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PHYSICAL AND CHEMICAL TRANSFORMATIONS IN GAS COAL SAMPLES
INFLUENCED BY THE WEAK MAGNETIC FIELD

Purpose. To study changes in the gas coal sample microstructure, the trends of changing iron concentration and thermal effects
of chemical reactions stimulated by the pulsating magnetic field of low intensity.

Methodology. This study used the experimental research methodology, mathematical treatment of the results and analytical
methods including X-ray fluorescence spectroscopy, differential thermal and thermogravitational analysis, X-ray diffraction anal-
ysis and coal microparticles distribution by fractions, and others.

Findings. Treatment of gas coal samples with weak magnetic and electric fields showed that destructive processes in coal can be
initiated both by electric and magnetic fields of weak density. The phase transitions and thermal effects in coal under changing
temperature, coal mass changes during heating were defined; temperatures of exothermic and endothermic processes and the en-
thalpy of new substance formation were evaluated. The microparticle size distribution depending on the treatment method was
analyzed.

Originality. It was shown that the iron concentration in recovered gas coal increases with decreasing the grain microparticle size
to a limit value corresponding to the iron ash concentration. As a result of the influence of a low intensity pulsating magnetic field
strength on the pre-mechanically activated carbon microstructure, the microparticle size increases and, in general, their size range
significantly expands. The minimum amount of absorbed heat is required for the chemical compound formation in mechanically
activated coal, and the maximum amount is needed for mechanical activation followed by magnetic field treatment that, in the
latter case, can be related to additional implementation of spin-selective chemical reactions directly on the coal microparticle
surfaces.

Practical value. The obtained experimental results emphasize the fact that weak magnetic fields actively participate in coalifica-
tion. The results of experimental research can be used in the development of magnetic methods for coal outburst suppression.
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Introduction. One of the main problems in coalmining
safety is related to methane and coal dust explosions, coal,
rock and gas emissions and other gas-dynamic phenomena [1]
that are extremely dangerous for workers’ lives. The source of
permanent threat is methane that is the main component of
the coal deposit gas [2, 3]. Since almost the entire productive
coal-bearing strata is saturated with methane, coal deposits
are considered as gas-coal (methane-carbon), and methane is
widely seen as an independent mineral deposit and an energy
and chemical raw material [4]. From this viewpoint, the meth-
ane-coal mining provides new solutions for ensuring the safety
in operation during the underground extraction of coal depos-
its and minimizing the possible release of harmful gases into
the air; development and application of effective technical so-
lutions and new technologies for the hydrocarbon gas extrac-
tion, coal mining, and the use of minerals as chemical and
energy raw material. The technical and economic efficiency of
the solutions will depend mainly on fundamental scientific re-
sults with the completely new ideas about the mechanism of
coal formation and physicochemical reactions that occur in
coal under the impact to external physical factors. Studies on
the fundamental physical characteristics of coal in the case of
changing external impacts (pressure, stress conditions, tem-
perature and intensity of weak electric and magnetic fields)
have always been on the agenda for the past hundred and fifty
years. The solutions for most of these problems are based on
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the examination of phenomena, regularities, and properties
that cause methane and hydrocarbon formation.

Formation of the molecular structure of hard coal, na-
noscale carbon and hydrocarbon phases, their thermodynam-
ic stability, occurrence causes and formation mechanisms is
the result of various interacting physicochemical effects. The
dominating uncertainty in the answers to these questions can
be explained by the lack of ideas about basically possible
mechanisms of methane formation in coal.

The studies on gas-coal substance properties, occurrence
conditions and the pathways of micro- and nanostructural
transformations or, more precisely, physical and chemical re-
actions that can result in the formation of additional quantity
of methane, are essential and relevant. In this case, the range
of urgent tasks includes solutions to labor protection issues and
safety in coal mines. The science dealing with coal and gas
emissions has gained rich experience [5], predominantly the
results of certain physicochemical reactions that occur in a
methane-coal substance. However, such experience does not
provide answers to the questions: why the coal and gas or rock
and gas emission occurred, why the properties of coal changed,
why gas is emitted in an amount that basically cannot be con-
tained in coal, etc.

Methane is known to be the main life hazard to coal min-
ers because it is involved in all gas-dynamic phenomena [6, 7]
including explosions of methane-air mixtures in underground
workings [8, 9]. Due to this fact, any new knowledge about
physical and chemical mechanisms and causes of methane
formation in coal will approach solution of important practical
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tasks for mining in the near future. It is, for example, develop-
ment of the risk management system that will provide a high
safety level by creating new technologies for methane-coal
mining, which can also offer new solutions to environmental
problems caused by the increasing methane content in the
Earth’s atmosphere, etc.

Studying coal physical characteristics and analyzing pos-
sible causes of methane emissions in this paper are carried out
using weak physical fields close to those existing in the Earth’s
crust during tectonic activity [10] in comparison with the data
obtained by analyzing the characteristics of outburst-prone
coal and coal after the outbursts [11, 12].

The purpose of this study is to analyze changes in the gas
coal sample microstructure, the trends of iron concentration
changes and thermal effects of chemical reactions stimulated
by the pulsating magnetic field of low intensity.

Literature review. Studies on mechanical activation of coal
influencing their microstructure by an electric field of low in-
tensity have recently become more extensive [13]. In general,
the main feature of such treatment consists in a combination
of at least two methods of the sequential impact. The first one
(for example, mechanical activation) is intended to increase
the reserve of internal energy of the coal microstructure. The
second one implies treatment of the microstructure character-
ized by additional stored energy by weak energy factors, for
example, electric and magnetic fields, heating, etc. The idea of
using the solid microstructure ability to increase the internal
energy reserve is that the second type of impact initiates phys-
ical and chemical transformations only in the case of the re-
leasing of excess energy previously stored by the microstruc-
ture. Thus, the initiation of physical or chemical reactions oc-
curs when a lower energy barrier is overpassed. In such cases,
chemical reactions seem to begin with an obvious lack of exter-
nal energy to overcome the reaction energy barrier. Since the
1980s, similar treatments of a pre-destabilized microstructure
were first used in the studies on the regularities of metastable
diamond single crystals growth [14], formation of new phases
in ion crystals with electron type of conductivity [15], etc.

Weak magnetic fields were beyond the interest for re-
searchers of phase transition, structural transformation and
chemical processes in solids. The main findings in this area are
related to the analysis of the living organism behavior under
the impact of weak magnetic fields.

Although the coal structure is complex, for assessments it
is sufficient to assume a simplified composition containing
nanometer-sized crystalline carbon domains that have defects
associated with aliphatic amorphous carbon [16]. Coal is char-
acterized by high porosity, and, in general, coal is a multimer
consisting of nanocrystals and hydrocarbon and carbon
chains. A volume unit of coal may contain up to 30—35 gas
volumes (mainly methane and carbon dioxide).

The discovery of spin-selective chemical reactions in gases
and liquids (overcoming the Pauli’s ban) in the 1970s [17] be-
came the basis for studies on the possible influence of weak
magnetic fields on physical and chemical processes in coal.

The first results of coal microstructure treatment by the
weak magnetic field demonstrated [15] the reduction of the
combustion heat for untreated coal by 14—15 %. This phe-
nomenon can depend on the decrease in hydrogen concentra-
tion because 4.2 times more heat is generated during the hy-
drogen combustion in comparison to carbon combustion. It is
assumed that the resulting volatile hydrogen-containing com-
ponents cause decreasing heat generation during coal combus-
tion. The effect of a magnetic field, like an electric field, stimu-
lates the formation of particles with unpaired electrons (free
radicals, ion radicals), thus, increases the paramagnetic cen-
ters concentration and the probability of a given product re-
lease (thermodynamically stable gas molecules) with the most
likely spin-selective and free radical chemical reactions as.

The paper [18] presents the results of studying coal at an
early stage of metamorphism by the electrochemical impe-

dance method. In contrast to the previous experimental stud-
ies [19, 20], and quant-mechanical models [21] coal micro-
structure changes depending on the magnetic field frequency
were demonstrated for initial, moistened and dried samples. It
was suggested that impact on samples by the pulsating mag-
netic field of low frequency (in separate frequency ranges)
leads to a change in the dielectric permittivity, electric con-
ductivity and coal loss tangent. It was established, for example,
that the largest changes in conductivity occur at the frequen-
cies exceeding 104 Hz. Along with this, not all electrophysical
characteristics completely return to their initial values after
long-term relaxation. The electrophysical parameters changed
with alternating behavior during relaxation [18]. Unfortunate-
ly, this study did not take into account physical properties of
graphenes that may be critical for the coal seam behavior.

The results of studying the changes in the microstructure
and properties of moistened gas coal samples after the impact
of a pulsating magnetic field with a frequency of 1 Hz are dis-
cussed in other works of T. Vasilenko and co-authors. For the
first time, the methods of impedance spectroscopy and a pulse
wide line NMR spectrometer at a frequency of hydrogen nu-
clei 'H allowed interpreting the effect of pulsating magnetic
fields on a coal-water system, which can be used in develop-
ment of the methods of magnetic impact on coal seams in
outburst-prone zones.

The studies on chemical and phase composition of coal
revealed a sufficiently high iron content with its growth de-
pending on the degree of coal recovery, and the relationship
between reductive reactions and coal and gas ejections [12].
Using the Mossbauer spectroscopy for the *’Fe isotope in
coals is possible due to enhanced iron content up to 2.7 %,
sometimes even more. Iron occurs in the form of pyrite FeS,
in coals, oxides, siderite, rosenite, melanterite and mica-like
clay minerals (illite). The so-called organically bound iron is
found in coal in the form of porphyrins, protein-like struc-
tures, iron acetate and iron bound to carboxyl groups.

In order to summarize their own and aforementioned re-
search studies on hydrocarbon formation, the authors of [22]
proposed a model of intensive methane generation in coal
seams, as well as the initiation of structural destruction with
the involvement of = CH — fragments and — CH;— groups
in the interaction. Testing the hypothesis on the synthesis of
saturated aliphatic hydrocarbons in presence of ferrous iron
compounds as catalysts is important in the issue of fossil hy-
drocarbon origins [23]. In the samples of degassed coal with
catalysts (ferrous iron compounds) the hydrogen and methane
formation was identified with a slight increase in the tempera-
ture (50—60 °C). Thus, in a coal seam with a local increase in
the temperature the expectation of the Fischer-Tropsch pro-
cess increases, this was suggested by 1. Ryzhenko and I. Yere-
min in 1988. They captured a temperature increase in the coal
seam outburst area by 15—20 °C.

The authors of studies [24, 25] using the results of coal
analysis with the Mossbauer and *C NMR spectra suggested
the appearance of outburst zones with a high methane content
in coal depending on the presence of ferrous iron. They as-
sumed additional methane formation during the emission,
which is consistent with the main point of the previously pro-
posed hypothesis [26] on the mechanisms of outburst coal for-
mation and evolution of coal and gas emission.

Methods. Recovered gas coal used in experiments was
sampled from the Kz seam of the 5/6 Dymytrova coal mine
(Myrnohrad city, Donetsk region) and prepared for study as
follows. After grinding, the coal was divided into fractions,
um: <50, 63/50, 80/63, 100/80, 125/100, 160/125, 200/160,
and 250/200. The coal samples were placed in a ceramic cylin-
drical-shaped container mounted coaxially inside the sole-
noid. The solenoid was made in a shape of multi-layer wind-
ing. The winding length significantly exceeded its diameter
that made possible setting up an almost uniform magnetic field
in its cavity when an electric current was supplied to the sole-
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noid. The maximum of the magnetic field intensity that could
be set up reached about 20,000 A/m. The methods proposed
in [13, 27] were used in the experiments. The magnetic field
magnitude and the impact time for each coal sample did not
exceed 4500 A/m and 240 min, respectively. The pulsating
magnetic field frequency was ~50 Hz in all experiments. To
conduct a comparative analysis of the results, the coal was
treated by an electric field of strength of 250—320 V/cm ac-
cording to the chosen methods [15, 28]. The coal was treated
at a temperature of 45—55 °C, and in only one of the experi-
ments it was equal to the air temperature in the laboratory
(about 30 °C). When analyzing the obtained results, the results
of mathematical modeling [21] and experiments [19, 20] were
taken into account. We used X-ray fluorescence spectroscopy
(ElvaX spectrometer) and X-ray phase analysis (DRON-3).
Moreover, we employed a combined analyzer TG + DSC
Netzsch STA 449 F3 Jupiter to evaluate phase transitions and
thermal effects in coal depending on temperature changes,
coal mass changes during heating, exothermic and endother-
mic process temperature and the enthalpy of new substance
formation. Besides, a laser analyzer of the coal microparticle
size was used in the experiments.

Reduced coal is characterized by high iron content [13].
For a proper control of the iron content, samples were pre-
pared from crushed coal. Several samples of various fractions
were prepared: from 40 to 250 microns. The element concen-
tration was analyzed using X-ray fluorescence spectroscopy.

The ash content of coal is 47 = 10.7 %. Burning 1 kg of coal
produces 107 g of ash that contains 2.85 % of iron, 54 % of
quartz and other compounds.

Results. Fig. 1, a, b show the X-ray fluorescence spectra of
coal samples with 53/40 and 200/160 fractions. Curve 2 in
Fig. 2 shows how iron concentration depends on the fractional
composition of analyzed coal samples.

The energy values for the Ko and KB-Fe lines are 6.4 and
7.02 keV, respectively. The curve on the right within the energy
range from 16 to 32 keV reflects the background generated by
the device. Analyzing the fat coal spectra, the authors of [29]
noted that the smaller the iron contribution is, the bigger the
background is. This correlation was observed in analysis of
coal from non-outburst areas and after the emission. The sim-
ilar trend is confirmed in the present work when studying gas
coal samples of granularity from 40 to 250 microns. The curve
in Fig. 2 reflects the trend indicating an increase in iron con-
centration with reducing microparticle size. Chemical activity
of coal is known to intensify due to the fraction size reduction
or the increase in the specific inner surface (L. E. Shterenberg
et al., 1968; A.K.Simionscu, 1970; T.M.Khrenkova and
M. A. Chubarova, 1973). After magnetic treatment iron con-
centration increased to 3.72 % from the value of 3.53 % for
untreated coal. In comparison, the iron concentration after
the exposure to an electric field increased to 4.34 % due to mi-
croparticle grinding.

Destructive reactions occur on the phase transition
boundary where the part of immovable compounds changes
into movable ones such as radicals and gases. One of the main
signs of outburst hazard in coal seams is the so-called “over-
grinding” (crushing) of coal [3, 5, 11].

According to the results of radio-frequency, spectroscopy
applied to various fractions of coal powder (from 250 um to
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Fig. 1. Coal fluorescence spectra of 53/40 fraction (a) and 200/ 160 fraction (b)
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Fig. 2. The iron concentration change in the reduced gas coal
from the fractional composition: Points M and E are the
coal of 200/ 160 fraction treated by the magnetic and elec-
tric field of low intensity

<40 um), iron concentration increases due to the reduction of
the fraction size or an increase in the specific inner surface. In
general, an increasing iron concentration with reducing mic-
roparticle size can be related to the growing number of exposed
inclusions—condensed phases containing iron — on newly
formed surfaces. X-ray fluorescence spectra showed that in-
creasing of iron concentration in coal after the emission [29],
with reducing coal microparticle size and in coal after treat-
ment by the magnetic and electric field have the same tenden-
cy. In this regard, it was assumed that the factors increasing the
specific inner surface and the effect of electromagnetic field
treatment play a certain role in forming outburst-prone coals.

During magnetic treatment the coal particle size increases
and the size range (184—380 um) expands relative to the initial
coal (154—214 um) and after electric treatment (111—184 um),
i.e. the specific inner surface of the coal sample reduces (Fig. 3).
The weak magnetic field impact stimulates chemical reactions
leading to stabilizing the unstable equilibrium between the
formed radicals and active centers (deformed or strained bonds)
located on the particle surfaces of organic coal matter.

Apart from radio-frequency analysis in [24] the Mdssbau-
er spectra of coal samples from non-outburst and outburst-
prone zones were compared. It was found that the divalent
iron signal intensity in the outburst-prone zone exceeds by one
order the trivalent iron signal intensity; along with this, the tri-
valent iron content in all samples is minimal. The trivalent
iron is pyrite (FeS,) or marcasite that differs from pyrite by the
crystal lattice type. The prevalence of divalent iron can be an
additional diagnostic sign of outburst-prone coal. In the pres-
ent study, we found that the coal seam becomes outburst-
prone when the iron content is at least three times exceeds the
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Fig. 3. Distribution pattern of microparticles with 200/ 160 frac-
tion depending on the method of physical impact on coal:

1 — mechanical activation (initial); 2 — mechanical activation and
electric field; 3 — mechanical activation and magnetic field

background under the prevalence of divalent iron over triva-
lent iron in total iron content.

In the Earth’s crust several different physical factors influ-
ence forming minerals and rocks simultaneously. In addition to
mechanical and thermal factors, electromagnetic or electrical
[19, 20] and magnetic [13, 27] fields of weak intensities should
be also taken into account. An unexpected result of the simul-
taneous impacts of a weak electric field and heating the sam-
ples of dielectric siderite was an abruptly appearing new phase
with an electronic type of conductivity in the intergranular
boundaries of siderite [ 15], which was verified by a large num-
ber of experiments. The conductive phase in siderite does not
appear under separate impacts of heating or an electric field.

In hardcoal studies this previously unknown physical ef-
fect is interesting in terms of the mechanism of emerging of
electrically conductive phases with an electronic type of bridge
wire, in particular, graphene.

Fig. 4 shows the coal diffraction patterns after treatment by
weak magnetic and electric fields. Crystalline substances such
as quartz were identified by the specific reflection maxima
(d/n = 4.647; 3.659; 3.34; 2.697; 2.449), pyrite (d/n = 3.12;
2.96; 2.408; 2.21; 2.11), and others. Ash analysis showed that
more than a half of the mass refers to quartz. Diffraction max-
ima in the range of interplanar distances d/n = 8.56—6.51 and
d/n=3.8—3.56 correspond to kaolin, and maxima in the range
of interplanar distances d/n =2.78; 1.74; 1.498 and 1.01 refer to
siderite; at the same time, siderite was not identified in the
original coal sample and after electrical treatment. Comparing
the diffraction patterns of Fig. 4 allows identifying the consid-
erable amount of alpha quartz with a maximum line intensity
of 0.334 nm (52.5 imp/s, angle of 31.2°) and the other lines of
medium (25—32 imp/s) and weak intensity (10—12 imp/s).

Substantial broadening of a diffraction reflex is typical for
substances without long-range bonds. Such X-ray diffraction
patterns are specific to liquid and amorphous materials, but in
our case they are caused by sample dispersivity. The diffraction
pattern contains a broad maximum in the vicinity of the angle
20 = 27°40'. The maximum radiation intensity (line 0.334 nm
for Si0O,) for the untreated sample is 94 %, for the sample
treated by the magnetic field it raises to 110 % and for the sam-
ple treated by the electric field it drops to 42 %. Diffraction
pattern analysis and comparison of obtained results with the
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Fig. 4. Diffraction pattern of gas coal with 200/ 160 fraction after
treatment by the electric field (a) and the magnetic field (b)
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results of studying the coal fractional size distribution (Fig. 3)
emphasized the microparticle size changes.

In the vicinity of the angle 20 = 27°40" a maximum ap-
pears; its half-width reflects the degree of ordering the struc-
ture. The smaller the half-width is, the higher order the struc-
ture has. The maxima ratio of relative intensities in the vicinity
of the angle 26 = 27°40’ for the coal treated by the electric field
and coal treated by the magnetic field is about 1 : 2. After mag-
netic treatment, the degree of ordering the coal structure in-
creased significantly compared to the initial structure and the
coal treated by the electric field.

Phase transitions and thermal effects in samples with
changing coal mass and temperature, the endothermic and
exothermic process temperatures and enthalpy were evaluated
using thermogravimetry, differential scanning calorimetry and
differential thermal analysis using Netzsch STA 449 F3 Jupiter
(Fig. 5, Table).

In the experiments, the pulsating magnetic field strength
did not exceed 4500 A/m and the electric field strength was
250—260 V/cm. The temperature of the studied coal samples
ranged from 320 to 330 K. The air temperature in the labora-
tory was 24 °C under the atmospheric pressure. Each sample
has been treated for 240 min.

A measure of the isobaric thermal effect or internal energy
changes in the studied chemical reactions occurring in coal under
atmospheric pressure is an enthalpy conversion that can be nega-
tive in case of heat generation or positive when heat is absorbed.
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The entropy decrease in experiment 2 in comparison to
the coal sample in experiment 1 can be explained by the re-
serve of additional internal energy in the coal microstructure
accumulated during grinding that was released in post-heating
of the coal sample.

The largest positive value of enthalpy corresponds to the
coal treated by the electric field that leads to the bond destruc-
tion of mostly carbon and hydrocarbon chains, and atomic
layers on the coal microparticle surface as well as to formation
of new molecules. Besides the enthalpy changes, the calorific
value decreases for initial not grinded coal by 33 554 kJ/kg, for
the sample treated by the magnetic field by 28 806 kJ/kg, and
for the sample treated by the electric field by 28 480 kJ/kg.
This effect may indicate an increase in the C : H ratio, i.e. a
significant “loss” of hydrogen deemed to relate to the forma-
tion of hydrocarbons including methane, acetylene and other
gases at significant quantities or heavy hydrocarbons not con-
tained in untreated coal.

Conclusions. It has been experimentally shown that in the
microstructure of pre-mechanically activated (grinded) coal
exposed to the weak magnetic field, active physicochemical
reactions occur that, in particular, are accompanied by phase
transitions, destruction of crystalline and polymer phases, and
the formation of new simple and complex compounds.

The main feature of the weak pulsating magnetic field is an
increase in the coal microparticle size within any range of frac-
tions. This effect relates to chemical reactions that complete
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Fig. 5. Results of differential thermal analysis of 200/ 160 gas coal fraction:

a — untreated coal (pieces); b — mechanically pre-activated grinded coal; ¢ — coal treated by the magnetic field; d — coal treated by the electric field

Table
Key indicators of gas coal differential thermal analysis
Chemical reaction ) .
Nr Gas coal sample from K seam temperature, °C New phase formation Point of Max. Heat flux,
’ (recovered coal) — - enthalpy, kJ/kg reaction, °C temperature °C MlJ/s
Beginning | Ending
1 | Sample (pieces) 572.6 954.8 +2484.722 613.4 759.2 117.11
2 | Initial grinded coal of 200/160 fraction 258 565.9 +499.1564 269.8 488.1 98.979
3 | Initial coal treatment by the magnetic field 649.8 683.4 +3279.787 669.3 770 107.18
4 | Initial coal treatment by the electric field 220.7 1045.8 +5777.176 287.1 472.6 100.26
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the next atomic layers on the microparticle surfaces. Active
growth of coal microparticles in the magnetic field can be the
result of catalytic reactions on graphene in relation to the oc-
currence of cyclotron mass. This process can be interpreted as
an effect of magnetic stimulation transiting the metastable sys-
tem to a stable state with an additional amount of stored energy.

Relaxation in coal after the impacts of magnetic or electric
fields is damping over several days and can be well evaluated as
a physical parameter that affects the coal microstructure.

Further studies on nonlinear processes initiated by the impact
of weak electromagnetic fields on physicochemical transforma-
tions in condensed matter with an additional amount of excess
internal energy are promising in terms of science and practice.

Scientific interest is due to studying the concept of carbon
phase formation, phase transitions of coal organic matter di-
rectly into the gas, the influence of graphene properties on the
properties of coal overall, etc.

Practical interest is linked with the development of new
methods to suppress outbursts in coal and prevent other gas-
dynamic phenomena, utilization of mine methane and carbon
dioxide, the methods for producing new materials from mine
gases, etc.

This study was carried out in accordance with the project
terms of reference funded by the Ministry of Education and
Science of Ukraine. Consulting, ongoing support, and assis-
tance in conducting physical experiments rendered by the col-
leagues of the State Enterprise Research-Industrial Complex
«Pavlohrad Chemical Plant®, the Institute for Physics of Min-
ing Processes of the National Academy of Sciences of Ukraine,
Dnipro University of Technology, and Ukrainian State Uni-
versity of Chemical Technology are highly acknowledged.
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Meta. BuBuuTH 3MiHU B MiKpOCTPYKTYpi 3pa3KiB ra3oBo-
ro BYTJUIS, TEHIEHIIil 3MiHM KOHIIEHTpALlil 3aj1i3a Ta Terio-
BUX e(eKTiB XiMiUYHMX peakiiil, CTUMYIbOBAaHUX BILIMBOM
MyJIbCYIOUOTO MarHiTHOTO MOJIsl CIA0KO1 HATIPYXKEHOCTI.

Metoauka. BukopucrtaHo METOIOJIOTiI0 €KCIIepUMEH-
TaJIbHUX JOC/IIXKEeHb, MaTeMaTUYHY OOpOOKYy pe3yJibTarTiB,
aHaAJIITUYHI METOAU: PEHTIeHO(MIIyOPECLIEHTHUI CIeKTpalib-
HUM aHasi3, nudepeHLinHu TepMiYHUI | TepMOTpaBiTalliii-
HUI aHaJli3u, PEeHTreHOCTPYKTYPHUI aHalli3, pO3MOoail Mi-
KPOUYaCTUHOK BYT/LIS 3a (hpaKIlisiM Ta iHIIIe.

PesyabraTtn. O6poOKa 3pa3KiB ra30BOro BYTLIS CIAOKUMU
MATHITHAIMU TIOJISIMU JTOBEJIA, 110 NECTPYKTUBHI TTPOIIeCH Y BY-
riJuTi MOXKYTh OYTH iHiLIIHOBaHI SIK €JIEKTPUUHUMMU, TaK i MarHiT-
HUMU MOJISIMU ¢1abKO1 Hampy>keHocTi. BuzHaveHi (ha3oBi riepe-
XOJIM i TETUIOBI €(heKTH y BYTiJUTi TIPY 3pOCTaHHI TEMIIEPaTypu;
3MiHM Macu BYT/UISI TIPY HArpiBaHHi; 3HalieHa TeMIiepaTypa
€K30TepMiYHUX i EHAOTEPMIYHMX MPOLIECIB, EHTaNIbITil yTBOPEH-
Hs1 HOBUX pedoBrH. [TpoBeneHo aHati3 po3nomaiay MikpoyacTu-
HOK 32 (hpaKIlisiMU B 3aJIEXKHOCTI BiJl CTOCOOY 0OpOOKH.

HayxkoBa noBu3Ha. [lokazaHo, 1110 y BiTHOBJIEHOMY Ta30-
BOMY BYTULTi 3i 3MEHIIEHHSIM 3€pPHUCTOCTI MiKpOYaCTUHOK
KOHIIEHTpALIis 3aJ1i3a 3pOCTa€ 1O TPAHUIHOTO 3HAYEHHS, 1110
BIiIMOBITa€ KOHLICHTpALIil 3aj1i3a B 30J1i. Y pe3y/bTaTi BILTUBY
MyJAbCYIOYOTr0 MAarHiTHOTO TOJIsI CJIaOKOi HAIpy>KEHOCTI Ha
MiKpPOCTPYKTYpY IOINEPeIHbO MEXaHOAKTUBOBAHOTO BYTiJLIS
30UIbIIYIOTHCSI PO3MIpU MIKPOYACTUMHOK 1 B LIJIOMY 3HAYHO
PO3LIUPIOEThCS Aiama3oH iX dpakuiitHoro ckiany. MiHi-
MaJIbHa KiJIBKICTh TeIula, 110 MOIJIMHAETbCS MOTPiOHA Ha
YTBOPEHHSI XiMiYHUX CIIOJYK Y MEXaHOAKTUBOBAHOMY BYTiJI-
JIi, a MaKCHUMaJIbHe 3HAYeHHST — Y pa3i MexaHOaKTHBaLlii 3 1o-
JAJIbII0I0 0OPOOKOIO B MAarHiTHOMY TOJIi, IO B OCTAHHBOMY
BUMAIKY MOXe OyTH MOB’SI3aHO 3 JOJATKOBOIO peajli3alli€lo
CIiH-CeJIEKTUBHUX XiMiYHUX peaklliii 6e3nocepenHbO Ha MO-
BEPXHSIX MiKPOUACTUHOK BYTiJLJISI.

IIpakTyna 3HayumicTh. OTpUMaHi eKCIEpPUMEHTATbHI
pe3yIbTaTH BKa3yloTh Ha aKTUBHY y4acThb CJI1aOKOTO MarHiT-
HOTO MoJisl y npoluecax Byriedikaiii. Pe3ynbratu ekcniepu-
MEHTAJIbHUX JOCIIIXKEeHb MOXYTh OyTM BUKOPMCTaHi Mpu
pO3po0Ili MarHiTHUX Croco0iB MPUAYIIEHHS BUKUIOHEOE3-
MEYHUX CTaHIB y BYTiJLIi.

KumiouoBi cioBa: yeinis, meman, machimue none, ¢hazoei
nepemeopenHs, XiMiuHi peakyii
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eab. U3yuuTh U3MEHEHUS B MUKPOCTPYKTYpE 00pa31ioB
ra3oBOTO YIJISI, TEHACHIIMY M3MEHEHUS KOHIICHTPAIUU Ke-
Jie3a M TeIJIOBBIX 3((HEKTOB XMMUYECKUX PEaKLIMi, CTUMY-
JIMPOBAaHHBIX BIUSHUEM ITYJIbCUPYIOIIETO MATHUTHOTO TIOJIS
c/1aboi HAMPSIKEHHOCTH.

Metoauka. Vcronb30BaHbl METOMOIOTUST IKCIIEPUMEH -
TaJIbHBIX HCCJIeJOBaHUI, MaTeMaThyecKasi oOpaboTKa pe-
3yJIbTaTOB, AHAJUTUYECKUE METOIBI: PEHTreHo-(yopec-
LIEHTHBIN CHIEKTPpaTIbHBIN aHaIN3, UM GhepeHIIMATBHBIN Tep-
MUYECKUN YW TEPMOTPAaBUTALMOHHBIM aHAJIMU3bl, PEHTTCHO-
CTPYKTYPHBII aHaJu3, pacripelejicHhe MUKPOUYACTHUILL YIS
o (ppakuusIiM U 1p.

Pe3yabTaTnl. O6paboTka 00Opa3loB ra3oBoro yris cia-
ObIMU MAarHUTHBIMU U TIOJISIMM J0Ka3ajia, YTO IeCTPYKTUB-
HbIE TPOLIECCHI B yIJIE MOTYT OBITh MHUIIMUPOBAHBI KakK
9JIEKTPUYECKUMHU, TaAK 1 MAaTHUTHBIMU TTOJISIMU CJ1a00i1 Ha-
npsckeHHocTh. OnipenesieHbl pa3oBble MEepexonbl U TeIIo-
Bble 9(D(EKTHI B yIjie MPU pOCTe TEMIIEpaTyphl; U3MEHEHMUS
MaccChl YIJIs TIpY HarpeBaHUM; HaliicHa TeMIlepaTypa 5K30-
TEPMHUYECKUX U SHAOTEPMUUYECKHUX MPOIIECCOB, SHTAIBITNKN
00pa30oBaHNsS HOBBIX BellecTB. [IpoBeneH aHaIM3 pacrpe-
NeJIEHUSI MUKPOYacTUIl MO (GpakuusIM B 3aBUCUMOCTU OT
crocoba 00paboTKU.

Hayunasa HoBm3Ha. [lokazaHo, 4TO B BOCCTAaHOBJIEHHbBIX
ra30BbIX YIJIAX C YMEHBIICHUEM 3¢pPHUCTOCTA MUKPOYACTHII
KOHLIEHTpALMs Kejle3a PacTeT A0 MpeAebHOro 3HayeHus,
COOTBETCTBYIOIIETO KOHIIEHTPALIUM XeJie3a B 301e. B pe3yib-
TaTe BO3AEHCTBUS MyJbCUPYIOIIET0 MAarHUTHOIO MOJS cla-
00i1 HATIPSDKEHHOCTH HAa MUKPOCTPYKTYPY TpeaBapUTEIbHO
MEXaHOAKTUBUPOBAHHOIO YIJIS YBEJIMYMBAIOTCS pPasMephbl
MMKPOYACTHIL ¥ B LI€JIOM 3HAUMTEJIBHO PACIIIMPSIETCS TUara-
30H MX (paKIIMOHHOTrO cocTaBa. MMHUMAIbHOE KOJIUYECTBO
TTOTJIONIAEMOTO TeTula TpebyeTcsl Ha oOpa3oBaHUE XMMUYE-
CKHUX COCIMHEHUI B MEXaHOAKTUBUPOBAHHBIX YIJISIX, 4 MaK-
CHMaJIbHOE 3HaueHHE — B CJIydyae MEXaHOAKTHUBAIIUM C TO-
cienyoleil 06padboTKoil B MAarHUTHOM T10JI€, YTO B TTOCJIE-
HEM CcJIyJ4ae MOXeT ObITh CBSI3aHO C JOTIOJIHUTEIBHOM pean-
3alMeil CMUH-CEJEKTUBHBIX XMMMUUYECKUX PpeaklMil Hemno-
CPENCTBEHHO Ha MOBEPXHOCTSIX MUKPOYACTHII YTJIS.

IIpakTuyeckas 3HAYMMOCTb. [ToJTydeHHBIE SKCITEPUMEH-
TaJbHbIE PE3yIbTaThl YKA3bIBAIOT HA aKTUBHOE YJacTHe CJia-
00ro MarHUTHOTO MOJIs B Mpolieccax yriebukauuu. Pe3yib-
TaThl 3KCIIEPUMEHTAIBHBIX MCCICIOBAaHUN MOTYT OBITh UC-
TTOJIb30BaHBI MPU pa3pabOTKe MarHUTHBIX CIIOCOOOB Moma-
BJIEHMSI BEIOPOCOOITACHBIX COCTOSIHUI B YIJISIX.

KiioueBblie clioBa: yeoasb, Memar, maeHumuoe noie, ¢aszo-
8ble NpespaujeHus, XuMu4eckKue peaKyuu
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