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Gas content of the D¢ coal seam

The article deals with the issues of gas content of the most thick and stable D4 coal seam in the Tentek region.
This complex structure seam is dangerous in underground mining for gas and dust outbursts, it consists of
coal packs separated by interlayers of mudstones, while the lower layer 0.5-1.5 m thick is very soft, has a
strong shear disturbance and is most saturated with methane. Extraction of coalbed methane is a necessary
process to ensure the safety of mining operations, to reduce its emissions into the atmosphere, and to utilize it
as a fuel and a product for obtaining synthetic materials. The regularity of changes in the particle size
distribution of the upper thick pack and the lower thin pack indicates the difference in small coal particles in
them, while there are much more of them in the lower layer therefore, the specific surface is larger, which is
an important factor of the adsorption processes intensity in the accumulation of methane, and during the gas
drainage from the seam. The activation energy of methane from carbohydrate has been determined. A
quadratic relationship between methane gas evolution and its initial concentration has been shown. In
carbohydrate, it depends on the energy of external forces. A complex relationship has been established
between the gas pressure in the coal seam and its concentration and characteristics of the «coal-methane-
natural moisture» system. Regularities of changing the methane content of the coal seam depending on its
fracturing formed due to the effect of the energy of destruction and the energy appearing with increasing the
area of a crack in the coal, have been obtained. The effect of the coal mineral composition on the gas content
has been shown.
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Introduction

In the mixture of greenhouse gases, methane can remain in the atmosphere within 9 to 15 years. It re-
tains 20 times more heat than carbon dioxide. Understanding the problem of the presence and interaction of
methane with the environment increases the need to develop projects for its extraction from coal seams. Me-
thane processing and utilization has advantages over direct emission into the atmosphere. Possible options of
utilizing coalbed methane include power generation, production of compressed or liquefied gas, use in blast
furnaces and for calcining lime at the metallurgical plant of the ArcelorMittal Temirtau JSC.

Extraction of methane from coal seams will provide the following benefits: improving the safety in coal
mines and the health of miners, selling natural gas and its products, using carbon GNG credits for sale, and
increasing coal production [1].

The gas concentration and pressure, the permeability coefficient, particle size distribution of coals are
the main factors, which studying makes it possible to estimate the drainage parameters, as well as to calcu-
late the gas balance during coal mining.

The Dg seam consists of two seams. The upper layer 4.82 - 6.48 m thick is represented by brilliant coal
with strong cleavage. The lower one varies in thickness from 0.5 to 1.5 m, has a strong strike-slip fault, and
is very soft. The gas pressure in coal is at least 4.5 MPa with its content from 18 to 19 m’/t. Based on this,
the lower layer is highly hazardous in terms of emissions without the use of drainage. Its initial permeability
is less than 0.1 md, and it can increase depending on the natural variability or the man-made impact.

Results and discussion

Studying the particle size distribution of coals shows that in samples from the upper and lower layers of
the seam, 66% of particles are smaller than 0.6 mm, the sample from the lower layer consists of 48% of par-
ticles that are smaller than 0.1 mm, while coal from the upper layer consists of only 14% of particles smaller
than 0.1 mm (Figure 1) [1].
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The larger particles of the upper layer of the Dy seam are mainly disk-shaped, while the smaller parti-
cles are like cubes. The ratio of the shortest to the longest side is on average 3:1 for all sieve hole diameters.
The breeze is approximately disk-shaped and 43% of the sample mass consists of “small” particles [1].

The particles of the lower layer of the Dg seam are mainly rounded. The ratio between the shortest and
the longest sides is in the range from 2:1 to 3:1. The particles are similar in shape to cubes and 66% of the

sample mass consists of «small» particles.

1

CRCI - Upper — : :
(distribution) ——
CRCI - Lower ——
(distribution) —— %
0.8 | /- XA g
i/ 1
ot \ ]
‘.\ :
0.6 | 1
1 ]
0.4 + L
0.2 } N 4
0 \ |
¥ 1 'v,l' |
-
s L
0 I 1 M \
1e-07 1e-06 1e-05 0.0001 0.001 0.01

Figure 1. Particle size distribution: the upper and the lower layers of the D¢ seam [1]

To estimate the effect of permeability on drainage, a number of model studies have been carried out for
a homogeneous coal seam with the thickness of 6 m and the initial pressure of 4.5 MPa, draining to a gauge
pressure of 0.5 MPa. The results are shown in Figure 2, where the abscissa represents the distance between
the wells, and the ordinate represents the time required to drain the gas to the pressure of 0.5 MPa [1].

380

360

340

320

300

280

260

240

220

200
180

160

140

120

100

80

60

40

0 .

4.;./
20 - .—.-——-—I—d'—.——_.

8 10 12

Distance between wells, m

Figure 2. Methane drainage time in the coal seam before reaching pressure of 0.5 MPa
depending on the seam permeability and the distance between the wells [1]

Gas permeability of coals is mainly determined by the permeability of endogenous and exogenous
cracks, porosity. It inversely depends on the value of the external load and the degree of coal metamorphism,
as well as on its gas content and on the degree of filling the filtering volume of pores and microcracks with
natural moisture (phase permeability of coal). The amount of methane per unit of dry ash-free coal mass is
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determined by the sorption isotherm, and regularly changes with the degree of metamorphism reaching max-
imum values for natural coals at the semi-anthrocyte stage of 43-45 m’/t. Metamorphism processes lead to
the transformation of coals, they affect inter-atomic interactions, the essence of which is to simplify their
chemical composition and structure carbon in the organic mass of coal [2].

Methane in coal. Changing the geomechanical state of coal seams and coal-bearing rocks leads to
deformation of interatomic bonds, initiation of chains of relaxation processes in the form of
mechanochemical transformation of the organic mass of coal with the formation of gaseous products, mainly
methane. The natural methane content of the Dq coal seam (m’/t) at various depths varies too. In the interval
of the depth of the upper boundary of methane gases from 180-250 m to the depth of 300 m, the methane
content varies within 3-18 m’/t; in the depth intervals 301-600 m within 18-28 m’/t, and 601-900 m within
30-32 m’/t. The forecasted values of natural methane content at the depths from 900 to 1500 m range from
23 to 36 m’/t. In works [3, 4] one of the options of the methane state in coals (as a percentage of the total
amount) is considered as:

— free: inside macropores, microcracks and other defects of continuity in coals in natural conditions
— 2-12%;

—adsorbed: on the carbon surfaces of natural pores and defects of continuity, interblock spaces
(including the volumetric filling of transition pores and macroscopic defects-cracks) — 8-16%;

— solid coal-methane solution in the intermolecular space of the substance — 70-80%;

— chemical sorbed methane — 1-2% in defects in aromatic layers of crystallites;

— solid interstitial solution inside gas hydrates solid crystalline substances with the size of 0.38-0.92 nm,
that form all hydrophobic gases including methane.

Methane adsorbed by coal is distributed between the solid solution (absorption) and the surface of
cracks and pores (adsorption), and since coal has a large specific surface, about 20 m*/cm’, the amount of
adsorbed methane can be comparable to the amount absorbed [2]. This is possible if the binding energy of
the methane molecule with the coal surface Eg is much lower than the energy of the methane molecule
entering the solid solution (Eg >200 kJ/mol) [4]. If the energy supplied is greater than the energy of the entry
of the methane molecule into the solid solution, then the methane molecules begin to leave the coal particle.
In this case, the mass of the coal methane particle begins to decrease, similar to the dissolution (melting) of
the particle, and this process proceeds according to the law of phase transitions of the first kind. The bond of
the methane molecule with the coal substance is mainly provided by the van der Waals forces.

Let’s suppose that near the surface of a coal particle, the concentration of methane is Cy; by supplying
external energy (changing the stress state of the coal mass), methane begins to be released from it, the con-
centration of which near the boundary is C1, and at a considerable distance from it is C,.

Using these characteristics, we have obtained the parameter A equal to [3]:

The dependence of the pairwise decomposition of a coal-methane particle (t0) is determined by the
expression = . It should be noted that the «apparent» changing of the radius of the coal-methane particle
corresponds to changing its mass similar to the dissolution or melting of the coal-methane particle, in
proportion to the methane emission from the solid solution. Since the parameter (1) is proportional to the
pressure Ap at the phase interface, the comparison of the obtained regularities of the coal methane
decomposition with the isobar of methane sorption at 1 atm. given for the coals of the Donetsk, Karaganda
and Kuznetsk basins [4, 5], indicates their coincidence, since the process sorption and desorption are
reversible.

When considering the changing of the coal-methane particle radius, it should be borne in mind that
small-sized particles are characterized by the decreased surface tension, which leads to decreasing the «melt-
ing» temperature of coal-methane particles Ty, , i.€. to reducing its decay energy [6]:

d %
Tmp(r) = To(1 =) for d=2222 @)

where d is the critical radius starting from which the size effect takes place; T, is the melting point of the
bulk sample; R is the universal constant, ;) is the molar volume of methane, r is the particle radius, d is the
specific gravity of methane.

Expression (2) determines the decomposition rate of a coal-methane particle, i.e. methane release,
which is caused by decreasing the surface tension, which is most typical for small particles of coal in the
lower layer of the Dy seam.
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The process of the methane coal decomposition occurs under the effect of some external energy (ther-
mal, mechanical, etc.) that occurs during the development of the seam and is an irreversible process.
The probability of dissipative processes is determined by the expression [7]:

T 3
=k XP kT | G)

where AS is entropy changing in the dissipative process; E,, is the mean value of the molecule basic state
energy; T is the relaxation time; G® is the Gibbs energy, k is the Boltzmann constant (1.380649*10% J/k), N
is the Avogadro number.

The energy of decomposition (destruction) activation of the coal matter for the i-th gas is determined by
the expression:

=Eme )

where E,.; is the energy of the gas molecule activation, G® is the Gibbs energy, T is the absolute
temperature, C; is the i-th gas molecules concentration.
Taking into account the Gibbs energy additivity for non-mutually acting particles:

G =XL,CiG; C=XEL,Ci; By =X E, ®)

From (5) it is obvious that the pure destruction of the coal matter is selective, an d the function of gas
emission is stepwise depending on E,,;,; the more gas or volatile molecules, the lower the activation energy.
Let’s consider the part of gas emission that is associated with methane. In this case the activation ener-
gy of coal methane will have the form:
_200-Gy/C

E, =2 (6)

Here, E,, = 200 kJ/mol is taken as the average binding energy of methane in coal matter. The activation
energy for the decomposition of methane coal depends on the temperature, while the graph of gas evolution
is also stepwise in accordance with E ;.

Expression (6) based on the smallness of the ratio G”/C for methane equal to 536*10™, where G?,O is
the Gibbs energy of the hydrocarbon, can be written by denoting the binding energy (or decay energy) of
methane in the form Gg’, /C = E,,. From the ratio it follows that the lower the Gibbs energy of the
hydrocarbon (Gg’,), the lower the activation energy of coal-methane, so the temperature of the beginning of
gas evolution, fusenite is 390°C, vitronite 335°C, enertite 250°C.

The average activation value for coals of varying degrees of metamorphism is determined - about 0.65
kJ/mol [7].

In work [4], a relationship was established between the gas evolution of methane (C) and its initial
concentration (C,) in the hydrocarbon (methane content) of the coal seam.

C=iaMs, )

where A is the work (energy of external forces), K; is a constant. The last equation characterizes the quadrat-
ic dependence of gas emission on the seam methane content (M).

Gas pressure in the seam. In the natural state, in the coal matter there is a dynamic equilibrium be-
tween the adsorbed, absorbed and free phase methane, which is characterized by the fact that at any moment
in the absence of extreme external impacts, the number of methane molecules passing from the free phase to
the sorbed state is practically equal to the number of molecules of the desorbed methane. Free methane in the
coal bed under natural conditions occupies a volume within which its and the molecules interaction with the
coal surface is relatively low therefore, the volume of methane in the free phase in voids and cracks of coal is
usually insignificant. Under such conditions, it plays the role of a “back-up” for sorbed methane preventing
its desorption. Disruption of the dynamic equilibrium between methane in the free and sorbed phases in the
natural system “coal — methane — natural moisture” during redistribution of rock pressure (under the impact
of tectonic processes or mining operations) is manifested in increasing the number of desorbed methane mol-
ecules over the number os molecules that are sorbed by coal.
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It has been established [8] that the volume of methane in the free phase at the depth of 700-1200 m in
coals of medium metamorphism ((Vdaf = 18-19%) is from 5 to 10% of the total methane contained in coal,
in coals of a high degree of metamorphism ((Vdaf = 18-14%) it is from 4 to 6%, and in slightly metamor-
phosed coals ((Vdaf = 30-38%) it is up to 10-12%. When the established dynamic equilibrium in the natural
system «coal-methane-natural moisture» is violated, the movement of methane molecules from natural coal
pores occurs both by moving along their walls, and by passing from an absorbed state to an adsorbed one and
then to a free state, that is , the decomposition of methane coal occurs, accompanied by a decrease in the
pressure of methane in coal [9, 10]. Since GO=H-TS+PV1 then at C-C0,, where CO is the initial concentra-
tion of methane in the hydrocarbon (coal seam), and C is the current value of the methane concentration, we
obtain the methane pressure in the seam equal to:

P = [Co — Ky (H — TS)]/(K,V), ®)
where H is enthalpy, S is entropy, K2 is a constant, V is the volume, T is the environment absolute tempera-
ture. The equation shows a complex dependence of gas pressure in the coal seam on its concentration and
properties of the coal matter. It is seen that increasing the pressure increases the methane content of
coal [10].

Formation of cracks in coals. Since characteristics of the methane content of the coal seam are associ-
ated with the surfaces and cracks of the massif, let us consider formation of cracks in coals as one of the rea-
sons for its destruction including the instantaneous one, and formation of surfaces.

One of the important results of A. Griffiths [11] is the criterion he formulated for the destruction of a
body with a crack, according to which the growth of a crack should be an energetically favorable process
with energy conversion [12]. Let us express the condition of crack growth in the form of the energy balance:

SW-1) =0, ©

where W is the potential energy of the plate deformation; I' is the crack surface energy for a plate of a unit
thickness, ['=41y; [ is the half length of the crack, y is specific surface energy of destruction [3].
The condition of destruction can be written down as follows:

AL (10)

From condition (10) it follows that a crack in a solid (coal mass) will develop during its deformation,
that is, the action of rock pressure exerted on the coal seam, provided that the rate of the potential
deformation energy release is greater than increasing the surface energy of the body, which is formed as a
result of the formation of new surfaces.

Let’s suppose that the crack element is determined by the product of a linear surface element by some
function ®(u,v), which depends on the stress state in the vicinity of this linear element [4]. For brittle
fracture, this function should be proportional to the normal, highest stress (F) or the highest linear
deformation determined by Young modulus (E) and the Gibbs potential (G).

Thus, the trajectory of a crack is a geodesic line in the non-Euclidean space, the metric of which
depends on the stress-strain state of the rock massif [4].

Then the Euler—Lagrange equation that can be used to obtain the equation of crack growth, takes the
form:

————=0, 1D

where M=®(u, V)JE + 2Fv' + G(v)2.

The behavior of stationary cracks can be described using the variation condition dE=0, and non—
stationary using the equation @ (u,v)

ftto dEdt = 0, (12)
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where E= flt(t) 1ds is the functional reflecting the difference between the energy of absorption fol(e) vds con-

sumed for the destruction and supply process [ Ol © @ds that is emitted with the crack growth, L=y — ¢. This

functional can be considered as free energy or as the value proportional to the inner entropy increment.

The intensity of energy consumption for fracture (y) represents the energy required to form a unit area
of the emerging new crack surface. The value of y depends on the local resistance to separation of particles
(petrographic composition of coals), plasticity, viscosity of the material and their change with the growth of
the crack.

The intensity of the release of the supply energy arising in connection with increasing a unit area of the
crack ¢ is spent on its formation, and only after the crack element formation the excess supply energy can be
dissipated or transformed into kinetic energy.

The majority of natural mechanical systems in free motion dissipate the ordered kinetic energy of their
motion and convert it into the chaotic thermal motion of molecules. Generally speaking, the total mechanical
(potential+kinetic) energy in them decreases, passing into other forms (seismo-acoustic and electromagnetic,
arising during the crack formation), they, ultimately, are converted into into thermal energy. Such systems
are called dissipative, and the process is called dissipation.

In case when the intensity of the supplied energy flow is such that the existing dissipation mechanism
cannot cope with it, then such a system is destroyed due to the formation inside its elements, for a more
intense energy dissipation. Such internal rearrangement leads to the internal dissipated structures formation
with the aim of more intense dissipation of the energy supplied to the system. Their existence is possible
only with a constant flow of energy from outside (rock pressure).

These processes form the conditions for the instant destruction of the coal massif.

The coal mineral part effect on coal methane decomposition. Coal seams contain heterogeneous
minerals, such as: kaolin, albite, orthoclase, calcite, quartz, siderite, aragonite, magnesite and other various
mineral inclusions.

For ideal solid solutions, the Gibbs energy is additive, then the activation energy of methane (E,) with
the concentration of this gas (G) molecules will have the form:

E, = ZXL, X G, (13)

where X; is the mole concentration of the coal mineral part component; C is the methane molecules concen-
tration in coal; G is the Gibbs energy of the i-th component.

From formula (13) it follows that increasing the proportion of the mineral part of coal, especially
oxides, leads to increasing the activation energy and, consequently, to inhibiting the decomposition of coal
methane.

Conclusion

The initial gas content of the Dy seamr at the Kazakhstanskaya and Lenin mines is 18 m’/ton, and the D,
seam is gas-bearing, despite the high ash content. Natural seam pressure at the depth of 683 m is about 4.5
MPa. This is the reason for the high associated gas content, which is 67% of the hydrostatic pressure for the
depth of 683 m.

The lower layer of the seam consists of highly outburst-prone coal. In general, the D¢ seam is
considered to be sufficiently connected to the lower layer so that the initial gas pressure remains the same
throughout the entire seam thickness. Variations in the petrophysical characteristics of the seam and the seam
gas are associated with geological conditions, such as tectonic faults, folding, the presence of a crushing
zone, etc. Possible increasing the in discharge during drainage of the seam is a sign of the effect of drainage
or increasing permeability caused by coal shrinkage.

Drilling in the D¢ seam can be complicated by the soft coal of the lower layer, which has shear
disturbances, and it is possible that the wells that cross this soft coal will be complicated during drilling with
flushing, since sticking is possible in this interval, and there is also a high probability of the drilling tools
loss, inclinometers for directional drilling.

A hyperbolic dependence of the complete disintegration of a coal particle on the ratio of the difference
in the concentration of methane in the particle at its boundary and in the distribution has been established.
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The energy of decomposition of the coal substance has been determined depending on the activation
energy and the concentration of methane, the temperature and the Gibbs energy of the carbohydrate.

The regularity of changing the gas pressure in coal depending on the initial concentration of methane
and the thermodynamic parameters of the system has been obtained.

The regularities of the crack formation in coals have been, which are determined by the destruction en-
ergy spent on the formation of a unit surface area of a new crack and the supply energy arising from increas-
ing a unit area of the crack, while excess energy can dissipate or transform into kinetic energy.

The total mechanical energy, when exposed to loads decreases when passing into seismo-acoustic and
electromagnetic energy, and ultimately into thermal energy.

It has been found that the ash content of coals leads to increasing the activation energy for methane
emission from them, i.e., to inhibiting the decomposition of coal methane.
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¢ kemip Ka0ATBHIHBIH I'a3AbLIbIFbI

Maxkanana TeHTek aymaHBIHIarbl €H KyaTThl JKoHE TYPakTHl [lg Kemip KaGaTBIHBIH Ta3[bUIbIFBI Mocelelepi
KapacThIpbUTFaH. byt Kypreri KypbUIbIM KaOaThl XKepacThl Kaz0aapblHia ra3 OeH IIaH YIIiH KayilTi, o ca3rac
KabarTapbeiMeH OeliHreH KeMmip KabaTTapbiHaH Typajsl, ain TeMeHri kabartsl 0,5-1,5 M eTe jKyMcak, BIFbICYAbIH
KaTThbl OY3bUIBICBIHA M€ )KOHE METaHMEH KaHbIKKaH. KeMip kabaTTapblHaH MeTaHZbl OHAIPY — LIaxTalap/arbl
Tay-KeH JKYMBICTapBIHBIH KayillCI3/UriH KaMTaMachl3 €Ty, OHbIH arMocdepara LIbIFapbUIybIH TOMEHIETY JKOHE
CHHTETHKAIIBIK MaTepUaIIapAbl ajly YIIiH OHBI OTBIH )KSHE ©HIM peTiHAe MaifanaHy YIiH KaXeTTi mporecc.
JKoraprbl, KyaTThl KaOaTTBIH J>KOHE TOMEHIT JXKYKa KaOaTTBIH TI'PaHyJIOMETPHSIIBIK KYPaMBIHBIH ©3repy
3aHIBUIBIFEI OHIAFBl KOMIPIIH KillKeHe OeNIeKTepiHiH albIpMAIIBUIBIFBIH KOPCETEel, ajl OJapblH TOMEHTI
KabaTeIHIA OJApIbIH KON MeJmiepi 0ap, JeMeK, MEHIIIKTi OeTi yiIKeH, OyJ METaHHBIH >KUHATYBIHIAFEI )KOHE
Ta3fbl KYpraTy KesiHJe aIcOopOLISUIBIK IIPOLECTEpAiH KapKbIHABUIBFBIHBIH MaHBB3ABL (akropsl. Kemip
3aTTapblHaH METaHIbl OCNICEHIIPYy JDHEPrHsAChl aHBIKTANAbl. MeraH rasplHbIH OeiiHyi MEH OHBIH OacTarKpl
KOHIICHTPALMSCHI apachIHIaFbl KBaAPATTHIK OaitaHbic kepceTiireH. Kemip 3atbiHaa OyJ1 CHIPTKBI KYIITEPHiH
SHeprusichlHa OaiaHbicThl. KeMip KaOGaThIHIArbl ra3 KbICBIMbI OHBIH KOHIIGHTPALMACHIMEH JKOHE «KOMIp-
MEeTaH-TaOUFH BUTFAJIIBUIBIKY XKYHECIHIH CHIIaTTaMallapbl apachlHAaFbl Kypaesi Oaiinansic anpikTanran. Kemip
KabaThIHBIH METaH/ABUIBIFBIHBIH JKapBIKIIAK OYpPHIIIbIHIA OaifKanaTelH ay1aH eciMiMeH maiiga 001aThlH SHEeprust
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MEH SHEPrUsHbIH bIAbIpaybl 9CEpPIHEH KaJbINTACaThlH, OHbIH JKApbIKIIAKTHUIBIFBIHAH ©3Tepy 3aH/BUIBIKTaphl
anbiHAblL. KeMipiH MuHepanabl KypaMbIHBIH Ta3 KYpaMbIHA dCepi KOpPCETLIreH.

Kinm ce30ep: MeTaH, TpaHyIOMETPUSIIBIK KYPaM, )KapbIKIIAKThIK, IPEHAX, YHFbIMA, SHEPTHAHBIH bIABIPAYHIL.

C.b. Umanb6aeBa, A.Jl. MayceimbaeBa, B.M. FOpog, B.C. [TloptHoB, H.B. PeBa, A.J[. Cyniran

I'a3oHOoCHOCTBH YroJbHOTO MIJj1acra Il6

B cratbe paccMOTpeHBI BOIMPOCHI TA30HOCHOCTH CaMOTO MOIIHOTO M YCTOWYHMBOTO yromabHoro mmacra g
B TenTekckoM paifone. J{aHHBIN MJIAaCT MO TUITY CIOXKHOTO CTPOEHHS, OMACeH MPHU MOA3EMHON 100bIUe M0 Ta3y ’
nbUTH. COCTOUT M3 YTONBHBIX TMadekK, pa3AeieHHbIX MPOCIOSMHU apriJUIMTOB, IPU 3TOM HIKHHI CIIOH MOITHO-
ctbio 0,5-1,5 M 0YeHb MATKUIL, UMEET CHIIbHOE CABUIOBOE HapyLIeHHe U HanOoJjee HaChIeH MeTaHoM. M3Bie-
YeHHEe METaHa YTOJIBHBIX IDIACTOB SIBIISIETCS HEOOXOMMMBIM IIPOLECCOM JUIsl o0ecrieueH st 6e30MacHOCTH Bejie-
HUS TOPHBIX pa0oT B IIaxTax, CHIDKEHUS €ro BBIOpoca B aTMocdepy, YTIIM3AlUK B Ka4eCTBE TOIUIMBA U IIPO-
JYKTa JUIi [OJIyYEHUS CUHTETHYECKUX MaTepUaoB. 3aKOHOMEPHOCTb M3MEHEHHS IPaHyJOMETPUYECKOrO CO-
CTaBa BEPXHEH MOIIHOH MayKy U HIKHEH TOHKOM CBHJICTEIBCTBYET O Pa3jIMYUM B HUX MEIKHMX YaCTHI] YIJL,
TIpH 3TOM B HIKHEM CIIO€ X 3HAUUTEIBHO OOJBIIE, U, CIEI0BATENBHO, YeIbHas MOBEPXHOCTh OOJBILE, YTO
SABIIICTCS BaKHBIM (DAKTOPOM MHTEHCHBHOCTH aCOPOLIMOHHBIX MPOLIECCOB HAKOILUICHUS METaHa M NPH JIPECHHU-
poBaHuM ra3a u3 miacta. OnpesienieHa SHeprus aKTUBALMM MeTaHa U3 yriesenlecTBa. [lokazana kBagpaTtudHas
CBS3b MEXIy Ta30BbIIECICHUEM METaHAa M €ro HayalnbHOW KOHIeHTpauueill. B yrnesemecTBe oHa 3aBHCHT OT
SHEPrUU BHEIIHUX CUJL. Y CTaHOBJICHA CJIOXKHAS CBA3b MEXK[Y JaBICHUEM Ia3a B IUIACTE YIUIA OT €ro KOHLEHTpa-
UM U XapaKTEPUCTUK CUCTEMBbl «YroJIb—MeTaH-IIPUpOJHAs Biara». IlomydeHbl 3aKOHOMEPHOCTU HU3MEHEHUS
METaHOHOCHOCTH YT'OJILHOTO IDIACTa OT €ro TPEeIIMHOBATOCTH, (JOPMHUPYEMOii 3a CUeT BIIMSHHUS SHEPIHHU pa3py-
LIECHMA, U SHEPIUY, NOABJIIOIICHCS ¢ IPUPOCTOM IO TPELUIMHBI, Bo3HUKatomel B yrie. [Tokaszano Bius-
HHME MUHEPAJILHOTO COCTaBa YIJIsl HA €70 Fa30HOCHOCTb.

Kniouesvie cnosa: MeTaH, rpaHyJIOMETPHUUECKUI COCTAB, TPELUMHOBATOCTh, JPEHAXK, CKBAXKUHA, SHEPTUS pas-
PYILIECHUS.
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