ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniuna mexanika. 2019. No 146 107

UDC [552.574:552.12]:539.23 DOI: https://doi.org/10.1051/e3sconf/201910900077

CHANGE OF PARAMETERS IN MOLECULAR STRUCTURE OF DONBAS COALS UNDER

THE INFLUENCE OF EXTERNAL FACTORS
'Pymonenko L.I.,'Burchak 0O.V., 'Balalaiev O.K., 'Slobodiannykova V.K.,
'Sierikov Yu.A.
YInstitute of Geotechnical Mechanics named by N. Poljakov of National Academy of Sciences of
Ukraine

3MIHA MAPAMETPIB MONEKYNAPHOI CTPYKTYPU BYTININA JOHBACY N BNIUBOM
30BHILLHIX ®AKTOPIB

'Mumonerko J1.1., *Bypyak O.B., ‘bananace O.K.,'Cno6odsiHHikoea B.K.,
!Cepikoe 10.A.
1[Hcmumym eeomexniunoi mexauixu im. M.C. I[lonakoea HAH Yxkpainu

W3MEHEHMWE NMAPAMETPOB MONEKYNAPHOW CTPYKTYPbI YT TEN IOHEACCA M0
BIMWAHWEM BHELLHUX ®AKTOPOB

'Mumonenko J1.U., *Bypyak A.B., ‘Bananaee A.K.,'Cno6odsiHHukoea B.K.,
'Cepukoe 10.A.

1 .
Hncmumym ceomexnuuecxou mexanuxku um. H.C. [lonsxoea HAH Ykpaunwi

Annotation. The molecular structure of coal is estimated by 13 parameters of infrared spectra, electron
paramagnetic resonance, volatile yield and ash content. A new criterion of hydrophobicity is applied, which has shown its
informativeness in analyzing the molecular structure of coals of various ranks. It is more sensitive to changes in coal
rank than the standard index of volatile yield. The coalification process leads to a significant increase in this index due to
hydroxyl-containing compounds from the substance of coal. Two-way analysis of variance showed that the influence of
the metamorphism factor is significant for 9 molecular parameters. The research of Donbas coal samples confirmed the
general tendency of the influence of the metamorphism factors on the reduction of molecular diversity of oxygen-
containing compounds and the shortening of aliphatic chains under the simultaneous increase in the number of
paramagnetic centers and conjugated aromatic carbon structures. The factor analysis by the method of the main
components of the molecular structure parameters in coal showed that the most significant independent component is
metamorphism, which is a combination of temperature gradients, pressures and various tectonic influences. The
remaining subordinate components can be attributed to the conditions of sedimentation, which include independent
processes: accumulation of mineral components, decomposition of biomass and geochemical environment in the
sedimentation period. The beds of sub-bituminous coals of early-, middle- and late carboniferous age occurring at
shallow depths have insignificant differences in the molecular structure, at the same time, a deep immersion of
bituminous coals leads to strong changes in their molecular structure. The introduced hydrophobicity criterion showed its
informativeness in the analysis of the molecular structure of coals. It is more sensitive to changes in the coal rank than
the standard index of volatile yield. The coalification process leads to a significant increase in this index due to the water
release and other hydroxyl-containing compounds from the substance of coal.

Keywords: Donbas coals, molecular structure, Fourier-transform infrared spectroscopy, electron paramagnetic
resonance, coalification factors.

Introduction. The complexity of the current economic situation in Ukraine, to a
large extent, is due to a shortage of energy resources, although there is about 56.7
billion tons of coal in the depths of the main coal-bearing basins; and methane
resources in the coal-bearing stratum, according to assessments of various
researchers, are 12-25 trillion m3. But most of the coals upon their qualities cannot be
used neither in energy nor coke chemistry. The method of artificially transferring
coals to a higher degree of metamophism is absent, which is due to both the
complexity of the object of research and the ambiguity of ideas about the processes
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that occur in the molecular structure of coals under the influence of natural factors.
Indeed, during the accumulation of sediments, which are about 300 million years,
thermodynamic, tectonic, chemical, biochemical and many other factors changed
significantly, each of which made its own contribution to the formation of the coal
structure.

Currently, there are a fairly large number of theoretical and experimental studies
on the structure and state of coal by various physical, physicochemical and chemical
methods [1]. However, in recent years, the discrepancy between the results of
geological and geochemical studies of coalification processes with theoretical
calculations and with the results of simulation of these processes in the laboratory has
been very often observed. Given the complexity and multifactorial nature of external
processes, researchers, as a rule, analyze in detail the change in one of the factors.
Therefore, the study of the cumulative effect in a number of external factors and the
selection of the main one, formed the modern structure of coal, is relevant and is a
necessary link in the research of the formation of coal-gas deposits.

Methods. The molecular structure of coal was estimated on the basis of three
measurement methods, the results of which were used to determine groups of
indicators.

Technical analysis of coal is ash content and volatile yield.

Electron Paramagnetic Resonance (EPR) spectroscopy makes it possible to
determine the number of paramagnetic centers (PMC), the width of the EPR signal,
the coefficient of aromatization, Sorption capacity and conjugacy coefficient.

Diffuse Reflection Infrared Fourier Transformation (DRIFT) allows us to find the
length of aliphatic chains (the ratio of the number of methylene and methyl groups),
the vibrational mode of CH groups (the ratio of asymmetric and symmetric valence
vibrations), the band width of the valence vibrations in the aliphatic groups (the ratio
of the total height and width of the model Gaussian peaks). This method also
determined the ratio of the number of protons attached to aromatic rings and aliphatic
chains, the criterion of hydrophobicity (the ratio of different CH to various OH
groups) and the content of carbonyl groups in organic compounds.

Most of these indexes are often used to characterize the substance of coal [2-4]. In
addition, a new criterion for the hydrophobicity of undisturbed coals is introduced
here. In this case, the coals are not subjected to acid leaching, [5]. In the short-wave
part of the average standard range of DRIFT (2000 — 3800 cm™) of organic coal
substance, the valence vibrations of protons relative to heavier atoms (O, C, N, S, P,
etc.) lie. These bands have different frequencies and characteristic peaks shape,
which allows us to identify and separate the vibrations of CH and OH of the
functional groups. The series of sharp peaks shaded with a black background (Fig. 1)
corresponds to aliphatic and aromatic CH groups. A wide diffuse asymmetric peak
with a gray background belongs to the valence vibrations of hydroxyls. Free
vibrations are the left steeply dipping wing and involved in numerous hydrogen
bonds — the right smoothly dipping wing. The stronger the intermolecular interaction
the lower the frequency of hydroxyl.
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The criterion of hydrophobicity is calculated as the ratio of the areas of black and
gray figures. Its chemical meaning lies in the fact that CH groups of organic
compounds have hydrophobic properties, and OH groups of organic and mineral
substances are hydrophilic ones. A wide hydroxyl band includes not only vibrations
of hydroxides, alcohols, acids and other compounds containing hydroxogroups, but
also vibrations of crystallization or constitutional water set in the molecular structure
of coal.

The advantages of this index include a good recognition of the used groups of
bands in coals of varying degrees of metamorphism. This allows conducting a
reliable assessment of the hydrophobicity criterion for all grades of coal.

Coals were selected for the research: lower (beds c; - ¢10), medium (k, I, m3) and
upper carbon (n,), differing in sedimentation conditions, the degree of metamorphism
of precipitation accumulation time, which made it possible to research the influence
of these factors on the coal material.
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Figure 1 — Fragment of typical DRIFT for sub-bituminous coal with marked areas of vibrational
bands, specific CH (dark background), OH (gray background) functional groups (R — reflectivity)

Results and discussion. Conducted two-factor analysis of variance of the entire
massif of molecular parameters of coal showed that the five- level (coal beds c, K, I,
m, n) stratigraphic factor (Bed) did not significantly affect any of the responses
(Table 1). The three -level: Sub-bituminous (SB), High volatile bituminous (HVB)
and Low volatile bituminous (LVB) metamorphism factor (Rank) reliably affects
most of the researched coal parameters.

The strongest effects were recorded for: sorption capacity — 24.76; hydrophobicity
criterion —18.59; the number of PMC — 16.05; the aromatization coefficients — 15.26
and conjugacy one — 14.47; volatile yield — 11.4, etc. The analysis of the
simultaneous influence of these two factors with a reduced number of beds for the
full plan of the experiment showed the absence of accurate effects for all dependent
variables.
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effects of metamorphism and stratigraphy factors

Table 1 — Descriptive statistics and Fisher criteria for molecular parameters of coal with influence

Responces Rank factor levels Factors
SB HVB LVB Rank | Bed

Ash content 5,77+6,04 | 10,33+7,09 | 10,5+5,97 0,31 2,87

Volatile yield | 40,07+4,07 | 28,91+4,25 | 16,47+5,62 | 11,84 | 0,04

PMC quantity 240,53 | 2,91+0,45 | 3,94+0,46 | 16,05 | 0,41

ESR signal 6,3240,59 | 631£0,9 | 6,35+0,36 | 0,38 | 1,01

width

Aromatization | 37, 09 | 0,5120,13 | 0,75£0,07 | 1526 | 1,22

coefficient

Sorption 0,26+3,89 | 18,546,94 | 35,68+3,02 | 24,76 | 0,02

capacity

Contingency | > 094 | 1344077 | 328+1,02 | 1447 | 0.89

coefficient

C:]'grt‘ﬁ“c chain | (381025 | 0242008 | 0194012 | 1033 | 0,22

Oscillation

mode of CH 2,4+0,56 | 1,9+046 | 1,78£022 | 01 | 0,58

groups

Peak width of |, 31,1 06 | 028+0.06 | 0224006 | 13 | 111

CH groups

Aromatic of 0,1440,09 | 049+022 | 0,79+0,1 | 9,99 | 2,52

protons

Criterion of 0,06£0,02 | 0,1£0,03 | 0,17+0,03 | 1859 | 1.8

hydrophobicity

Carbonyl 2,95£2,08 | 0,65£1,01 | 0,11£0,05 | 8,16 | 1,17

groups

Note: Fisher's criteria for accurate effects at a significance level of p < 0.05 are marked in bold type.

Thus, of the two factors considered, the metamorphism of coals in the process of
their immersion is the most significant and accurate factor. The total Fisher criterion
for all responses (F = 3.99) is more than 2.5 times greater than that of the
stratigraphic factor.

The factor analysis by the principal component method (Principal Components
Analysis (PCA)) allows one to identify and rank upon importance the independent
latent factors affecting all the indicators under research. On the basis of the Kaiser
criterion, a model of 4 main components (PCA) was chosen, which explains 85 % of
the total variance of standardized features (Table 2).

56.8 % of dispersion accounts at the first most significant factor. It strongly
affects most of the features and is caused by the process of coal metamorphism. The
obtained result is closely correlated with the results of dispersion analysis. The
second (11.4 %), third (8.9 %) and fourth (7.8 %) factors affect the variability of the
ash content, the length of aliphatic chains and the width of the EPR signal,
respectively. It is obvious that these factors are independent of each other, and their
action is maximal during the period of sedimentation.
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Table 2 — Factor loads on the features of the molecular structure of coal

Features PCAl PCA2 PCA3 PCA4
Ash content 0,05 0,91 -0,04 0,03
Volatile yield -0,92 -0,22 0,03 0,10
PMC quantity 0,92 0,10 0,02 -0,14
ESR signal width -0,10 0,06 0,12 -0,93
Aromatization 0,95 0,17 0,13 0,12
coefficient
Sorption capacity 0,96 0,14 0,10 0,03
Contingency 0,89 0,13 0,23 0,17
coefficient
Aliphatic chain 10,30 022 078 0,21
length
Oscillation mode of 0,58 032 0,56 0.11
CH groups
Peak width of CH 0,29 069 017 0,14
groups
Aromatic of protons 0,85 0,46 -0,10 0,01
Criterion of
hydrophobicity 0,87 0,04 0,09 0,30
Carbonyl groups -0,74 -0,16 0,32 0,34
Eigenvalues 7,39 1,49 1,16 1,02
Total dispersion 56,83 11,43 8,92 7,84
proportion, %

Note: significant loads of less than -0.7 and more than 0.7 are marked in bold type.

The accumulation of mineral components in coal is mainly determined by the
river runoff, groundwater or sea tides. The ash components of coal molecular
structure are in the form of inorganic ions of soluble salts, organic -mineral
coordination complexes as well as colloidal particles of amorphous and crystalline
structure.

The length of aliphatic chains in the molecular structures of coal can be
determined by the diversity of the decomposition processes of the paleomoor
mortmass. Anaerobic processes of decay and fermentation can occur in various
biochemical ways, depending on temperature, acidity, redox potential, water flow
rate and other parameters of the water basin. For example, different types of bacteria
as a result of metabolic decomposition of complex organic nutrients produce alcohol,
acetic acid, propionic acid, butyrate, lactic acid, butyl-alcohol-acetone fermentation
and other fermentations. The resulting products of incomplete decomposition are
accumulated in the environment and have in their aliphatic radicals a different ratio of
methyl and methylene groups.

The width of the EPR signal is determined by the quality or diversity of the nature
of the PMC. In addition to the free radicals of the organic matrix, paramagnetism in
coal can be associated with the presence of transition metals in the molecular
structure of paramagnetic ions, primarily iron and the presence of heteroatoms in
organic compounds (O, N, S and P). The accumulation of these atoms in the coal
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structure is due to the geochemical situation of the sedimentation period and the
characteristics of the cycle of the corresponding elements. Obviously, this factor does
not depend on the decomposition of plant biomass and the introduction of mineral
particles.

Summarizing the results obtained, the four identified factors can be reduced to
two global phenomena affecting the molecular structure of coal. The main factor,
which is two times more significant in terms of its effect on the parameters under
study, is a single factor of metamorphism and a subordinate multi-faceted factor of
sedimentation conditions.

Since it is not possible to comprehensively characterize the whole diversity of the
molecular structure of coal with several parameters, we briefly examine DRIFT of
several particular cases of variations in the molecular structure of coal, which are
comparable in the degree of metamorphism depending on the formation depth.

The slight changes observed in the DRIFT samples of subbituminous carbon from
the bore holes, the field of the mine “West-Donbas” (Fig. 2) do not occur
symbatically with increasing depth (beds c; - ¢19). The sample from the c6 formation
Is separated by the peak of asymmetric valence vibrations of the bridge Si — O — Si
group reflecting increased silicate content due to the accumulation of clay minerals
during the sedimentation period. In general, the molecular structure of these coals is
identical, which indicates similar conditions of sedimentation and subsequent
coalification.
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Figure 2 — DRIFT of coal from various beds of lower carbon from holes, mine “Zakhidnyi Donbas”
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The spectra of two samples of subbituminous coal from the n1 seam from different
depths of the Butivska mine are also similar in the form (Fig. 3). However, coals
from a depth of 1060 m (CH / OH = 5.15 %) can be considered more metamorphic
than from the level of 400 m (CH/OH = 4.2 %) due to a decrease in the content of
bound hydroxyl groups and a small increase in the concentration of hydrophobic CH
groups.
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Figure 3 — DRIFT of sub-bituminous coal, bed n; (depth 400 and 1060 m) and bed c;

Immersion at 660 m of the bed leads to defluidization by leaving water molecules
out of the coal substance. In comparison, coals from the bore hole of the mine
“Zakhidnyi Donbas” of bed cl1, which at the volatile yield formally belong to the
same rank on the basis of DRIFT (CH/OH = 10.28%) approach the HVB type.

The strongest differences were recorded in samples from the super -deep bore
hole of the Zasyadko mine. The shape of an DRIFT sample of coal from a depth of
1986 m is characteristic of Medium volatile bituminous and is very different from
coal from depths of more than 3 km (Fig. 4). At the same time coal spectra shapes
from depths of 3027, 3116 and 3195 m are typical of Low volatile bituminous. This is
confirmed by the change in the hydrophobicity criterion (Table 3). Within this group
of coal the change in the DRIFT is not proportional to their formation depth. The
shape of the spectrum of the average sample is slightly more metamorphosed
compared to the upper and lower beds. Such a distribution can be influenced by
mineral components introduced during formation of the bed during sedimentation.
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Figure 4 — DRIFT samples of bituminous coals at the different depths of the super-deep bore hole of
the Zasyadko mine

Table 3 — The parameters of the molecular structure of coal from the bore hole of the Zasyadka mine

Depth, m CH,/CH3 | CHas/sym [ CHh/w |Har/Hal [CH/OH|C=C-O | OHfree

1986 0.50 2.20 0.0033 [ 0.38 0.42 1.84 1.62
3027-3030 0.35 2.37 0.0002 | 1.26 0.20 0.57 3.42
3116-3118 0.30 2.18 0.0005 | 1.21 0.27 1.16 3.11
3195-3196 — 2.14 — 1.01 0.13 0.10 4.06

The difference in depth of more than 1 km leads to the elongation of averaged
aliphatic chains, a significant increase in the proportion of aromatic protons, a
reduction in the number of oxygen bridges in the conjugated condensed aromatic
structures and a strong increase in the content of free hydroxyls. It can be assumed
that the growth of free OH groups in the process of metamorphism occurs due to the
release from the weak H-bond of other hydroxyls of 3544 cm™ (Fig. 4) and in general
the role of the hydrogen bond as one of the mechanisms of intermolecular interaction
is leveled.

In total the presence and location of characteristic peaks in the 4-coal samples
under study, the change in their ratios corresponds to the influence of the
metamorphism factor on mature coals. With high probability one can assume that
coal from a depth of 1986 m with time in the process of immersion can be
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transformed into one of the coal from depths of more than 3 km, despite permissible
differences in sedimentation conditions.

Conclusions. The research of Donbas coal samples confirmed the general
tendency of the influence of the metamorphism factors on the reduction of molecular
diversity of oxygen-containing compounds and the shortening of aliphatic chains
under the simultaneous increase in the number of paramagnetic centers and
conjugated aromatic carbon structures.

The factor analysis by the method of the main components of the molecular
structure parameters in coal showed that the most significant independent component
IS metamorphism, which is a combination of temperature gradients, pressures and
various tectonic influences. The remaining subordinate components can be attributed
to the conditions of sedimentation, which include independent processes:
accumulation of mineral components, decomposition of biomass and geochemical
environment in the sedimentation period.

The beds of sub-bituminous coals of early-, middle- and late carboniferous age
occurring at shallow depths have insignificant differences in the molecular structure,
at the same time, a deep immersion of bituminous coals leads to strong changes in
their molecular structure.

The introduced hydrophobicity criterion showed its informativeness in the
analysis of the molecular structure of coals. It is more sensitive to changes in the coal
rank than the standard index of volatile yield. The coalification process leads to a
significant increase in this index due to the water release and other hydroxyl-
containing compounds from the substance of coal.
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AHoTauis. MonekynsipHa CTpyKTypa Kam'sHOro BYrinns ouiHoeTbes 13 napameTpamu iHhpadyepBOHNX CNEKTPIB,
€I1EKTPOHHOIO NapamarHiTHOrO Pe3oHaHCy, BUXOLOM NETKMX PEYOBWH Ta BMICTOM 30MW. B poboTi 3aCTOCOBYETHCS HOBWN
KpuTepiit rigpodobHOCTI, KM NOKasaB CBOK IHPOPMATUBHICTb NPU aHanisi MONEKyNAPHOI CTPYKTYpU BYFNNS PisHUX
paHriB. BiH 6inbl YyTIMBKAA 0O 3MiHM CTYNEHs MeTamopdiamy BYTINMS, HbX CTaHAAPTHUIA MOKA3HMK BUXOQY NETHOUMX.
Mpouec Byrnedikalii Np13BoAUTL 4O AOCTOBIPHOTO 3pOCTaHHS LIbOr0 MOKasHWKA 3a paxyHOK BUXOAY BOAW Ta iHLLIMX
riAPOKCUN MICTKMX CMOSYK 3 peyoBuHK BYrinns. MNposeaeHnin ABOGaKTOPHMIA AUCNEPCIMHWIA aHani3 nokasas, Lo BMIMB
(hakTopa meTamopdiiaMy OOCTOBIPHWIA AN 9 MONEKynspHUX napametpiB. [OCnimKeHHs 3paskiB kam'aHOro Byrinns
[onbacy nigTBepaunM 3aranbHy TEHAEHUID BMAMBY UMHHWKIB MeTaMopdiaMy Ha 3HWXKEHHS MOMEKYNspHOro
Pi3HOMAHITHOCTi KICHEBOMICTKMX 3'€HaHb i CKOPOYEHHS! AOBXWHW anichaTUyHKUX NaHLIorB Npu OQHOYACHOMY 3POCTaHHi
KiNbKOCTi NapamarHiTHUX LEHTPIB i CMPSHKEHUX apoOMaTUYHUX BYrMeLeBUX CTPYKTyp. QakTopHuiA aHania MeToaom
TOMIOBHWX KOMMOHEHT napaMeTpiB MOMEKYNAPHOI CTPYKTYPWU KaM'sSHOTO BYTINMS MOKasae, WO HanbinbLl 3HauyLMMK
HEe3aneXHUMK KOMMNOHEHTOM € MeTamopdiaM, Skuin SBnse coboto KomBiHaLit0 BNAMBIB rpagdieHTiB TeMnepaTyp, TUCKIB i
Pi3HOMO POy TEKTOHIYHMX NpoueciB. PeluTy nignernnx KOMNOHEHTIB MOXHA BIOHECTU O YMOB HaKOMUYEHHS 0cafB, Siki
BKMIOYAlOTb He3anexHi MpoLecu: HaKOMWYEHHS MIHEPANbHWX KOMMOHEHTIB, PO3KMafdaHHA BiomMacu Ta reoXiMiuHi
obcTaBuHM B cCeauMeHTaLinHuin nepiog. Mnactu cyb66iTyMiHO3HOMO BYrinns paHHe-, CepeaHbo- i NisaHexkapboHOBOTO BiKY
3andralTb Ha HEBENMWKMX MMOMHAX MaloTb HEe3HauHi BiAMIHHOCTI MOMEKYNSIPHOI CTPYKTYpM, B TOW Xe uvac, rmnboke
3aHypeHHs GITYyMIHO3HOTO BYrinNs MPWU3BOAMTbL OO0 CWUMBHUX 3MIH iX MonekynspHoi 6ynosu. BeeaeHun kputepii
rigpoobHOCTI nokasas CBOK iHPOPMATMBHICTL NP aHani3i Byaosm Byrinns, Sk GiNbW YYTIMBWAA HXX CTaH4APTHUNA
MOKa3HWK BuUxody NneTioumx. Mpouec Byrnedikayii npu3BoaMTb 40 AOCTOBIPHOTO 3pOCTAHHSA LIbOro NMOKa3HMKA 3a paxyHoK
BUXOZY BOAM Ta iHLLWX rigpOKCKU MICTKIUX CNOMYK BYTiNIbHOT PEYOBMHM.

KniouoBi cnoBa: Byrinna [oHbacy, MonekynspHa cTpykTypa, |IK-®yp'e cnekTpockonisi, eneKkTpOHHMiA
napamarHiTHUA pe3oHaHc, hakTopy MeTamopdismy.

AHHOTaumsA. MonekynsipHas CTPYKTypa KameHHbIX Yrnei oueHuBaetca 13 napameTpamu  MHEpaKpacHbIX
CMEKTPOB, 3MEKTPOHHOTO NapaMarHUTHOrO pe3oHaHca, MO BbIXOZy NeTyuux W cogepxaHuo 3onu. B pabote
NPUMEHSAETC  HOBbIN  KpUTEpUil  rMapoOBHOCTH, KOTOPLIA MOKa3an CBOK MH(OPMATUBHOCTL MPW  aHanuse
MONEKYNAPHON CTPYKTYPbl KaMEHHbIX yrrei pasHbiX paHroB. OH Goree 4yBCTBUTENEH K W3MEHEHWO CTEMeHu
MeTamopduama yrns, Yem CTaHAapTHbIN NokasaTenb Bbixoda netyumx. Mpouecc yrnedmkaumm NpuBOANT K poCTy 3TOr0
nokasaTens 3a CYeT BbIXOAa MMAPOKCUN COAEPXaLLMX COeaMHEHNA U3 BeLlecTBa yrnei. MpoBeaeHHbI ABYX(aKTOPHbIN
OWCNEPCUOHHLIN aHanu3 nokasan, 4To BnusHWE akTopa MeTamopguama [JOCTOBEPHO ANnf 9 MOnekynspHbIX
napameTpoB. MccnepnoeaHue o0pa3UoB kameHHblx yrnen [oHb6acca noateepauna OOLyH TEHAEHLMIO BIMSHWS
(haKTOpoB MeTamMopu3Ma Ha CHKEHME MOIEKYNAPHOrO Pa3Ho0bpasnst KUCNOpod COLEepXKalluX COeaMHEHU W
COKpaLLeHWe ANWHbI anudaTyeckux Lenen npyu OAHOBPEMEHHOM POCTE KOMMYECTBA MapamarHWTHbIX LIEHTPOB B
YroNbHOM BELLEeCTBE W COMPSKEHHbIX apOMAaTUYECKUX YrnepodHbIX CTPYKTYp. [puMeHeHWe (hakTopHOro aHanmsa,
METOAOM [NaBHbIX KOMMOHEHT NapaMeTpOB MONEKYNSPHOM CTPYKTYpbl YrAs nokasan, 4YTo Haubonee 3HaYMMbIMU
HEe3aBMUCUMbIMU KOMMOHEHTOM SBNSIETCS MeTamopduaM, KOTOpbI NpeAcTaBnseT cobol KOMOMHALMIO BRWSHWS
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rpagueHToB TemnepaTyp, OaBMNEHUA M pasHOro poda TEKTOHWMYeckux Bo3deidcTBuid. OcTaBMecs MNOAYMHEHHble
KOMMOHEHTbI MOXHO OTHECTW K YCIOBMAM OCALKOHAKOMMEHUs, KOTOPble BKIOYAKOT He3aBUCUMble MPOLECChI:
HaKONNEeHWs MUHEPasbHbIX KOMNOHEHTOB, Pa3NoXeHUs GOMacChl 1 reoOXMMUYECKy0 0GCTAHOBKY B CeANMEHTALMOHHBIN
nepuogd. Mnactbl Cy6OUTYMUHO3HBIX YrMen paHHe-, cpefHe- U No3gHekapboHOBOro BO3pacTa, KOTOpble 3anerawT Ha
HebonblMX rNyouHaX WMMEKT He3HAYUTENbHbIE OTNNYMSA MONEKYNSPHOM CTPYKTYpbl, B TOXe Bpems, rnybokoe
norpyxeHne BUTYMUHO3HBIX Yriel NPUBOAUT K CUMbHbIM W3MEHEHWSIM X MONEKYNSPHOTO  CTPOeHus. BBeaeHHbIN
KpuTepuin rnapoobHOCTY nokasan CBO MHAOPMATMBHOCTL MPW aHanu3e MOJEKYNSPHON CTPYKTYpbl yrnei. Mpouecc
yrnedukaum NpuBOaUT K JOCTOBEPHOMY POCTY 9TOr0 nokasaTens 3a CYeT BbIxoda BOAbI W APYruX rmapoKcwn
cofepKaLlmx COeAMHEHMN.

KnioueBble cnoBa: yronb [loHGacca, MmonekynspHas crtpyktypa, WK-Oypbe cnekTpockonusi, 3neKTPOHHbINA
napamarHWTHbIN Pe30HaHC, (hakTopbl MeTamMopdmama.
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