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ALGORITHMIC CORRECTION OF MAGNETOMETER DEVICE ERRORS

Yu. G. Astrakhantsev and N. A. Beloglazova UDC 550.380

The problems of using gradient measurements in magnetic exploration are considered. In many cases, to 
solve various geological problems, information on the intensity of the geomagnetic fi eld and its gradients, 
as measured by special equipment, is important. The results of the development and construction of a 
three-component fl uxgate magnetometer-gradiometer intended for measuring on the earth’s surface the 
absolute values of the three components of the geomagnetic fi eld strength vector and the corresponding 
three components of the gradient are presented. Installation in the device of additional measuring sensors 
– accelerometers, enables one to calculate the orientation of these vectors in space. The device of the mag-
netometer-gradiometer is described, its functional diagram and the principle of operation are presented. 
The set of instrumental errors arising in the manufacture of three-axis systems of fl uxgates and acceler-
ometers designed for measuring the components of the geomagnetic fi eld strength and determining the 
orientation of the device is considered. A method of fi nding instrument errors and algorithmic correction of 
information signals that come from measuring sensors is presented. It is shown that this method provides a 
signifi cant increase in measurement accuracy. Examples of fi eld testing of the device are given. The present-
ed magnetometer-gradiometer can be used to accurately localize tectonic disturbances, low-power zones 
of magnetic mineralization, previously identifi ed ore bodies and determine the details of their structure.
Keywords: magnetometer-gradiometer, gradient of the geomagnetic fi eld, magnetic exploration equipment, 
algorithmic correction, fl uxgate sensors.

 Introduction. In magnetic exploration, the gradients of a geomagnetic fi eld are understood to be derivatives of the 
scalar function in given directions, that is, the concept of “gradient” is identifi ed with the concept of “component of the gra-
dient vector.” However, in practice, instead of directional derivatives, one has to operate with fi nite differences in the values 
of the elements of terrestrial magnetism, reduced to the size of the base. These values can be found in one of the horizontal 
directions or vertically. Thus, the value of the gradient is attributed to the point of space located in the middle of the base [1]. 
Of the entire range of problems of gradiometry, the determination of local inhomogeneities of superweak magnetic fi elds 
within the natural variations of the geomagnetic fi eld is of greatest interest. It is also necessary to calculate or measure the 
gradient in a detailed exploration of deposits with a shallow bed of magnetic rocks for more accurate localization of ore bodies 
and the solution of other problems associated with the separation of the effects of various objects by the magnetic fi eld. Such 
measurements are especially important for complex anomalies, when the magnetic fi elds of large and small bodies overlap 
one another [2]. In this case, the vertical gradient contains information about the depth of the disturbing object, while the 
horizontal gradient highlights the boundaries of the object in the horizontal plane of inhomogeneities.
 The magnetic fi eld gradient can be measured in two ways:
 – using magnetometers, setting them at different heights and relating the resulting measurement difference to a unit 
of distance between the measurement levels;
 – special magnetometers-gradiometers, the design of which allows you to immediately obtain the values of the 
gradients.
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 Direct gradient measurements of magnetic fi eld elements have a signifi cant advantage over observations of element 
values when detecting or indicating relatively small magnetic objects that lie at a depth of no more than 6–7 m from the level 
of the survey. However, this is only true if the errors in the gradient measurements do not exceed the errors in the measure-
ments of the magnetic fi eld. In addition, this problem is closely related to hardware capabilities [3].
 Equipment for measuring magnetic fi elds and gradients. At present, gradiometer magnetometers have been 
widely used to measure the gradient ΔT of the full geomagnetic fi eld vector or its vertical component ΔZ [4]. The measure-
ment of the gradient modulus of the vertical component of the magnetic fi eld is the most simple in execution and characterized 
by the smallest measurement error. But the range of problems that can be solved by the method of three-component gradiom-
etry of the magnetic fi eld, with this method is signifi cantly narrowed.
 The low threshold of sensitivity, the presence of a directional pattern, simplicity of design, reliability and high per-
formance have played a paramount role in choosing the type of sensors for constructing magnetometric equipment. At pres-
ent, magnetometric instruments implemented on fl uxgate sensors have found widespread use [5, 6]. There is experience in the 
creation of two-component magnetometer-gradiometers (Laboratory for Independent Research, site of I. A. Mukhin, http://
imlab.narod.ru/M_Fields/Dig_Magn_Grad/Dig_Magn_Grad.htm). When detecting ferromagnetic objects hidden in the sur-
face layers of the Earth and separating complex anomalies, the size of the measuring base of the device is of great importance. 
The larger the measuring base, the wider the research radius, but the measurement error in this case also increases. Therefore, 
when designing gradiometers and choosing the size of the measuring base, it is necessary to be guided by the research tasks.
 In the Laboratory of Borehole Geophysics of the Institute of Geophysics, Ural Branch of the Russian Academy of 
Sciences, a working model of the MGP-02 three-component pedestrian magnetometer-gradiometer was developed. This mod-
el is intended for measurements on the earth’s surface of the absolute values of the three components of the geomagnetic fi eld 
vector – vertical Z, horizontal in the instrument plane of inclination of the HX and HY, which is horizontal, orthogonal to HX. 
In addition, using the developed layout, it is possible to measure the three components of the geomagnetic fi eld gradient. Such 
a device can be used to more accurately localize previously identifi ed ore bodies and determine the details of their structure. 
The installation of additional measuring modules – accelerometers, allows not only to measure the vector of the total geomag-
netic fi eld, its components and their gradients, but also to calculate the spatial orientation of these vectors.
 Figure 1 shows a structure diagram of the developed magnetometer-gradiometer. Here I and II are measuring mod-
ules (magnetometers), each of which contains two mutually orthogonal sensor systems installed coaxially between each other:
 – magnetic sensors (fl uxgates) X, Y, Z, designed for measuring the components of the geomagnetic fi eld;
 – gravity sensors (accelerometers) U1, U2, U3 to determine the orientation of the fl uxgates relative to the inclination 
plane of the device.
 The MGP-02 magnetometer-gradiometer has a typical gradiometer structure with two measuring modules identical 
in characteristics and spaced 150 cm apart.The base size was chosen based on the ratio of the permissible measurement error 
and the research radius. In Fig. 2 we show a functional diagram of the magnetometer-gradiometer MGP-02 under consider-
ation. This magnetometer operates at a doubled frequency with synchronous detection and a deep negative coupling [7, 8]. 
The signals of the fl uxgates of both measuring modules from the block of primary converters 1 through the switch 2 are fed 
to the input of the measuring circuit of the magnetometer 4, operating in the mode of temporary separation of channels. 

Fig. 1. Schematic arrangement of measuring sensors in the magnetometer-gradiometer MGP-02.
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Similarly, the signals of the accelerometers through the switch 3 are fed to the input of the measuring circuit of the signals of 
the accelerometers 5. The circuit of the device contains low-pass fi lters to eliminate high-frequency vibration signals and a 
high-resistance voltage follower. Step signals of direct current from the outputs of blocks 4, 5 get to the inputs of an ana-
log-to-digital converter (ADC) 6. This design uses a double integration ADC with a capacitor charge time of 20 ms. This al-
lows you to completely eliminate interference with a frequency of 50 Hz. The output of the ADC in the form of a parallel 
binary code is supplied to the inputs of the memory unit 7 and is recorded in it. In the reading mode, the parallel binary code 
is supplied to the shift register 8 and then to the output latch 9, which provides a pause at each data transmission step to syn-
chronize its reception by the computer. The control unit 10 sequences the operation of all units. The power supply unit 11 is 
connected to the battery installed in the control panel.
 The measured signals coming from the fl uxgates and accelerometers are functionally related to the spatial orienta-
tion angles of the borehole tool body. As mentioned above, the full vector of the geomagnetic fi eld, measured by each sensor 
system, can be represented by three components: vertical Z; the horizontal in the device inclination plane НX and the hori-
zontal НY, orthogonal to НX. When the instrument rod is installed in a sub-horizontal position, the horizontal components of 
the magnetic fi eld gradient are measured, while the sub-vertical one measures the vertical components. To determine them 
in each measuring module, a system of measuring sensors is used, consisting of three orthogonally located rigidly mounted 
fl uxgates and three accelerometers, the directions of the sensitivity axes of which correspond to the sensitivity axes of the 
fl uxgates. The true values of the components of the vector of the geomagnetic fi eld and the angular parameters of the device 
in the coordinate system attached to the device inclination plane are determined by the following formulas:

Z = –Xmcosαsinϕ – Ymsinαsinϕ + Zaxcosϕ;

HX = Xmcosαcosϕ + Ymsinαcosϕ + Zaxsinϕ;

HY = –Xmsinα + Ymcosα,

where Zax is the measured signal coming from the axial fl uxgate; Xm, Ym are the measured signals coming from the X, Y fl ux-
gates; α = arctan(U2/U3) is the angle of rotation of the accelerator system relative to the device inclination plane at a given 
point (sighting angle); ϕ = arctan{[(U2

2 + U3
2)]1/2/U1}.

 The angular parameters α and ϕ of the device are calculated from the readings of the accelerometers U1, U2, U3.
 The magnetic azimuth AZ and the modulus of the horizontal component H are calculated using the corresponding 
formulas from [8]:

AZ = arctan(HX/HY);     H = (HX
2 + HY

2)1/2.

Fig. 2. Functional diagram of the magnetometer-gradiometer MGP-02: 1) the block of primary converters; 2) switch; 
3) switch; 4) measuring circuit of the magnetometer; 5) accelerometer measurement circuit; 6) analog to digital con-
verter; 7) memory block; 8) shift register; 9) output latch; 10) control block; 11) power supply unit.
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 Analysis of the infl uence of instrument device errors on the accuracy of measurements. Development and man-
ufacture of three-component magnetometer-gradiometers using systems for determining the orientation of fl uxgates and their 
design and technological development are inextricably linked with research and development of methods to improve the ac-
curacy of measurements, as well as the use of methods for mathematical correction of instrumental errors [10–13].
 The gravitation channel of the device uses AT-1306 accelerometers (NPO Temp-Avia, Russia), having an operating 
temperature in the range of –50–120°C, while their conversion coeffi cient varies in the range 1.105–1.118, and zero main-
tenance – in the range of 14–7.5·10–3 g. A thermometer is installed in the accelerometer block, whose readings govern the 
corrections made to the calculated parameters that reduce the temperature errors of the accelerometers by more than 10 times 
compared with certifi ed performance ratings. Differential fl uxgates are used in the magnetic channel of the device. An amor-
phous alloy 71KNSR developed at the Institute of Metal Physics, Ural Branch of the Russian Academy of Sciences [14], was 
used as a core. When using core material from one batch, the drift of the zero level of the fl uxgate, in the range of operating 
temperatures of the device, does not exceed ±1.5 nT. The deep negative feedback with which the magnetometer-gradiometer is 
covered enables a high stability of sensitivity of the fl uxgates. In addition, reading the data of the thermometer of the acceler-
ometer block installed in the immediate vicinity of the fl uxgates allows temperature corrections to be made to the readings of 
magnetic sensors. Thus, the design of the device and the introduction of temperature corrections make it possible to obtain high 
stability of the metrological characteristics of magnetometric and accelerometric channels and to exclude temperature drift.
 To determine the temporal drift of the magnetometric channels of the device in the magnetic pavilion of the Arti ob-
servatory, bench tests were carried out for 2.5 h at normal temperatures in the screen, as well as in “normal fi eld” conditions. 
After averaging and introducing corrections, the temporal drift of the components of the geomagnetic fi eld was up to 2 nT in 
the screen and up to 3 nT in the “normal fi eld.”
 A special place in the aggregate of parameters affecting the metrological characteristics of the device is occupied by 
errors due to its design. In this case, this is a series of design and technological parameters, such as the non-orthogonal orien-
tation of the sensitivity axes of the primary converters with respect to the reference bases of the device, the non-parallel ar-
rangement of the sensitivity axes of the measuring sensors, etc. [15, 16]. Errors characterizing the structural design of the 
equipment are systematic for each particular instrument and introduce multiplicative noise into the measurement results [17].
 In Fig. 3 we show the skew angles of the axes of the measuring sensors arising in the manufacture of three-axis 
measuring systems of fl uxgates and accelerometers, where ƒ1́, ƒ1̋  are the angles between the axis of the borehole tool and 
the sensitivity axis of the accelerometer U1; ƒ2, ƒ3 are the angles of deviation from orthogonality of the axes of the borehole 
tool and accelerometers U2, U3; ƒ4́, ƒ4̋  are the angles between the axis of the borehole tool and the sensitivity axis of the 
fl uxgate Z; ƒ5 is the angle of deviation from the orthogonality of the axes of the borehole tool and the fl uxgate Y; ƒ6 is the 

Fig. 3. Sources of instrument errors in the production of fl uxgate and accelerometer systems.
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angle of deviation from the orthogonality of the axes of the borehole tool and fl uxgate X; γ1 is the angle of deviation from the 
orthogonality of the accelerometers U2, U3; γ2 is the angle of deviation from the orthogonality of the fl uxgates X, Y; Δα is the 
angle between the axes of the fl uxgate X and the accelerometer U2.
 Tuning was carried out on the UKI-2 inclinometer table installed in a separate magnetic pavilion of the Arti obser-
vatory. In the pavilion, all conditions were created for observing the homogeneity of the geomagnetic fi eld in the volume of 
the gradiometer. The digital magneto-variational stations of the Kvarts-3EM and Kvarts-4 observatories, having a sensitivity 
of 0.1 nT/division, provided continuous year-round recording of variations of the Earth’s magnetic fi eld components, i.e., its 
longitudinal X, transverse Y, and vertical component Z. Using a POS-1 proton magnetometer with a standard deviation of less 
than 0.1 nT and based on the Overhauser effect, the magnitude of the magnetic fi eld vector F was determined. Using Theodolite 
3T2KP equipped with a fl uxgate sensor for observing the declination angle D and the inclination I of the modulus of magnetic 
induction vector F, each day we measured the absolute values of these quantities with an accuracy of 10 s. The absolute values 
of the modulus of the total vector of the geomagnetic fi eld in 2019 were within the range of 56523 nT. To determine the inho-
mogeneity of the magnetic fi eld in the volume of the magnetometer-gradiometer, we conducted preliminary measurements of 
the magnetic fi eld with a POS-1 magnetometer. As a result of the measurements, the maximum discrepancies in the absolute 
values of the magnetic fi eld were 3.5 nT.
 In the ideal case, the sensitivity axes of the X, Y, Zax fl uxgates and accelerometers U1, U2, U3 should be directed 
along the axes of the basis of the device body and aligned with each other. In practice, the angles of deviation of the axes of 
sensitivity of the primary transducers from the axes of the basis of the device can reach 5°. The combination of instrument 
errors arising in the manufacture of measuring systems with rigidly mounted sensors has a signifi cant impact on the accuracy 
of measuring the components of the geomagnetic fi eld and determining the orientation of the device.
 Methods of tuning a magnetometer-gradiometer. In this work, the authors present a technique developed to deter-
mine the output parameters of the primary transducers rigidly fi xed in the housing of the borehole tool when tested in a 
non-magnetic rotary inclinometer table, which provides increased rigidity when installing the device and the accuracy of the 
azimuth, zenith, and sighting corners. Using a simple algorithmic basis of mathematical correction of signals received from 
measuring sensors, instrument errors of the device and their infl uence on the accuracy of measurements are determined.
 Each measuring system was set up separately, since the instrument errors of each system are individual. The axis of 
the device was the axis of the rod, which coincides with the sensitivity axes of the Zax_I, Zax_II fl uxgates and the accelerome-
ters U1_I, U1_II (cf. Fig. 1). The main condition for making the tuning work is the uniformity of the magnetic fi eld at the in-
stallation site of the inclinometer table.
 The essence of the methodology for determining instrument errors in the manufacture of the device is as follows. 
The device is sequentially oriented in space so that the contribution of each corresponding component of the system of accel-
erometers or fl uxgates takes a certain value at which the infl uence of instrument errors on it will be maximum (when fi nding 
the misalignment angles and non-orthogonality of the axes of the primary transducers) or, conversely, is negligible (when 
determining the zero signal level and conversion coeffi cients of the primary converters).
 In the measurement process, the parameters Zm, Xm, Ym, U1m, U2m, U3m are recorded. To bring them to true values 
associated with the coordinate system of the device, we use the transformation formulas of rectangular coordinates. Then, the 
output parameters of the primary converters will be calculated using the following formulas:

U1 K1(U1m U10 ) K2 (U2m U20 )sin f1 K3(U3m U30 ) cos f1 ;
U2 K2 (U2m U20 ) K1(U1m U10 )sin f2;
U3 K3(U3m U30 ) K1(U1m U10 )sin f3 K2(U2m U20 )sin 1;

Zax KZ (Zm Z0 ) KX (Xm X0 ) cos f4 KY (Ym Y0 )sin f4 ;
X KX (Xm X0 ) KZ (Zm Z0 )sin f5;
Y KY (Ym Y0 ) KZ (Zm Z0 )sin f6 KX (Xm X0 )sin 2;

α = αm ± Δα,
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where U1m, U2m, U3m, Xm, Ym, Zm are the readings of the corresponding accelerometers and fl uxgates; U10, U20, U30, X0, 
Y0, Z0 are the zero level offsets of the signals of the primary converters; K1, K2, K3, KX, KY, KZ are the transmission coeffi -
cients of the primary converters; ƒ1́, ƒ1̋ , ƒ2, ƒ3, ƒ4́, ƒ4̋ , ƒ5, ƒ6, γ1, γ2 are the axis deviation angles of the primary transducers 
from the bases of the device; αm is the measured line of sight; Δα is the angle between the axes of the X fl uxgate and the ac-
celerometer U2.
 Determination of the zero level of signals and conversion coeffi cients of accelerometers and fl uxgates. The zero 
level of the output signal of the measuring sensor is considered to be the error of its readings in the absence of the infl uence 
of the measured fi elds. Zero signals U20, U30 of accelerometers located orthogonally to the axis of the inclinometer magne-
tometer with a step of 90° are determined by rotating the device around the longitudinal axis. The casing of the device is fi xed 
on the inclinometer table strictly horizontally, the zenith angle ϕ = 90°. The output value, which is taken from the accelerom-
eter U2 located along the line of the force of gravity, that is, down, will be positive and maximal (U2max(+)). In this case, the 
reading of the accelerometer U3 orthogonal to it will be close to zero. When the instrument is rotated clockwise 90°, the value 
of U3, on the contrary, will be as positive as possible (U3max(+)), and the value of U2 will tend to zero. In subsequent turns, 
the values taken from the accelerometers oriented upwards, that is, against gravity, will be maximally negative and amount to 
U2max(–) and U3max(–). The distortions of the output parameters of the accelerometers U2, U3, associated with the deviation of 
their axes from the axes of the basis of the device, will practically have no affect.
 The conversion coeffi cient of the axial accelerometer is conventionally taken as unity; then the coeffi cients K2, K3 
are determined by bringing the level of the output parameters of the accelerometers U2, U3 to the output level of the accel-
erometer U1. To determine U10 – the zero offset of the axial accelerometer U1 – the device is fi xed in the inclinometer table 
vertically. The maximal positive value U1max(+) corresponds to the position of the device when the axial accelerometer is lo-
cated in the direction of gravity (ϕ = 0), and the maximal negative value U1max(–) is obtained when the axial accelerometer U1 
is oriented against gravity (ϕ = 180°). The “zeros” of the accelerometers U20, U30 installed perpendicular to the axis of the 
borehole device are determined by setting the axis of the device perpendicular to the direction of the gravity vector and its full 
rotation along the line of sight. We fi nd the “zeros” X0, Y0 of the X and Y fl uxgates, coaxial with the accelerometers U2, U3 
when setting the axis of the instrument perpendicular to the direction of the geomagnetic fi eld vector and its complete rota-
tion along the target angle α with a step of 90°. Thus, there is a four-position technique. We will calculate the zero level Z0 
of the axial fl uxgate Z by analogy with the axial accelerometer U1, but in this case we will install the device in the direction 
and opposite to the direction of the geomagnetic fi eld vector. The conversion coeffi cients KX, KY, KZ will be preliminarily 
determined when calibrating the device in calibration rings, where we take signal Zm for the base value. Then we assign the 
coeffi cient KZ the value “1,” and we bring the coeffi cients KX, KY to the coeffi cient KZ.
 All obtained “zeros” and conversion coeffi cients must be entered into the correction fi le of the primary corrections.
 Determination of misalignment angles and deviations from the orthogonality of the axes of the measuring sys-
tems. After calculating the “zeros” and the conversion coeffi cients, the misalignment angles and deviations from the orthogonal 
position of the measuring systems are determined. These parameters can be found using the software module, which is part 
of the instrument software, which enables semi-automatic selection of the values of the angles ƒ1–ƒ6 up to tenths of angular 
minutes. All conversion coeffi cients selected in this way, “zeros” and the deviation angles of the measuring systems from the 
axes of the basis are entered into the correction fi le, which is involved in processing measurements in the operating mode.
 Measurement and calculation of secondary corrections. Secondary corrections are calculated according to the 
results of standard measurements, which are carried out during the axial rotation of the primary transducer blocks in a normal 
magnetic fi eld with a rigid fastening of the rod in the inclinometer table. The resolution of measurements along the zenith angle 
is 5°. For each set angle, the device is completely scrolled along the apsidal angle α and through 30° for each azimuth value. 
In azimuth, there is also a complete revolution of the device with a resolution of 30°, that is, 0, 30, 60, ..., 330°. For each zenith 
angle, 12 tables are created corresponding to 12 azimuths. After recording the entire data array, secondary corrections are cal-
culated based on the functional independence of the calculated physical parameters from the axial rotation of the device.
 The deviation of the measured parameters from theoretical is calculated. Moreover, in all formulas for calculating 
the components of the geomagnetic fi eld, all previously calculated errors and coeffi cients recorded in the fi les of the primary 
corrections are used. The calculated results are recorded in the secondary correction tables.
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 After tuning performed at the Arti observatory under conditions of a normal magnetic fi eld on a three-axis incli-
nometer table UKI-2, it was possible to achieve absolute measurement errors of the components of the geomagnetic fi eld 
within 5–20 nT. Such values applied to the absolute values of the geomagnetic fi eld on the territory of the observatory con-
stitute 0.01–0.04%. In addition, the position of the vector of the geomagnetic fi eld in space was determined with an accuracy 
of 0.03°, which is comparable with the observational instrument observations. The achieved measurement accuracy is pre-
served during measurements of the components of the geomagnetic fi eld vector within ±80000 nT. The intrinsic noise of the 
device during measurements of the total vector of the geomagnetic fi eld after entering all corrections decreased from the level 
of ±200 to ±2 nT.
 To check the operation of the equipment and software, the authors of this article conducted fi eld measurements of 
the magnetic fi eld of objects whose position in space is known. The source of the anomalous magnetic fi eld was a metal pipe 
lying on the surface (Fig. 4). The measurements were carried out on the profi le directly above the pipe. A rather strong (350–
400 nT) abnormal fi eld arises above the pipe. Magnetic fi eld elements were measured along a profi le extending perpendicular 
to the longitudinal axis of the pipe at a distance of 1.25 m from its end. The distance l between the measurement points is 1 m. 
The measurement procedure for obtaining all tensor elements includes measurements at three positions of the device. Tripod 
height at which the instrument rod was attached, was 150 cm. In the fi rst position, the gradiometer rod was installed horizon-
tally along the direction of the measurement profi le, and in the second position it was turned 90° and placed perpendicular to 
the profi le. In the third position, the bar was placed in an upright position. For each orientation of the instrument, we measured 
the three components of the geomagnetic fi eld, the azimuth of the magnetic declination of the horizontal component, and the 
angular installation parameters of the measuring sensors. The totality of all measurements forms an array of data on the basis 
of which it is possible to calculate all the gradients of the total fi eld T and all the gradients of the components of this vector in 
the Cartesian coordinate system Z, Hx, Hy adopted for fi eld magnetometry. Thus, it is also possible to calculate and construct 
in space the gradient vectors of the total fi eld gradient (gradT) and the gradient vectors of the anomalous fi eld (gradTa).
 From Fig. 4 it follows that already at the approach to the desired object, the gradient of the vertical component of the 
vector of the geomagnetic fi eld changes by 130 nT, and the inclination of the vector of the geomagnetic fi eld by 0.24°. The 
ability of the presented gradiometer-magnetometer to record anomalies of magnetic declination of this magnitude indicates a 
rather high accuracy of measurements of magnetic fi eld elements and their orientation.
 Conclusion. Direct instrumental determination of geomagnetic fi eld gradients are obviously promising if the error in 
their measurement is signifi cantly lower than the error in measuring absolute fi eld values. Therefore, this problem is closely 
related to the hardware capabilities of ensuring a given measurement accuracy. The article considers the hardware aspect of 
using fl uxgate sensors and accelerometers to directly measure the three components of the magnetic fi eld gradient vector. 
The proposed method for the mathematical correction of instrument errors that inevitably occur during the construction of 
the device, made it possible to achieve acceptable measurement accuracy. The measured gradients of the components of the 
geomagnetic fi eld are independent of magnetic fi eld variations. If it is possible to provide a certain azimuth, additional infor-
mation appears that allows you to determine the direction of the magnetic object from the measurement point.

Fig. 4. Measurements with a magnetometer-gradiometer over a metal pipe: а – metal pipe; ZŹ – modulus of the vertical 
gradient of the vertical compo- of the geomagnetic fi eld vector; I – geomagnetic fi eld vector inclination, h – tripod height.
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