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THE METHODS FOR CALCULATION OF DECLINATION (D)
FOR SPACED OF MAGNETIC OBSERVATORIES

Abstract. Calculations of the base values of the geomagnetic declination from the experimental data and from
the data computed from various modern geomagnetic field models for spaced of geomagnetic observatories are
presented: «Almatinskaya» (AAA) [43.25° N; 76.92° E] Institute of the Ionosphere, Almaty, Kazakhstan; «Kluchi»
(NVS) of the Russian Academy of Sciences, Novosibirsk, Russia [54.85° N; 83.23° E]; «Irkutsk» (IRT) of the
Institute of Solar-Terrestrial Physics of, Irkutsk, Russia [52.17° N, 104.45° E]. The characteristics of the results of
the study of the time course and the spatial distribution of the values of the geomagnetic declination are given. The
estimation of accuracy of calculation of geomagnetic declination by modern models of a geomagnetic field is
presented. It is shown that the values of geomagnetic declination for spaced of geomagnetic observatories AAA,
NVS, IRT from observed observational data change their values by years, so for AAA and NVS there is an increase,
and for IRT the decrease in the values of geomagnetic declination. For NVS and AAA, geomagnetic declination
moves eastward, and for IRT in the west. It is shown that the performed calculations of geomagnetic declination for
two models International Geomagnetic Reference Field and World Magnetic Model for the coordinates AAA, NVS
and IRT agree well with each other over the years, with small differences in seconds; the geomagnetic declination
values for AAA increase in years with a gradient of about 0.6 min/year, for NVS decrease with a gradient of about
1.6 min/year, for IRT decrease with a gradient of about -4.5 min/year; model-calculated geomagnetic declination for
AAA and NVS have an eastern direction, and for IRT, the western direction.
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1. Introduction. The geomagnetic declination is of fundamental economic technical and practical
importance which defines great interest to this element of the geomagnetic field in many sectors of the
national economy and in science. The geomagnetic declination D is designed to orientate the movement of
objects in space and used to solve various scientific and production problems, e.g. during construction of
nuclear and hydraulic power plants, power lines, undergrounds, for preparation of air navigation charts.
The magnetic declination changes with time and in space, of which account must be taken during accurate
determination of magnetic azimuths of headings. To obtain reliable information about the declination D
for any area it is necessary to have the data on declination at several ground points (stations) [1,2]. The
best option is to resume an observation program at the secular variation points (SVP) within the Republic
of Kazakhstan. But because the resumption of the SVP involves some difficulties, calculations of D using
the geomagnetic field models can be used, e.g., IGRF (International Geomagnetic Reference Field), and/or
other more detailed models. To solve the problems of high-precision navigation of a moving object it is
necessary to know two types of initial data at each trajectory point: 1) position of an object (current
coordinates); 2) direction of movement. The first type of data, current coordinates of an object, is provided
using the satellite navigation system. The second type of data, direction of movement, is usually
determined based on measurement of azimuth with respect to position of the north geomagnetic pole. The
coordinates of geomagnetic pole do not remain constant — they drift over time, hence, an error is
introduced into the azimuth value. Position of the north magnetic pole (NMP) according to Olsen model
CHAOS (A Model of Earth's Magnetic Field derived from CHAMP), confirmed by ground surveys is
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shown in figure 1 [3]. Forecast of the NMP position for the next few years is made based on the
assumption that the average speed and direction of the NMP movement did not change after 2007.
Direction of geomagnetic pole relative to geographic one at each point of the Earth is determined by the
value of the geomagnetic field declination, and this value is measured in geomagnetic observatories with
high precision by state-of-the-art magnetometers. Multi-year measurements of declination D, which are
conducted by magnetic observatories, show that the magnetic declination varies over time. For example,
in the observatory of Pleschenitsy (Belarus) the declination increased from D = 5° 02.7' to D = 7° 07.7'
(1960+2006); in the observatory of Belsk (Poland) the declination increased from D = 2° 04.2' to D = 4°
37.7' (1996+2005); in Irkutsk (Russia) the declination from the east in 1887 D = +2° 24' crossed a zero
value in 1934 moved westward in 2001 D = -2° 24' [1].
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Figure 1 — The NMP position according to direct measurements (blue circles), data computed from
the geomagnetic field model CHAOS (red cubes), forecasted position (green cubes) for the next few years [3]

Accordingly, account is taken of the changes in the magnetic declinations during precision navigation
to reduce errors during determination of azimuth. All modern navigation charts contain information on the
amount of declination of the geomagnetic field. Due to the geomagnetic pole drift these charts should be
updated. In addition, for precision navigation of aircrafts, the leading international airports regularly take
measurements of the geomagnetic field declination. When it is impossible to obtain reliable information
on declination D for any area under field conditions, computation of the geomagnetic declination from
geomagnetic field models can be used. The geomagnetic field models make it possible to calculate
magnetic field of the Earth and its components in certain coordinates in view of various sources of the
field [4-14]. There are several such models, let us provide the most well-known ones of these:
International Geomagnetic Reference Field (IGRF) http://www.ngdc.noaa.gov/IAGA/. IGRF model
represents the main field without external sources. Coefficients used in IGRF models are based on various
data, such as: geomagnetic measurements taken by observatories; aerial photography data [9-12]; World
Magnetic Model (WMM) http://www.geomag.bgs.ac.uk. The WMM is the standard model used by the
U.S. Department of Defense, the U.K. Ministry of Defence, the North Atlantic Treaty Organization
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(NATO) and the International Hydrographic Organization (IHO) when solving scientific-production
problems [13,14]. The goal of this work is to describe the methods for calculation of geomagnetic
declination (D) for spaced of magnetic observatories.

2. Calculations of declination D base values based on experimental data obtained at spaced
geomagnetic observatories

Magnetic observatories provide information about the geomagnetic field using the data of variation
stations, the sensors of which are relative instruments with rather narrow measuring range. Absolute
values of variations are occasionally determined by carrying out the fundamental observations through
which reveal the base values in nT of zero stresses in the measuring channels of digital stations [15-21].
For example, the adopted values in the observatory of Irkutsk are the intervals of constant base values with
jerks between these intervals. In the observatory of Novosibirsk, the observable data are approximated by
smoothing spline (between jerks). In the geomagnetic observatory ‘“Almatinskaya”, obtaining of
“adopted” base values is the approximation of initial data by some function that most optimally reflects
the behavior of the base lines. The parametric approximation is used, the function type is determined in
advance, the objective is to select the optimum coefficients. Base values are computed using the following
equations: X=FcoslcosD, Y=FcoslsinD, Z=Fsinl,

where X — northern component, Y — eastern component, Z — vertical component, F — total field
intensit (vector field amplitude), I — inclination (the angle between the field vector and the horizontal
plane measured downwards from horizontal axis). Calculations based on the results of observations in
observatories also consist of calculation of the average angles and determination of the declination in

angular minutes using the equation:
Yi
Di=atan| — |,
Xi

where D — declination of the geomagnetic field (the angle of the horizontal component the field from true
north, measured clockwise).

To obtain actual values of declination D three spaced geomagnetic observatories, IMOs members —
“Almatinskaya” geomagnetic observatory [43.25°N; 76.92°E] of the Institute of lonosphere, Almaty, RK;
“Kluchi” geophysical observatory of the Russian Academy of Sciences (RAS), Novosibirsk, RF [54.85°N;
83.23°E]; “Irkutsk” geomagnetic observatory of the Institute of Solar-Terrestrial Physics of the RAS,
Irkutsk, RF [52.17°N, 104.45°E].

In “Almatinskaya” geomagnetic observatory (IAGA code AAA), observations of declination D are
made by Lemi-203 ferrobprobe declinometer based on 3T2KP theodolite. To obtain absolute values of the
geomagnetic field from variation data it is required to add the values of basic levels of variometers to
variations. At Novosibirsk complex magnetic ionospheric station (“Kluchi” geophysical observatory)
(IAGA code NVS), declination D observations are conducted by ferroprobe (declinometers-inclinometers)
magnetometers based on non-magnetic Theo020B and 3T2KP theodolites. The observational technique for
declination D is standard. Elements used in computation of the average annual values of declination D for
geophysical observatory NVS are components X, Y, Z of the geomagnetic field. In “Irkutsk” geomagnetic
observatory (IAGA code IRT), observations of declination D are made by THEO-010A and Lemi-203
ferroprobe declinometers/inclinometers. Elements used in computation of the average annual values of
declination D for IRT are H, D, Z (H-horizontal component; D-declination; Z-vertical component of the
geomagnetic field). Actual values of D obtained using the data of geomagnetic observatories AAA, NVS,
IRT for the period of 2005-2017 are shown in table 1.

Thus, the actual values of geomagnetic declination D for spaced geomagnetic observatories
“Almatinskaya”, “Kluchi”, “Irkutsk” for the period 2005-2017 were found as a result of calculations. Let
us note that the obtained values of declination D for NVS and AA are positive, and values of declination D
for IRT are negative. This suggests that declinations D for Novosibirsk and Almaty move eastward and
declinations D for Irkutsk move westward. The declination calculation results based on observatories’
observed data show changes in values D by years, thus, there was an increase in values D for AAA and
NVS and decrease for IRT.
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Table 1 — Average annual values of geomagnetic declination D obtained
from experimental data at geomagnetic observatories AAA, NVS, IRT

AAA NVS IRT
The Republic of Kazakhstan Russia Russia
Year (43.25°N;76.92°E) (54.85°N;83.23°E) (52.17°N;104.45°E)
D Elements D Elements D Elements
deg min deg min deg min

2005 446.6 XYZ 826.5 XYZ -248.7 DHZ
2006 447.5 XYZ 8239 XYZ -2534 DHZ
2007 447.8 XYZ 8§22.2 XYZ -257.5 DHZ
2008 449.2 XYZ 820.6 XYZ -3 02.0 DHZ
2009 4512 XYZ 818.9 XYZ -3 06.6 DHZ
2010 452.6 XYZ 817.7 XYZ 3114 DHZ
2011 452.9 XYZ 816.2 XYZ -315.6 DHZ
2012 457.0 XYZ 816.2 XYZ -316.8 DHZ
2013 50.0 XYZ 816.2 XYZ -325.2 DHZ
2014 53.6 XYZ 816.2 XYZ -328.8 DHZ
2015 554 XYZ 816.2 XYZ -3324 DHZ
2016 572 XYZ 815.0 XYZ -339.0 DHZ
2017 59.0 XYZ 813.8 XYZ -347.4 DHZ

3. Calculations of declination D from the modern models of the geomagnetic field for spaced
geomagnetic observatories

It is known that the general geomagnetic field is composed of several magnetic fields generated by
various sources. These are the main field which is formed by the sources in the Earth’s liquid outer core, it
changes very slowly; the field of magnetic anomalies of the Earth’s crust, the changes are very slow; the
external fields caused by currents in the ionosphere and magnetic sphere of the Earth, the changes are very
rapid; the field of electric currents in the Earth’s crust and Earth’s external mantle, currents are formed
during changes in the external fields, the changes are rapid; ocean currents also have their effect. The
modern models of the magnetic field make it possible to calculate slow (secular) variations without regard
for very rapid changes caused by solar activity. The modern models also do not take into account the
magnetic anomalies. But because the magnetic anomalies are few, and the majority of the main
components of the geomagnetic field are subject to slow (secular) variations, the accuracy of geomagnetic
parameters computed from models is quite high. Thus, accuracy in computations of the geomagnetic
declination obtained by IGRF and WMM models is about 0.5° (30") [17, 19]. In view of the foregoing, two
models of the geomagnetic field were picked to calculate the declination D for spaced geomagnetic
observatories. The average annual values of declination D for geomagnetic observatory AAA [43.25°N;
76.92°E], geophysical observatory NVS [54.85°N; 83.23°E] and geomagnetic observatory IRT [52.17°N;
104.45°E] were computed with IGRF and WMM models for the period of 2005-2017.

Table 2 shows the values of declination D for geomagnetic observatories AAA, NVS, IRT received
from computations using two models IGRF and WMM for the period of 2005-2017. Both models showed
that D for AAA increase with a gradient of about 0.6 min/year, positive values of D point to eastward
declination for calculation site coordinates. The values of magnetic declinations for NVS observatory
decrease with a gradient of about 1.6 min/year, positive values of declination D point to eastward
declinations for calculation site coordinates. The values of geomagnetic declinations for IRT reduce with a
gradient of about -4.5 min/year, the negative values of D point to westward declination for calculation site
coordinates.

Thus, the average annual values of geomagnetic declinations D (2005-2017) for coordinates of AAA,
NVS and IRT observatories computed with two models (IGRF and WMM) correlate well with each other
by years, with minor variances in seconds. Model calculations also showed that the average annual values
of geomagnetic declinations D for geomagnetic observatory AAA increase by years with a gradient of
about 0.6 min/year, for geomagnetic observatory NVS decrease with a gradient of about 1.6 min/year, for
geomagnetic observatory IRT decrease with a gradient of about -4.5 min/year. The geomagnetic
declinations for AAA and geomagnetic observatory NVS are eastern (positive) and geomagnetic
declinations for IRT are western (negative).
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Table 2 — Model calculated average annual values of D for geomagnetic observatories AAA, NVS, IRT
for the period of 2005-2017

AAA NVS IRT
The Republic of Kazakhstan Russia Russia

(43.25°N;76.92°E) (54.85°N;83.23°E) (52.17°N;104.45°E)

Year IGRF WMM IGRF WMM IGRF WMM
D D D D D D
deg min deg min deg min deg min deg min deg min
2005 | 445.7 446.2 840.0 8 40.0 -254.3 -252.7
2006 | 446.3 446.9 8383 8383 -2 58.7 -257.0
2007 | 446.9 447.6 836.5 836.5 -303.2 -301.7
2008 | 447.6 448.2 834.7 834.8 -3 07.6 -3 06.2
2009 | 448.2 4489 832.9 833.0 -312.1 -310.7
2010 | 4 48.9 449.7 831.2 831.3 -3 16.6 -315.2
2011 | 449.7 450.3 829.9 829.6 -320.6 -319.6
2012 | 453.5 4549 830.9 830.5 -3245 -323.6
2013 | 455.7 457.1 830.7 830.4 -3283 -327.5
2014 | 457.8 502 8 30.5 830.2 -332.2 -335.9
2015 | 459.9 509 830.2 830.3 -3 36.1 -339.5
2016 | 52.4 535 830.7 830.6 -338.9 -342.9
2017 | 549 562 831.2 831.0 -341.6 -346.5
4. Comparative analysis of the results of D declination calculation based on experimental

geomagnetic data and various modern models of the geomagnetic field

Experimentally calculated values of declination D show that the geomagnetic declination varies in
space most strongly. Thus, values of declination D for various coordinates may differ relative to each
other by 1.5-2 times. For example, for coordinates of “Almatinskaya” observatory D= 4°46.6', and for
coordinates of “Kluchi” observatory D =8°26.5' (table 1). The values of geomagnetic declinations D found
as a result of calculations using IGRF and WMM models (table 2) also show that D may vary significantly
at spaced ground points.

The geomagnetic declination D also varies over time. Analysis of data received from observatories’
observations showed that for the period of 2005-2017 the values of geomagnetic declinations D for
geomagnetic observatory AAA increased from 4°46.6' in 2005 to 5°09.0' in 2017; for the same period the
values D for NVS reduced from 8°26.5' to 8°13.8"; D for geomagnetic observatory IRT went down from -
2°48.7' in 2005 to -3°47.4' in 2017 (table 1). According to the data obtained based on model calculations,
the values of geomagnetic declinations D for geomagnetic observatory AAA increased by 4.0 min (IGRF)
and 4.1 min (WMM) (table 2); for the same period D for geomagnetic observatory NVS reduced by
10.1 min (IGRF) and by 10.4 min (WMM) (table 2); D for IRT reduced by 26.3 min (IGRF) and by 26.9
min (WMM) (table 2). Let us note that the values of geomagnetic declinations D obtained as a result of
computation from IGRF and WMM models correlate well with the data obtained by observatory’s
observations (table 1).

It is known that per each 1 km of the line length (topographic map) deviation of 1° gives 17.5m.
Consequently, deviation of 0.2+4.0 min gives 0.06+1.16 m; 4.0~6.0 min — 1.16+1.75 m; 13.0~15.0 min —
3.8+4.4 m [1,2]. Thus, calculations of declinations D for spaced points using IGRF and WMM models
result in insignificant variances of about 0.06+4.4 m from actual observatory data. The geomagnetic
declinations D obtained based on WMM model more accurately reflect the real picture of changes D,
since model calculated declinations D are more close to the values calculated based on observatory’s
observations. The above given calculations of D confirm high accuracy of D calculation based on IGRF
and WMM models. For example, accuracy of magnetic declinations received based on this model for
coordinates of observatory AAA is up to 4 min (0.07°), for observatory NVS is up to 15 minutes (0.25°),
for observatory IRT is up to 6 min (0.1°).

5. Conclusion. Thus, the average annual values of the geomagnetic declinations D were obtained for
spaced geomagnetic observatories “Almatinskaya”, “Kluchi”, “Irkutsk” for the period of 2005-2017. The
results of declination calculations based on observatories’ observed data show changes in values D by
years, and so, there was an increase for AAA and NVS and decrease of the values of the geomagnetic
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declination D for IRT. The geomagnetic declinations move eastward for NVS and AAA and westward for
IRT. Performed calculations of the geomagnetic declinations D using two models IGRF and WMM for the
period of 2005-2017 for coordinates AAA, NVS and IRT showed that the values D correlate well with
each other by years, with minor variances in seconds; the values of the geomagnetic declinations for AAA
increase by years with a gradient of about 0.6 min/year, for NVS decrease with a gradient of about
1.6 min/year, for IRT decrease with a gradient of about -4.5 min /year; model calculated geomagnetic
declinations for AAA and NVS are directed eastward and for IRT are directed westward. Comparison
analysis of experimental and model calculated values D showed that the values D for spaced objects
obtained based on IGRF and WMM models correlate well with the values D calculated based on
observatory’s observations. Spatial and temporal heterogeneity of the geomagnetic declinations was
confirmed. The values of the geomagnetic declinations D obtained based on experimental observatory data
and computations from IGRF and WMM models show that D may vary considerably at spaced ground
points by 1.5-2 times relative to each other. For example, for coordinates of “Almatinskaya” observatory
D=4°46.6', and for coordinates of “Kluchi” observatory D = 8°26.5'. The geomagnetic declination D also
varies with time. The values of magnetic declinations obtained from observatory observations show that
for the period of 2005-2017 the values of the geomagnetic declinations D for AAA increased; for the same
period for NVS and IRT reduced. According to the data received based on model calculations, the values
of the geomagnetic declinations D for AAA increased by 4.0 min (IGRF) and by 4.1 (WMM); for the
same period for NVS D went down by 10.1 (IGRF) and by 10.4 (WMM); for IRT D went down by
26.3 min (IGRF) and by 26.9 min (WMM). The WMM model of the magnetic field more accurately
reflects the real picture of the changes in the geomagnetic declinations, since the values of the
geomagnetic declinations D obtained from computations based on it are more close to actual observatory
data. The values D obtained from computations based on IGRF also have minor discrepancies with the
actual observatory values D. Data analysis showed that the accuracy of calculation based on IGRF and
WMM models is very high, thus, the accuracy of the magnetic declination in these models for coordinates
of observatory AAA is up to 4 min (0.07°), for observatory NVS is up to 15 min (0.25"), for observatory
IRT is up to 6 min (0.1°). Hence, it might be advisable to use both models IGRF and WMM for
calculations of D in any areas (except for abnormal ones), when it is impossible to measure declinations D
with a site visit. However, it is worth noting that the models of the magnetic field reduce the accuracy of
calculated geomagnetic parameters over the years (by the end of a time interval given in the models).

The work was performed under project PH 0118PK00799 as part of special purpose scientific and
technical program 0.0799.

0. H. CoxogoBa, C. H. MykameBa
HoHochepa HHCTUTYTHL, ¥ITTHIK FAPBIIITHIK 3epTTEYJIep MEH TEXHOJIOTUsIIap OPTaNIbIFbl, AnMatsl, KasakcTan

KEHICTIKTIK TAPATBIJIFAH MAT'HUTTIK OBCEPBATOPUSIJIAP YIIIH
IF'EOMATHUTTI KEMY I (D) ECEIITEY 9IICTEPI

AnHoTanusi. ['€OMarHuTTi aybITKYIbIH SKOHOMHUKAIIBIK-TEXHUKAIBIK JKOHE MPAaKTUKAIBIK MaHBI3bI 30D, Oy
XaJIBIK IIapyallbUIbIFBIHBIH KONTEreH calanapblHIa KoHE FBUIBIM/IA T€OMarHUTTI OpiCTiH OCHI JJIEMEHTIHE YIIKEeH
KBI3BIFYIIBUTBIKTHI aHBIKTalHIbl. D TeOMarHuTTiK TOMEHAEY KEHICTIKTe 0OBEKTUICPIiH KO3FAIBICHIH OaFraapiay yIIiH
KbI3MET eTell J>KOHE OpTYpJi FBUIBIMHM J>KOHE OHJIPICTIK MIHAETTEpAi UIenly Ke3iHjAe, MbICAJbI, aToM J>KoHE
THUIPOANIEKTPOCTAHIIUSUIAPEIH, AJIEKTp Oepy JKeiiepiH, METPONMOIUTECHACPAl calny Ke3iHZAe, a’pOHABUTALUSIIBIK
KapTajapzpl XKacay YIIiH maiinanaHeriansl. MarHATTIK TOMEHICY YaKbIT aFbIMBIMEH JKOHE KCHICTIKTE e3repeni, Oyt
GarpITTapAbIH MAarHUTTIK a3WMYTTapblH HAKTHI aHBIKTay Ke3iHIE ecKepy Kaxer. D TemeHmey Typambl CEeHIMIL
aKmapar ayy YIIiH Ke3 KelreH ayMak YIIiH OipHemie >Kep MyHKTTepiHAe (HYKTeIepiHIe) TOMEH TYCy >KOHIHZETi
nepekrep Oomysl KaxkeT. EH kakcel Hycka-Kaszakctan PecmyOnmmkachIHBIH ayMarblHIA FaCBIPIBIK JKYPIC
MYHKTTEpiHAeri Oakpliay OariapiaMachlH JKaHapTy. bipak facelp Kypici HYHKTTEpiH >xaHaprty Oeinrini Oip
KUBIHABIKTapMeH OaiIaHbICThl OOJFAHIIBIKTaH, T€OMArHUTTI epic yiriinepi OoibiHma D ecenrepin, mbicansl Igrf
(International Geomagnetic Reference Field) reomarHuTTi epic XajblKapajiblK aHBIKTAMAJBIK MOJIEINI KoHe/HeMece
Oacka J1a erKker-Terkeisi Moenbep OolbIHIIA Maiiiananyra 0oabl.

Kosranbictarel  OOBEKTIHIH JKOFaphl  JOJIAIKTETI HaBUrauus MIHAETTEpiH Iy VIIiH — KO3FaJIbIC
TPaeKTOPUSCHIHBIH 3pOip HYKTECiHAE OacTanKbl IepeKTepliH eKi TypiH Oury KakeT: 1) 0ObeKTiHIH OpHaJacKaH kepi
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(aFpIMIOarel  KOOpAWMHATTAp); 2) Ko3fausic OarbIThl. Jlepektepain Oipinmi Typi, OOBEKTIHIH arbIMIarbl
KOOpAMHATTaphl CITyTHUKTIK HaBUTaIVUIBIK JKYHeNnepliH KeMeriMeH KaMTamachi3 erineai. ExiHmi mepexrep Tuii,
KO3FaJIbIC OarbIThl, 9JIETTE, CONTYCTIK F€OMAarHUTTIK IMOJIOCTIH JXaf/lailblHa KaTbICThl a3MMYTThl OJILIEY HeETi3iHje
aHBIKTANA/bl. ['€COMarHUTTI MOJIOCTIH KOOPIUHATTAPHI TYPAKThI OOJIBIN Kajla OepMelii-yaKkpIT 6Te Keje ApeidyIoT,
THiCIHIIE a3uMyT KesiemiHe kare enrisiieni. Oncen CHAOS (CHAOS (A Model of Earth's Magnetic Field derived
from CHAMP) mMopneniHe coiikec CONTYCTIK MarHUTTIK ITOJIFOCTIH OPHBI.

I'eomarHuTTi MoONIOC OArbITHl JKEpAiH opOip HYKTeciHzeri reorpadusuiblk >XarblHAH TEOMarHWTTI OpiCTiH
TOMEHJIEY IIaMachIMEH aHbBIKTAIabl KoHEe OYJI IIaMa >KOraphbl JIQJIAIKIIEH TeOMarHUTTI oOcepBaTopusuiapia Kasipri
MarHUTOMETPIICPMEH OJIIICHE]I].

OCBI KYMBICTBIH MaKcaThl KEHICTIKTIK-TapaThUIFaH MarHUTTIK 0OCcepBaTOpysIap YIIiH reoMarHutTTi kemymi (D)
€cerTey SMiCiH cumaTTay OOJBIT TaOBIIabL.

DKCIEPUMEHTAIABI ACPEKTEp OOMBIHIINA JKOHE KEHICTIKTIK-TapaThUIFAH T'€OMAarHWTTI 00CEpBAaTOPHSIIAD YINiH
OpTYp:Il Kasipri 3aMaHFbl MOJCIbBIACP OOWBIHIIA €CENTEAreH I'e€OMarHWTTI epic aepeKkTepi OOMbIHIIA T€OMAarHHUTTI
ayBITKYIBIH Oa3aibIlk MOHJIEpiHIH ecenTepi YChIHBUIFaH: «AnMmatuHcKas» (AAA) [43.25°N; 76.92°E] Nonocdepa
UHCTUTYTHL, AJjmatbl K., KP; Peceit Frubiv axanemumsiceinbiy (PFA)  «Kimoun» (NVS)  reodusukaibik
obcepBaropuscel, HoBocubupck k., PO [54.85°N; 83.23°E]; Kyn-XXep ¢usukacs! uncturytbinbiy «Mpkyrck» (IRT),
Upxytck K., PO [52.17°N, 104.45°E].

"AnmarnHckas" reomarauTTi oocepBaropusiceinna (IAGA koxst AAA) 3T2KII reogonut 6a3zaceiaga Lemi-203
(eppo3oHaBl  IEKIMHOMETpMEH D  KucaloblH Oakpuiaynsl Okyprizeai. HoBocuOMpCK —KemieHAi MarHMTTi-
nonocdepansik crannmsiceiHga ("Kmoun" reodmsukansik obcepBatopusicel) (IAGA xomer NVS) D xucaroba
OaxpUIayapl Geppo3oHIs! (mekamHOMeTprep-uHKImHOMeTpaep) MarHUTTI Theo020B xone 3T2KII Teomomutrep
0a3zacpIHIa MarHUTOMETpIIepMeH Kyprizexi. ['eomarautti oocepBaTopmsce "UpkyTtck" (IAGA xomer IRT) xyprizeni
*oHe Oakpuiay ©3iH D ¢deppo3onmoBbiMu aekinHoMeTpamu/unkinHoMerpaMn THEO-010A sxone Lemi-203. 2005-
2017 xsuimap apansirsiaga AAA, NVS, IRT reomarHuTTi 00CepBaTOPUsIIAPBIHBIH AepeKTepi OOMbIHIIA anbiHFaH D
HaKThl MOHJIEPI.

['eoMarHUTTIK aybITKy MOHAEPIHIH YaKbITIIA JKYPICIH JKOHE KEHICTIKTIK TapalyblH 3epTTey HOTHIKellepiHe
cunatrama O6epinai. ['eoMarHuTTi ©picTiH Ka3ipri 3aMaHFbl MOJIENbEPIMEH FEOMAarHUTTI ayBITKYbIH €CeNTey AQJIITiH
Oaranay ycbIHbUIFaH. bakplianran o0cepBaTopiiblK aepektep Ooitbiama AAA, NVS, IRT keHICTIKTIK - TapaThblUIFaH
TEOMAarHuTTIK Oo0cepBaTOpHsUIap VINIH TE€OMAarHUTTI aybITKyJapAblH MOHJAEpl >KbulIap OOMBIHINIA €3 MOHIH
@3repTeTiHi KepceTiireH, coHnbIkTal AAA s>xaHe NVS ymin yirato, an IRT yiriH reoMarHuTTi aybITKy MOHIEPIHIH
azatobl OpbIH anaabl. NFS sxone AAA yIIiH reOMarHUTTIK aybITKyJap MWIFbIC OarbiTTa, an IRT ymin Garbic 6arpITTa
Keupkuabl. AAA, NVS sxone IRT xoopmunarraper ymid igrf xone WMM eki yiarici OOHBIHIIA T€OMAarHHUTTI
AyBITKYJIApBIH OpBIHIAJFAH €cenTepl CeKyHATa a3 aibpMAIIbUIBIKTapbl 0ap KeUIgap OOMBIHIIA e3apa >KaKCh
kemicimemi; AAA YIIIH T€OMarHWTTI ayBITKyJNapOslH MoHAepi mamamer (0.6 MHH/KBUI TPagueHTIMEH >KbUIAAP
OofipiHIa yirasael, NVS yiriH mramamed 1.6 MuH/AKBUI TpamueHTiMeH aszasiael, IRT ymiiH perti rpamueHTIICH
asasnpi-4.5 mus/%bUT, AAA xone IRT yirin Mogensai ecenrenrer reoMarautti NVS mbirsic 0arbiThl 6ap, ain IRT
0aThIC YIIIiH.

Tyiiin ce3mep: reoOMarHuTTi TOMEHIEY, SKCIIEPUMEHTTIK JIEPEKTEp, SJIEMIIK MarHUTTIK MOJAEIbBIEP.

0. U. Coxonora, C. H. MykameBa

Huctutyt nonocdepst, HarmoHamsHbIN EHTP KOCMHYECKUX HCCIICIOBAHUI
" TeXHoyorui, r. AnMarel, Kazaxcraun

METO/IbI PACYHETA TEOMATHUTHOI'O CKJIOHEHMUS (D) .
JJIS1 NIPOCTPAHCTBEHHO- PASBHECEHHBIX MAT'HUTHBIX OBCEPBATOPUU

AHHoOTanMsl. ['eOMarHuTHOE CKIOHEHHE MMEET BaXKHOE YKOHOMHUKO-TEXHHYECKOE M MPAKTHYECKOE 3HAueHHE,
4TO OIpezAesseT OONBIION MHTEpeC K 3TOMY 3JEMEHTY I'€OMAarHUTHOTO IOJIi BO MHOTHMX OTPAaciisiX HapoJHOTO
XO035MCTBa U B HayKe. I'eomaruutHOE ckioHeHue D CIIYXKUT IJI1 OPUCHTUPOBKU ABUKCHUSA 00BEKTOB B IMPOCTPAHCTBE
1 UCHOJIB3YCTCA NPHU PCHICHUU pa3IMYHbIX HAYYHBIX W MPOU3BOJACTBCHHBLIX 3a/ia4, HAIIPUMEDP, IIPpHU CTPOUTCIILCTBE
QTOMHBIX M THIPO3JEKTPOCTAHLMH, JIMHUHA  3JIEKTpONEpenady, METPOIOJIMTEHOB, JJsI  COCTaBIICHUS
a’POHABUI'ALIMOHHBIX KapT. MarHUTHOE CKJIOHEHHWE M3MEHSETCS C TEYEHHEM BPEMEHH M B IPOCTPAHCTBE, UTO
HEOOXOAMMO YYHMTHIBaTh INPH TOYHOM OIPEJENICHHHM MAarHUTHBIX a3UMYTOB HampasieHuil. [lns mosydeHus
JOCTOBEPHOI MH(POPMALMK O CKIOHEHUH D i mr060it TeppUTOpUH HEOOXOAMMO UMETh aHHBIE 110 CKJIOHEHHIO B
HECKOJIBKUX TyHKTaX (TOYKax) MecTHOCTH. Jlydummii BapumaHT — 3TO BO30OHOBIICHHE Ha TeppUTOpHH PeciryOmmku
KaszaxcraH nporpammbl HaOOIeHMI HA IyHKTax BEKOBOro xonxa. Ho Tak kak BO30OHOBJIEHHE ITYHKTOB BEKOBOT'O
XO0Jla CBS3aHO C ONPEACJICHHBIMU TPYIHOCTSIMHU, TO MOXHO HCIOJIB30BaTh pacdeTsl D 1Mo MozpensM reoMarHUTHOTO
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noJjist, Harpumep, MexayHapoanas CrpaBounas Mogens ['eomarautHoro ITonst IGRF (International Geomagnetic
Reference Field) u/unu npyrue 6osiee neTanbHbIM MOJIEIISIM.

I[J'IH peuicHuA 3agayd BBICOKOTOYHOM HaBUraguu JABHXXYIIETOCH O6'I)€KTa HCO6XOZ[I/IMO 3HaTh B Ka)KZ[OfI TOUYKE
TPAaEeKTOPUU JBIKCHUs JBa THIA HMCXOJAHBIX JAHHBIX: 1) MECTOIOJIOXKEHUE OOBbeKTa (TeKyline KOOPIHHATHI);
2) HanpaBlieHHe IBIKEHUs. [IepBblil THIT JaHHBIX, TEKYNIHE KOOPIUHATHI 00bEKTa, 00ECHEeYMBACTCS C MOMOILBIO
CIIyTHUKOBBIX HaBHUTALMOHHBIX CHCTEM. BTOpOIi THIT TaHHBIX, HAIIpaBJIEHUE JBIDKEHUS, KaK IPaBHIIO, OTIPENeIIseTCs
Ha OCHOBE M3MEpEHHs a3MMyTa OTHOCHUTEIBHO IIOJIOKEHUS CEBEpHOI0 TI'€OMAarHMUTHOro Ioioca. KoopauHatsl
TEOMAarHUTHOTO TIOJIFOCA HE OCTAIOTCS MOCTOSHHBIMU — Jpei(yroT co BpeMeHeM, COOTBETCTBEHHO BHOCHUTCSI OIIMOKa
B BENMUYUHY azuMmyTa. [lookeHne ceBepHOTO MarHUTHOTO Toitoca, coriaacHo moaenn Oncena CHAOS (A Model of
Earth's Magnetic Field derived from CHAMP, noarBep:xaeHHOM Ha3eMHBIMH UCCIICIOBAHISIMH.

HanpaBnenne Ha TEOMAarHWUTHBIA TOJMIOC OTHOCHTEIBHO TeorpadMuecKoro B KaXAOH Touke 3eMiH
OTIpeNeIsIeTCsl BEIMYNHONW CKIOHEHHS T€OMAarHUTHOTO IOJIS, M T4 BEJIMYMHA C BBICOKOW TOYHOCTBIO M3MEPSIETCS B
T€OMarHUTHBIX 00CEPBATOPUIX COBPEMEHHBIMA MarHUTOMETPaMH.

Lenpro HacTOsmeld pabOTHl SBIAETCS OMHCAHHME METOJA pacueTa TeoMarHUTHOTO ckioHeHus (D) mia
MPOCTPAHCTBEHHO-PAa3HECCHHBIX MATHUTHBIX 00CEpPBATOPUIL.

Hpe)lCTaBJ'IeH])I pacyeThl 6a3031)1x 3Ha4YEHHII T€EOMAarHUTHOTO CKJIOHEHHS 110 OKCIICPUMECHTAJIbHBIM JJaHHBIM U 110
JaHHbBIM paCCYUTAHHBIM II0 pa3IMYHbIM COBPEMCHHBIM MOJCISAIM T€OMArHUTHOI'O IIOJA JJid OPOCTPAaHCTBCHHO-
pa3sHEeCeHHBIX T€OMarHUTHBIX oOcepBaTopuil: «AnmarnHckass» (AAA) [43.25°N; 76.92°E] Uucturyt nonocdepsl,
r. Anmarsl, Pecniybnka Kazaxcran; reodusndeckas oocepBaropust «Kimoum» (NVS) Poccuiickoit akajgemMun Hayk,
r. HoBocubupck, Poccus [54.85°N; 83.23°E]; reomarmutHas obOcepBaropusi «Vpkyrck» (IRT) HWucturyTta
ConreuHo-3eMHOM (u3nkn Poccuiickoit akanemun Hayk, T. UpkyTck, Pocens [52.17°N, 104.45°E].

B reomarnutHOI oOcepBaropun «AnmaruHcKas» (IAGA xom AAA) mpoBomsaT HaOmroneHWs CKIOHeHHsS D
(dheppo3oHaoBeiM aekauHOMeTpoM Lemi-203 nHa 0aze teogonmra 3T2KII. B HoBocHOMpCKOW KOMILICKCHOMR
MarHuTHO-uoHOC(hepHo# crannuu (reodusnueckas odOcepBaropust «Kirounm») (IAGA kox NVS) HaOmromeHust
ckioHeHuss D mpoBoasT (heppo3oHAOBBIME  (ICKIMHOMETPAMU-MHKIMHOMETPAMH) MarHUToMeTpamu Ha 0ase
HeMarHuTHBIX TeonoiutoB Theo020B u 3T2KII. B reomarnutHoii oGcepBaropun «Mpkyrck» (IAGA kox IRT)
MPOBOIAT HAOIOACHUS CKiIoHEeHUS D deppo3onnoBbiMu aekauHoMerpamu/uakanHOoMeTpamu THEO-010A u Lemi-
203. PeanbHble 3HaYeHUs D, MOJIyYCHHBIC MO JAaHHBIM TeOMarHUTHBIX oOcepBaTopuii AAA, NVS, IRT 3a nepuos
2005-2017 rr.

JlaHa XapaKTepuCTHKa pe3yJbTaTaM HCCIIEJOBAaHHS BPEMEHHOTO XOAa M MPOCTPAHCTBEHHOTO pacHpeieseHus
3HAQUEHUH T'€OMarHUTHOTO CKJIOHEeHWs. [IpencraBieHa OIEHKa TOYHOCTH pacueTa TI'e€OMAarHUTHOTO CKJIOHCHHUS
COBPEMECHHBIMA MOJEIIMH TEOMarHuTHOTO mouyisl. [loka3aHo, YTO 3HAYEHHS TEOMArHUTHBIX CKIOHCHHH IS
MPOCTPAHCTBEHHO- PpPAa3HECEHHBIX TEeOMAarHWTHBIX oOcepBatopuit AAA, NVS, IRT mno nHabmomaeMpM
00CcepBaTOPCKUM JaHHBIM MEHSIOT CBOW 3HAYCHUS IO ToaaM, Tak aisi AAA u NVS npoucxoaurt yBenndeHue, a s
IRT ymenbpuieHne 3Ha4eHU reoMarauTHOTO cKiIoHeHus. (st NVS nu AAA reomMarHUTHBIE CKIIOHEHHS CMEIIAlOTCS B
BOCTOYHOM HamnpasiieHud, a aiasi IRT B 3amagHom. Iloka3zaHo, 4TO BBINIOJIHEHHBIE PACUEThl T'€OMAarHUTHBIX
CKJIOHeHHH 1o AByM MonermsaM (MexayHaponauas CrnpaBounas Mognens 'eomarautaoro Ilons (IGRF) u Beemupnas
Mopenpe Marauthoro IMoast (WMM)) s koopaunat AAA, NVS u IRT, xopouio cornacyrorcs Mexay coboi 1o
rojiam, uMesi HeOOJbIINE Pa3IuiMs B CEKYHaX; 3HAUCHUs T€OMarHUTHBIX CKJIOHEHUHU JUIst AAA yBeIMUMBaIOTCA 10
rogam c rpaauentoM rnopsaka 0.6 mun/ron, anst NVS yMmeHbInatoTes ¢ rpaguerToM nopsiaka 1.6 mun/rox, aist IRT
YMEHBILIAIOTCS C TPAJANSHTOM HopsaKa -4.5 MUH/TOI; MOJIETBHO pacCUNTaHHbIE T€OMAarHUTHBIE CKIIOHEHUS Uit AAA
u NVS umeroT BocTouHoe Hanpasnenue, a At IRT 3anagHoe.

KuroueBble ¢cJI0Ba: reOMarHUTHOE CKIIOHEHHUE, SKCIICPUMEHTANBHBIC JaHHBIE, MUPOBBIC MAarHUTHBIC MOJICIIH.
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