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NANOSTRUCTURES OF COAL BEDS IN THE SHERUBAYNURINSKY
SECTION OF THE KARAGANDA BASIN

Purpose. To determine the thickness of thin films of coal matter in the Sherubaynurinsky area of the Karaganda basin and their
effect on the physical properties of these films.

Methodology. In order to calculate the thickness of the surface layer of the coal substance using our proposed formula, one
needs to know the molar mass and density. We will use the well-known work where it is shown that such a characteristic as the
“molecular weight” of coal reflects rather well the degree of metamorphism, and is also decisive for the study on the composition
and structure of coal raw materials.

Findings. The role of the thickness of the surface layer of coal in the course of most physical processes is shown. A thin layer of
coal matter differs significantly from metals and other compounds. But it is close to the structure of higher fullerenes. One funda-
mental parameter, the atomic volume of the surface layer, determines all the properties of the nanostructure of this layer.

Originality. For the first time, the thickness of the surface layer of the coal substance has been determined, which is two orders
of magnitude greater than the thickness of pure metals. The thickness of the surface layer of higher fullerenes Cq (135 nm) is close
to that for OC coal (146 nm). The average statistical structural unit of coal corresponds to higher fullerenes with the number of
carbon atoms in the cluster >100, which is a unique feature of coal matter. The thickness of the surface layer of coal in the
Sherubaynurinsky area of the Karaganda basin with a size of ~ 150—200 nm was obtained. This structure is a nanostructure. In this
layer, the physicochemical properties of nanomaterials occur: a change in the crystalline (supramolecular) structure of coal; a
change in its electronic structure and its electrical conductivity; change in the conditions of the stress state of coal; change in the
conditions of methane diffusion in coal seams and many other phenomena.

Practical value. The natural gas content C, depends linearly on the reciprocal of d(/). For coal seam k, where d(/) = 180.8 nm,
it was obtained — C, = 19 m3/t. After the release of coal and gas, the average value of C, = 216 m?/t at a seam depth of 430 m, and
in the Sherubaynurinsky area C, = 14 m3/t at an average thickness of the surface layer d(/) = 170 nm. Hence, after the explosion
d(I),=35 nm, i.e. the layer thickness decreases by almost 5 times, leading to the formation of coal dust. We have considered only
a part of the nanostructure issues: porosity and gas content, explosiveness and moisture content of coal seams, and have shown
that all physical phenomena in a thin layer of coal have a dimensional dependence and determine structures unexplored until now,
and phenomena studies on which are necessary for the practice of mining.

Keywords: Karaganda basin, nanostructure, surface layer thickness, coal, molar mass, density, size effect, carbon, fullerene

Introduction. In his thermodynamics, J. Gibbs considered
the surface layer as a geometric analogue without regard to its
thickness. On the contrary, in the thermodynamics of surface
phenomena, the approach of van der Waals, Guggenheim,
Rusanov is used. According to this approach, which corre-
sponds to modern concepts, the size of the surface layer is on
the order of the interatomic distance [1]. This layer has a com-
pletely different structure and is in thermodynamic equilibri-
um with the rest of the crystal [1]. However, the size of this
layer was experimentally determined only for some atomically
smooth metals [1]. Theoretically, in [2], a formula was ob-
tained for the size of the layer of some metals (Table 1). This
formula has the form: d(f) = 0.17 - 10° M/p, where M is the
molar mass (g/mol), p is the density (g/cm’).

Table 1 shows that the metals have a layer size of the nano-
meter range. If d(1) is divided by the crystal lattice constant a,
then we get the number of monolayers in the metal layer (d(/)/a
= n). So, for gold n = 6 — six monolayers in which reconstruc-
tion or relaxation occurs [1]. It was shown in [3] that a thin
layer of coal matter differs significantly from metals and other
compounds. But it is close to the structure of higher fullerenes.
In [4], the consideration of the nanostructure of coal and their
connection with the main characteristics is continued.
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Identification of the main problem. In the Karaganda coal
basin at the Sherubaynura site, the amount of methane reach-
es 22—25 m?/t. The total thickness of coal seams is up to 50 m.
The grade of coal is K, KZh and OS. According to GOST
25543-88, according to the reflection of vitrinite R, %, coals
are divided into three types: brown coals, hard coals and an-
thracites. Those, in turn, are divided into 50 classes based on
the average vitrinite reflection R,, % according to GOST
12113-94. Brown coals have R, < 0.60 %, hard coals have R, =
=0.40—2.59 %, anthracites have R, = 2.20 % or more. Profes-
sor Ermekov established a connection between R, and meta-
morphisms of Karaganda coals (Satibekova S. B., 2019). For
the main grades of coal, they are shown in Table 2.

However, the nanostructure of coal seams has not been
studied. The main purpose of the work is to build a model of
the surface layer of coal in the Sherubaynurinsky area and de-
scribe their properties.

Literature review. The nanostructure of coal began to be
explored only in the 2/* century, although the term nanotech-
nology was first used by Norio Taniguchi in 1974. In [5, 6], the
diffusion of methane in coal nanopores was studied. Using the
small-angle neutron scattering method, it was found that gases
can enter (and exit) nanopores of 10—20 nm in size in the in-
ertinites of the coals of the Sydney Basin; however, these gases
have difficulty penetrating through nanopores of the same size
in the inertinites of American and European coals. These
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Table 1
Layer size (I) of metals [2]

i, |y LA, |, |, d(h),
nm nm nm nm

Li 0.7 Sr 5.8 Sn 1.4 Cd 1.3
Na 1.5 Ba 6.2 Pb 1.8 Hg 0.6
K 2.6 Al 1.5 Se 1.3 Cr 2.7
Rb 2.9 Ga 0.6 Te 2.5 Mo 4.6
Cs 3.6 In 1.1 Cu 1.6 w 5.8
Be 1.3 Tl 1.9 Ag 22 Mn 2.0
Mg 2.2 Si 34 Au 2.3 Tc 3.6
Ca 4.9 Ge 2.8 Zn 1.1 Re 4.6

Table 2
Parameters of coal metamorphism (Satibekova S. B., 2019)
coal brand IS%‘;’ coal brand If%‘;’
D 0.58 K 1.40
G 0.79 ocC 1.80
Zh 1.07 T 2.37
KZh 1.24 A 2.77

pores are too small to be detected by optical microscopy,
which is one of the reasons this difference has not been ob-
served before. Thus, the nanostructure of coals affects the
transport of gas in coal. In [7] carbon nanospheres (50—60 nm
in diameter) and in [8] carbon nanotubes (outer diameter 20—
30 nm) were synthesized from brown coal in the presence of
ferrocene as a catalyst. In [9], carbon nanostructures were also
obtained from high-ash coals using microwave pyrolysis. By
rapid pyrolysis of pulverized coal in an atmosphere of oxygen
and steam, a nanostructured carbon material was obtained
from activated coke powder in one step. In [10], carbon nano-
fibers and carbon nanorods are synthesized by coal particles
(<44 pm).

Presentation of the main material. We use a modification of
works [3, 4].

d(I), nm is the thickness of the surface layer of coal; Cy,
J/kg K is the heat capacity of coal; W, % is coal moisture;
V4l % is yield of volatile substances; QF, kcal/kg is heat of
combustion; C,, m®/t is natural gas content. From Table 3 it
follows that with an increase in the degree of coal metamor-
phism from brown to anthracite, the following increase lin-
early: Q° C,; and also decrease linearly — R(I), C¥, W, V4.

Let us determine the thickness of the surface layer of coal
in the Sherubaynura area of the Karaganda coal basin, using
the equation [11] to calculate the molar mass.

Table 4 shows that the thickness of the surface layer d(/) of
the coal substance is two orders of magnitude greater than the
thickness of pure metals (Table 1) ~0.36 nm) between coal
macromolecules, determined using X-ray scattering.

Dependence of the natural gas content of the
Sherubaynurinsky area on the thickness of the surface layer.

The natural gas content C will depend linearly on the re-
ciprocal of d(I), that is, Cy = a/d(I), where o is a constant
coefficient to be determined.

If we use the technique [12], we get C, = y/d(I) = 3.5 x
x 10719/d(I). Let us check it for coal seam k, where d(I) =
= 180.8 nm. It is easy to obtain — C, = 3.5 - 107'°/d(I) = 3.5 x
x 107197181 - 10 = 19 - 1073 m3/kg = 19 m3/t. This is close to
the average value for formation K (Table 3). Finally, we have

Co=3.5-10""%4(1), (1)

m, and in the Sherubaynura area C, = 14 m3/t at an average
thickness of the surface layer d(/) = 170 nm. This means that
after the explosion d(/), = 35 nm, i. e. the layer thickness (1)

After the release of coal and gas, the average value of C° =
=216 m?/t at a seam depth of 430 decreases by almost 5 times,
leading to the formation of coal dust. This process is similar to
the transformation of a-carbine, where d(/) = 196.7 nm in
B-carbine, where d(/) =40 nm (in our case, 170 and 35 nm). The
B-carbine crystal has a high order (like anthracite). The thickness
of the surface layer of carbine differs significantly from those for
diamond (d(/) = 8.2 nm) and graphite (d(/) = 1.7 nm), but is
closer to carbon materials, namely, fullerenes and coal.

Dependence of the natural gas content of the Sherubaynura
area on humidity. If we use the technique [12], we get

Co=35/W, (2

where C, is gas content (m3/t), W is hygroscopic humidity (%).
From Table 5 it follows that the gas content of the coal seam is
affected by its moisture rather strongly [13]. So, for example,
an increase in humidity by 1 % leads to a decrease in gas con-
tent of about 4 m3/t.

Table 5 shows the calculations of the gas content C, (m?/t)
of Karaganda coals according to (2), and in parentheses are
the values of the gas content of k5, k|, and k,, seams, measured
from coal cores by the Langmuir method [13]. The above
comparison shows good accuracy. With an increase in the
depth of the coal seam, moisture usually drops in the coal, and
the gas content increases.

The hygroscopic moisture in the series of coals varies in
accordance with the degree of their metamorphism (Table 3).
Hygroscopic humidity in brown (B), long-flame (D) and gas
(G) coals is high, and then it decreases to lean (7) coals, but in
anthracite (A) it increases again due to its high porosity.

Humidity values in Table 6 are calculated using (2). From
Table 6 after the release of coal and gas, the average value of

Table 3 C, =216 m?/t, and the humidity W, = 0.31, with a seam depth
Thickness d(/) and properties of coals [3, 4] of 430 m, and for the Tentek suite in the Sherubaynura area,
Coal dd), Cy, W, v, 0°, G,
brand nm |ml/kgK| % % kecal/kg | mi/t Table 4
B 214.0 1.44 15 41 7,500 8 The thickness of the surface layer of medium coal seams
D 1987 138 10 39 8,000 o Site Coal | M — molar mass | p density | d(I),
G 198.5 1.33 7 36 8,600 10 grade (g/mol) (g/cm®) nm
Zh 190.4 1.28 5 30 8,700 12 Sherubaynurinsky K 1,351 1.27 180.8
K 180.8 1.08 3.5 20 8,700 18 (02)
ocC 176.2 1.33 2 15 8,780 24 Kzn 1,376 142 éggg’;
T 172.8 1.16 1 12 8,750 30 oc 1,340 156 176.2
A 151.5 0.82 2.4 8 8,750 45 (489)
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Table 5

Influence of humidity on the gas content of Karaganda coals
[13]

Carbonic Sampling Humidity Gas content C,
layer depth, m W, % (m?/t)
ks 191.3 1.20 29.2
ks 190.9 1.25 28.0
ks 193.1 1.10 31.8
kg 238.4 1.10 31.8
kg 238.8 0.90 38.9
ki3 305.4 0.85 41.2
ki3 306.2 0.80 43.8
ki3 306.6 1.05 333
ki 501.5 0.80 43.8
ki 502.4 1.15 30.4
ki 506.2 0.80 43.8
ki 289.0 1.28 27.3 (24.6)
ko 429.5 1.36 25.7.(27.1)
ki 224.2 1.23 28.5(25.0)
ky 352.5 1.34 26.1 (24.1)
Table 6
Average values of parameters for sudden outbursts of coal and
gas [14]

Mine Derith, Hl\l;/l”]i;oity Ggs;) ’C(r)nr;t/etnt
Shakhtinskaya 300 0.71 44
Lenin 410 0.47 66
Lenin 427 0.19 161
Lenin 350 0.45 69
Lenin 317 0.76 41
Kazakh 466 0.34 91
Kazakh 478 0.15 208
Lenin 545 0.04 860
Lenina 580 0.05 650
Tentekskaya 542 0.08 381
Tentekskaya 485 0.29 107
Kazakh 524 0.39 79.8
Kazakh 636 0.16 192
Average 429 0.31 215.9

our average value of C, ~ 30 m?/t, and the humidity W, =
=2.0 %. The ratio C;/C,~ 7, and the ratio W,/W, ~ 7, which
indicates the validity of (2).

Oil reservoirs practically do not interact with water, and
the solubility of the reservoirs is at the level of 1 % or less. Let
us use f (2) and find out the water content by gas saturation G,
in oil [15]:

- Gr< 50 m?/t — low gas content in oil, C, = 35/W, W =
=0.50 %;

- Gy=150-300 m?3/t — increased gas content in oil, C, =
=35/W, W=0.12 %;

- G;=300—600 m3/t — high gas content in oil, Cy = 35/W,
W=0.06 %:;

- G/ > = 800—900 m3/t — gas condensate system, C, =
=35/W, W=0.04 %.

Comparing the oil reservoir with the gas condensate sys-
tem, where W= 0.04 %, with Table 6, where the gas content is
Cy =860 m3/t, W=0.04 %, their great similarity is found. It is
known that the high gas content of oil is accompanied by a
high saturation pressure, at which the gas dissolved in it is rap-
idly released. This process, in many ways similar to the sudden
outburst of coal and gas, is shown in Table 6. Sudden outbursts
of gas condensate occurred at fields in Uzbekistan, Ukraine,
and Kazakhstan. The largest sudden release of a gas-conden-
sate mixture occurred in 1980 at the Kumzhinskoye gas con-
densate field [16]. The cause of such accidents is still not clear,
as well as emissions of coal and gas in coal deposits. For the
first time such an accident was recorded in England in 1834.

However, the results of our study show that the state of
moisture in both coal and oil (gas condensate) formations
plays an important role. It becomes too small W= 0.04 % for
coal and gas condensate systems at the moment of a sudden
explosion of coal and gas and at the moment of formation of a
gas fountain in certain mineral deposits.

Dependence of the natural gas content of the Sherubaynura
area on the release of volatile substances. If we use the tech-
nique [12], we get

Cy=340/V%, 3)

where C, is the gas content (m3/t); V% is the yield of volatile
substances (V)%.

The yield of LS in brown, long-flame and gas coals is high,
and then it decreases to lean coals and anthracites (Table 7).
Oriented gas-bearing values from literature data are given in
parentheses. There is a good correlation.

Dependence of the natural gas content of the
Sherubaynurinsky area on the electrical resistance of coal. If we
use the technique [12], we get

Co=10"pg- 1/T, 4

where pis the electrical resistance of coal; 4 is the depth of
the coal seam; T'is its temperature.

Now let us turn to Table 6 and take the value from the
depth =410 m and the specific gas emission of 66 m?/t. These
are average values for k, reservoir during sudden outbursts.
Let us make a calculation using (4) at 7= 600 K. It gives pg=~
~0.9-10° (Ohm m). At a temperature of 7= 600 K, the electri-
cal resistance of grade K coals is 9 - 10® (Ohm - m), and grade
Zh coal is 23 - 10° (Ohm - m). (4) gives the electrical resistance
of coals with sudden outbursts of coal and gas 10 times (for
grade K) and 20 times (for grade Zh) of a lower value, which
may be a sign of zones with increased gas recovery. Thus, if the
resistance pyx < 4 - 106 (Ohm - m) (at 7= 300 K), then the coal
seam in the Karaganda basin is dangerous for sudden out-
bursts of coal and gas, that is, it enters the zone with increased
gas recovery.

Dependence of the natural gas content of the Sherubaynura
area on the intensity of gamma-gamma radiation in coal. If we
use the technique [12], we get

Table 7
Yield of LS and gas content of the genetic series of coals

Coal LS Cy, Coal LS Gy,
brand Ve, % (m3/t) brand | V%, % m?/t
B 41 8.3 K 20 17
(4—6) (15-18)
D 39 8,7 oC 15 22.7
(6-9) (20—24)
G 36 9.4 T 12 28.3
(9—10) (25-30)
Zh 30 11.3 A 8 42.5
(10-12) (40—45)
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Co=1.7-10%-(1-J9, 4)

where J° is the relative parameter of the gamma-gamma meth-
od, which is related to the electrical resistance py through the
ash content A° in a linear way, such as J° (uR/h) = opg
(Ohm - m), where the coefficient ¢ provides a ratio of dimen-
sions. Now let us turn to Table 6 and take the value of the
depth # =410 m and the specific gas release C, = 66 m?/t for the
ko formation, with the ash content 4°=10.7 % we will get (1 —
- J% = 0.38. Substituting the relative parameter J° for the k,,
coal seam into (5), we obtain: J* =~ 0.61.

Thus, if the relative parameter J° < 0.61 (uR/hour), then
the coal seam in the Karaganda basin is dangerous for sudden
outbursts of coal and gas, that is, it enters the zone with in-
creased gas recovery.

Dependence of the natural gas content of the Sherubaynura
area on the speed of sound in coal. If we use the technique [12],
we get

CO = 6/I/Sa CO = n/VPa (6)

we imply
K=38/m=Vs/Vp, (7)

where Vy is the low frequency component; V) is a high-fre-
quency component of the spectrum of acoustic signals.

If we take an estimate of the relationship between gas con-
tent and electrical resistance of coals from (4), and take p of
coal at temperatures 7} = 873 and 7, = 973 K, then we will get
—8Vp/MVs = 4.3 - 102, Taking for coal V= 1,280 and ¥V, =
= 2,373 m/s from (7), we have for the value K = 0.5. The ex-
pression K= Ay>/AT*=18.2/90.7 = 0.2 can be interpreted as a
low degree of danger of a sudden outburst of coal and gas or a
rock burst. With a sudden outburst of coal and gas, K exceeds
the previous value by 10 times, i.e. K=5.

Thus, if parameter K= Vy/Vp< 3, then the coal seam in the
Karaganda basin is dangerous for sudden outbursts of coal and
gas, that is, it enters a zone with increased gas recovery.

Porosity of coal seams. The existing nomenclature, adopt-
ed by the International Union of Theoretical and Applied
Chemistry IUPAC, distinguishes three categories of pore size
depending on their diameter: microporous <2 nm, mesopo-
rous 2—50 nm, and macroporous > 50 nm [14]. The porosity of
the coal matter in the Sherubaynurinsky area can be judged by
the Langmuir isotherms, which, as an example, are shown in
Fig. 1.

To measure the isotherms of methane sorption, after the
coal desorption process, three sub-samples of coal were pre-
pared from core samples No. 5/1, 5/4 and 6/14 for coal
seams k, KZh and OS. Langmuir’s sorption capacity varies
from 29.09 m?/t for sample K, from 30.05 m?/t for sample CL
and from 31.25 m?/t for sample OC. When the pressure chang-
es, the sorption capacity of coals obeys the dimensional law
from the formula A(h) = Ay[1 — d(1)/h] [2], where A(h) is the
sorption capacity, # = P. This is because the Langmuir iso-
therm reflects the phenomena on the thickness of the surface
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Fig. 1. Langmuir isotherms

layer. From Table 1 it follows that the sorption capacity of coal
is inversely proportional to the thickness of the surface layer.
Using an electron microscope, it was noticed that the distribu-
tion of pores in the studied coals was uniform, but a fuzzy ori-
entation along the layering was noted. Moreover, coals are
extremely heterogeneous in terms of pore development. In
coals of grades K, Zh and OS, large pores are observed, which
are slightly compressed and have an elongated and oval shape.

Gas content of coal seams. The study on the gas content of
coal seams was carried out mainly by core sampling. Gas sur-
vey was carried out to check the reliability and clarify the data
obtained during sampling by core sampling stations. Compar-
ison of the values of gas content was carried out using the
methods of mathematical statistics. The nature of the increase
in gas content with depth for strata k3-k4 is shown in Fig. 2.

From Fig. 2 it follows that the gas content of coals obeys
the dimensional law from (3).

Explosion hazard of a coal seam. In [16], a study was made
on the fire hazard of coal and its mixtures with dust and com-
bustible gases and an assessment of the danger of ultrafine par-
ticles to spontaneous combustion. Let us consider the size effect
with the temperature of coal, assuming in the first formula ex-
pressions (3) instead of A(#) = Tm (melting point in layer d([)),
and A, = T is the melting point of bulk coal, which, according
to various sources, takes a value from 1,200 to 1,600 °C. Let us
take an average temperature of 1,500 °C (1,773 K), and from
Table 1 thickness d(1)) for layers K, KZh and OS (Table 7).

Investigations by the method of electron microscopic
analysis of coal particles of coals of all stages of metamorphism
made it possible to establish, in [16], the presence on the sur-
face of the particles of film coatings formed as a result of the
combination of coal with atmospheric oxygen. With decreas-
ing particle size, the proportion of the coating volume increas-
es and changes on average from 100 to 150 nm (compare with
our Table 1). Then, if in this surface oxyfilm of coal, peroxide
complexes initiate reactions that cause decomposition and
oxidation of coal matter, then energy is released and, accord-
ing to the equation in [16], one can estimate the increment in
the particle temperature as a result of its heating. Consequent-
ly, the temperature of a carbon nanoparticle at the initial tem-
perature T = 300 K will be at least 7, =872 K.
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Fig. 2. Graphs of changes in gas content with depth (stratum

ki) [15]
Table &
Size effect for coal temperature
Brand | . | TnK T,, K T,, K T,, K
coal 0 r=50nm | r=100 nm | =150 nm | »=200 nm
K 1,773 385 633 805 933
KZh | 1,773 412 677 862 998
oS 1,773 452 762 948 1,098
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According to our Table 8, this corresponds to particles of
the order of half a micron. In [16], it is considered proven that
coal particles with a radius of about one micron (or our half a
micron) in the case of decomposition of coal matter, due to
the negative heat of formation of coal molecules, warm up to
temperatures at which nanoparticles can spontaneously ignite.
Another important conclusion is that during the decomposi-
tion of coal matter, flammable gases are released, which, in the
case of spontaneous combustion of coal nanoparticles, also
ignite, and their mixtures-aerosols with air explode. The si-
multaneous presence of methane and other combustible gases
in the dust and gas aerosol reduces the lower concentration
limit of the explosion of coal dust.

Conclusions. We tried to show the importance of the role
of the thickness of the surface layer in the course of most of the
processes occurring during interaction with the external envi-
ronment, especially since these interactions are carried out
through the surface. A thin layer of coal matter differs signifi-
cantly from metals and other compounds. But it is close to the
structure of higher fullerenes. One fundamental parameter,
the atomic volume of the surface layer, determines all the
properties of the nanostructure of this layer.

The size effects in the d(I) layer are determined by the en-
tire collective of atoms in the system (collective processes).
Such “semiclassical” size effects are observed only in nanopar-
ticles and nanostructures; they are also called type 11 size ef-
fects. In this layer, the physicochemical properties of nanoma-
terials occur: a change in the crystalline (supramolecular)
structure of coal; a change in its electronic structure and its
electrical conductivity; change in the conditions of the stress
state of coal; change in the conditions of methane diffusion in
coal seams and many other phenomena.

The natural gas content C, linearly depends on the recip-
rocal of d(/). For coal seam k, where d(/) = 180.8 nm, it was
obtained — C, = 19 m®/t. After the ejection of coal and gas, the
average value of Cy= 216 m?/t at a seam depth of 430 m, and in
the Sherubaynurinsky area C, = 14 m3/t at an average thick-
ness of the surface layer d(/) = 170 nm. Hence, after the explo-
sion d(1), =35 nm, i.e. the layer thickness decreases by almost
5 times, leading to the formation of coal dust.

If the resistance py < 4 - 10® (Ohm - m) (at 7= 300 K), then
the coal seam in the Karaganda basin is dangerous for sudden
outbursts of coal and gas, that is, it enters a zone with in-
creased gas recovery.

If the relative parameter J° < 0.61 (uR/h), then the coal
seam in the Karaganda basin is dangerous for sudden out-
bursts of coal and gas, that is, it enters the zone with increased
gas recovery.

If the parameter K= Vg/V, < 3, then the coal seam in the
Karaganda basin is dangerous for sudden outbursts of coal and
gas, that is, it enters the zone with increased gas recovery.

We have considered only a part of the issues: porosity and
gas content, explosion hazard and moisture content of coal
seams, but the literature is already discussing the diffusion of
methane through nanopores, the production of nanofibers,
nanorods from coal, and others.

The authors hope that studies on the surface layer of the
unique coal matter will continue. We will assist in the continu-
ation of work with KazTransGas JSC and Baker Hughes Ka-
zakhstan LLP on the utilization of methane at the coal fields of
the Karaganda basin.
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Merta. Bu3HauuTu TOBIIMHY TOHKUX ILUIiBOK BYTUIBHOL
peuoBuHu Ha IllepybGaiiHypuHckiii minsHui KaparanguH-
cbKoro OaceiiHy Ta ix BIUIMB Ha (pi3U4Hi BJIACTMBOCTI LIMX
TLJTiBOK.

MeTtoauka. 11106 3a 3anponoHOBaHO0 (GOPMYJIO0 PO3-
paxyBaTH TOBILMHY IMOBEPXHEBOTO I1apy BYTiIbHOI peUYOBU-
HU, TTOTPiOHO 3HATU MOJISIpPHY Macy Ta IIiIbHICTh. MU CKO-
pucTaeMocs BioMolo poOOTOI0, Ie TOKa3aHo, 1110 TaKa Xa-
paKkTepucThKa SIK «MOJIEKYJsSIpHA Maca» BYTULISA NOCUTH
nobpe BigoOpaxae CTyniHb MeTaMopdi3My, a TAKOX € BU-
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3HAYaJIbHOIO /IJI1 BUBUEHHS CKJIany i OyA0BU BYTiJIbHOI CU-
POBUHM.

Pesyabratn. IlokazaHa posib TOBIIMHU TOBEPXHEBOTO
1apy BYTiJuisi B Tiepebiry OilbIIOCTi (hi3MYHMX IPOLIECIB.
ToHkwi1 11ap BYTiJIbHOT pEYOBUHU CYTTEBO BiIPi3HSIETHCS Bill
METaJliB, iHILIMX CHOJIYK. AJie OJIM3bKUI 10 CTPYKTYPHY BULLIUX
dynepeHiB. OnuH dbyHIaMeHTAJIbHUI MapaMeTp — aTOMHUIA
00’e€M TTOBEPXHEBOTO 1Iapy — BU3HAYAE BCi BJIACTMBOCTI Ha-
HOCTPYKTYPH 11bOTO II1apy.

HaykoBa HoBu3HA. Ymeplie BuU3HAuY€Ha TOBUIMHA MO-
BEPXHEBOT'O 1Iapy BYTJIbHOI pEYOBMHMU, 11O HA IBA MOPSIIKUA
Oisplla 3a TOBIIMHY YMCTHUX MeTasiB. ToBLIMHA MOBEpXHE-
Boro wmapy Bulux ¢ynepeHis Cog (135 HM) 611M3pKa 10 TaKoi
st Byriwist OC (146 um). CepeIHbOCTATUCTUYHA CTPYKTYP-
Ha OJMHULIS BYTULIS BiAllOBiga€e BUILUM (pyJiepeHaM i3 yuc-
JIOM aToMiB ByrJielo y Kiuacrepi > 100, 110 € yHiKaJbHOIO
0COOJIMBICTIO BYTiJIbHOI peyoBUHU. OTpUMaHO ITOKa3HUK
TOBLIMHU MTOBEPXHEBOTO 11apy Byriuig Ha LllepybaitHypuH-
cbKili  mingHUi  KaparanguHcbKoro ©OaceifHy po3mipom
~150—200 M. Llg cTpyKTypa € HAHOCTPYKTYpPOIO. Y IIbOMY
11api BinouBaroThcs Hi3uKO-XiMiyHi BJIACTMBOCTi HAHOMATe-
piajiB: 3MiHa KpUCTaIiYHOI (HAIMOJEKYISIPHOI) CTPYKTYpU
BYTiJLISI; 3MiHA HIOTO €JeKTPOHHOI CTPYKTYPU Ta MOTo eJieK-

TPOMNPOBIAHOCTI; 3MiHa YMOB HAMpPYXEHOTO CTaHy BYIiJUIS;
3MiHa yMOB nu¢y3ii MeTaHy y BYTiLIbHMX ILJacTax i 6araTto
IHIIMX SIBULII.

IIpakTiuna 3naummicts. [IpuponHa razoHocHicts C Jii-
HilTHO 3aJIeXKUThb Bil 3BOPOTHOI BeJTnunuHU d([). 17151 ByTijIbHO-
ro uiacra k, ne d(1) = 180.8 um, orpumano — Cy = 19 M*/T.
Iicas BUKMLY BYTi/IIs Ta ra3y cepenHe 3HaueHHs Cy =216 M°/T
3a TIMOMHY 3ansaraHHs miacta 430 M, a Ha [llepy6aiinypuH-
cbKiit minstHui Cy = 14 M3/T 3a cepeHBOi TOBIMHY TOBEPXHE-
Boro mapy d(/) = 170 um. OTxe, micist Buodyxy d(1), = 35 awm,
TOOTO TOBILIMHA ILIApy 3MEHIIYEThCS Maiike y 5 pasiB, 110
MPU3BOIUTH 10 YTBOPEHHSI BYTUIBHOTO MWITY. MU pO3TIISTHY TN
JIMIIE YACTUHY NTUTaHb, MOB’SI3aHUX i3 HAHOCTPYKTYPOIO: MO~
PUCTICTb i TA30HOCHICTh, BUOYXOHEOE3MEUHICTh i BOJIOTICTb
BYTiJIbHUX TIJIACTIB Ta IMOKa3aJIu, 110 BCi (Di3WUHi SIBUILIA B TOH-
KOMY 1lIapi BYTiLI MAlOTh PO3MipHY 3aJI€XKHICTb i BUBHAYAIOTh
JIOCi HeOCIiIKEeHi CTPYKTYPH Ta SIBUILA, BUBUEHHS SIKUX HE-
00XiIHO Y MPaKTULLi TipHUYUX POOIT.

KirouoBi cioBa: Kapaeandurncokiii 6aceiin, HaHoCmpyKmy-
pa, moeujuHa NOBepxXHego20 wapy, y2inis, MOAsApHA Maca,
WinbHicmb, po3MIpHULL egpekm, 8yeneus, Qhyreper
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