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Annotation. The natural gas content of coal deposits is mainly formed as a result of irreversible structural
transformations of fossil carbonized organic matter. Under the action of external factors in the coal substance,
transformations with the emission of stable low-molecular weight compounds are occurred, primarily methane and its
homologues. A new approach for the study of processes at the atomic-molecular level occurring in the current situation
in fossil carbonized organics was proposed. A new phenomenological model of physicochemical transformations in a
metastable coal substance with the emission of fluids has been developed. The proposed physic/chemical model is
based on the genetic connection of coal methane with fossil organic matter and determines the conditions for the
activation of structural transformations in coalmines. The proposed physico-chemical model explains the formation of a
metastable single-phase system of the “solid solution” type. The separated gas molecules are in the absorbed state
inside the defects of the molecular structure, formed under the action of geomechanical forces. If, as a result of the
relaxation of structural stresses in the organic substance of coal such a molecule is initially was formed on the surface or
of a pore or crack, then it will be in the adsorbed state until the pressure decreases moment and the transition to the free
state. This model describes the possible options for the coal/gas system development in the current situation. The
accumulation of thermal and mechanical energy by coal in the form of structural stresses in an amount, sufficient to
activate free-radical reactions, was experimentally established. In the undisturbed coalrock massif the processes of the
coal molecular structure transformation have the relaxation character. The result of relaxation of the accumulated energy
in the conditions of a gas-saturated coalrock massif is the methane generation by coal. Gas generation in the process of
coalification, in its essence, is the energy response of the system to the action of external geomechanical options
(temperature and pressure), by the way of releasing the accumulated additional energy with the emission of gaseous
products and the destruction of the solid phase in the organic matter of the coal.

Keywords: coalrock massif, coal/gas system, structural transformations, free-radical reactions, methane generation
by coal.

Introduction. The natural gas content of coal deposits is mainly formed as a result of
irreversible structural transformations of fossil carbonized organic matter. The key factors
causing these processes are temperature and gravitational pressure during the immersion
of sediments. Under the action of external factors in the coal substance, transformations
with the emission of stable low-molecular weight compounds are occurred, primarily
methane and its homologues. Simple calculations and measurement of the contemporary
gas content of Donbas coal seams show that most of the fluids (= 90 %), and in particular,
methane, which were formed during sedimentation, migrated during the inversion period
to the ground surface on the cracks and fractures. However, the amount of gas entering of
the mine workings during the coal and gas outbursts or suflyar emissions several times
(sometimes by an order of magnitude) exceeds the natural gas content of coal and their
maximum sorption capacity.
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The appearance of such significant volumes of gas in modern mines at relatively
constant rock pressure and temperature has not yet found a convincing explanation.
The appearance of such significant volumes of gas in modern mines at relatively
constant rock pressure and temperature has not yet found a convincing explanation.
(sometimes by an order of magnitude) exceeds the natural gas content of coal and
their maximum sorption capacity. The emergence of such significant volumes of gas
In contemporary mines at relatively constant rock pressure and temperature has not
yet found its convincing explanation.

Practical experience in the development of methan-coal deposits and the results of
scientific research indicate the imperfection of the existing concepts of the coal-gas
system and the conditions of its formation, which makes it relevant to study the
processes at the atomic-molecular level of a coal substance and to develop a
physicochemical model of structural transformations in coal.

The purpose of the paper is to study the processes occurring in organic matter at
the atomic-molecular level in modern conditions and to develop a physicochemical
model of structural transformations of organic matter.

Methodology. Gas generation in the process of coalification is the result of
complex physicochemical transformations in the coal substance at the macro-,
micro-, nano- and atomic-molecular levels of the structural hierarchy in the coal seam
[1]. However, the complexity, diversity and metastability of coal structures lead to
the fact that the study of such transformations by classical empirical-theoretical
methods is difficult.

In the research of such multi-faceted natural objects as coal, the dynamic approach
Is the most effective, as a way to study objects and phenomena in the process of their
change. Such method allows you to identify patterns, velocity and direction of
transformation of the coal substance under the action of external forces. As well as to
determine the types and sources of energy, due to which these transformations can be
occurred.

The methodology for studying structural transformations in coal is based on the
simulation of processes according to physical research methods. For this, we used
contemporary spectroscopic methods: electron paramagnetic resonance (EPR),
nuclear magnetic resonance (NMR) and infrared spectroscopy (IR), taking into
account the petrographic classification and technical analysis. The usage of these
methods made it possible to determine the features of the electronic structure in
macromolecules of coal and its behavior when changing the baric and thermal
conditions. To assess the influence of external factors on the molecular structure and
energy state of fossil organic matter under laboratory environment.

For conducting structural research of carbon-containing organic matter, samples of
sub-bituminous, bituminous coals and anthracite, selected at twenty-five mines of
five geological-industrial areas of Donbas, were used. Total use is 197 samples from
thirty-seven mine-seams, the excavated volume exceeded a thousand samples.
Preparation of mine samples for laboratory research was carried out considering the
properties of coal particles from various fractions, in the minimum required volume
and by standard methods. Data processing, obtained using non-destructive physical
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methods for studying the structure of a substance was carried out, based on technical
analysis, petrographic and geological studies.

Discussion of the outcomes. Research of the structural transformations of coal
substances under the influence of external force fields were performed in the
laboratory environment. The effect of mechanical stress on the molecular structure of
coal was studied by the Fourier-transform spectroscopy (FTIR) method. Due to the
fact that the chemical composition and mechanical properties of coal macerals differ
significantly, measurements were performed on vitrinite and inertinite concentrates.

Samples of coal were subjected to uniaxial compression on a hydraulic press (10°
Pa). This value greatly exceeds the ultimate compressive strength for coal and the
natural pressure in the reservoir.

Figure 1 shows FTIR fragments of coal before and after uniaxial compression,
reduced to the baseline in the range of wave numbers 2810-3130 cm™.
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Figure 1 — FTIR of valence vibrations of CH groups of coal before (1) and after (2) uniaxial
compression

According to FTIR of the valence vibrations in the CH groups in the molecular
structure of coal macerals, three indicators were determined. The obtained data are in
the Table 1. Three indexes were calculated: the degree of the coal substance
aromaticity (D,g00/D29s56), the redistribution coefficient of hydrogen as the ratio of the
areas of the model absorption peaks of CH3/CH,.s symmetric valence vibrations in
the aliphatic component of the coal substance and the absorption band shift of the
valence vibrations in the CHy,s group (at frequency of Dogy).

Experiments have shown an increase in the degree of coal aromaticity after
compression, which indicates about the structurization of the substance with the
formation of cyclic hydrocarbons.

Redistribution of protons between the functional CH,—CHj; groups in the aliphatic
component of the organic matter of coal has also been recorded. Under mechanical
stress destruction of macromolecules of coal occurs in the form of splitting off the
terminal methyl groups, stabilized by redistributed hydrogen.
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Table 1 — The evaluation findings of the influence of mechanical pressure on the parameters of the
molecular structure of the coal macerals substance (vitrinite concentrate)

Coefficient of The band of Maximum
Mine (layer, Pressure,| Aromatic degree | hydrogenium shift shiftin a
volatile content) 10° Pa. Ar, rel. unit redistribution, cm'l’ diapason,
H, rel. unit. cm?
Vitrinite concentrate
Blahodatna (cs, V¥ =46.12| 0 0.083 +0.004 | 23.50+1.60
%) 10 0.084 + 0.002 29.62 +£5.03 9.46+0.79 6.72
Yuvileina 0 0.113 +0.018 15.27 £0.79
(ce, V' = 42.24 %) 10 | 0308+0218 | 15.12+031L | 0-63+1.85] 1200
Krasnolymanska 0 0.165 +0.014 11.68 + 3.24
(I, Vo' =31.9 %) 10 | 01710017 | 1472326 | (A0*0.761 4.08
Named after O.F. Zasiadko 0 0.209 +0.019 10.76 + 1.91
(ms, V*' = 31.29 %) 10 | 02940133 | 12790485 | 00>*022 | 864
Krasnoarmiiska-Zah. 0 0.214 £ 0.006 9.91+0.05
(da, V' = 26.02 %) 10 | 04680006 | 9.85x051 | +83*130 | 960
Yasynovska-Hlyboka 0 0.278 +0.003 10.10 £ 0.56
(ma, V' = 10.6 %) 10 | 03340101 | 1252=102 | >0r0o4 | 816
Named after S.M.Kirov 0 0.520 + 0.055 527 +£2.55
(ha’, V&' = 8.0 %) 10 | 0.548£0.004 | 7.49:049 | 16+043 1 0.9
Inertinite concentrate
Blahodatna 0 0.090 + 0.002 19.59 £ 0.84
(Cs, V™' = 46.12 %) 10 | 0.092£0010 | 2231054 | 00004 | 528
Yuvileina 0 0.110+0.003 14.47 +£0.01
(s, V™' = 42.24 %) 10 | 0.116£0.008 | 17.65x 141 | ~>r017 | 43
Krasnolymanska 0 0.180 + 0.012 3.57+0.24
(15, V¥ = 31.9 %) 10 | 02090015 | 249050 | >22*143 | 264
Named after O.F. Zasiadko 0 0.222 +0.003 4.71+0.24
(M, V' = 31.29 %) 10 | 02250027 | 7.13x669 | >0%*283 | 312
Krasnoarmiiska-Zah. 0 0.223 +0.002 3.14+0.18
(da, V' = 26.02 %) 10 | 025320001 | 2272006 | 0% | 168
Yasynovska-Hlyboka (ms, 0 0.283 + 0.004 2.99 +0.47
Vo' = 19,6 96) 10 | 0250£0006 | 1424=057 | O 0x1.02 | 264
Named after S.M. Kirov 0 0.606 = 0.015 4.96 £0.30
(hyo’, V™' = 8.0 %) 10 0582£0.013 | 5.06+ 151 | -35*038 ] 0.72

The migration of protons to finite groups is one of the mechanisms of methane
generation by coal under the action of external force fields. The value of the
hydrogen redistribution coefficient under mechanical load decreases in a
metamorphism series for both microcomponents. This effect is associated with a
decrease in the number of aliphatic fragments in the substance and a general decrease
in the hydrogen content with increasing degree of carbonification.

The shift of the absorption band (frequency change of vibrations of interatomic
bonds) characterizes the energy that a substance accumulates under a force load in the
form of structural stresses. In this experiment, the maximum recorded shift of the
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absorption band was 12 cm™ (m. Yuvileyna), which is ~ 1.44 J/mol in energy units,
and this is only for the CH bond in the CH, group. Shift amounts, measured directly
under pressure, can significantly exceed the obtained values. Considering the number
and variety of bonds in the macromolecule of coal, the energy accumulated in the
form of such structural stresses is comparable to the activation energy of free-radical
reactions (5-25 kJ/mol) [2]. The results show that the effect of the frequency shift of
the absorption bands is due to the mechanical deformation of the valence bonds,
which are part of the macromolecule.

The recorded effects in the growth of the coal substance aromaticity degree, the
shift of the absorption bands, and the redistribution of hydrogen are statistically valid
(p < 0.05) for coals throughout the metamorphism series, and are stable over time.

Research of the restructuring processes in the molecular structure of coal using
FTIR method with a change in temperature showed that when heating in the spectrum
of vitrinite there are more powerful changes than in the spectrum of inertinite.
Moreover, all structural indexes for vitrinite statistically valid change with increase in
the temperature. At the same time, no significant changes were recorded for
inertinite.

Structural indexes, recorded by the electron paramagnetic resonance (EPR)
method, with a rise in temperature, statistically valid change for both macerals.
Figure 2 shows the EPR spectrum of inertinite concentrate at 20 °C and at 45 °C,
which illustrates the typical effect of heat flux on the electronic structure of the coal
macerals.
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Figure 2 — Temperature dynamics of EPR spectrum in the inertinite

The effect of changing the waveform of inertinite during heating is reversible in a
small temperature range. The absorption process of electromagnetic energy is of
physical nature since, firstly, after cooling, the spectrum parameters take on initial
values, secondly, the area under the curve does not change, which proves the absence
of chemical transformations. The narrowing of the EPR spectrum means the
enhancement of the exchange interaction between the conjugation systems, that is,
the accumulation of energy in the molecular structure of the coal substance. In a
specific example, a sample of inertinite, weight 10 mg, accumulated in the form of
structural stresses =~ 5-107 J. Given that the macromolecule of coal can have tens of
thousands of atoms, in terms of mole, this is kJ, which is comparable to the activation
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energy of free-radical reactions.

Thus, the authors experimentally proved the ability of the coal substance to
accumulate thermal and mechanical energy in the form of structural stresses in an
amount sufficient to activate free-radical reactions. Analogically, the total energy
accumulated in polymers [3] in the form of structural stresses affects the further
transformations in the substance, reducing the energy barriers of their activation.

The presence of paramagnetic centers in the coal substance in the amount of ~
n-10" g* and the low activation energy of free-radical reactions compared with
similar chemical 5-25 kJ/mol against 200—-300 kJ/mol suggests that the most likely
mechanism of structural transformations in Charcoal with the release of fluids are
free-radical reactions. Most of the free radical reactions lead to the separation of
stable low molecular weight compounds and the preservation of the free radical,
which provides a chain course of reactions.

Physical-chemical model.

In modern conditions, the coal-bearing massif of Donbas is a complex of
terrigenous rocks, including low-thickness coal beds. Small in power natural tectonic
processes and stable temperature conditions allow suggesting that in regional terms
coal beds in an undisturbed massif are in a state close to equilibrium. At the same
time, individual components of the organic one of beds are in a metastable state with
a low energy barrier in the activation of structural transformations. Based on the
obtained experimental data, a phenomenological model of physical-chemical
structural transformations of a metastable coal substance is proposed. (Fig. 3).
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Figure 3 — Phenomenological model of physico-chemical structural transformations of a metastable
coal substance: N — concentration of active centers; k — the reaction rate constant, ¢™*; ko — the
preexponential factor; AU — the change in the elastic energy accumulated under the influence of
external factors; R — gas constant; T — temperature, K

The essence of this model lies in the fact that under the influence of environmental
loads in coal simultaneously with structural transformations at the molecular level
with the formation of free radicals energy is accumulated in the form of structural
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stresses. This additional energy is released by the system in the process of stress
relaxation according to a free-radical mechanism with the emission of gaseous
products in the solid coal phase destruction. At the same time, gases formed as a
result of transformations affect the state of substance and, accordingly, the kinetics of
the processes.

Free-radical processes are related to processes with an active complex, the velocity
of which (V) is proportional to the concentration of active Na centers, which are free
radicals in the coal. The expression for the velocity of free-radical reactions is:

V = N, (1)

where k — process velocity constant.

The velocity constant of a destructive free radical reaction (1) can be calculated by
statistical thermodynamic methods using standard thermodynamic functions — the
Gibbs energy (G) and the Helmholtz energy (F). The formulas that determine the
velocity constant of free-radical reactions include both temperature and energy,
accumulated as stresses in the molecular structure of a substance. Consequently,
relaxational free-radical processes in the molecular structure of carbonated organics
take place both with an increase in temperature and with a change in the force load.
Accordingly, the constant velocity of a free-radical reaction is proportional to the
change in the elastic energy accumulated in the molecular structure of the coal
substance and is determined by the equation:

k = koexp(-AU/RT) (2)

Equation (2) is obtained for polymers [3] and can be applied to coal, which can be
considered as a copolymer.

It follows from the model that the methane release process, under the conditions of
a gas-saturated coal and rock massif under the action of constant geomechanical
factors, is permanent, that is, it occurs constantly, during the geological development
of a coal deposit, but with different intensity.

The proposed physic-chemical model is based on the genetic connection of coal
methane with fossil organic matter and determines the conditions for the activation of
structural transformations in coal mines. The model predicts structural
transformations leading to gas generation and describes possible options for the
development of the coal-gas system in contrmporary conditions.

The physical-chemical model of methane release reflects the connection of
processes at the molecular level with the macro level, that is, with the processes in the
coal-rock massif and is coherent with the previously established in Institute of
Geotechnical Mechanics named by N. Poljakov of National Academy of Sciences of
Ukraine regularity of rock destruction by weak impact [4]. Removing the load, that
is, "weak influence" causes energy-beneficial, relaxation structural transformations:
conformational transitions, migration of free radicals, intramolecular redistribution of
protons, which can lead to the elimination of stable low-molecular compounds by a
free-radical mechanism.
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The proposed physico-chemical model explains the formation of a metastable
single-phase system of the “solid solution” type. The separated gas molecules are in
the absorbed state inside the defects of the molecular structure, formed under the
action of geomechanical forces. If, as a result of the relaxation of structural stresses in
the organic substance of coal such a molecule is initially was formed on the surface
or of a pore or crack, then it will be in the adsorbed state until the pressure decreases
moment and the transition to the free state.

Conclusions. The accumulation of heat and mechanical energy by coal in the form
of structural stresses in an amount sufficient to activate free-radical reactions was
experimentally recorded. Relaxation of the accumulated energy in a gas-saturated
coal-bearing massif can lead to the generation of methane by coal.

It was established that gas generation in the process of coalification, in its essence,
Is the energy response of the system to the action of external geomechanical factors
(temperature and pressure), that is, the release of accumulated additional energy with
the release of gaseous products of destruction of the solid phase of organic substance
of coal.

A model of physical-chemical transformations of a coal substance with the release
of fluids is proposed and it is proved that in modern conditions in an undisturbed
coal-rock massif the processes can be relaxation in nature.
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AHorTauisfi. MMprupoaHa rasoHOCHICTb BYFiNbHUX POAOBWLY NEPEBaXHO POPMYETHCA B pe3ynbTaTi 6e3noBOPOTHUX
CTPYKTYPHUX MEPETBOPEHb BUKOMHOI BYrnedikoBaHOi opraHikv. [Mig 4i€to 30BHILUHIX YMHHWKIB Y BYFiMbHIA PEYOBWHI
BinOYBalOTLCA NEPETBOPEHHS 3 BUAINEHHAM CTabiNbHUX HU3LKOMONEKYNSPHUX CONYK, B NEPLUY Yepry, MeTaHy Ta yoro
romororie. 3anponoHOBaHO HOBMI Migxig A0 [OOCHIMKEHHS NPOLECiB Ha aTOMHO-MOMEKYMNSPHOMY PiBHI, WO
BiAOyBalOTbCA B Cy4aCHUX YMOBAX y BUKOMHOI ByrnedikoBaHiit peqoBuHi. Po3pobneHo HOBY (heHOMEHONOriYHy MOAErb
Di3NKO-XiMIYHMX NEepPeTBOPEHb METAcTabunbHOI BYriNbHOI PEYOBMHM 3 BUAINEHHAM (hnioigiB. 3anponoHoBaHa didnko-
XiMmiyHa mopgenb 6asyeTbCs Ha rEHETUYHOMY 3B'A3KY BYFINIbHOTO METaHy 3 BMKOMHOI OPraHikow i BW3HAYaE yMOBW
aKTUBaLii CTPYKTYPHUX NEpeTBOPEHb Y BYFiMbHUX LaxTax. 3anponoHoBaHa ¢hisvko-XiMivyHa MOAENb NOSICHIOE YTBOPEHHS
MeTacTabinbHOi ogHOGasHoi cuctemn Tuny "TBEPAOro po3ymHy". Monekynu rasy, WO BiGOKPEMMIUCS, 3HAXOOATHCS B
abcopboBaHoMy CTaHi ycepeauHi LediekTiB MONEeKynspHOi CTPYKTYPU, WO YTBOPUIUCS Nif i€l reoMexaHiYHuX cus.
SAkwo B pesynbTaTi penakcauii CTPYKTYpHOI HanpyrM B OpraHiyHid peyoBWHI BYriNns Taka MOMekyna crnoyatky
YTBOPIOETHCA Ha MOBEpXHi nopy abo TPIWMHKA, TO BOHA 3HAXOAWUTUMETbCS B aAcopboBaHOMY CTaHi 4O MOMEHTY
3HKEHHS TUCKY i Nepexoay Y BinbHUIA cTaH. Ll Mogenb onucye MOXIMBI BapiaHT PO3BUTKY CUCTEMW BYriNns-ras B
Cy4acHUX ymoBax. EkcrnepnMeHTanbsHO BCTAHOBMEHO HAKOMWYEHHS BYFiNAAM TENNOBOI Ta MEXaHIYHOI eHepril y BUrnsgi
CTPYKTYPHUX HanpyxeHb B KINbKOCTi, AOCTATHIA ANA aKTuBalil BiNbHO-paguKanbHWUX peakuiin. Y HenopyleHomy
BYINENOPOSHOMY MacuBi NPOLECH NEePeTBOPEHHS MOMEKYNAPHOI CTPYKTYPKM BYTINNSA HOCATb penakcauinHuid xapakTep.
PesynbTaToM penakcawii HakonMyeHol eHeprii B yMOBaX ra3oHaCU4YeHoro BYrnenopoaHoro MacuBy € reHepawis MeTaHy
Byrinnam. [asoreHepalii B npoueci Byrnedikalii, No CBOIM CYTHOCTI, € EHEPreTWYHOI peakLielo CMCTEMW Ha fito
30BHILLHIX reOMEeXaHiYHNX (PaKTopiB (TeMnepaTypy i TUCKY), LLIAXOM BUBIMIbHEHHS HAKOMWYEHOT AOAATKOBOI EHEPrii 3
BMAINEHHAM ra3onoAibH1X NpoayKTiB i AECTPYKLUii TBepAoi (ha3u opraHiuHOi pe4YoBMHI BYrinns.

KntoyoBi cnoBa: ByrnenopogHuic Macve, CUCTEMA BYriNNA-ra3, CTPYKTYPHI NEPETBOPEHHS, BiNbHO-paguKarnbHi
peakLii, reHepaLlis MeTaHy BYrinnism.

AHHoTauus. MpupogHas ra3oHOCHOCTb YrofbHbIX MECTOPOXAEHUA NPEUMYLLECTBEHO (POPMUPYETCS B pesynbTaTe
HeobpaTMbIX CTPYKTYPHbIX Npeobpa3oBaHW MCKONAemon yrneduumpoBaHoi opraHukn. 1o AeNCTBMEM BHELIHUX
(haKToOpoB B YrofbHOM BeLiecTBe NpOXOAAT npeobpasoBaHWs C BblAeNeHMeM CTabunbHbIX HU3KOMOMEKYNSPHbIX
COEMHEHWI, B NEPBYIO 0Yepedb, MeTaHa 1 ero romornoros. [peanoxeH HOBbIM MOAXOA K UCCeLoBaHM0 NPOLIECCOB Ha
aTOMHO-MOIIEKYNSIPHOM  YPOBHE, MPOUCXOASLUMX B COBPEMEHHBLIX YCMOBMSX B MUCKOMAeMOW yrneduumMpoBaHHON
opraHuke.  PaspabotaHa HOBas  (beHOMEHOMmorMyeckas  Mogenb  (PU3MKO-XUMUYECKMX  npeobpasoBaHuin
MeTacTaburbHOro YronbHOro BelyecTBa C BblgeneHuem nongo. peanioxeHHas U3NKO-XxuMUYeckas Mogenb
BasnpyeTca Ha reHeTNYeCcKon CBSA3M YrONbHOTO MEeTaHa C MCKOMAeMOW OpraHWKOM U OnpeaensieT YCnoBus akTuealum
CTPYKTYpHbIX Npeobpa3oBaHuii B YrofbHbIX WaxTax. [lpeanoxeHHas U3MKO-XMMWYECKas MOLeNb OBObACHSET
obpa3oBaHue meTacTabunbHOM 04HOMA3HOM CUCTEMBI MO TUMY «TBEPAOrO pacteopar. OTAENMBLUMECS MOMEKYNbI rasa
HaxoasTcs B abcopbupoBaHHOM COCTOSHWWM BHYTPU AedeKTOB MOMEKYMApHOM CTPYKTypbl, obpasoBaBLUMeCs Nof
[ENCTBMEM reomexaHuyeckux cun. Ecnm B pesynbTate penakcauum CTPYKTYPHbIX HAMpsKeHUn B OpraHM4eckoMm
BELLECTBE YrMs Takas MOMekyna usHavanbHO 06pasyetcs Ha MOBEPXHOCTM MOPbl MAM TPEWMHbl, TO OHa OyaeT
HaxoauTbCs B aAcopbupoBaHHOM COCTOSHWW O MOMEHTA CHWXEHUS [aBneHus 1 nepexoga B CBOBOAHOE COCTOSHUE.
OTa Mofefb OnWCbIBAaET BO3MOXHbIE BapWaHTbl PasBUTUS CUCTEMbl Yrofib-ra3 B COBPEMEHHbLIX YCMOBUSX.
OKCMEPUMEHTArNbHO YCTAHOBMIEHO HAKOMMEHWE Yrnem TEMOBOM W MEXaHWYeCKOW 3HeprMv B BMAE CTPYKTYPHbIX
HanpsHKeHU B KOMMYEeCTBE [OCTATOMHOM AN akTueauuw CBOOOAHO-paguKanbHbIX peakuwin. B HeHapylleHHOM
YrIenopogHoM MaccuBe MpoLecchl npeobpasoBaHNs MOMEKYMAPHOM CTPYKTYpbl YIS HOCAT  penakcauuOHHbIN
Xapaktep. Pe3ynbtaToM penakcauuy HaKOMMEHHOW 3HEprin B YCMOBUSIX ra30HACHILLEHHOMO YrienopoaHOro Maccuea
SBMSETCA reHepauus MeTaHa yrnem. [asoreHepauus B mpouecce yrnedmkauuu, no CBOEW CyTW, SBRSETCA
SHEpPreTUYeCKo peakumern CUCTEMbI Ha AENCTBIE BHELIHWUX reOMEXaHN4ecKuX (akTopoB (TEMnepaTypbl U AaBNeHNs),
nyTeM BbICBODOXAEHUS HAKOMMEHHON [OMOMHUTENbHOA SHEPTMM C BblAENeHneM ras3oobpasHbiX MPOAYKTOB M
LECTPYKLMM TBEPAON (hasbl OpraHNYECcKoro BeLecTsa yrmen.

KntoueBble cnoBa: yrnenopogHbli Maccus, CUCTEMa Yrofib-ras, CTPYKTYPHble MpeBpalleHus, CcBOBogHO-
pagvKanbHble peakuuu, reHepawuns MeTaHa yriem.
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