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METHOD FOR DETERMINING THE ULTIMATE SORPTION CAPACITY
OF COAL MATTER BY EPR-SPECTROSCOPY

Purpose. Improving the method for determining the ultimate sorption capacity of coal matter using EPR-spectroscopy (elec-
tron paramagnetic resonance) by adjusting the proportionality coefficient between the ultimate sorption capacity of coal and the
concentration of paramagnetic centers and the conjugation coefficient in accordance with the degree of coalification.

Methodology. The ultimate sorption capacity of the matter was estimated by EPR-spectroscopy, based on the content of para-
magnetic centers (PMC) in coal, which are able to come into physical (sorption) interaction with molecules of paramagnetic gas
(0O,) when the pressure increases. Processing of the research results was carried out by methods of mathematical statistics.

Findings. Analysis of long-term results for determining the ultimate sorption capacity of coal matter by EPR-spectroscopy was
carried out. The analysis testified about the need to adjust the proportionality coefficient  between the ultimate sorption capacity
of coal and the concentration of paramagnetic centers N and the conjugation coefficient K., depending on the coal rank meta-
morphism. The values of the proportionality coefficient by hard coal ranks for the yield of volatile components V% and the re-
flectivity of vitrinite R°were calculated. Appropriate changes were made to the express-method for estimating the ultimate sorption
capacity of coal by the EPR method.

Originality. It is proved that the proportionality coefficient 3 between the ultimate sorption capacity of coal and the concentra-
tion of paramagnetic centers N and the conjugation coefficient K. is not a constant value, but changes (decreases) with the degree
of metamorphism. It is established that this relationship is satisfactorily characterized by the sigmoid model, whose inflection (on
the graph) is confined to the gas and fat ranks of coals (volatile-matter yield is ~29 %) and is caused by the second main jump of
coalification during a cardinal change in the molecular structure of coal, associated with the completion of the intensive decom-
position of the polymer-lipoidin component in the coal matter.

Practical values. The express-method was improved for estimating the ultimate sorption capacity of coal by the EPR-method,
which differs by specified proportionality coefficients according to ranks in the series of coalification.

Keywords: coal matter, EPR-spectroscopy, concentration of paramagnetic centers, conjugation coefficient, sorption capacity

Introduction. At the present time, one of the main problems
in the national economy of Ukraine is the energy supply, first of
all, of its own hydrocarbon raw materials. Limited energy re-
sources and their uneven placement in the world raised the is-
sue of energy security to the level of the most important tasks
faced by any state. A number of conditions are necessary for the
successful implementation of energy independence. It includes
the availability of their own resources and strategic reserves.
Ukraine belongs to the number of countries in the world that
have reserves of all types of energy resources (oil and gas, natu-
ral gas, coal, peat, uranium, etc.), but the degree of availability
of reserves, their production, and use are not the same, and in
total, they do not create the necessary level of energy security.
The stable operation of the coal industry is inextricably linked
with the need to solve the problem of mine methane in coal-gas
fields. Methane is the main component of gases in coal fields,
and since almost the entire coal-bearing strata of rocks are satu-
rated with methane, the production of coal in coal mines during
their operation and after the completion of coal-face work is
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constantly accompanied by the methane emission. The prob-
lem of coal methane combines three aspects and lies in its ex-
traction from the depth to create a safe environment for coal
production, reducing the number of harmful effluents of green-
house gases into the atmosphere, and further utilization of
methane gas as energy or chemical raw material.

Under these conditions, the study on the genesis of coal
gases and the scientifically grounded perception of the process-
es ongoing in fossil organic matter provides an opportunity to
determine the hydrocarbon (gas) potential of carbonized or-
ganic matter, and to assess the prospects for the production of
coal methane, which promotes the solution in a number of so-
cial, technical and energy problems in the country.

Practical experience in the development of gas-saturated
coal beds and the results of scientific research indicates the im-
perfection of the existing views regarding the formation of the
coal-gas system. First of all, this is due to the insufficient study
on the processes that take place in the system under the impact
of geomechanical, technogenic, and other factors. The ab-
sence of the necessary information reduces the accuracy in the
evaluation of the properties and geomechanical state of the
coal bed, resulting in an increase in the volume and cost of ac-
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tivities necessary to enhance the security of mining operations,
i.e. a significant rise in the price of energy carriers production.

Two opposing hypotheses regarding the origin of methane in
coal beds prevail in the literary sources: the biogenic one, which
links the methane emission with the processes of metamorphism
of coal matter, and the abiogenic one, which assumes the meth-
ane flow and other gases into the coalrock massif through deep
fault zones from the mantle (asthenosphere, basement).

In recent years, several new hypotheses concerning the
mixed forms of methane origin were formulated. According to
them, a large number of sources of hydrocarbons emergence
and deposit formation mechanisms are recognized depending
on the geological conditions and thermodynamic environment
in the massif. According to the sedimentary-inorganic hypoth-
esis, methane is a product of the synthesis of deep hydrogen
and sedimentagenous carbon, which occurs in the surface ar-
eas of the Earth. This hypothesis allows explaining the emer-
gence of gas and oil deposits in sedimentary rocks, because it
assumes the inflow of only hydrogen from the depths of the
Earth but not finished hydrocarbons, which is more realistic.
Low-energy reactions, the joint of hydrogen atoms to unsatu-
rated hydrocarbon structures (hydration), are thermodynami-
cally permissible in the conditions of a mountain massif. Ac-
cording to the dualistic (abiogenic-biogenic) theory of genesis,
natural gaseous hydrocarbons were formed from inorganic and
organic ascending hydrocarbon substances under the impact of
a deep high-temperature fluid by the harsh physical, physico-
chemical and geological conditions of the earth’s crust.

The two latter hypotheses are compromise ones and let us
explain the diversity of gas and oil fields located in sedimen-
tary rocks. But none of the existing theories explains the
change in the elemental composition of fossil organics in the
coalification process, that is, does not link the loss of hydrogen
by coal in the process of coalification transformations with the
genesis of mine methane. Furthermore, it is difficult to explain
the huge volumes of methane that are released during sudden
outbursts or feeders by these theories. Therefore, the nature of
coal methane, the processes of emission, migration, and ac-
cumulation of hydrocarbon gases in the coal-rock massif re-
main unexplained completely, and the study on the conditions
and mechanisms in the formation of gaseous hydrocarbons
from the solid phase remains an urgent and important task.

Despite the fact that all current models of methane forma-
tion in coal beds are phenomenological ones, they all have the
right to exist and, to one degree or another, participate in the
formation of gaseous hydrocarbon reserves in the coal-rock
massif. Among others, the most probable assumption seems to
be that methane of coal bed was formed as a result of structural
transformations in the coal matter at the molecular level during
coalification. In particular, according to the biogenic hypoth-
esis, the main mass of methane in coal beds was formed in the
process of regional metamorphism at the pre-inversion stage in
the development of the Donetsk basin at the maximum values
of temperature and pressure. The statement that a large part of
methane was formed in exactly that period and has survived to
the present day is based on the direct dependence of the meth-
ane content of coal on the degree of metamorphism, which
corresponds to the thermodynamic conditions that existed in
the mountain massif at different depths. Therefore, the most
common concepts about the genesis of coal methane lie in the
fact that its formation is controlled in the earth’s crust by ther-
modynamic conditions and is directly related to the coalifica-
tion process of fossil organic matter in dispersed and concen-
trated form. That is, the primary source of methane carbon in
the entire series of metamorphism is the organic matter of coal.

Solving the problem of effective methane usage in coal
fields depends on studying the conditions of its distribution in
the coal-bearing strata [1]. Parameters linked to the state of
the “coal-gas” system and characterizing the form and quan-
tity of gases in coal-gas fields (natural gas content, gas capaci-
ty, gas saturation, outburst hazard of coal beds, and others) are

largely determined by the sorption properties of coal. Knowl-
edge of the gas sorption characteristics of coal not only helps to
explain the mechanism of increased extraction of methane
from coal beds but also provides an important basis for simul-
taneous coal and gas extraction [1]. The experimental study on
gas sorption provides a scientific ground for the practical eval-
uation of methane emission in coal beds (CBM) and CO, de-
positing in the coal bed [2]. In particular, the characteristics of
CH,, CO,, and H,0 adsorption play an important role in pre-
dicting the yield of CBM and the potential of geological CO,
sequestration in the areas of research on methane extraction
with increased CO, content and CO, binding [3].

The research on gas sorption properties of coal is conducted
in all coal-mining basins of the world, in particular in the USA,
Canada [4], China [5, 6], Australia [4, 7], India [2], Indonesia
[8], South Africa [9], Poland [10, 11], and other countries.

It is established that the chemical composition of the ad-
sorbent, porosity, structure of the pore space (distribution of
pores by size), temperature, pressure, humidity, and the de-
gree of coal metamorphism are the main characteristics affect-
ing the adsorption capacity of gas in coal beds [5]. The volume
of micropores is positively correlated with adsorption capaci-
ty — micropores have the largest specific area and are the main
regulators of gas adsorption [6].

In work [2], it is also noted that the depth of occurrence,
the molecular size of gases, relatedness of gas to coal, density,
porosity, the coal rank, etc. are the main factors determining
the adsorption capacity of coal. The work [4] describes the fact
that the most important factors affecting the sorption capacity
are also the type and content of mineral substances (ash-con-
tent), while the maceral composition of the coal matter is of
limited importance.

At the same time, some researchers note the leading role of
exactly the degree of coalification of the coal matter on its
sorption capacity. In work [12], the dominant impact of the
degree of coalification on the sorption capacity, in comparison
with other factors, was estimated at 89 %; in work [13] the de-
termining role of metamorphism, using a multiple regression
model, was recorded in 86 % of the cases.

On the demand of regulatory documents in force in
Ukraine, when determining the volumes of coal gases during
hard coal extraction, it is obligatory to define the sorption ca-
pacity of the coal matter [14, 15]. Currently, the evaluation of
sorption properties is carried out mainly by the “volumetric
method”. The duration of one determination reaches up to 30
days (without sample preparation), which makes such an anal-
ysis time-consuming and expensive. As a result, mass measure-
ments of the sorption properties of the coal matter are practi-
cally not performed at coal mining enterprises. Therefore,
there is an urgent need to develop a methodology for evaluating
the sorption properties of coal, which is grounded on modern
structural methods for researching the matter at the molecular
level. To study such complex objects as hard coal, it is neces-
sary to use appropriate physical (structural) techniques that al-
low you to research changes in the matter at the atomic-molec-
ular level with the smallest deviation from the original state of
the matter. The use of modern physical techniques allows con-
ducting research at the level of constituent parts of the organic
mass of coal, i.e. considering the coal matter as a set of struc-
tural elements, chemical compounds, to the interaction of
which the transformation processes are reduced.

Spectrometry of the electron paramagnetic resonance is a
powerful tool for obtaining information on the molecular
structure and supramolecular organization of carbonaceous
organic matter. Solid-state spectroscopy is based on the obser-
vation of interatomic bonds in specific compounds and is a
synthesizing method that provides a causal relationship be-
tween the composition and structure of a matter and allows
one to formalize its properties.

The EPR (electron paramagnetic resonance) method
makes it possible to quickly determine the ultimate sorption
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capacity of coal, that is, the maximum amount of gas that a
solid substance can adsorb without changing its molecular and
supramolecular structure.

The purpose of the research is to improve the method for
determining the ultimate sorption capacity of coal matter by
EPR-spectroscopy by adjusting the proportionality coefficient
between the ultimate sorption capacity of coal and the con-
centration of paramagnetic centers and the contingency coef-
ficient according to the degree of coalification.

Method. Coal is an extremely complex natural formation,
which needs to be researched with regard to the processes of
coalification, that is, changes in its structure and chemical
composition over time. Research on processes of coal matter
transformation at the atomic-molecular level can be effectively
implemented only on the basis of fundamental ideas about the
structure and properties of carbonized organic matter. In this
regard, the main tasks of experimental and theoretical research
on structural transformations in coal matter are to establish the
interrelationships between the structure and properties of coal
and to identify patterns of changes in its structural parameters
during coalification by comparing the results of the research on
molecular coal structure by non-destructive physical methods.
According to the currently dominant energy theory, a coal bed
is considered a kind of gas reservoir. The gas content of the for-
mations and the current methane emission and other fluids are
mainly explained by the sorption properties of the coal matter.
But the phase state of methane in coal beds and the mecha-
nisms of its emission in mines remain insufficiently studied. At
the same time, practical experience shows that the coal-rock
strata of the Donbas are saturated with methane, which, ac-
cording to existing ideas, is located in the fractured-porous
structure of coal in the sorbed and free states.

Information about the forms of methane presence in coal
is not only scientific, but also of great practical importance,
since the nature of bonds in the coal-methane system deter-
mines the stability of the system, and, therefore, the choice of
the degassing procedure of coal beds and methane extraction.
The research on criteria that make it possible to reliably de-
scribe the processes of coal methane sorption, as well as quan-
titatively estimate the kinetic parameters of interphase interac-
tion when baric conditions change, provides an opportunity to
solve a number of urgent tasks related to the reliable prediction
of mining and geological conditions in coal-rock massif and
methane content of coal beds, in particular.

It is believed that methane can be in a free, sorbed state or
in the form of a solid solution in a coal-rock massif. That is,
there are three forms of gas-solid phase interaction: adsorption
(intermolecular interaction), absorption (penetration of gas
molecules into a solid substance without chemical interaction
with the formation of a solid solution), and chemisorption
(chemical interaction of a gas and a substance). With an in-
crease in pressure, the sorption capacity of coal increases, and
decreases with an increase in temperature (at 150—200 °C it is
lost). The sorption properties of coal also increase with an in-
crease in the degree of coalification. When conducting research
on sorption processes related to the gas content of coal beds and
gas dynamic phenomena, they mainly mean physical sorption
or adsorption, that is, the process is completely reversible within
the limits of accuracy and time of a laboratory experiment.

Adsorbed gas is a single phase (a condensed layer) that has
the properties of a two-dimensional gas, whose molecules are
held on a solid surface accessible to sorbate molecules. As the
temperature rises in the coal-gas system, the number of ad-
sorbed molecules increases. Sorbate molecules form a sorp-
tion layer that covers the entire surface available to them.

The increase in gas concentration at the interface of two
phases — gaseous (sorbate) and solid (sorbent) — occurs under
the action of intermolecular forces, unbalanced on the surface
of the sorbent. A field of sorption interaction is formed at the
phase interface. It is believed that most of the gas in coal beds
is exactly in the adsorbed state.

Despite a large number of current theories of sorption, the
question about the nature of the methane-coal interaction re-
mains open, primarily because methane is genetically related
to hard coal. Moreover, due to the large heterogeneity of the
coal matter, its multi-component structure, heterogeneity,
and metastability, the sorption interaction in the coal-gas sys-
tem must be considered in the context of the change in the
state of the sorbent (coal).

The essence of the research technique by the EPR method
is to register the process in the transition of the system from a
stable state under normal conditions to another stable state af-
ter the disturbing action by pressure. The properties of a matter
are judged by the kinetic characteristics of the coal-gas inter-
action process. The ultimate sorption capacity of hard coal is
estimated based on the content of the matter of paramagnetic
centers (PMCs) in the molecular structure, capable of coming
into physical (sorption) interaction with molecules of para-
magnetic gas at increased pressure.

Evaluation of the sorption capacity of coal matter by the
EPR method is carried out on specially prepared coal samples
made from a mine trench sample. For this purpose, mine sam-
ples are dried at a temperature not higher than 75 °C and dis-
persed according to granulometric grain-size classes. The
grain-size class of 0.10—0.16 mm particles is chosen as a refer-
ence for conducting research and measurements, as it is the
most enriched with micro components of the vitrinite group.

Previous studies have proven the decisive role of fragments
of the molecular structure with conjugation systems in the for-
mation of the sorption properties of coal. Therefore, the con-
jugation coefficient is one of the main parameters in the struc-
ture of coal, which characterizes the set of structural and ener-
getic properties, as well as the peculiarities of the reactivity of
cyclic structures with a system of conjugated bonds, which
include all structural units with sp>-hybridization of bonds.
The technique to research the sorption capacity consists of
four stages: selecting coal samples and preparing samples for
measurements, estimating the concentration of the paramag-
netic centers, estimating the conjugation coefficient, process-
ing the measurement results, their analysis, and calculating the
ultimate sorption capacity.

Results. The use of physical methods of coal matter re-
search, and, in particular, electron paramagnetic resonance
(EPR), makes it possible to surely trace the consequences of
the external factors impact on the structure of the matter at the
atomic-molecular level. PMCs of coal are defects of the elec-
tronic structure, unpaired electrons (free radicals), and fail-
ures of system conjugate, which arise under the impact of ther-
mal or mechanical factors.

The method of electron paramagnetic resonance (EPR-
spectroscopy) is based on the effect of resonance absorption
by a matter of the energy of an ultrahigh-frequency (UHF)
electromagnetic field while simultaneously acting on a study
sample by the constant magnetic field. The method allows
studying the properties of objects at the molecular level. The
ultimate sorption capacity of hard coal (Q, t/m?) is the sorp-
tion capacity of hard coal by the ultimate gas saturation pres-
sure, at which the maximum possible physical gas-coal inter-
action occurs without mechanical destruction of the latter.

Earlier in 1991, the IGTM of the NASU in Ukraine devel-
oped and tested a method for determining the ultimate sorption
capacity by the EPR method. The developed method of testing
is an algorithm for researching the paramagnetic properties of
coal in a system with gas by changing the pressure. The sorption
properties of the matter are judged by the kinetic characteristics
of the coal-gas interaction. The ultimate sorption capacity of a
substance (Q) is estimated based on the content of paramag-
netic centers (PMCs) in coal capable to come into physical
(sorption) interaction with molecules of paramagnetic gas (O,)
when the pressure is increased according to the formula

Q:B'Na'[(scs
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where Q is ultimate sorption capacity; 3 is the proportionality
coefficient; N is concentration of paramagnetic centers; K. is
the contingency coefficient.

During the research, the numerical value of the propor-
tionality coefficient 3 for a specific coal field was determined as
a result of a comparative analysis of the data obtained by the
EPR method and the volumetric method for determining the
sorption gas capacity.

The accuracy of determining the maximum sorption capac-
ity can be affected by: mining and geological conditions (pres-
ence of tectonic disturbances), time after sampling, storage con-
ditions of the selected material, state and composition of coal
matter (reflectivity, volatile-matter yield, oxidation-recoverabil-
ity), the petrographic composition of the coal sample, which
should be taken into account when choosing a coefficient f3.

Long-term experience (up to 30 years) of the practical ap-
plication of the mentioned method, using a large number of
measurements (about 2000), proved that the proportionality co-
efficient B is not a constant value, even within one coal field.
While defining the sorption capacity of the coal matter and com-
paring the data of laboratory tests by different methods, includ-
ing the volumetric method, it was noticed that the proportional-
ity coefficient 3 was a variable value and significantly depended
on the degree of coal coalification, which was completely con-
sistent with the above-mentioned data of works [5, 14].

To assess the closeness of this relationship, a correlation-
regression analysis of the proportionality coefficient  and the
volatile-matter yield was carried out as an indicator of the de-
gree of metamorphism. The proportionality coefficient 3 was
calculated based on the results of determining the paramag-
netic characteristics (concentration of paramagnetic centers
N“and conjugation coefficient K,.) by the EPR-spectroscopy
and determination of the sorption capacity by the volumetric
method. Fig. 1 shows a graph of the approximation of this de-
pendence by a straight line. The set dependence is character-
ized by the coefficient of determination, which is equal to 0.56.
More satisfactorily, the dependence of the proportionality co-
efficient 3 on the volatile-matter yield is characterized by a
sigmoid model, whose graph is shown in Fig. 2. For this mod-
el, the coefficient of determination is higher and is 0.64. The
graphs also show confidence intervals with a significance level
of 5 %. According to the experimental data, almost all points
(except for two) turned out to be within the defined area.

It is worth noting that the second main jump in coalifica-
tion, applied to the fifth limit of coal metamorphism, is of spe-
cial scientific and practical interest, characterized by a volatile
yield of 29 % and a reflectivity of R,,,, = 1.24. This stage may
reflect a radical change in the molecular structure of coal, asso-
ciated with the completion of intensive decomposition of the
polymer-lipoidin component of coal and scattered organic mat-
ter under the action of growing thermal impact. The obtained
results fully confirm the existence of a qualitative transformation
of the coal substance in this range of coal transformation. The
corresponding inflection in the graph (Fig. 2) proves this fact.

That is, the sigmoid model of the specified dependence is
more realistic in its physical essence, which corresponds to the
restructuring of the internal structure of the coal matter at this
stage of coalification (V% ~ 29 %). The gradual nature of
changes in the properties of coal, linked with the restructuring
of its internal structure in the process of metamorphism, is
also noted in the work (Giulmaliev A. M., Golovin G.S., Gla-
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Fig. 1. Linear model of dependence of proportionality coeffi-
cient B on volatile-matter yield V (95 % of confidence
interval is indicated by a dotted line)
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Fig. 2. Sigmoid model of the dependence of the proportionality
coefficient B on the volatile-matter yield V* (95 % of the
confidence interval is indicated by a dotted line)

dun T. G., 2003), which is devoted to the research on the rela-
tionship between the structure and properties of coal. This fact
was proved by the authors of the work (Giulmaliev A. M., Go-
lovin G.S., Gladun T.G., 2003) by three different laboratory
methods — based on the data of nuclear magnetic resonance
(NMR), infrared spectroscopy (FTIR), and radiography.

The results of the conducted research made it possible to
improve the express-method for determining the ultimate evalu-
ation of the sorption capacity of hard coal by the EPR spectros-
copy based on new methodological solutions and many years of
practical experience in using the methodology and a large
amount of experimental data. The collected data allowed estab-
lishing the limits of values of the proportionality coefficient 3 on
each rank of coal for the mines of the Donetsk basin. The speci-
fied values of the coefficient 3 in accordance with the indicators
of volatile yield and reflectivity of vitrinite are given in the Table.

Conclusions. It is found that the proportionality coefficient
B between the ultimate sorption capacity of coal and the con-
centration of paramagnetic centers N and the conjugation
coefficient K, is not a constant value, but decreases with the
degree of metamorphism. This relationship is characterized by
a sigmoid model, the inflection on the graph of which is con-
fined to the gas and fat ranks (29 %) and is due to the second

Table
The value of the proportionality coefficient 3 by coal ranks
Rank of coal D G Zh K PS P
: °/1/daj
Indices RY/V* 0.40—0.80 0.50—1.00 0.85-1.20 1.21-1.60 1.30—1.90 1.60—2.59
35-50 33-46 28—36 18—-28 14-22 8§—18
The proportionality coefficient, 3 0.300—0.260 0.265—-0.210 0.220-0.170 0.175—0.130 0.135—0.100 0.110—0.075
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main jump in coalification during a cardinal change in the mo-
lecular structure of coal, connected with the completion of
intensive decomposition of the polymer-lipoidin component
of coal matter.

The express-methodology for estimating the ultimate
sorption capacity of hard coal by the EPR technique is im-
proved, which is characterized by refined proportionality coef-
ficients by ranks in the range of coalification. The methodol-
ogy is oriented to estimate the ultimate sorption capacity of
hard coal in order to determine the volume of coal gases during
coal mining, predict the emission hazard of coal beds, and es-
timate greenhouse gas emissions into the Earth’s atmosphere.

A significant advantage of the proposed method is its ra-
pidity and manufacturability. The duration of determining the
sorption capacity of one sample does not exceed an hour, tak-
ing into account control measurements, data processing, and
calculation, which results in a low cost of analysis.

Further improvement of the methodology for determining
the ultimate sorption capacity of hard coal by the EPR-meth-
od in its practical application, will consist in taking into ac-
count other factors. When choosing the proportionality coef-
ficient, it is also advisable to take into consideration, among
other things, the time after sampling, mining and geological
conditions (presence of tectonic disturbances), technical anal-
ysis data (oxidation-recoverability), the petrographic compo-
sition of the coal sample.
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Merta. YocKoHaJIeHHSI METOIVUKY BU3HAUYEHHS TPaHUY-
HOI COpOLiiHOI 30ATHOCTI BYTiJIbLHOI PEYOBMHU METOAOM
EITP-cniekTpockomnii (eJIeKTPOHHOTO NapaMarHiTHOTO pe3o-
HaHCY) IIJISIXOM KOPUTYBaHHS KOeilliEHTY MPOIMOpPLiiHOCTI
MiX TPAHUYHOIO COPOLIHOO 3AATHICTIO BYTJUIS I KOHLIEH-
Tpali€lo MapaMarHiTHUX LEHTPIB i KoeilliEHTOM CITpsIKe-
HOCTI BilMOBIIHO 10 CTyNeHs Byriedikarlii.

Meroauka. I'paHnyHa copOlliiiHa 30aTHICTb PEYOBUHU
ouiHtoBanacss Meronom EITP-cnekTpockomnii, BUXosuu 3i
BMicTy y ByriJuti mapamarHitHux 1eHTpiB (ITMLI), 3naTHuX
BCcTynatu y (pizuuHy (CopOUiiiHy) B3a€MOZII0 3 MOJIeKyIaMu
napamMarHitHoro rasy (O,) mpu minBuieHHi Tucky. O6podxa
pEe3yJIbTaTiB MOCIiKeHb BUKOHYBAJIaCh METOaMU MaTeMa-
TUYHOI CTATUCTUKM.

Pesyabratu. [1poBeneHo aHami3z 6araTopiuHUX pe3yJibTa-
TiB BU3HAYEHHS TPAHUYHOI COPOLIiTHOI 3MaTHOCTI BYTiJIbHOL
peuyoBuHu Metonom EITP-cnekrpockomii. AHauti3 3acBinuuB
HEeOOXiHiCTh KOpUTryBaHHSI KoedillieHTy mpornopuiiitHoCTi
MiX FPAaHUYHOIO COPOLIIHOIO 3IATHICTIO BYTi/UIS i KOHLIEH-
Tpali€lo nmapamMarHiTHUX LeHTpiB N¢ i KoeillieHTOM CIipsi-
>KeHOCTi K, y 3aJIeKHOCTI Bill cTyreHs: MetaMopdi3my ByTi-
ns1. Po3paxoBaHi 3HaueHHsT KoedillieHTy MpornopLiitHocTi 3
10 MapKax Kam’siHOTO BYTUUIS JUIS IOKA3HUKIB BUXOMY JIET-
KWX KOMITOHEHTiB V% i Bin6uBHOi 31aTHOCTI BiTpuHity R°. 1o
eKCIpec-MeTOAUKHU OLliIHKU IPaHUYHOI COPOLIiITHOT 31aTHOCTI
KaM’stHoro ByTiJiist MetogoM EITP BHeceHi BiAnoBiaHi 3MiHM.

HaykoBa HoBu3Ha. JloBeneHO, 1110 KOeilliEHT MPOTIO-
PUiHOCTI 3 MiXX TPAaHUYHOIO COPOIIiITHOIO 3AaTHICTIO BYTi-
JIs I KOHLEHTpALli€l0 MapaMarHiTHUX UeHTpiB N¢ i koedilii-
€HTOM CIPSDKEHOCTi K, HE € CTajlol BEJMYMHOIO, a 3MiHIO-
€TbCA (3MEHIIYETHCA) 31 CTyNeHeM MeTamMopdi3My. Y cTaHOB-
JIEHO, 110 1Iei 3B’SI30K 3a10BIJIbHO XapaKTePU3YEThCSI CUTMO-
1IHOIO0 MOJIEJUTIO, MEPETUH Ha TpadiKy SKOi IPUYypOUYEeHUH 10
Mapok 'K (Buxim jerkux pedoBuH ~ 29 %) Ta 00yMOBIEHMIA
JIPYTMM OCHOBHUM CTpUOKOM Byrjedikallii mia yac Kapau-
HaJIbHOI 3MiHU MOJIEKYJISIPHOI CTPYKTYPH BYTiJLIS, TIOB’13aHO1
i3 3aBEPILIEHHSIM iHTEHCUBHOTO pO3May MoJiMepIinoinuHO-
BOI CKJIaJI0BOI BYTiJIbHOI pEYOBUHM.

IIpakTuyHa 3HAYUMICTB. Y TOCKOHATIEHA EKCITPEC-METOAM -
Ka OLIIHKY I'PaHUYHOI COPOLIiITHOI 31aTHOCTI KaM STHOTO BYTiJI-
s meronom EINP, 110 Binpi3HAETbCS YTOUHEHUMU Koedilli-
€HTaMU TIPOIOPLIMHOCTI 32 MapKaMM B psiay Byriedikarrii.

KimouoBi cioBa: gyeinvna pevosuna, EITP-cnexkmpockonis,
KOHUEHMpAauis napamaesHimHux yeHmpis, Koegiyicum cnpsice-
Hocmi, copbyitina 30amHicmb
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