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Abstract

Objectives. The work set out to develop an approach for assessing the working (local) zone in magnetometer-
electromagnet measuring devices designed for controlling the magnetic properties of samples in which the
homogeneity of the magnetic field should be observed in terms of constancy of the field strength or induction.
Methods. The coordinate characteristics of the field strength (induction) between pole components were
experimentally obtained to identify the desired working zone (in the vicinity of the minimum of each of these
characteristics), taking into account the distance b between the poles and their diameter D.

Results. Data on working zones between opposing flat poles are obtained for different values b and D. With increased
ratios b/D = 0.7-1.3, the size of the working zone concentrated in the middle axial part of the interpolar area
is estimated at a value not exceeding 25-30% of the distance b such that the characteristic longitudinal size of the
sample does not exceed 5-10 mm. As D increases and b/D decreases, the working area increases. In particular,
at b/D = 0.5, the size of the working area is estimated to be up to 90% and even 100% of the distance b.
Conclusions. A principled approach to the assessment of the working (axial) zone between opposing flat poles
is demonstrated by obtaining and analyzing the necessary coordinate (significantly dependent on b and D)
characteristics of the field strength (induction) between them.
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HAYYHAA CTATb4A

O pa0oueit 30He U3MEPUTEJILHOTO YCTPOMCTBA
IPH UCMOJIb30BAHUM B HEM MPOTUBOCTOAIMUX MOJTIOCOB
C IJIOCKUMH MOBEPXHOCTAMMU
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Pe3iome

Llenu. Lienb paboTbl — BOCNOHUTL NPo6er, KacaloLwmincs Noaxoaa K oLeHke paboyeit (TokasibHOM) 30HbI B U3MepPU-
TeJSIbHbIX YCTPONCTBAX — MarHMToMeTpax-anekTpoMarHmtax, npegHasHa4yeHHbIX 419 KOHTPOSIS MarHUTHbIX CBOWNCTB
06pa3sLoB ¢ obecrnevyeHnemM B JAHHOW 30HE YCNOBUSE OOHOPOAHOCTM MarHUTHOIO MOJIS: MOCTOSIHCTBA HANpPS)KEHHO-
CTW NONS NN NHOYKLMN.

MeToabl. B ocHOBe MeTOL0N0MMY OOCTUXKEHNSA MOCTABJIEHHONM LIEIN — 3KCNEPUMEHTaNIbHOE MOJly4eHne Koopamn-
HaTHbIX XapPaKTEPUCTUK HAMPSXXEHHOCTY (MHAYKLMM) NONS MEXAY NnositocamMu U naeHTudunKaums NCKomon paboyei
30Hbl (B OKPECTHOCTW 3KCTPEMYMA, PAKTUHECKN — MUHUMYMA KaXA0W N3 TakuX XapakTepucTmK) C yHETOM paccTos -
HMSA b mexay nontocamm n nx guametpa D.

PesynbTatbl. prBEAEHbI 3KCNEPUMEHTANIBHO aPryMEHTUPOBAHHbIE AaHHbIE O PaboYMX 30HAxX MexXay NPOTUBO-
CTOSALLMMM MAOCKMMUN NOAKOCAMKN s padHbix BennydmH b n D. Tak, Npy NOBbIWEHHbIX OTHOWeHusax b/D = 0.7-1.3
pasmep paboyein 30Hbl, COCPeaOTOYEHHOW B CPEeOVHHOM NPMOCEBOI YacT! MEXOJIIOCHOM 0651acTu, oueHnBaeT-
CSl BEJIMYNHOM, He npeBblwatower 25-30% oT pacctosHusa b. Torga xapakTepHblid NPoAosbHbIN pasmep obpasua
CO CPaBHUTENIbHO MasibIMUX NMONepeyYHbIMU pasMepamm (Npu pasmeLLeHm o6pasLa B Tako 30HE) He [OJIXKEH rnpe-
BbllwaTe 5-10 mMm. C yBenunyeHnem agnametpa D n ymeHblUEHNEM OTHOLWEHWS b/D paboyas 30Ha yBENMYMBAETCS.
B uacTtHocTu, npu b/D = 0.5 pasmep paboyeii 30HbI oLeHMBaeTCs BennydnHom 1o 90% m naxe 100% oT paccTosiHus b.
BbiBoabl. [TokasaH 1 peanvM3oBaH NMPUHUUMNMANbHBIN NOAX04 K oueHke paboyeli (MproceBoii) 30HbI Mexay npo-
TMBOCTOSILLMMU MJIOCKUMK MOJIKOCaMM NMOCPEACTBOM MONYHEHUS U aHanM3a HeOOXOOUMbIX AN 9TOro KOOpAUHAT-
HbIX (3KCTpeMasibHbIX N0 BUAY, CYLLECTBEHHO 3aBUCKMbIX OT PACCTOAHUSA MEXAyY NoJitocaMmmn 1 nx guameTtpa) xapak-
TEPUCTUK HANPAXKEHHOCTU (MHAYKLMX) NONA MEXAY HAMN.

KnioueBble cnoBa: 0QHOPOAHOE MarHUTHOE MOfe, MAarHUTOMETP-3NIEKTPOMArHUT, HaNPSXXEHHOCTb, UHAYKLNS,
NJ1OCKne noJilkCHble HAKOHEYHUKN

Ansa yutnpoBanusa: Cangynak .A., NMonncmakosa M.H., FonosyeHko [.A., XapuH A.C., Cangynak A.B., Cangynsk A.A.
O pabouyeit 30He N3MEPUTENBHOIrO YCTPOICTBA NPU UCMOJSIb30BAHUM B HEM MPOTUBOCTOSILLIMIX MOJIOCOB C MIOCKUMW MOBEPX-
HocTamu. Russian Technological Journal. 2025;13(6):95-103. https://doi.org/10.32362/2500-316X-2025-13-6-95-103,
https://www.elibrary.ru/JCFXYH

Mpo3payHocTb hpMHAHCOBOIN AEeATEJNIbHOCTU: ABTOPbI HE UMEIOT GMHAHCOBOM 3aUHTEPECOBAHHOCTM B NPeACTaB/IEH-
HbIX MaTepmanax uam meTogax.

ABTOpbLI 3259BNSIIOT 06 OTCYTCTBUM KOHGMINKTA UHTEPECOB.
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INTRODUCTION

Measuring devices based on ballistic magnetometers,
whose key component is a solenoid, are widely used
in science and technology for measuring various
parameters, including those characterizing the magnetic
properties of various samples and their materials. In order
to create the necessary magnetic field in the working
zone of which (i.e., the zone of a homogeneous magnetic
field) the sample under study should be placed [1-6], an
electromagnet is also used. The shape of the pole tips
for creating the corresponding magnetic field between
opposing magnetic poles is selected depending on the
problem to be solved [7-15].

In order to create the necessary homogeneous
magnetic field for studying magnetic properties of
samples, the opposing surfaces of pole tips (truncated
cone, cylindrical disks [9], etc.) should be flat and
mutually parallel. Here the working zone (in which the
required field homogeneity is observed, i.e., practically
constancy of this or that value of the field strength H) is
not the whole interpolar area, but only its median part
depending on the distance b between the pole planes
and their diameter D. Otherwise it may turn out that the
results of measurements carried out in different parts
of the studied object will be obtained under different
conditions (by H), leading to incorrect results. Thus, the
relevant issue of determining the working zone of such
a measuring device is considered in the present article.

From the standpoint of the mentioned question,
the main characteristic of the field between opposing
magnetic poles (flat or differently reversed) is the
coordinate characteristic of the field. This parameter,
which is important both in the operation and creation
of measuring devices of this type, is defined by the
induction data B (or intensity H = B/p,, where p, is
a magnetic constant) obtained in the interpolar area.

EXPERIMENTAL DATA,
PROCESSING AND DISCUSSION

Asfollows fromthe above, ameasuring device worthy
of attention (a variant of a ballistic magnetometer) is an
electromagnet employing opposing pole pieces whose
surfaces, facing each other, are flat and mutually parallel.
The sample under study should be placed between the
disk-shaped pole pieces, as shown in Fig. 1, precisely
in the working zone where the generated magnetic field
is practically uniform. Meanwhile, in the interpolar area
of such measuring device/magnetometer, the specified
condition can be ensured only with a comparatively
small distance b between the poles, and only in the
central part of the area between them (as b increases, the
field strength H decreases at the periphery and increases
at the poles).
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Fig. 1. Diagram and general view of a variant
of the ballistic type magnetometer with pole tips-discs:
(7) pole tip; (2) magnetizing coil; (3) magnet conductor.
N and S are poles of the magnet, x is a direction
of induction measurement

Figure 2 shows the coordinate characteristics of
magnetic induction B obtained via a Hall sensor at a
distance x from one of the poles along the interpolar
axis[11]. For determining these characteristics, flat magnetic
elements Nd-Fe—B with a diameter of D = 25 mm and a
thickness of 10 mm were used. To determine characteristics
analogous those depicted in Fig. 2, it is sufficient to
experimentally obtain one of the symmetric branches
of any of them [11]. The obtained values of b (increased
compared to D) were b= 18-33 mm (b/D = 0.7-1.3).
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Fig. 2. Coordinate characteristics of magnetic
field induction B between opposing poles
with diameter D = 25 mm (for the near-axis part
of the interpolar area) at different distances b between
them: (a) 18 mm; (b) 29 mm; (c) 33 mm
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Fig. 3. Coordinate characteristics of induction B of the magnetic field between opposing poles
with diameter D = 200 mm (for example, in the electromagnetic system according to Fig. 1)
at the distance b = 102 mm between them:

1 (o) shows data for the near-axis part of the interpolar area; 2 (A), 3 (¢), 4 (),
and 5 (m) shows data for the sections, which are 0.15D, 0.3D, 0.38D,
and 0.45D away from the axis, respectively

According to the data given in Fig. 2, the working
zone for the study of a particular sample is the median
zone in the vicinity of the extremum (minimum) of the
curve B from x; in terms of length, it can be estimated
as no more than 25-30% of the value of b. For the
researcher, this result means that the size of the sample
under study when placed in such a zone should not
exceed only 5-10 mm; moreover, this is true only for
samples of relatively small transverse dimensions.

In order to achieve homogeneity of the field in it, the
length of the working zone can be increased by increasing
the diameter D of the poles (pole tips in the form of disks)
and/or decreasing the distance b between them.

Figure 3 shows the coordinate characteristics
of induction B between the poles with diameter
D = 200 mm, which are remote from each other by
distance » = 102 mm (b/D = 0.5). The corresponding
dependencies are given both for the near-axis part of
the interpolar area and for other parts of this area at
different distances from the axis: 0.15D, 0.3D, 0.38D,
and 0.45D (almost at the periphery).

In this case the working zone can be considered
as practically the whole interpolar near-axis area; the
transverse radius with respect to the axis is not more
than 0.15D. Here the extent of the working zone,
estimated by the value 90-100% of b (for the near-axis
part of the interpolar area) may enable the docking of
the ends of the studied sample with the pole surfaces,
but only when studying samples of relatively small
transverse dimensions.

At the same time, it should be borne in mind that
increasing the diameter D of poles and decreasing the
distance b between them, although solving the problem of
creating the necessary working area (with the provision of

practically homogeneous magnetic field), also limits the
possibility of using such a working area for conducting
studies of relatively oblong samples in it.

Due to the fact that the primary coordinate
characteristic in such electromagnetic systems is
characteristic in the axial direction of the interpolar
area, where the induction force lines are not curved,
the possibility of obtaining such characteristics
by superposition may become relevant. It is only
necessary to possess the corresponding coordinate
characteristic of induction B from the side of one pole
in the absence of an opposing magnetic pole having a
mirror characteristic, which is conditionally located at
a certain distance.

Figure 4 shows the coordinate characteristic of
the field induction from the side of one magnetic
pole of the indicated magnetic element [11]. It can be
seen that as x moves away from the center of its pole
surface, the field induction B monotonically decreases,
obeying a dependence close to the exponential
dependence [11].

Operating with this characteristic, including its
“mirror reflection” symmetrical at a distance equal to
this or that interpolar distance b (the size of the interpolar
area), we can obtain the resulting induction characteristic
by adding the corresponding induction values in the axis
direction (here between the actual and fictitious poles)
using superposition technique.

Figure 5 shows the results of such a method used to
obtain the corresponding resulting (points 0) coordinate
characteristics of the induction B [11] for different values
of the (fictitious) pole-to-pole distance b.

Figure 6 summarizes the actual data of induction B,
obtained between the opposing (differently reversed)
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Fig. 4. Coordinate characteristic of the field induction B from the side of one pole
of the magnetic element-disk at a distance from the center of the pole surface

magnetic poles, with the data of induction B, obtained
by superposition.

The good agreement of the compared coordinate
characteristics B (Fig. 6) testifies to the possibility of
applying the superposition principle to this problem and
obtaining a universal solution to the problem of obtaining
the coordinate (i.e., near-axis) characteristics of the field

induction in a system of two opposing poles with flat
surfaces. Thus, it is possible to dispense with preliminary
measurements of induction of a given magnetic system used
in a measuring device by relying on the single coordinate
characteristic obtained from the side of one magnetic
pole. This confirms the possibility of practical use of the
superposition principle in the creation of such systems.
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Fig. 5. Results of superposition of induction B (o) between the actual (data B are marked with the points A)

and conditionally opposing at the distance b (data B are marked with the points A) magnetic poles of disk elements:

(@) b=18 mm; (b) b =29 mm; (c) b=33 mm
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Fig. 6. Comparison of the actual coordinate
characteristic of the induction data between two
opposing poles separated by a distance b (points e
from Fig. 2) with the corresponding characteristic
obtained by superposition of the induction data
of each of these magnetic poles (points o from Fig. 5):
(@) b=18 mm; (b) b =29 mm; (c) b=33 mm

CONCLUSIONS

Since different parts of a sample under study will be
under different conditions (by H or B), the results of such
measurements should be treated as not quite correct. The
conducted study confirms the relevance of estimating
the size of the working zone in which the values of
field strength H or induction B are practically constant

between the opposing flat poles in order to determine
the reliability of determining the magnetic properties of
samples placed in this zone.

Experimentally validated data on working zones
when the opposing magnetic poles are in the form of flat
disks are given for different distances b between pole
planes and different diameters D. It is established that
the size of the working zone will not exceed 25-30%
of b at increased relative to D values of b. Thus,
a sample placed in this zone for research should not
exceed 5—10 mm and have a relatively small transverse
dimension.

It is shown that the working area increases with
increasing diameter D and decreasing distance b.
In particular, at » = 102 mm and D = 200 mm (i.e.,
at b/D = 0.5), the size of the working zone is estimated
by the value starting from 90% and up to 100% of b for
the near-axial part of the interpolar area. This estimation
applies to the permissible junction of the ends of the studied
specimen with the pole surfaces, but only when studying
specimens of relatively small transverse dimensions.

The possibility of estimating the working (near-
axis) zone between the opposing planar magnetic poles
by obtaining the necessary coordinate characteristics
of the field induction (strength) between them by
superposition (using the corresponding coordinate
characteristics from the side of one of the magnetic
poles) is confirmed.
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