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REASONS AND REGULARITIES OF THE INFLUENCE OF MAGNETIC FIELDS
ON THE MECHANICAL PROPERTIES AND STRUCTURE OF DEFORMABLE METALS

Background. The strength of metals greatly limits the possibility of obtaining products by plastic deformation. The
electromagnetic nature of the processes of structure formation and plastic deformation provided the basis for the ap-
plication of additional influence of the magnetic field. A fairly large volume of research material has been accumulated
on the topic of additional influence of the magnetic field on ferro-, dia- and paramagnetic metals. The researches of
recent years have an applied nature of studying the magnetoplasticity of technical alloys. Their generalization will make
it possible to move from laboratory research to the development of equipment and technologies for combined pressure
processing of metal products in a weak magnetic field.

Objective. Generalization and analysis of the results of laboratory and theoretical studies of the additional application
of the magnetic field in the processes of mechanical testing of metals and alloys.

Methods. Literary review of materials of articles, monographs, dissertations.

Results. Reasonable use of a magnetic field for plastic deformation of metals. The explanation of the mechanism of the
influence of the magnetic field on the structural elements of metals based on the effect of magnetoplasticity has been
made. The description of changes in the mechanical properties of metals and alloys under the additional influence of
a magnetic field is given.

Conclusions. The phenomenon of magnetoplasticity has been studied for a wide range of materials such as pure me-
tals and their alloys, including industrial steels and alloys. Various types of positive effects of a magnetic field on the
mechanical properties of metals have been established: a decrease in the yield strength and deformation resistance, an
increase in strain, relaxation of internal stresses, and a decrease in dislocation density. There is also a reverse, negative
effect of the influence of a magnetic field: increased rate of hardening, embrittlement, increased creep of metals. What
will be the effect of a magnetic field on a specific metal cannot be guaranteed with high accuracy.

Keywords: Magnetic field; magnetoplasticity; mechanical properties; tension; dislocation.

Introduction the rheological properties of the processed metals.

A number of new technologies for plastic deforma-

Metals are reliable structural materials due to
their high strength and ability to be processed by
various methods. The requirements for metal pro-
ducts and the intensification of processing methods
continue to increase. The strength of metals greatly
limits the possibility of obtaining products by plas-
tic deformation. The impact of a complex of me-
chanical, electrical or magnetic energy influenced by

tion of metals have been created. Their use is es-
pecially important when processing hard-to-deform,
alloyed, precious metals and high-value alloys, where
even a small increase in the efficiency of the pro-
cessing process is of great economic importance. The
theory is developed towards a description of micro-
and nanostructural processes of plastic deformation,
atomic and electronic level interactions in metals.
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The rheological properties of crystalline mate-
rials are determined by the presence of lattice de-
fects in them, primarily dislocations. The dynamics
of their origin and movement under the influence
of external stresses determines the mechanical pro-
perties of the material. The nucleation and move-
ment of a dislocation is a process of interaction be-
tween atoms of the crystal lattice. This interaction of
atoms is carried out due to the electrons in their
outer shells by changing their structure, redistribu-
ting electrons from atom to atom or into the general
“electron gas” of the crystal. The bonding of atoms
is the result of electrostatic interaction between the
nuclei and all electrons of atoms [1].

Problem statemen

Generalization and analysis of the results of
laboratory and theoretical studies of the additional
application of the magnetic field in the processes of
mechanical testing of metals and alloys. Justification
of the application of the magnetic field, explanation
of the mechanism of the influence of the magnetic
field of the structural elements of metals, description
of the change in the mechanical properties of me-
tals and alloys under the additional influence of the
magnetic field.

Presentation of the main research results

The electromagnetic nature of the processes
of structure formation and plastic deformation gave
rise to the use of additional exposure to a magnetic
field (MF). The beginning of experiments on the use
of MF can be considered the mid-twentieth centu-
ry [2—4], where changes in polymorphic transfor-
mations in metals were recorded, which served as
the basis for the creation of the first heat treatment
technologies with the external influence of MF.
A fairly large amount of research material has been
accumulated; there are review articles and mono-
graphs [5, 6, 11, 15, 18—21, 23] on the topic of
additional effects of MF on metals, alkali halide
crystals, semiconductors, fullerenes, and polymers.

The research is so numerous that a separate
work needs to be devoted to the chronology and
systematization of tested materials. However, ge-
neral conclusions can be formulated based on the
opinions of many authors. There are several bright
groups of scientists who studied various aspects of the
influence of MF: M.L. Bernstein, V.N. Pustovoit —
for heat treatment of steels [5—8]; M.A. Krivoglaz,
V.D. Sadovsky, V.M. Schastlivtsev, E.A. Fokina —
on phase transformations in steels [9, 10]; V.I. Als-

hits, E.V. Darinskaya, M.V. Koldaeva, Yu.l. Go-
lovin — on the magnetoplasticity of solids [11—15];
V.E. Gromov, S.V. Konovalov, Yu.F. Ivanov — on
strength and plastic deformation of metals [11—15].
In addition to groups of scientists, this topic is being
studied by many individual researchers, the results
of whose work are given in the following description.
Most of the works describe the experimental
results of the influence of MF on the mechanical
properties of solids. Among them, the most numer-
ous are tensile and compression tests. Changes in the
properties of many metals, both in pure form and
their alloys, including become. For example: Cu, Ag
[16, 17, 23, 28]; Al [16; 17, 21, 23, 28, 29, 33]; Ni,
Fe, Co, Ni-Co, Ti, Nb, Mo, Bi, bronze [23]; steel
[23—27]. Changes in the mechanical properties of
metals under the influence of the MF can manifest
themselves in many ways in an increase or decrease
in their values, or may not have a significant effect.
The greatest practical interest, based on its wide
distribution, is caused by studies of the deformation
of iron and its alloys. Tensile tests of technical Fe
[23—25] at a strain rate of 2-10-5 s! showed that
when a constant MF (500 Oe) is turned on, the
yield strength decreases (Fig. 1) by 30 MPa, and the
abrupt change in its value disappears (yield tooth) in
the initial period of plastic deformation, the length
of the yield plateau is reduced. In the presence of
a transverse MF, these effects are significantly less.
Longitudinal variable MF (50 Hz, 500 Oe) reduces
the value of both the lower and upper yield limits.
The same works [23—25] established that cons-
tant MF has little effect on the mechanical proper-
ties of technical iron, but noticeably changes the
characteristics of pure iron. For example, the elong-
ation increases by 1.7 times. A deformation test un-
der constant load [21] in the presence of constant
MF (860 Oe) showed that creep in the case of high
purity Fe is accelerated in MF at loads above the
yield strength, up to the ultimate strength. MF also
affects the increase in total elongation. For example,
at a load of 76 MPa, the creep rate at the second
stage is 0.9-107° s! without MF and 2.3-107 s' in
MF, respectively. At this load, pure iron samples
were destroyed in the MP after 25—100 minutes,
and without a field in more than 600 minutes. The
effect of accelerating creep with the application of a
constant MF in the case of samples made of techni-
cal Fe is observed only at loads close to the tensi-
le strength of this material. The time to failure at
c = 294 MPa in MF decreases approximately by
half. In a weak MF at an intensity of 200 Oe, the
effect of its influence on the mechanical properties
of iron has not been established. According to the
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authors of [25], the features of tension and creep
of iron in MF are due to the fact that in a cons-
tant MF of sufficient strength there are no domain
boundaries that serve as places for the accumulation
and pinning of dislocations. Therefore, domains do
not have an inhibitory effect on the process of pla-
stic deformation, in particular on the acceleration of
creep and increasing tensile elongation. The effects
are more pronounced in iron that is purer in terms
of impurities, since impurity atoms do not block dis-
locations, and the role of domain boundaries turns
out to be more significant.

1%
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b

Fig. 1. Diagram of the tensile yield area of technical Fe:
a — without MF (o = 343 MPa; c_. = 274 MPa);

b — in the longitudinal MF (c. = o = 245 MPa)

Tensile tests of samples made of St3 (similar
S235) steel in constant (500—700 Oe) and alterna-
ting (50 Hz, 500—700 Oe) MF were carried out for
the first time in [26]. The directions of MF and
deformation coincided. The strain rates were 20
and 250 mm/min. Analysis of the stress-elongati-
on curves showed that in MF plastic deformation
begins and proceeds at a lower deformation stress.
Depending on the deformation rate and MF inten-
sity, the effect of reducing deformation stress lies in
the range of 5—10 %. However, the relative elonga-
tion decreased by approximately two times. In [27],

the tensile curves of St3 steel in a high-strength
MF (H = 50 kOe) were also studied. Deformation
of pre-annealed samples was carried out at room
temperature at a speed of 0.5 mm/min. Tests have
shown that in MF the maximum elongation of the
sample decreases by 20—30 %, and the hardening
increases slightly.

The presented studies motivated us to conduct
our own tests, which also yielded positive results.
When steels are stretched in a magnetic field with an
induction of 1.2 T (Fig. 2), a reduction in deforma-
tion resistance of up to 25 % is achieved. The grea-
test influence is on the deformation of high-strength
steels [35].
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Fig. 2. Tensile curves of steels: a — S235; b — 41Cr4
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In addition to ferromagnetic iron alloys, the
effect of magnetic fields on paramagnetic alloys has
been widely studied. The authors of [33] studied the
effect of a pulsed magnetic field with an induction of
up to 7 T on the tensile strength of 7055 aluminium
alloy (Fig. 3).
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Fig. 3. Tensile curves of alloy 7055 at various values of magnetic
induction

The existence of a threshold for exposure to
a magnetic field has been revealed; for this expe-
riment, this is a field with an induction of 3 T. As
long as the induction is less than the threshold value,
its effect on stretch performance is positive. As the
induction exceeds the threshold value, the influence
of the MF becomes negative. At the peak of the 3 T
induction threshold value, the tensile strength and
elongation reaches an increase of relative 8 % and
20 % compared to the values of the sample without
magnetic field treatment.

A similar experiment with similar results was
carried out in tension of titanium alloy Ti6Al4V
(TC4) |33]. Here, an induction of 3 T is also the th-
reshold value for the growth of mechanical proper-
ties and dislocation density. At an induction of 3 T,
the elongation reaches a maximum value, which in-
creases by a relative 24 % compared to the values of
the sample without treatment with a MF.

Two-phase titanium alloys, as a Ti6Al4V (TC4)
[32], actually contain magnetic elements reacting to
a magnetic field positively, which the magnetic ele-
ments include titanium and iron. They are able to
align under the influence of a magnetic field and
form aggreged structures. Magnetic particles inside
magnetic materials would be aligned with the di-
rection of an external magnetic field. This pheno-
menon is clarified by magnetic filler interactions of

magnetic particles in a presence of a magnetic field.
In the condition of zero magnetic field intensity,
magnetic particles may move randomly to other par-
ticles because of the van der Waals forces. With a
presence of a magnetic field, magnetic dipole energy
is large enough to overcome the thermal energy so
that magnetic particles tend to align with the di-
rection of the external field. After that, the aligned
particles become linear chains [30—32].

There is a fact of instability of test results for
the same materials by different authors. This indi-
cates the decisive importance of the thermal and
deformation history of the samples, i.e. their struc-
tures before testing. Also, an influential factor is the
magnetic field itself in the metal deformation zone:
its strength, direction of action relative to the axis
of the main deformations, duration of exposure. The
inconsistency of the results of using MF is still a
barrier to recognizing the effectiveness of its use and
the practical value of continuing research.

One of the physical quantities that make it pos-
sible to assume the causes and mechanism of the
influence of a magnetic field on the mechanical
properties of a solid [2] can be the energy imparted
by the magnetic field to any structural element in a
magnetic environment:

A(]m ~ p’BgB’

where i, is the Bohr magneton; B — magnetic field
induction; g — g-factor.

For weak magnetic fields with induction
B=1-2T, AU, ~10° -10"%eV. In [3] a com-
parison of magnetic energy with the energies that
determine the mechanical properties of metals
at the macroscopic level is given. The energy re-
quired to move a dislocation in steel per atom is
AU,, ~107eV, migration energy of point defects
(vacancies) — AU, 0 ~ 102%eV, elastic energy
of the grain boundary (at a misorientation angle of
3-5°) — AU, ~107 -10"eV. According to esti-
mates [1], the activation energy of overcoming the
stopper AU, ~0,1-1eV, exchange energy of dis-
location-stopper bond AU, ~ leV . These estimated
values indicate that weak MF cannot have a direct
effect on the mechanical properties of metals at the
macroscopic level. The low energy of the MF leads
to the conclusion that the effect of MF on the me-
chanical properties of solids most likely occurs at the
electronic level.

In an ideal crystal, magnetic fields can cause
ordering by dipole and magnetic moments, changes
in the electronic and phonon spectrum, as well as
phase transitions. As for point defects, although they
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themselves are rarely the cause of material failure,
an important factor is their interaction with disloca-
tions. For example, if a defect has a dipole or mag-
netic moment and elastic anisotropy, then its orien-
tation in the MF will cause a decrease in the flow
stress in some planes and an increase in others. In
metals, a change in the MF state of the electron gas
(which can be considered as a set of point stoppers
for dislocations) can affect the plastic properties due
to the effect of electron-dislocation interaction [22].
The reason for the change in the mechanical
properties of crystalline materials is associated with
the manifestation of the magnetoplasticity effect.
The magnetoplastic effect (MPE) was first discover-
ed in 1985 at the Institute of Crystallography named
after Shubnikov RAS by V.I. Alshits’ group [11].
The effect consisted of a displacement of newly in-
troduced edge dislocations in NaCl crystals placed in
a constant magnetic field with an induction of up to
1 T; a change in dislocation paths and microhard-
ness was also observed in the crystals. MPE exists for
a variety of non-magnetic and magnetic materials,
particularly in ionic, ionic-covalent, covalent, mo-
lecular and metallic solids. Almost the entire varie-
ty of observed physical patterns characterizing this
phenomenon in nonmetallic materials has found its
explanation within the framework of the concept of
spin-dependent electronic transitions in an external
MF [23]. According to this concept, MF leads to the
evolution of the spin state in the “dislocation-para-
magnetic centre (defect)” system, which causes the
lifting of the spin ban on certain electronic transi-
tions. The latter radically change the configuration of
the system, leading, in particular, to the detachment
of dislocations from point defects, which leads to a
change in the mechanical properties of the material.
The authors of [33] clearly described the me-
chanism of magnetoplasticity due to the movement
of dislocations. The start of a dislocation motion
is controlled by its release from the obstacles. This
becomes reasonable under the action of a strong
enough mechanical stress. More importantly, the
dislocation mobility is the key factor to determine
its moving characteristic. When the tensile test is
performed under a magnetic field, the influence of
the magnetic field on the dislocation, namely, the
magnetoplasticity, will take effect. Fig. 4 illustrates
the dislocation movement in one period in the pre-
sence of a magnetic field and external stress, where
the parallelogram plane represents the sliding plane
and the shadow represents the region that has slid.
The whole process can be divided into four
main steps, as per Fig. 4(a)~(d). Fig. 4(a) (step 1)
shows the initial state of dislocation. Under the con-

dition of external stress, the dislocation is free from
the obstacles and moves forward along the sliding
direction indicated by the arrow. The required cha-
racteristic time is 103~10-* s. The accurate time is
determined by the distance (L) between the adjacent
obstacles.

Step 2 is the most complicated one during the
whole process, which is displayed in Fig. 4(b), (e)
and (f). During this period, the dislocation is clo-
se to the next obstacle. The relationship between
the dislocation and obstacles are determined by L,
which is relevant to the radical pair state. When the
L is larger than L*(about 10-°m), which is the cri-
tical length to distinguish the state of the radical
pair, the moving dislocation will pass the S, T re-
sonance area where the electron spin directions are
random (Fig. 4(e)). In the presence of a magnetic
field, when the L is smaller than L*, the free elec-
trons will be stimulated between the dislocation and
obstacle (Fig. 4(b)). Two free electrons will gene-
rate some new radical pairs. The required time to
form a radical pair is 10-4~10-° s. The transitory
time implies that the free electron stimulation and
radical pair formation will be completed instanta-
neously. Under the Ag mechanism, the radical pairs
were impelled to transform from the S state to TO
by an external magnetic field. Further, the magnetic
field will influence the electron spin and induce the
atomic rearrangement, which directly results in the
spin lattice relaxation. Under this condition, the
radical pair will transit from a T0 to T+, T-state
(Fig. 4(H) [36].

The characteristic time for the atomic arrange-
ment is 10-2~10-% s. In view of the energy diffe-
rence, the S state of the radical pair implies a higher
bonding energy between the dislocation and obstacle
when compared to the arbitrary TO, T+, T-state.
Therefore, a high coverage of radical pairs in the
T state will contribute to the enhancement of the
plasticity of the material, which can be achieved in
the presence of a magnetic field. The experimental
phenomenon is referred to as the MPE. Apparent-
ly, the analysis and discussion about MPE is in the
quantum scale.

As shown in Fig. 4(c) (step 3), the dislocati-
on is hindered and stays at the obstacles. Though
the radical pair is at the T state with lower bon-
ding energy, the necessary impulsive energy is still
needed. The possible energy resource comes from
the stressor, sometimes, heat energy. The relevant
characteristic time of this period is 107 s to «. The
meaning of “w” means that if there is not enough
energy to stimulate the dislocation movement, the
dislocation will stay at the obstacles for long periods.
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External stress

Sliding direction

T states

Fig. 4. The schematic of the dislocation movement in the presence of a magnetic field: (a) shows surmounting the previous obstacle
and moving forward; (b) displays the motions close to the obstacles, in the cases of L > L* (e) and L < L* (f), with L being
the distance between dislocation and obstacles, and L* the critical one; (c) refers to the stay at the obstacles; (d) indicates the

surmounting the obstacles and moving forward

In Fig. 4(d), when the critical demanded ener-
gy is absorbed, the dislocation will depend from the
obstacle and move forward. The required time is
10°~10-'% s. One period of dislocation movement
will be terminated.

Compared to the characteristic time of the
four steps, it can be concluded that step 2, which
includes the electron stimulated and atomic ar-
rangement, can end up in momentary time, which
meanwhile demonstrates the high efficiency of the
magnetic field treatment. Nevertheless, the delay of
the dislocations at the obstacle in step 3 is the most
time-consuming period. It is regularly the rate-limi-
ting step when performing the tensile test.

The author of this article also made an attempt
to explain the effect of a MF on a dislocation core.
The change in the total energy of a small fragment
of an idealized Fe crystal lattice with a moving edge
dislocation has been calculated. Calculations were
performed for conditions of external influence of a
constant MF and without it. Calculations were car-
ried out using the density functional theory method

in the Kohn-Sham version using the GAUSSIAN
09 software package [37]. The movement of a dislo-
cation increases the energy of the Fe atomic system
and increases it to an even greater extent in the pres-
ence of an interstitial atom. The influence of a MF
reduces the energy of a system of atoms in various
configurations of their arrangement. The movement
of a dislocation increases the magnetic susceptibility
of a system of atoms. When a dislocation moves in a
MF, either the magnetic susceptibility of a system of
atoms decreases or the intensity of its growth decreases.
The MF has a positive effect on the uniformity of
the distribution of electrons within a system of atoms
with distortion of the crystal lattice, especially in the
presence of impurity atoms. This result may be one
of the justifications for the effect of magnetoplasticity
in ferromagnets. The greatest change occurred in the
system of pure Fe atoms. Impurity atoms reduce the
effectiveness of MF exposure.

A summary of the studied influence of the mag-
netic field on the process of deformation of metals is
presented in Table 1.
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Table 1. Results of a study of the influence of a magnetic field on metals

Researched Determined

Polymorphic transformations in metals
and other materials

Changes in the kinetics of polymorphic transformations with the release
of ferromagnetic phases, changes in the structure of the resulting phases

Mechanical properties of metals and
alloys

The phenomenon of magnetoplasticity in microscopic volumes of
material, changes in the strength and plasticity of macroscopic samples
at various stages of deformation under conditions of tensile, compression,

and creep tests have been revealed

The strength of the magnetic field, its
direction relative to the main axis of
deformation, constant or pulsed action
during processing

Exposure to weak to strong magnetic fields, constant and alternating
magnetic fields is effective. A magnetic field perpendicular to the
direction of deformation of materials has a greater influence

Dislocation structure of the material

The mechanism of magnetoplasticity based on the interaction of
moving dislocations with stoppers. Change in the energy of a system
of atoms of a dislocation core in a magnetic field

The mechanism of the effect of MF on metals
is determined by various factors and is still insuffi-
ciently studied. This is also due to the fact that there
is no simple, unambiguous connection between the
mobility of individual dislocations and macroplastic
deformation characteristics.

Research in recent years has an applied nature in
the study of magnetoplasticity of technical alloys. The
relevance of the transition to the development of equip-
ment and technologies for combined forming proces-
sing of metal products in a weak magnetic field arises.

Conclusions

a) The phenomenon of magnetoplasticity has
been studied for a wide range of materials such as
pure metals and their alloys, including industrial
steels and alloys. Prominent scientists and teams of
authors took part in the research, their works are
presented in the form of numerous articles, mono-
graphs and dissertations. All types of metals are sus-
ceptible to the influence of a magnetic field: ferro-,
para- and diamagnetic.
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b) Various types of positive effects of a magnet-
ic field on the mechanical properties of metals have
been established: a decrease in the yield strength and
deformation resistance, an increase in strain, relax-
ation of internal stresses, and a decrease in disloca-
tion density. There is also a reverse, negative effect
of the influence of a magnetic field: increased rate of
hardening, embrittlement, increased creep of metals.

¢) What will be the effect of a magnetic field on
a specific metal cannot be guaranteed with high ac-
curacy. The low energy of the magnetic field and its
effect on the microstructural, atomic and electronic
levels make it difficult to predict the behaviour of
the metal.
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NPUYMHW | BAKOHOMIPHOCTI BMMBY MATHITHMX MOMIB HA MEXAHIYHI BIACTUBOCTI | CTPYKTYPY METANIB, LLO
JE®OPMYIOTbCA

MpobnemaTuka. MiLHicTb MeTaniB cUNbHO 0OMEeXye MOXMMBOCTI OfiepXXaHHsl BUPOGIB 3 BUKOPUCTAHHAM NNacTUYHoi gedopmalii.
EnekTpomarHiTHa npupoga npoueciB CTPYKTYPOYTBOPEHHS Ta NnacTu4Hoi Aedopmalii Aana OCHOBY A 3aCTOCYBaHHS A04ATKOBOro
BMNMBY MarHiTHoro nonsi. Hakonu4eHo [ocWTb BENWKMIA 0bCar AOCHiAHMULBKOrO MaTepiany 3 TeMaTuKM A0AaTKOBOrO BMAMBY MarHiTHOroO
nons Ha epo-, Aia- Ta NnapamarHitTHi metanu. [JJocnigXeHHsa OCTaHHIX POKiB MakOTb NPUKNaAHWIA XapakTep BUBYEHHS MarHiTonnacTU4HoOCTI
TEeXHIYHMX cnnasiB. IXHE ysaranbHeHHs [03BONUTL NepenTy Bin nabopaTopHUX AOCHiMKEeHb A0 Po3pobkn obnagHaHHs Ta TeXHOMOrii
KOMBiHOBaHOT 06pobkKu TUCKOM MeTaneBux BUpobiB y cnabkomy MarHiTHoOMy Mori.

MeTta pocnigxeHHs1. Y3aranbHeHHs 1 aHani3 peaynsraTiB nabopaTopHUX i TEOPETUYHMX AOCNiAXeHb 40AAaTKOBOrO 3aCTOCyBaHHS!
MarHiTHOro norns y npouecax MexaHi4yHux BUNpobyBaHb MeTaniB Ta CrnasiB.

MeTtoauka peanisauii. JlitfepatypHuii ornsig matepianis ctatei, MoHorpadil, AucepTauiiHnx poobiT.

Pesynbratu gocnigxeHHs. O6rpyHTOBaHO 3aCTOCyBaHHS MarHiTHOro monsi Ans nnactuyHoi Aedpopmadii metaniB. BukoHaHo
NOSICHEHHS MeXaHi3My BMfMBY MarHiTHOrO MONS Ha CTPYKTYPHi eneMeHTU MeTaniB Ha OCHOBI edeKTy MarHiTonnacTu4HocTi. HaBegeHo
OnMunC 3MiHM MeXaHiYHMX BracTMBOCTEN MeTaniB i cnnaeis nig 404aTKOBMM BNSIMBOM MarHiTHOro nons.

BucHoBKuW. fAABuLLE MarHiTonnacTUYHOCTI OCNISKEHO ANS LWMPOKOro Kona martepianis, TakuX K YUCTi MeTanu Ta ix cnnasu, y ToMy
yncni NPOMUCIOBI cTani Ta cnnasu. BcTaHOBNEHO Pi3Hi BUAM NO3UTUBHOIO BMNMBY MarHiTHOro Mons Ha MexaHivyHi BnacTUBOCTI MeTanis:
3HIKEHHSI MEXi MNUHHOCTI Ta onopy Aedopmallii, 36inbLUeHHS BiGHOCHOTO NMOAOBXKEHHS, penakcauisi BHYTPILHIX HanpyXXeHb, 3HKEHHSI
WinbHocTi gucnokauin. Takox iCHye | 3BOPOTHWI, HEraTUBHUIA eheKT BNIMBY MarHiTHOro nons: 36inbLueHa LWBMAKICTb 3MiLIHEHHS, KPUXKa,
36inblUeHa NoB3y4icTb MeTanis. fAkum OGyae BNNUB MarHiTHOrO Nossi Ha KOHKPETHUI MeTarn, He MOXHa rapaHTyBaTU 3 BUCOKOK TOYHICTHO.

KntouoBi cnosa: MarHiTHe none; MarHiTonnacTUYHICTb; MeXaHiyHi BNaCTUBOCTI; HanpyXeHHs; AucrokKauis.
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