-
tometers since this impacts on the final accuracy of
calculations.

When calculating the differences in the field in-
duction between the pillars, it is necessary to indicate
the time epoch and the value of the field induction
F,, taken as a reference value for time-scaling. At the
station, the modulus of the field vector decreases ap-
proximately by ~100 nT over the year, which is why
all mobile measurements a year or more apart should
be time-scaled to the reference value F,.

Measurements according to the described method
can be one of the possible ways to implement the rec-
ommendations of INTERMAGNET on the need to
control possible changes in the magnetic environ-
ment of the measuring pavilion of the observatory of
the Akademik Vernadsky station.

Author contributions. ML: main idea, data analysis,
writing of the article. YO: measurements at Akademik
Vernadsky station.

Acknowledgments. This study was carried out in the
framework of the State Special-Purpose Research
Program in Antarctica for 2011—2020.

Conflict of Interest. The authors declare that they
have no conflict of interest.

References

Denisova, O. V., Denisov, A. Y., Sapunoy, V. A., & Rasson, J.
L. (2002). Additional Measurement Algorithms in the Over-
hauser Magnetometer POS-1. In L. Loubser (Ed.), Proceed-
ings of the X-th IAGA workshop on geomagnetic instruments data
acquisition and processing, Hermanus Magnetic Observatory,
South Africa, April 15-24, 2002, Hermanus Magnetic Observatory,
South Africa (pp. 269—274). http://isgi.unistra.fr/iagaDivV/
docs/TAGA_Workshop_proceedings/XthIAGA ws.pdf

INTERMAGNET Technical Reference Manual, Version 4.6.
(2012). https://www.intermagnet.org/publications/intermag,_4-6.pdf

Jankowski, J., & Sucksdorff, C. (1996). IAGA Guide for Mag-
netic Measurements and Observatory Practice. International
Association of Geomagnetism and Aeronomy, Boulder.

Khomutov, S. Y. (2017). Magnetic observations at Geophy-
sical Observatory Paratunka IKIR FEB RAS: tasks, possibili-
ties and future prospects. VIII International Conference "Solar-
Terrestrial Relations and Physics of Earthquake Precursors" —
E3S Web of Conferences 20, 02002 (2017). https://doi.org/10.
1051/e3sconf/20172002002

Korepanov, V., Milinevsky, G., Maksymchuk, V., Ladaniv-
sky, B., & Nakalov, Ye. (2004). Earth crust deep structure and
dynamics study at the Vernadsky station by geoelectromag-
netic methods — present state and perspectives. Ukrainian
Antarctic Journal, 2, 25—37. https://doi.org/10.33275/1727-
7485.2.2004.590 (in Ukrainian)

Maksymchuk, V. Yu., Chobotok, I. O., Klymkovych, T. A.,
Kuderavets, R. S., Nakalov, E. E, & Otruba, Y. S. (2018). Com-
plex magnetovariational and tectonomagnetic monitoring of
recent geodynamics in the Western Slope of the Antarctic Pe-
ninsula. Ukrainian Antarctic Journal, 1(17), 3—19. https://doi.
org/10.33275/1727-7485.1(17).2018.27

Orlyuk, M. I., & Romenets, A. A. (2020). Spatial-temporal
change of the geomagnetic field: environmental aspect. Geofi-
zicheskiy Zhurnal, 42(4), 18—38. https://doi.org/10.24028/gzh.
0203-3100.v42i4.2020.210670

Received: 19 May 2021
Accepted: 2 June 2021

22 ISSN 1727-7485. Ukrainian Antarctic Journal, 1, 2021, https.//doi.org/10.33275/1727-7485.1.2021.662



M. Leonov, Yu. Otruba: Measurement of geomagnetic induction differences between magnetometer pillars

M. JleonoB*, 0. Otpyda

JepxaBHa ycraHoBa HallioHanbHMIT aHTapKTUYHMI HayKoBUit ieHTp MOH Ykpainu,
M. Kuis, 01601, Ykpaina

* ABTOp 1151 KopecnonaeHuii: g60s1981@gmail.com

BumipioBannsi pi3HuIli reoMardiTHOT iHAYKIii Mi2k TyMOaMi MarHiTOMETpPiB reOMarHiTHON
o0cepBaTopii YKpaiHCHKOI aHTAPKTHYHOI CTaHIIi «AKanemik BepHaacbkmii»

Pedepar. OnvicaHo 0coOIMBOCTI BUMipIOBaHb TPOCTOPOBUX HEOAHOPITHOCTEN MOJIsI MiXX TYMOaMU MarHiTOMETpPiB y BUMipIO-
BaJIbHOMY MaBibHOHI FeOMarHiTHOI odcepBaTopii cTaHilii «AkaaeMik BepHaacekuit» y 2015 potii, a Takox Jesiki nornepenHi
pe3yJIbTaTy LIMX BUMipIOBaHb. BBeIEHO MOHATTSA MacluTaOOBAHOI BEJIMYUHU iHAYKIii TEOMArHiTHOTO MOJIS 711 KOMITEHcallil
YACOBHUX 3MiH PeaIbHOI HAYKIIIl TeOMArHITHOTrO MOJIS Ta MPUBEIEHHS fI0r0 40 OXHOTO OMOPHOrO PiBHS iHAYKLiil. PisHumi
IHIYKIIT T0JI MiXXK TyMOaMU OTPUMYIOThCS SIK Pi3HHUII MacIITaOOBaHMX BEJIMYMH iHAYKIIii FTeOMarHiTHOTO MOJis Ha TyMOax.
MeToauka n103BOJISIE MOPIBHIOBATU OaraTopiyHi psau BUMipIOBaHb HEOJIHOPIIHOCTEM MOJIS Y BakJIMBUX TOUYKAX MPOCTOPY.
TTigBUIIEHHS TOYHOCTI BUMipIOBaHb JIOKAJTbHUX HEOAHOPIAHOCTEM reOMarHiTHOTO I0Jisl Y BUMipIOBaJIbHOMY MaBiJIbIOHI reo-
MarHiTHoI o0cepBaTopii cTaHIlil «AkageMik BepHancbKuii» Ta BU3BHAYEHHs pi3HULIb FTeOMarHiTHOI iHAYKIii Mixk TyMOaMu, Ha
SIKUX BCTAHOBJIEHO TATYMKU MAaTHITOMETPiB, OYJI0 METOIO TaHOTO NociimkeHHsT. OTpUMaHHS YMNCIOBUX 3HAYEHb Pi3HUIIb iH-
IYKIIii TTOJI MiXK TYMOaMu SIK 00’ EKTUBHUX KPUTEPIiB, HEOOXiTHUX JIJIST OLIIHOK TOYHOCTI TaHUX, MPH KiHIIeBiit 00poO1Ii JaHuX
reoMarHiTHoi oocepBaTopii. BukopucTaHO MeTOA MOPiBHSIHHS IBOX PsIIiB JAaHUX, OAWH 3 IKMX OTPMMAHO CKaJSIPHUM MarHi-
TOMETPOM, YCTAHOBJIEHUM B 00CepBaTOpii sIK 000B’SI3KOBUI CTalliOHApHUI NPpUJIaa, a APYruii — IiJ Yyac BUMiploBaHb MOOiIb-
HIM MarHiTOMeTpOM Y MOTPiGHNX TOYKaX TIpocTopy. KoMIeHcallisT 4acoBUX 3MiH TeOMATrHITHOTO TTOJIST IIUTSIXOM MacIITaby-
BaHHS aHUX BUMiplOBaHb MOOUJIBHOTO MarHiTOMETpa BiIHOCHO OJHOTO OMOPHOTO PiBHS iHAYKIII i1, OTXe, TAKUM YAHOM
IpUBeNeHHs iX 10 oxHiel BuOpaHoi it 3adikcoBaHoi yacoBoi ermoxu. CrieliiaibHa FeOMeTpUYHA cXeMa MOGLIbHUX BUMIpIOBAHb
y IIPOCTOPi HABKOJIO TyMO 3 JaTYMKAMK MarHiTOMETPiB a00 Y BasKJIMBUX TOYKAX TTpocTopy. CTaTUCTUIHUI aHAJTi3 O0UMCICHUX
naHux. Ipyba oniHka moxubok metony. Ha ocHOBI aHaizy oTpuMaHMX JaHUX OYJ10 MiITBEpKEHO Mpale3JaTHICTh METOIY Ta
MPUIHSITHY MOTO MOTEHLIHY TOYHiICTh. OTpUMaHO TPUOJU3HI YMCIOBI BEJTUUMHM Pi3HULL iHAYKIIT TeOMarHiTHOTO IOJIst
MiX TyMOaMM, Ha SIKUX BCTAHOBJIEHO JAaTYUKKU MarHitoMmeTpiB. [lonanbiie miABUIIEHHS TOYHOCTI BUSHAYEHHS LIUX Pi3HULLb
MOJIMBE MPU 3aCTOCYBaHHI Cy4YaCHUX MPUJIAJiB MiABUILIEHOTO KJIACy TOYHOCTI Ta pU 3actocyBaHHiI GPS-cunxpoHizanii Mmo-
OiLTbHUX BUMipIOBaHb.

KuniouoBi cjioBa: rpajiieHT reoMarHiTHOIO MmoJisi, KOMIIeHcallis YacCOBUX 3MiH MOJIsl, MaclluTaboBaHa iHaYKIIisl TTOJIs, ITiABUILEH-
HSI TOYHOCTI BUMipIOBaHb FTeOMarHiTHOTO OISt
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