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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 lonosphere, Almaty, Kazakhstan; «Kluchix»
(NVS) of the Russian Academy of Sciences, Novosibirsk, Russia [54.85° N; 83.23° E]; «lrkutsk» (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 ofthe 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 ofthe 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"
(196072006); in the observatory of Belsk (Poland) the declination increased from D = 2° 04.2'to D = 4°
37.7" (199672005); 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 CHAQOS (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


http://www.ngdc.noaa.gov/IAGA/
http://www.geomag.bgs.ac.uk

News ofthe National Academy ofsciences ofthe Republic o fKazakhstan

(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), | - 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:

(i
I Xi

Di=atan

where D - declination ofthe geomagnetic field (the angle ofthe 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] ofthe Institute of lonosphere, Almaty, RK;
“Kluchi” geophysical observatory ofthe 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 3T 2~ theodolite. To obtain absolute values ofthe
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 3T2CT theodolites. The observational technique for
declination D is standard. Elements used in computation ofthe average annual values of declination D for
geophysical observatory NVS are components X, Y, Z ofthe 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 0f2005-2017 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 4 46.6 XYZ 826.5 XYZ -248.7 DHzZ
2006 44715 XYZ 8239 XYZ -2534 DHzZ
2007 4478 XYZ 8222 XYZ -2 575 DHzZ
2008 4492 XYZ 820.6 XYZ -302.0 DHzZ
2009 4512 XYZ 8189 XYZ -3 06.6 DHzZ
2010 4526 XYZ 817.7 XYZ -3 114 DHzZ
2011 4529 XYZ 816.2 XYZ -3 156 DHzZ
2012 4570 XYZ 816.2 XYZ -3 16.8 DHzZ
2013 500 XYZ 816.2 XYZ -325.2 DHzZ
2014 536 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 590 XYZ 8138 XYZ -3474 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 ofthe 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 ofthe 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 ofthe 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 ofthe 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 4457 446.2 840.0 840.0 -254.3 -2 52.7
2006 446.3 446.9 838.3 8383 -2 587 -257.0
2007 446.9 4476 836.5 8365 -303.2 -301.7
2008 447.6 4482 8347 8348 -307.6 -306.2
2009 4482 4489 8329 8330 3121 -3107
2010 4489 449.7 8312 8313 -316.6 -3152
2011 4497 450.3 829.9 829.6 -320.6 -3 196
2012 4535 4549 8309 8305 -3245 -323.6
2013 4557 4571 830.7 8304 -3283 -3275
2014 4578 502 8305 8302 -3322 -3359
2015 4599 509 8302 8303 3361 -3395
2016 524 535 830.7 830.6 -3389 -342.9
2017 549 56.2 8312 8310 -341.6 -346.5

4. Comparative analysis of the results of D declination calculation based on experimental
geomagnetic data and various modern models ofthe 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 WM M 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 0.274.0 min gives 0.0671.16 m; 4.076.0 min - 1.1671.75 m; 13.0715.0 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 0.0674.4 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 ofthe 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 ofthe 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 ofthe 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 ofthe 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 104 (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 ofthe 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 atime 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. . Cokonosa, C. H. MykaweBa
VoHocthepa MHCTUTYThI, ¥ATTbLL rapbllWTbIK 3epTTeyiep MeH TeXHONoruanap optanbirsl, AnMaTsl, KasakcTaH

KEWCT1KT1K TAPATbIJITAH MATHUTT1K OBCEPBATOPUAJIAP Y LU LU
FTEEOMATHATT1 KEMYAl (D) ECENTEY 341CTEP1

AHHOTauMa. FeoMarHUT aybITKYyAbll, 3KOHOMUKA/bIK-TEXHUKa/bIK X3He MpaKTUKanblK Maubi3bl 30p, 6yn
Xa/IbIK LlapyallblbITbiHbIL, KENTEreH cananapbiHAa X3He rbilbiMAa FeOMarHUT eprTL, OCbl 3/1eMeHTWe Y/KeH
KbI3bITYLLUbINbIKTbI aHbIKTaAAbl. D reoMarHMTK TeMeHAey KelicnkTe 06beKTLIepAL, Ko3raibiCblH 6argapnay YL
KbI3MET eTedi >X3He 3pTYPAi TbINbIMA JK3HE EHAIPICTIK MiHAeTTepAi LWewy Ke3iHAe, Mbicanbl, aTOM >X3He
rMAPO3NEKTPOCTAHUMANAPBIH, 3MeKTP 6epy >Kenwepll, MeTPONoAUTeHAephi cany Keslje, aspoHaBUrauuanbik
KapTanapgbl Xacay YLWiH naiiganaHbinagsl. MarHMTNK TeMeHAeYy YaKbIT arbIMbIMEH X3He Kelcnkre e3reped”™ 6yn
6arbITTapabll, MarHUTMK a3WMYTTapblH HakKTbl aHblKTay Ke3iHAe eckepy KkakeT. D TemeHaey Typanbl CeHiMmfi
aknapaT any YLWiH Ke3 kenreH aymak YLWiH GipHelle >ep NyHKTTepiHAe (HYKTenepiHAe) TemMeH Tycy >XeHLljen
fepektep 60nybl KaxeT. EL >Kakcbl HyCKa-KaszakcTaH Pecny6nmkacbiHbll, —ayMmarbiHa racbipblk KYpic
NyHKTTepBAen 6akblnay OargapnamacbiH >kauapTy. bipak racblp XYpici NyHKTTepw >kauapty 6enrw 6ip
KUbIHABIKTApMeH 6GaifiaHbICTbl 60NraHAbIKTaH, reoMarHuUT epto Ynrinepi 6oibiHWwa D ecentepw, Mbicanbl Igrf
(International Geomagnetic Reference Field) reomarHuT epro xanbiKapaiblK aHblKTamManblK MOAeNI X3He/Hemece
Hacka fa enkeii-Tenkeiinl mogensaep 60ibiHIWa NalijanaHyra 6onagpl.

KosranbicTarbl  06beKNHLL, >Xorapbl  A3AAIKTeri  HaBuraums MiHAeTTepiH wewy YWiH  Ko3ranbic
TpaeKTopUACHIHbIL, 3p6ip HyKTecw e 6acTankbl fepeKTepdil, ew TYPIH 6 A KaxeT: 1) 06beKTiHIL, opHanackaH »epi
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(arbimgarbl  KoopAuHatTap); 2) Kosranbic Garbithl.  [epekTepglw, 61plHwl TYpi, O06beKTWLY arbimMaarbl
KOOPAMHATTapbl CNYTHUKTIK HaBUrauusanbiK Xylenepail, KemerimeH kamTamacbi3 eTinefi. EKiHWIi gepekTep Tuvw,
Ko3ranbiC 6arbiTbl, 34eTTe, conTYCTiIK reoMarHWTTIK MOMKOCTIL, XarfjaiblHa KaTbiCTbl a3MMyTTbl enNmey HerisiHge
aHblKTanafbl. FeoOMarHUTTi NOMIOCTLY, KOOPAMHATTapbl TypakTbl 601bIN Kana 6epMeibyakbiT eTe Kene ApeidytoT,
TUiciHLWe a3uMyT agnemiue kaTe eHrisinegi. OnceH CHAOS (CHAOS (A Model of Earth's Magnetic Field derived
from CHAMP) mogenue caiikec conTYCTIK MarHMTMK NOMKOCTLY OPHbI.

[eomarHuTTi nontoc 6arbiTbl XepAw, 3p6ip HyKTeciHAeri reorpadusanbiK XarbiHaH FTEOMarHMT epicTil
TeMeHZey LlamacbiMeH aHblKTanadbl XXaHe Oyn wWama xorapbl A304WNeH reoMarHuT obcepeatopusnapia Kasipri
MarHUTOMETPepMeEH enmeHeai.

OcCbl XXYMbICTbIL, MaKcaTbl KeLiCTIKTIK-TapaTbliraH MarHUTTiK o6cepBaTopusnap YLWiH reoMarHuTTi kemygi (D)
ecenTey afraH cunattay 60nbin Tabblnagbl.

JKcnepuMeHTanabl fepekTep 60MbIHLIA X3He KeUiCTiKTiK-TapaTbiiraH reoMarHuMT ob6cepBaTopusnap Yrnm
3pTYpAi Kasipri 3amaHrbl Mofenbaep 60MbiHLIA ecenTesireH reoMarHWTTI epic gepekTepi 60MbIHILIA FEOMAarHUTTI
aybITKyAbll, 6a3anblk M3IHAEPiHiL, ecenTepi YcbIHbINTaH: «AnmatuHckas» (AAA) [43.25°N; 76.92°E] WMoHocdhepa
WMHCTUTYTbI, Anmatbl K., KP; Peceit FbinbiMm akagemusacbiHbil, (PFA)  «Knwoun»  (NVS) reogmsmkanbik
o6cepBaTopusckl, HoBocnbupck K., P® [54.85°N; 83.23°E]; KYH-XKep usukacbl MHCTUTYTbIHbIL, «MpKyTCcK» (IRT),
MpKyTCcK K., P® [52.17°N, 104.45°E].

"AnmatunHckas" reomarHuTTi o6cepsatopuaceiHaa (IAGA kogbl AAA) 3T2KIT Teogonunt 6asackbiHga Lemi-203
(heppo3oHabl  AeKknuHoMeTpMeH D KucaloblH  6akblnaydbl >Kyprisesi. HoBOCMOMPCK  KelleHAi  MarHuTn-
noHocgepanblk crtaHymaceiHaa (“"Knoun" reogmsnkanbik obcepsatopuscel) (IAGA kogbl NVS) D KucatobliH
6akblnayfbl (heppo3oHibl (BeKNMHOMETPNep-UHKANHOMETPAep) MmarHuT Theo020B >kaHe 3T2KIM Teogonutrep
6asacbiH4a MarHUTOMeTPEpPMEH XYyprisegi. FeomartuTTi o6cepBaTopusicel "MpkyTek™ (IAGA kogbl IRT) Xyprisegi
)K3He 6akblnay e3iH D heppo3oHA0BbIMU aeknnHoMmeTpaMu/mHknnHomeTpamm THEO-010A >3He Lemi-203. 2005-
2017 xbingap apansirbiHga AAA, NVS, IRT reomarHuTTi 06cepBaTopusniapblHbIL AepeKTepi 60libiHWA anbiHraH D
HaKTbl M3HAepr

FeoMarHUTTIK aybITKy M3HZAEPiHIL, yaKbITLLa XKYPICIH X3He KeLiCTIKTIK TapanyblH 3epTTey HaTuXeneplue
cunatTama 6epingi. FeomarHUTTI epicTil, Kasipri 3aMmaHrbl MofeNbAaepiMeH reoMarHUTTI aybITKYbIH ecenTey A34iriH
6aranay ycblHbIIraH. bakbllaHraH 06cepBaTop/bIK AepekTep 6oibiHWa AAA, NVS, IRT Kewcnknk - TapaTbiirax
reomMarHuTnK obcepBaTopusiiap ymiH TeOMarHUTTi aybITKynapAbll, M3HAepi Xbingap 6OWMbIHWA €3 M3HiH
e3repTeTiHi kepceTinreH, coHabiktaH AAA x3aHe NVS ymiH ynrato, an IRT Yrnm reoMarHuT aybITKy M3HLEPLLLL,
asatobl opbIH anagbl. NFS x3He AAA Yrnm reoMarHUTTIK aybITKynap WobIrbiC 6arbiTta, an IRT p TT 6atbic 6arbiTTa
xolmkugbl. AAA, NVS xsHe IRT koopauHaTTapbl Yrnm igrf xsHe WMM ew Ynrici 60lblHWa reoMarHUTTI
ayblTKynapfbll, OpblHAaAraH ecenTepi CeKyHATa a3 aiibipMallbiiblKTapbl 6ap >bingap 60MbIHWA e3apa XaKcbl
kenoweay, AAA YLWiH reoMarHWTTi aybITKynapibll, MaHaepi wamameH 0.6 MUH/KbIN rpagueHTiMeH >Kblngap
6olibiHWa ynrasgsl, NVS YuwiH wamameH 1.6 MWH/KbIN rpagueHTimeH asasgbl, IRT Yrnm peTTi rpagveHTneH
asasagbl-4.5 MuH Kb, AAA Xa3He IRT Yrnm mogenbgi ecentenreH reomarHuT NVS weirbic 6areiTel 6ap, an IRT
6atbic Yrnm.

TYLIH ce3fep: reoMarHuT TeMeHAeY, IKCNEePUMEHTNK AepekTep, 31eMAiIK MarHUTTiK Mogenbaep.

O. . Cokonosa, C. H. MykawweBa

VIHCTUTYT noHocdepsl, HauMoHanbHbIA LEHTP KOCMUYECKUX UCCEA0BaHNI
N TeXHonorui, r. Anmarbl, KasaxcTtaH

METOAbl PACYETA TEOMATHUTHOIO CKNOHEHWNA (D)
ANnA MPOCTPAHCTBEHHO- PASHECEHHBIX MATHUTHbBIX OBECEPBATOPUN

AHHOTauus. FeoMarHUTHOe CKNOHEHWe MMEeeT BaXKHOE 3KOHOMMWKO-TEXHWYECKOe U MpaKTUYecKoe 3HaueHue,
yTO OnpefensieT GO/bLIOK WMHTEPEC K 3TOMY 371eMeHTY TFeoMarHUTHOIO Mo/s BO MHOTMX OTPacisX HapogHOro
X035ACTBA U B HayKe. [eoMarHUTHOE CKNOHeHWe D CRyXUT /15 OPMEHTUPOBKM [BUXEHUS 06HEKTOB B MPOCTPAHCTBE
U UCMONb3YeTCs MPW PELEHNN PasIUUYHbIX HayYHbIX W MPOU3BOACTBEHHbIX 33a4ay, Hanpumep, Npu CTPOUTENbCTBE
aTOMHbIX WM TWUAPO3NEKTPOCTaHUMA,  NUHWIA  aneKkTponepeday,  MEeTPOMOAWTEHOB, A/ COCTaB/eHMs
A3POHABUTaLMOHHbIX KapT. MarHUTHOE CKIOHEHWE W3MEHSIeTCs C TeueHWeM BPeMeHW U B MPOCTPaHCTBE, UTO
HEo6XOAMMO YUMTbIBATb MPM TOYHOM OMPeAeneHWM MarHUTHbIX a3MMyTOB HamnpaBfeHwid. [ns nonydeHus
[OCTOBEPHOI MH(hopMaLMy 0 CKnoHeHun D gns ntoGoit TeppuToprn HEO6X0AMMO UMETb faHHbIe MO CKOHEHUIO B
HECKOMbKUX MYHKTax (TOYKax) MeCTHOCTW. JIyylWii BapuaHT - 3TO BO30GHOBNEHWE Ha TeppuTopun Pecny6nuku
KasaxcTaH nporpamMMbl Ha6/lOAEHNI Ha NyHKTax BEKOBOro XoAa. Ho Tak Kak BO30GHOB/EHME MYHKTOB BEKOBOIO
X0[ja CBSA3aHO C ONpefeNieHHbIMK TPYAHOCTAMM, TO MOXHO MCMOMb30BaTh pacyeTbl D No mMogensM reoMarHWTHOrO
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nons, HanpumMep, MexgayHapogHasa CnpasoyHas Mogenb eomarHutHoro Mons IGRF (International Geomagnetic
Reference Field) n/wnn gpyrve 6onee getanbHbIM MOAENSAM.

[ns pelleHns 3agay BbICOKOTOYHOW HaBUraumm ABUXKYLLerocs o6bekTa HeO6X0AMMO 3HATb B KaXAoOM TOYKe
TPaeKTOPUN [ABWKEHUA ABa TUMNA WCXOAHbIX AaHHbIX: 1) MEecTononoxeHue 06bekTa (TeKylimMe KOOPAMHATbI);
2) HarpaBneHue fBuKeHus. MepBblli TUN JaHHbIX, TEKYLUE KOOPAWMHATbl 06beKTa, 06ecrnevymBaeTCsi ¢ MOMOLLbHO
CMYTHWKOBBIX HaBUTaLMOHHbIX cMcTeM. BTOpoii TMN AaHHbIX, HanpaBieHve ABVXXEHUS, KaK MpaBuio, onpegensercs
Ha OCHOBe W3MEpPeHWs a3nmyTa OTHOCUTE/IbHO [MOJIOKEHWS CEBEPHOro reoMarHMTHOro nostoca. KoopauHarthl
reoMarHMTHOrO NOJOCa He OCTalTCA NOCTOAHHLIMUY - ApPeidyoT CO BPEMEHEM, COOTBETCTBEHHO BHOCUTCS OLnbKa
B BE/IMYMHY asumyTa. [00XeHNe CEBEPHOIO0 MarHUTHOIO Mnostoca, cornacHo mogenn OnceHa CHAOS (A Model of
Earth's Magnetic Field derived from CHAMP, nogTBepX/A€HHOI Ha3eMHbIMU UCCNef0BaHUSMMU.

HanpaBneHve Ha reoMarHWTHbIA MOAKC OTHOCUTENbHO reorpauyeckoro B Kaxaol Touke 3emnu
OrnpegensieTcss BEeIMUMHON CKNOHEHUS! TEOMarHUTHOTO NOMS, U 3Ta BE/IMYMHA C BbICOKOW TOYHOCTHIO M3MEPSeTCs B
reoMarHUTHbIX 06cepBaTopPUAX COBPEMEHHbIMU MarHUTOMETPaMU.

Llenbto HacToAlwein paboTbl ABNASETCA OMNWCaHWe MeToAa pacyeTa reOMarHWTHOro CknoHeHws (D) ans
NPOCTPaHCTBEHHO-Pa3HECEHHbIX MarHUTHbIX 06CepBaToOpUii.

MpeacTasneHbl pacyeTbl 6230BbIX 3HAYEHWUIA TEOMArHUTHOIO CK/I0HEHUS N0 3KCMEPUMEHTa/IbHbIM AaHHbLIM U MO
[JaHHbIM pacCYUTaHHbIM MO Pas3/IMYHbIM COBPEMEHHBIM MOJENAM TeOMarHUTHOro Mons ANAA MPOCTPaHCTBEHHO-
pasHeceHHbIX reoMarHWTHbIX obcepBaTopuid: «AnmatuHckas» (AAA) [43.25°N; 76.92°E] WHcTMTYT moHocdepsl,
r. Anmartel, Pecny6nuka KasaxctaH; reousnyeckas obcepatopus «Knwouu» (NVS) Poccuiickoll akafemuu Hayk,
r. Hosocubupck, Poccusa [54.85°N; 83.23°E]; reomarHuTHas o6cepatopus «MpkyTck» (IRT) WHcTMTyTa
ConHeYHo-3eMHON n3nkn PoccriAicKo akagemum Hayk, r. VipkyTck, Poccusi [52.17°N, 104.45°E].

B reomarHuTHoin o6cepBatopun «AnmatuHckas» (IAGA kog AAA) NpoBoaaT HabnwaeHus CKoHeHus D
(heppo3oHA0BbLIM AeknnHoMeTpoM Lemi-203 Ha 6ase Teogonuta 3T2KIM. B HOBOCMOGMPCKON KOMMNIEKCHOW
MarHMTHO-MOHOC(EPHO cTaHuuKM (reogmsmueckas obcepaTopus «Kntoum») (IAGA kog NVS) HabniopeHus
CKNOHeHnss D npoBogAaT (heppo30HLOBbIMU  (LEKIMHOMETPAMU-UHKINHOMETPaMM) MarHUTOMeTpaMu Ha 6ase
HeMarHUTHbIX TeofonmToB Theo020B u 3T2KIM. B reomarHuTHoli ob6cepeatopum «MpkyTtck» (IAGA kog IRT)
NpoBOAAT HabnAeHNA CKNOHeHWA D heppo30HA0BLIMU AeKIMHOMEeTpPaMU/UHKAMHOMeTpaMm THEO-010A n Lemi-
203. PeanbHble 3HavyeHMA D, nonyveHHble NO JaHHbIM reomarHUTHbIX obcepBatopuii AAA, NVS, IRT 3a nepuog
2005-2017 rr.

[aHa xapaktepucTuka pesynbTaTam WCC/Mef0BaHUA BPeMEHHOro Xoj4a W NMpoCTPAaHCTBEHHONO pacrpeeneHuns
3Ha4YeHWn reoMarHUTHOrO CKAOHeHusa. [peAcTaBneHa OLEHKa TOYHOCTM pacyeTa reoOMarHWTHOr0 CKAOHEeHus
COBpPEMEHHbIMU MOAENsIMU FeoOMarHUTHOro nons. lokasaHo, 4TO 3HAYEHWS TFeOMArHUTHbLIX CK/IOHeHWA ANs
MPOCTPAHCTBEHHO- Pa3HECEHHbIX TeoMarHUTHbIX obcepeatopuii  AAA, NVS, IRT no HabnwogaeMbim
006CcepBaTOPCKMM AaHHbIM MEHSAIOT CBOM 3HaYeHUs No rogam, Tak ana AAA n NVS npoucxoguT yBennyeHue, a ans
IRT ymMeHbLUEHNE 3HAUYEHWNA FTeOMarHUTHOTrO CKAoHeHUs. Ansa NVS n AAA reomarHuMTHbIe CKIOHEHNS CMELalTes B
BOCTOYHOM HanpasneHun, a ana IRT B 3anagHom. [10Ka3aHO, YTO BbIMOJHEHHbIE PACYETbl TEOMAarHUTHBIX
CKNOHeHWIt no agBym Mmogensam (MexayHapogHas CnpaBoyHasi Mogens FeomarHuTtHoro Monsa (IGRF) n BecemupHas
Mogenb MaruutHoro Mona (WMM)) ans koopamHaT AAA, NVS n IRT, Xopowo corfacyrTcs mexay coboi no
rogam, uMmes HeboMbLUIME pa3MUnsa B CeKyHAAX; 3HAUYEHUS TeOMArHUTHbIX CKNOHeHWI Ang AAA yBeNNYMBAKOTCA MO
rogam c rpagmeHTom nopsgka 0.6 muH/rog, ans NVS ymeHblualoTCa € rpagmeHTom nopsgka 1.6 muu/rog, ans IRT
YMeHbLIATCA C rpagueHToM nopsagka -4.5 MUH/rog; MOLEeNbHO paccUMTaHHble reOMarHUTHbIE CKIOHEHNSA ans AAA
1n NVS nmeroT BOCTOYHOe HarnpasneHue, a Angd IRT 3anagHoe.

KntoueBble cnoBa: reOMarHMTHOE CK/IOHEHMNE, IKCNEPUMEHTANIbHbIE [aHHbIE, MUPOBbIE MarHUTHbIE MOLENN.
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