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MAGNETIC RESONANCE PROCESSING OF MATERIALS

C.B. Koganescoxuit, O.C. Kosanescorka. Marditope3onancHa o6po6ka MaTepiaiB. AKyCTHYHI IPUCTPOI UL BU3HAYCHHS MOJYIISL
HPYXKHOCTI 3aCHOBaHI Ha BUMipi Pe30HAHCHOI YaCTOTH KOJMBAaHb 3pa3KiB B Pe3y/IbTaTi BIUIMBY Ha 3pa30K aKyCTHYHHX XBHIIb 3 TOCIIIIOBHOO
3MIHOIO 1X yacToT. MeTa — po3poOKa ajiropuTMy IiJBHILCHHS TBEPAOCTI MaTepialliB 3a paxyHOK MarHiTope3oHaHCHOI 00poOku. B poboti
[OKa3aHa MOXJIMBICTh BUKOPUCTAHHS B SIKOCTI PIBHOMIPHOTO NOTOKY Ul BIUIMBY Ha OOCSI MaTepially MarHiTHOrO MOJs, YTBOPEHOrO
HOTY)KHUMH TOCTIHHUMH MarHitamu. IIponec BImBY Ha 0oOCAT MaTepialy eKCIEpPHMMEHTAIBHHX 3pa3KiB IOJATaB B TOMY, IO BIUIUB
PIBHOMIPHOTO MarHiTHOrO MOTOKY, IO IPOHHU3YE 3pa30K, IHILIIOETBCS B PE3YNbTAaTi PE30HAHCHMX KOJMBAHb 3pa3Ka, BHKIMKAHUX
IIMPOKOCMYTOBUM BIUIMBOM PIiBHIM aMIUTITYIM 3a JOINOMOTOK TeHepaTtopa «Oioro mymy» 1 mbe3oBHIpoMiHioBada. OOpoOka 3paskiB
MaTepiaiiB, BMIIIICHNX B PIBHOMIPHHiI MarHiTHe oJie, pe30HAHCHUMH ITOJi4aCTOTHUMH BiOpaIlissMu 3 HAHOPO3MIPHOI aMILTITY/IOK B MEXax
20-80 HM., J103BOJIsIE 3MIHIOBATH TNOKA3HMKM B'A3KOCTI MaTepially, MOAYJs NPYKHOCTI Marepiady i TBEpAOCTI 3pa3skiB Martepiainy B Oik
MOJIMIIEHHS eKCIUTyaTalliiHUX BJIACTUBOCTEH BHPOOIB 3 1uX MarepianiB. HaHOPO3MipHI aMILTiTYyaM BIACHUX KOJIMBaHb 00'€KTIB CKJIaHOL
(opMH B SHEPTeTHYHHX TIONSAX, JIO SKMX MOXKHA BiJHECTH PIBHOMIPHI MarHiTHi IOJIsA, MOXYTh BUKOHYBaTH KOPEKIi10 ()i3MKO-MeXaHIYHHUX
BJIACTHBOCTEH MaTepialliB TAKUX 00'€KTIB 3 METOIO JIOCATHEHHS 1X IICHTHYHOCTI a00 TOJAHHS CTPOTO 33JaHUX BIIACTHBOCTEH.

Kuouosi crosa: Marnitope3oHaHcHa 00poOKa, MOJTyJIb IIPY)KHOCTI MaTepiaiiB, «Oumuid mym», 00'eMHe 3MiLIHEHHS

S. Kovalevskyy, O. Kovalevska. Magnetic resonance processing of materials. Acoustic devices for determining the elasticity
modulus based on the measurement of the samples frequency resonant oscillation due to the sample exposure to acoustic waves with
consistently changed frequencies. Objective: Development of an algorithm for increasing the hardness of materials due to magnetic
resonance imaging. Materials and methods: The paper shows the possibility of using as a uniform flux to influence the volume of the
material of the magnetic field formed by powerful permanent magnets. The process of influencing the volume of material of the experimental
samples was that the effect of a uniform magnetic flux permeating the sample is initiated in a result of resonant oscillations of the sample
caused by broadband exposure of equal amplitude using a “white noise” generator and a piezoelectric emitter. Results: Treatment of samples
of materials placed in a uniform magnetic field, resonant polyfrequency vibrations with nanoscale amplitude in the range of 20...80 nm,
allows you to change the viscosity of the material, the modulus of elasticity of the material and the hardness of material samples to improve
the performance of these materials . Conclusions: Nanoscale amplitudes of natural oscillations of objects of complex shape in energy fields,
which include uniform magnetic fields, can correct the physical and mechanical properties of materials of such objects in order to achieve
their identity or add strictly defined properties.
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Introduction

When analyzing materials, their fundamental properties are the most informative. Such properties
include elasticity [1]. Any material object can be considered to some extent as an elastic system that
has well-defined types of natural oscillations with well-defined periods [2, 3]. Real deformable bodies
have an infinite number of degrees of freedom corresponding to various states of deformation (bend-
ing, sliding, torsional, etc.). Therefore, there are also an infinite number of forms and frequencies of
their own oscillations. Within a certain type of oscillations, in addition to the main, lower resonant
frequency, you can always select an infinite number of higher harmonic oscillations. However, a lim-
ited number of oscillation forms with lower resonant frequencies are of practical importance.

An approximate solution of the problem of natural oscillations of round plates was given in [3].
Numerical methods using computers obtained dependences that relate the linear function of the natural
oscillations of a round plate with the speed of propagation of longitudinal elastic waves [4].

The modulus of elasticity is a mathematical description of the ability of bodies or substances
elastically to deform when a force is applied to them. The modulus of elasticity (Young's modulus)
characterizes the tensile / compressive resistance of a material to elastic deformation, or the property
of an object to deform along an axis under the influence of force along this axis and is defined as the
ratio of stress to elongation [5]. Widely known acoustic devices [4, 6] for determining the modulus of
elasticity, based on the measurement of the resonant oscillation frequency of the samples as a result of
exposure to the sample of acoustic waves with a consistent change in their frequencies. To do this, the
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sample is installed between two piezoelectric elements (sensor and receiver) and gradually increase the
frequency of the acoustic wave generator until the resonant frequency corresponding to the natural
oscillations of the sample is reached [4, 6]. On the basis of ideas about the physical nature of the influ-
ence of the composition of alloys and their structure on the modulus of elasticity the obtained results
are analyzed. However, this device uses manual smooth adjustment of the oscillation frequency, ap-
proximate determination of the maximum on the screen of the oscilloscope, manual processing of the
experimental results and a significant amount of time for the experiment as a whole.

Analysis of recent research and publications

There is also a device for measuring the elastic characteristics of materials by acoustic exposure
by measuring the resonant frequencies of the samples, based on providing tuning to the resonant fre-
guency at the maximum amplitude by changing only the phase of oscillations. This simplifies the
method, but also does not preclude manual tuning to the resonant frequency and requires additional
hardware, such as a feedback system and phase shifter.

Instruments and techniques developed to date, based on mechanical contact, allow measurements
of the Young's modulus in a rather narrow range of absolute values [7]. This is due to both the design
features of standard probes and the relative softness of the tip materials. At the same time, for objects
where high rigidity is the main indicator of quality, measurement with existing instruments is not pos-
sible. The problem of determining the Young's modulus is especially acute in the study of multiphase
structures, when there is a need to measure the elastic modulus of individual components, which dif-
fers from the value obtained by macroscopic measurements. In [7], a method for measuring the elastic
modulus of Jung using a scanning probe microscope “Nanoscan” is proposed. The method allows
measuring the Young's modulus on the scale of several hundred nanometers for a wide range of ob-
jects, including superhard materials. The method is based on measuring the dependence of the oscilla-
tion frequency of the probe in contact with the surface on the introduction of the needle tip into the
surface under load.

All existing methods for determining the elastic properties of materials can be divided into static
and dynamic [8]. Static methods are based on the experimental determination of the relationship be-
tween the load and the deformation of the sample, for example by stretching on a rupture machine.
There are also methods for determining the elastic properties based on nanoindentation.

Dynamic methods, which include pulsed resonance and resonant methods with continuous excita-
tion, allow the measurement of the velocity of elastic waves in the sample. This velocity is a function
of elastic properties and density of the material and in the general case is function of the wave fre-
guency and geometric parameters of the sample. Resonance pulse methods are based on the excitation
of oscillations of the sample by means of short-term (pulse) influence, which has a broadband ampli-
tude-frequency spectrum, and registration of the sample response. Calculation of the response spec-
trum of the sample allows identifying the resonant frequencies of its oscillations. These frequencies
depend on the geometric dimensions and shape of the sample, the boundary conditions, as well as the
density and elastic properties of the material. As a rule, boundary conditions close to the free ones are
used, and in this connection, non-contact excitation and registration of oscillations are optimal, which
allow to exclude the influence of the pathogen and the receiver on the oscillations of the sample. Res-
onant methods with continuous excitation are based on the excitation of oscillations of the sample by
continuous exposure with a smoothly varying frequency and registration of the distribution of the am-
plitude of oscillations on the surface of the sample.

Many materials have high requirements for a set of performance properties — wear resistance,
strength, heat resistance, viscosity, fracture [9, 10, 11]. One of the ways to increase the efficiency of
the tool is to strengthen the bulk heat treatment [12]. However, since heat treatment for maximum
hardness and wear resistance leads to a decrease in the viscosity and crack resistance of the cutting
part of the tool, the problem of increasing the fracture toughness of the tool is relevant [13,14].

Existing methods of changing the physical and mechanical properties of materials of the working
surface of products can be divided into five main classes [10]:

1) application to the surface of a thin film layer;
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2) change in the chemical composition of the surface layer;

3) change the structure of the surface layer;

4) change in the energy reserve of the surface layer;

5) change the surface layer roughness.

As for the change of physical and mechanical properties throughout the volume of the product,
this can be achieved by changing the structure of the material throughout the volume of the product by
heat treatment (hardening), cryogenic treatment (hardening followed by cold treatment).

The hardening processes of claims 1 to 5 are aimed at the material of a thin surface layer of the
working part of the tool and are based either on direct contact or use the effects of impulse of any na-
ture, in which the effect acquires the properties of the skin effect [15]. Volumetric hardening during
heat treatment has the effect that the uniform effect of heat flow on the entire volume of the tool mate-
rial makes such volumetric processing and volumetric hardening possible. However, the uniformity of
the heat flux requires time to equalize the temperature gradient in the volume of the material.

The aim of the study is to develop an algorithm for increasing the hardness of materials due to
magnetic resonance imaging.

Presentation of the main material

The paper shows the possibility of using as a uniform flux to influence the volume of the material
of the magnetic field formed by powerful permanent magnets. The process of influencing the volume
of the material of the experimental samples was that the effect of a uniform magnetic flux permeating
the sample is initiated in a result of resonant oscillations of the sample caused by broadband exposure
of equal amplitude using a “white noise” generator and with a piezoelectric emitter.

The possibility of obtaining a positive effect of a change in the physical and mechanical proper-
ties of the material of the experimental samples is based on the following provisions.

It is know that the modulus of elasticity E and the density of the material of the sample p is asso-
ciated with the resonant frequency f_0 of the sample by the following dependence [16]:

f =K, |-, &)
P
where K; — coefficient depending on the size of the sample.

In [17] it is noted that for cubic crystals, analogues of which are in the materials of hard alloys
used in the production of cutting non-grinding plates are characterized by 3 types of elastic defor-
mations and, accordingly, 3 independent elastic constants:

_1 JE
VO ananﬁ

op

n=0

where o, B — indices showing the types of elastic deformations in the sample element; V_0 the volume of
the sample element; n_o, n_[ deformations in different directions of the Cartesian coordinate system.

Here it is necessary to take into account the three-dimensional nature of vibrations (deformations)
in the resonance of each element of the volume of the material. Therefore, the detection of the effect of
volume effect on the physical and mechanical properties of the experimental sample can be made in a
result of estimating the resonant frequency of the experimental sample and its change in the process of
exposure to this sample. For this purpose, we used the dependence proposed in [18]:

2

E :1.64mL3F, (2)

where m — mass of the sample, L — the length of the sample, d — the diameter of the sample.

Based on these initial conditions, the determination of the resonant frequency of the experimental
sample placed in a uniform magnetic field and subjected to resonant vibrations by means of a piezoe-
lectric emitter and a piezoelectric sensor is performed on the base of the frequency spectrum of the
sample in the magnetic field (3):
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where Aq; — the amplitude of the i-th degree of the frequency spectrum of the hardware part of the ex-
perimental stand in the absence of the excitation signal of the “white noise” generator; A; — amplitudes
of the i-th degree of the frequency spectrum of the sample, installed in the zone of uniformly magnetic
field of the experimental stand and excited by the signal of the generator “white noise” by means of a
piezoelectric element that is part of the experimental stand; Aqy; — natural amplitudes of the i-th degree
of the frequency spectrum of the sample placed in a uniform magnetic field.

The choice of piezoelectric elements as an emitter and sensor is due to the ability to register elec-
tric potentials during vibration in a wide frequency range between 10 Hz...20 kHz [19, 20, 21].

Results

1. Testing of duralumin sample: before vibration treatment in a uniform magnetic field, the hard-
ness of the sample with a diameter of 15 mm and a height of 8 mm is 60...80 HB; after vibration
treatment for 20 minutes the hardness of the sample was 208...212 HB. The increase in the sum of the
individual sites of the amplitudes indicates that the sample becomes changing the viscosity of the ma-
terial. This may indicate a change in energy consumption for excitation of the sample. The increase in
the resonant frequency can be explain by the increase in the modulus of elasticity of the material. All
this leads to an increase in the hardness of the material. The increase in the resonant frequency, which
indicates a change in the physical and mechanical properties is Af;=225 Hz.

2. Copper sample test: before vibration treatment in a constant magnetic field, the hardness of the
sample with a diameter of 20 mm and a height of 5 mm is 60...100 HB; after vibration treatment for
20 minutes, the hardness of the sample was 220...222 HB. A drop in the resonant frequency of the
sample may indicate an increase in the density of the material, which leads to an increase in hardness.
Simultaneous reduction of the integral characteristic of the frequency response of the natural oscilla-
tions of the sample also indicates an increase in energy consumption for resonant vibrations of the
sample. The increase in the resonant frequency, which indicates a change in the physical and mechani-
cal properties is Af;=150 Hz.

3. Testing of non-grinding cutting plates made of hard alloy T15K6. An increase in the resonant
frequency of the sample (Af,=120 Hz) may indicate an increase in the modulus of elasticity of the ma-
terial while increasing its viscosity. This is typical for polycarbonates, polyamides, composite materi-
als. Testing of plates during turning of a batch of parts £/95.5 mm made of 40X steel with a feed of
0.5 mm/rpm and a cutting speed of 150 m/min dimensional wear of T15K6 plates decreased by
40...42 %. This is an argument in favor of vibration resonant processing of cutting inserts in a uniform
magnetic field.

4. Testing of non-grinding cutting inserts made of hard alloy VK8. An increase in the resonant
frequency of the sample ((Af,=70 Hz) may indicate an increase in the modulus of elasticity of the ma-
terial while increasing its viscosity. Testing of gray cast iron with cutters made of hard alloy VK8 with
a hardness of 200...220 HB when turning the sample with a cutting depth of 1.8 mm with a feed rate
of 0.2 mm/rpm and a cutting speed of 114 m/min wear of plates with VK8 decreased by 32...37 %. It
is show that with increasing duration of such processing the increase in its efficiency decreases. In ad-
dition, the process of changing the properties of the materials continues after vibration resonance
treatment in a uniform magnetic field for the next 3...5 days. The change of these properties is subject
to exponential nature and for different materials has a different time constant. Then the indicators

ZA (f;) and fyare stabilized, which indicates the termination of the process of changing the proper-
i=1
ties of the material of the samples.
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The results of processing in the magnetic field of other groups of samples of non-grinding cutting
plates are in Table 1.

Table 1

Hardness indices of non-grinding cutting inserts before and after magnetic resonance processing
in a uniform constant magnetic field

] Hardness during the experiment, HB
Marking Type of plate Ne plates
Before After A HB
1 418 508 90
2 427 508 81
CNMA 120408E- 3 441 509 68
KD5,ACK15A 4 443 512 69
5 443 510 67
6 445 508 63
7 431 488 57
8 422 485 63
WNMG 080408E-MC3 9 431 488 57
AP301M 10 420 494 74
11 424 481 57
12 421 477 56
13 423 472 49
14 432 469 37
WNMG 080412E-PD3 15 427 471 44
AC250P 16 428 480 52
17 420 482 62
18 413 476 63
19 419 517 98
20 415 522 107
21 419 510 91
22 420 515 95
SNGX 1206 ANN-MM3 23 423 508 85
AP351U 24 427 510 83
25 423 511 88
26 427 512 85
27 415 513 98
28 405 512 107

Such processing of non-grinding plates was accompanied by observations of the dynamics of

change of indicators ZA (f,) and f, presented in Table 2.
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Table 2
n
Dynamics of change of indicators > A (f,) and fo
i=1
n
Ne plates SA(T) fo
i=1
8700 11450
8750 ala 12400, Mg LALRL
1 8800A/W\I\WA 11350 | " WA A
-8850 ¥ \ 11300 VYV vwyw v
-8900 \’ 1125
1 4 7 10 131619 22 2528 31 3437 40 5 9 13 17 21 25 29 33 37 41
-710 11400
~7200
2, 700 11350
3, ] 11300
4 —7400
750 11250
0 10 20 30 40 0 10 20 30 40
~690 11400 |
~700 11350
5, 10 o P AN 11300 W ANM
6 ',JN-"I h 11250
=720 J 11200
~7300 11150
0 20 40 60 80 0 20 40 60 80
—~660 1116
6700 11140
7, - 11120
8 6800 11100
11080
—690! 11060
0 20 40 60 80 0 80
—645 1135
6500 1130
9 11250
6550 1120
660 1115
0 20 40 60 80 0 20 40 60 80
~710 11180
11160
10, —715 11140
11, 20 11120
12 11100
—725 11080
0 80 0 80
-698 1190
~7000 11850
~7020
11800
13 7040
7060 11750
—708! 11700
0 80 0 20 40 60 80
-680 10950
~6900 10900 |
14, 7000 10850 A '\\
15 7100 10800 ll \ /
~7200 10750m #
~730 10700
0 20 40 60 80 0 20 40 60 80
~6800 11080
-6820 11060
16, -6840 11040
~6860 11020
1, -6880 11000 L/\f\
18 —6900 10980
~6920 10960
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Approximation of change of indicators before and after processing of plates in a magnetic field is
presented by polynomials of Table 3.

Table 3

Approximation of change of indicators before and after processing of plates in a magnetic field

pllffes Before processing After processing
y = —7E—06x® + 0.0009x° — 0.0449x* + 1.0646x° — | y = —4E—06x° + 0.0005x° — 0.0274x" + 0.6685x° —
1 - 12.262x* + 61.835x — 8887.2 —7.9931x% + 40.187x + 11320
R2 = 0.3295 R2=0.1538
2, y = 7TE-06x° - 0.0005x° + 0.006x" + 0.1811x*— | y=1E—06x°—0.0002x° + 0.013x* — 0.3242x° +
3, — 5.2342%° + 46.253x — 7465.4 +4.5155x% — 35.046x + 11427
4 R2=0.883 R2=0.6571
s |V= —2E-07x° + 4E-05x° — 0.0037x" + 0.1632x° — | y = 7E-08x® — 2E—05x° + 0.0022x* — 0.0988x" +
5 — 3.5733x° + 38.345x — 7278.5 +2.127x% - 21.064x + 11399
R2=0.9018 R2 = 0.7988
7 y = 7E-08x° — 2E—05x° + 0.0022x* — 0.0988x> + | y = 2E—07x® — 3E-05x° + 0.0023x* — 0.0726x° +
g +2.127x% — 21.064x + 11399 +0.9636x% — 3.4156x + 11084
R2 = 0.7988 R2=0.6217
y = —6E—08x® + 2E-05x° — 0.0014x" + 0.0636x° — | y = 1E-07x® — 3E-05x° + 0.0027x" — 0.1058x> +
9 — 1.4779%* + 16.075x — 6569.7 +2.0336x* - 17.913x + 11317
R2 = 0.6803 R? = 0.6644
10, | y=2E-07x®-4E-05x"+0.003x*-0.1171x* + | y=2E-07x® — 5E-05x® + 0.0037x" — 0.1414x* +
11, +2.1844x% - 14.125x - 7216.8 +2.5073x% - 16.142x + 11147
12 R2=0.8434 R2 = 0.5984
y = —6E—-09x® + 6E—07x° — 1E-06x" —0.0013x° + | y = —5E-08x° + 7E-06x° — 0.0003x" + 0.0039x° +
13 0.0241x° - 0.6317x — 7024.9 +0.1219x% - 3.9818x + 11845
R2 = 0.342 R2 = 0.2437
u |y=E ~5E-08x° + 3E-05x° — 0.0035x" + 0.1787x% — | y = —4E-08x° + 3E-06x" + 0.0004x" — 0.0463x° +
15 —3.9025x° + 33.588x — 7265.2 +1.6145x* - 14.363x + 10761
R2=0.9184 Rz =0.7982
16, | y=0.0001x"-0.0083x" + 0.2479x" — 3.3883x° + | y = 5E-—05x° — 0.0038x" + 0.1058x" — 1.3926x° +
17, +20.096x? — 35.008x — 6879.2 +9.0349x% - 25.365x + 11024
18 R2 = 0.6093 R2 = 0.4921

The results of strengthening the non-grinding cutting plates are shown in Fig. 1 — 4.

HB
500

400 A
300 -+
200
100 -

Fig. 1. Results of hardening of non-grinding cutting

HB
500

® HBO
m HB1
A HB

1 2 3 4 5 6

Plate number

inserts type CNMA 120408E-KD5

400

300 7

200 7

100 -

® HBO
m HBE1
A HB

7 8 9 10
Plate number

11 12

Fig. 2. Results of hardening of non-grinding cutting

inserts type WNMG 080408E-MC3 AP301M
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Plate number Plate number

Fig. 3. Results of hardening of non-grinding cutting Fig. 4. Strengthening results of non-grinding SNGX
inserts type WNMG 080412E-PD3 AC250P 1206 ANN-MM3 AP351U cutting inserts

Indicators of hardness and resonant frequencies of non-grinding cutting plates before and after
magnetic resonance processing in a uniform constant magnetic field are presented in Table 4.

Table 4
The results of magnetic resonance processing of samples
No Before processing After processing Changes
Marking .| The hardness of |Resonance,| The hardness of |Resonance,
plates the plate, HB Hz the plate, HB f, Hz A, HB | Af, Hz
1 418 11365 508 11235 90 130
2 427 11403 508 11246 81 157
CNMA 120408E- 3 441 11403 509 11278 68 125
KD5,ACK15A 4 443 11403 512 11312 69 91
5 443 11400 510 11339 67 61
6 445 11400 508 11286 63 114
7 431 11092 488 11261 57 -169
8 422 11092 485 11247 63 -155
WNMG 080408E-MC3 9 431 11291 488 11263 57 28
AP301M 10 420 11134 494 11262 74 -128
11 424 11134 481 11262 57 -128
12 421 11134 477 11249 56 -115
13 423 11835 472 11251 49 584
14 432 10776 469 11246 37 -70
WNMG 080412E-PD3 15 427 10776 471 11247 44 —471
AC250P 16 428 11014 480 11239 52 —225
17 420 11014 482 11234 62 -220
18 413 11014 476 11222 63 -208
19 419 10785 517 11135 98 -350
20 415 10957 522 11143 107 | -186
21 419 10655 510 11154 91 —499
22 420 10694 515 11156 95 —462
SNGX 1206ANN-MM3 | 23 423 10849 508 11155 85 -306
AP351U 24 427 11249 510 11160 83 89
25 423 11249 511 11155 88 94
26 427 11249 512 11143 85 106
27 415 11070 513 11159 98 -89
28 405 11070 512 11159 107 -89
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The increase in hardness is inversely proportional to the decrease in the resonant frequency of the
cutting plate. For different types of cutting inserts, the correspondence of hardness to resonant fre-
quencies is different and obviously depends on the design features. Therefore, on average, the change
in resonant frequency is determined by the formula: AHB = —(0.65...0.75)Af,

For the plates of the most numerous group SNGX 1206ANN-MM3 AP351U) the result is de-
scribed by formulas:

fo=—-1.27-HB + 11802; 4)
HB =-0.79-f, + 9317.
The result can be described by the following dependence:

fo=-1.53-HB + 11981; (5)
HB = -0.66-f, + 7856.

Conclusions

Processing of samples of materials placed in a uniform magnetic field by resonant polyfrequency
vibrations with nanoscale amplitude in the range of 20...80 nm.

Nanoscale amplitudes of natural oscillations of objects of complex shape in energy fields, which
include uniform magnetic fields, can correct the physical and mechanical properties of materials of
such objects in order to achieve their identity or add strictly defined properties.

The study of this effect can be extended to a number of materials, their atomic-crystalline struc-
tures, ranges of magnetic fluxes, frequency ranges and estimates of the obtained physical and mechan-
ical properties of the materials thus treated.
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