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Abstract. Ensuring the sustainable operation of the mining industry, in particular the coal and oil-gas industry, is
connected with the prediction and research of natural and technogenic geomechanical processes occurring in rock
massifs, which in turn involves the research and prediction of physical and mechanical properties of rocks and rock
massifs in general. Given the well-known fact concerning the impact of rock moisture on their strength properties, it is
necessary and relevant to determine the regularities of this impact on the formation of the properties of rocks and rock
massifs as a whole. The purpose of the paper is to research the impact of the moisture content of sandstones in the
coal-bearing strata on their physical and mechanical properties and to establish the regularities in the formation of their
strength and elastic properties. Sandstones of the Lower and Middle Carboniferous age of the coal-bearing strata of the
Donbas in the Central, Donetsk-Makiivskyi, and Pokrovskyi (formerly Krasnoarmiiskyi) geological and industrial districts
were the object of the research. Sandstones lie in the zones of middle and late catagenesis, within the distribution of
gas, fatty, and coking coal, which corresponds to the stages of MK~MKs mesocatagenesis. As a result in determining
the impact of the moisture content of sandstones in the coal-bearing strata on their physical and mechanical properties,
the presence of the impact of the sandstone compaction degree and moisture on their strength properties was
confirmed, namely on their ultimate compression strength. The most significant relationships are based on the results of
pairwise correlation for pairs of indicators: compression strength - open porosity ratio, and compression strength — mass
moisture. According to the results of multiple correlations, the impact of moisture and open porosity on the ultimate
compressive strength of sandstones has been proven with fairly high correlation coefficients of 0.81-0.82. Appropriate
models reflecting this connection as much as possible are proposed. This is a cubic, mixed, and adaptive piecewise-
linear model MARS. The established regularities of connection between the indicators of the physical and mechanical
properties of rocks and the quantitative moisture content will make it possible to successfully simulate the
geomechanical processes occurring in the geological environment to predict the mining and geological conditions in
working out of coal deposits.
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1. Introduction

Ensuring the sustainable operation of the mining industry is connected with the
prediction and research of natural and technogenic geomechanical processes
occurring in rock massifs. In particular, for the coal industry, this is the support of
effective and safe coal mining at productive mines, preparation of planned mines for
conservation or liquidation, and the closure of mines.

Operating mines, planned to be decommissioned last, should work with mines
that were closed earlier or are being closed. The closure of mines means
decommissioning the drainage system and flooding its mine workings and
surrounding rocks with the natural water influx [1]. Significant water reservoirs are
formed in closed mines, and water can be used as a carrier of thermal or mechanical
energy. The above-water spaces of reservoirs created in mine workings are also
reservoirs of mine gases, most often methane, pushed by the groundwater level to the
Earth's surface [1]. The closure of mines, due to the restriction of access to previously
developed parts of the deposits is associated with the closure of the drainage system
or the introduction of a shift, or restrictions in scale. After all, such measures are
associated with an increase in the water level and their possible complete flooding.
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An increase in the water saturation of the mine workings, caused by a change or
closure of the drainage system, affects the water saturation conditions in the
surrounding rock massif. Each new hydrodynamic state associated with the mine
workings of a closed mine inevitably changes the geomechanical properties of the
rock environment, which is of crucial importance for the coexistence of water bodies
in the produced spaces (this should be considered as a potential source of water
supply for geothermal systems) and for conducting underground mining operations in
their outskirts [1].

For the oil and gas industry, the simulation of geomechanical processes occurring
in coal-gas and gas fields around working or degassing wells during their
development also involves researching the stress-strain state of the rock massif and
the water and gas filtration process [2]. To simulate the work of wells during their
operation, among other things, it is necessary to specify the parameters of the
physical and mechanical properties of rocks for calculations.

In the absence of data on the physical and mechanical properties of exact rock
layers, they can be estimated based on the known correlation dependences of the
sought indicators with other known available parameters. In addition, the very
sampling of rocks in mine workings or from wells and subsequent laboratory studies
to determine physical and mechanical properties can be linked with significant
material and time costs. Therefore, understanding the regularities of the relationship
between the main indicators of physical and mechanical properties, in particular with
the quantitative content of moisture, will allow us to successfully simulate
geomechanical processes occurring in the geological environment.

Changes in the geomechanical properties of rocks under the action of water differ
depending on the age of the rocks, their type, physical properties (especially porosity
and density), petrographic structure and depth of occurrence.

Under certain mining conditions, understanding these changes is relevant for the
mining industry, necessary for public and general safety, exploitation of mining
operations, and decommissioning of mines, as well as for facilitating the drainage of
rock massifs. [1].

The purpose of the research is to determine the impact of moisture content of
rocks in coal-bearing strata on their physical and mechanical properties and establish
regularities in the formation of their strength and elastic properties.

The object of research is the physical and mechanical properties of Donbas
sandstones in the middle and late catagenesis zones.

2. Methods

We used laboratory methods in studying physical and mechanical properties of
rocks, methods of optical spectroscopy, methods of probabilistic and statistical
processing of experimental data. In the course of research, the following
characteristics were determined: mass moisture, water saturation (the degree of pores
filling with moisture), bulk density, density of the solid constituent, open porosity ra-
tio, ultimate compression strength, and Young's modulus. The rest of the involved
indicators were determined by calculation.
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3. The theoretical part

The physical and mechanical properties of rocks are determined by the
lithological and petrographic features of rocks (conditions of sedimentation and
material composition, the degree of post-diagenetic changes), the depth of their pre-
inversion immersion, ancient tectonic processes, the presence of residual tectonic
stresses and modern conditions. The current depth of occurrence and hydrogeological
conditions, particularly water and gas saturation, should be understood as modern
conditions of occurrence.

The given information about the impact of various natural factors on the strength
properties of sandstones fully applies to their elastic properties. Both with an increase
in the degree of metamorphism and an increase in the current depth of sedimentary
rocks, the propagation speed of elastic oscillations and the dynamic Young's modulus
increase.

Moisture is one of the main factors affecting the strength of rocks [3]. The
strength properties of undisturbed sandstones are determined by the degree of their
post-diagenetic changes and their natural moisture (water saturation). With a decrease
in porosity and moisture, the strength properties of rocks increase.

Many works are devoted to the issue of the moisture content impact on the
strength properties of mining rocks. Pore fluids have been proven to affect rocks'
physical and mechanical properties, particularly strength and plasticity [4-9].

An increase in the moisture content of rocks is accompanied by a significant
decrease in their strength. Thus, the strength of many low-porous rocks under
uniaxial compression in a water-saturated state is often only 45% of its value in the
same material dried at high temperatures [10—11]. It has been established that with an
increase in the weight moisture index up to 2.5%, the strength of outburst-prone
sandstones at coal mines of the Donetsk-Makiiv geological and industrial district of
Donbas decreases by 73—80%, and of outburst-prone sandstones at the same mines —
by 43-70% [12].

A similar effect of water can be explained based on the obtained data by E. Rutter
[13—15]. This researcher compared the test results of the same samples in a water-
saturated state and dried at high temperatures. When testing wet samples, the ratio of
the pore fluid pressure to the overall pressure varied from zero to one. The effect of
reducing the strength of rocks under the effect of water, as can be seen, is extremely
sharp.

Thus, water significantly affects the physical and mechanical properties of rocks.
It is worth noting that moisture determines not only the physical and mechanical
properties of coal beds and rocks but also the properties of the rock massif in general
[1,12].

Characteristics of the research object. The Lower and Middle Carboniferous age
sandstones in the coal-bearing strata of the Central, Donetsk-Makiivskyi, and
Pokrovskyi (former Krasnoarmiiskyi) geological and industrial districts of the
Donbas were the object of the research. Sandstones lie in the zones of middle and late
catagenesis, within the distribution of gas, fatty, and coking coal, which corresponds
to the stages of MC,—MC4 mesocatagenesis.
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The main characteristics of the properties and material composition of the researched
sandstones are given in Table 1.

Table 1 — Main characteristics of the researched sandstones

Indicators Quantitative values

minimum | maximum | average
Bulk density, g/cm’ 242 2.58 2.50
The density of the solid constituent, g/cm? 2.66 2.75 2.70
Open porosity ratio, % 3.11 14.30 8.31
Sorting factor, dimensionless (d/1) 1.42 3.21 1.86
Grain size, mm 0.13 0.46 0.22
Quartz content, % 57.0 86.2 68.5
Carbonate content, % 0.0 9.0 2.3
Feldspar content, % 3.4 18.7 8.8
Content of rock fragments, % 1.49 7.53 4.17
Content of mica-clay minerals, % 0.0 21.9 15.3
Mass moisture, % 0.06 2.71 1.00
Degreq of pores filling with moisture (water 297 38.0 296
saturation), %

3. Results and discussion

The conversion degree of sandstones in the process of post-diagenetic changes is
quantitatively characterized by such indicators as the open porosity ratio and the
compaction factor.

The compaction factor is the ratio of the bulk density to the density of the solid
constituent of the rock. The variation range of the compaction factor in general for
Donbas sandstones is from 0.6 in the development zone of coal of low-staged meta-
morphism, and almost to 1.0 in the development zone of highly metamorphosed coal.
The averaged quantitative indicators for the degree of post-diagenetic changes for dif-
ferent groups of metamorphism of Donbas sandstones are given in Table 2.

Natural moisture is characterized by two indicators — mass moisture (absolute)
and the degree of pores filling with moisture or water saturation (so-called relative
moisture).

The main numerical characteristics of the researched indicators are given in Ta-
ble 3.

Table 2 — Average quantitative indicators of the degree of post-diagenetic changes for different
groups of metamorphism in Donbas sandstones

Group of Bulk density, | Density of the solid | Open porosity | Compaction factor,
metamorphism 10° kg/m? phase, 10° kg/m? ratio, % d/1
LF 2.36 2.63 11.9 0.897
G 242 2.66 10.9 0.910
F 2.55 2.68 5.6 0.951
C 2.58 2.68 3.8 0.962
ML 2.60 2.70 3.6 0.962
L 2.60 2.70 3.0 0.962
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Table 3 — The main numerical characteristics of indicators for sandstone properties

Indicators | Indicator value | Dispersion | Root-mean- | Coefficient | Coefficient | Kurtosis
(samples min.-max. square devia- of of
quantity) average tion variation | asymmetry
Mass 0.06-2.71
moisture, % e 0.313 0.561 55.96 0.27 -0.470
1.00
(170)
Degree of
pores filling i
with mois- 2:27-88.00 377.08 19.49 65.92 0.47 -0.437
0 29.56
ture, %
(131)
Compaction
factor, d/I 0.82-0.97 0.001 0.024 2.70 0.04 0.503
0.91
(170)
Ultimate
compression
strength, 3841758 49241.8 22191 24.60 1.044 2.895
2 902
kgf/sm
(108)
Open porosi-
ty ratio, % 3.11-14.30 3.60 1.905 22.93 0.01 0.582
(133) 8.31

A statistical analysis was carried out based on the obtained indicators of physical
and mechanical properties. Mathematical processing of research results included
determining the main statistical characteristics of random variables, testing the
hypothesis regarding normal distribution, correlation, and regression analysis, and
checking, if necessary, the homogeneity of two sample populations.

The determination of the main statistical characteristics consisted of estimating
the average wvalue, dispersions, root-mean-square deviation, variability index,
coefficient of asymmetry, and kurtosis and was carried out according to the methods
outlined in works [16—18].

As a criterion for checking the agreement of the experimental distribution with the
theoretically predicted normal distribution, sample estimates of the asymmetry and
kurtosis coefficients were used. The distribution was considered not contrary to
normal if the ratios of the asymmetry and kurtosis coefficients to their standard errors
were small enough.

The correlation-regression analysis included the determination of the linear
correlation coefficient, the root-mean-square deviation of the correlation coefficient,
the reliability coefficient of the correlation coefficient, the significance of linear and
non-linear dependence, the significance of the difference between non-linear and
linear dependence. The significance of linear (non-linear) dependence was checked
under the assumption that the linear correlation coefficient (or correlation ratio) is not
equal to zero. The essence of the difference between a nonlinear relationship and a
linear one was assessed by the linearity index, which is the difference between the
squares of the correlation ratio and the linear correlation coefficient. The optimal
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equation of constraints was chosen based on the minimum value of the root-mean-
square deviation of the empirical data from the theoretical curve calculated by the
least square method. The correlation-regression analysis was carried out following
the well-known methods given in the works [16—18].

Table 4 presents the results of the correlation-regression analysis of the data — the
results of the pairwise correlation of the researched indicators. Both pairwise correla-
tion coefficients and correlation ratios are not too significant. More or less satisfacto-
ry are the values of the obtained coefficients for a pair of indicators: open porosity
ratio — compaction factor (-0.75 — feedback), Ultimate compression strength — open
porosity ratio (-0.65 — feedback), and Ultimate compression strength — mass moisture
(-0.52 also feedback). The resulting relationship equations, determined by the results
of the regression analysis, both linear and non-linear, are shown in Table 5.

Table 4 — Results of correlation-regression analysis (pairwise correlation) for indicators of
physico-mechanical properties for sandstones

Number Theroot- | e reliability
. ° Correlation | TCaN-SAUaTe 1 officient of | Correlation
Indicators paired : deviation of . .
observa coefficient the correlation the corre!atlon ratio
. . coefficient
tions coefficient

Degree of pores filling
with moisture (G) - 131 0.40 0.0736 5.39 0.44
Compaction factor
(Fcom)
Absolute moisture (W)
- compaction factor 170 0.11 0.0758 1.45 0.22
(Fcom)
Ultimate compression
strength (ocom) - com- 95 0.50 0.0775 6.38 0.51
paction factor (Fcom)
Open porosity ratio (n,)
- compaction factor 134 -0.75 0.0384 19.39 0.75
(Fcom)
Degree of pores filling
with moisture (G) -
Open porosity ratio 131 -0.44 0.0700 6.28 0.44
(KOI?)
Ultimate compression
strength (6com) — mass 108 -0.52 0.0700 7.42 0.56
moisture (W)
Ultimate compression
strength (ocon) - Degree |y 20.19 0.0737 2.59 0.27
of pores filling with
moisture (G)
Ultimate compression
strength (ocom) - Open 84 -0.65 0.0630 10.31 0.69
porosity ratio (K,))
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Table 5 — Relationship equations determined by the results of correlation-regression analysis

Indicators Linear relation equation Nonlinear relation equation
Degree of pores filling
with moisture (G) — G =288.37F,, —233.23 G =74.209F°
Compaction factor (Fcom)
Mass moisture (W) — W =2.48F —1258 W =1.4063F 55

com com

Compaction factor (Fcom)

Ultimate compression
strength (Geom) — O.m =42172F, —2956.7 | o, =23172F. —37850F, +16128
Compaction factor (Fcom)

Open porosity ratio (K))
- K, =56.82-5332K,,, | K, =90.39F,, -217.7K,, +131.49

com

Compaction factor (Fcom)

Degree of pores filling
with moisture (G) — G =68.64—-4.752K G=0. 1545K§p —7.2496K,, +78.24

Open porosity ratio (Kyp)

Ultimate compression
strength (com) — C., =199.9W +1111.5 o, =1125¢%%

com
Mass moisture ()

Ultimate compression

strength (eon) = | 5 _99328-2403G | o, =5.555G —0.1144G" +895.88
Degree of pore filling with ' com

moisture (G)

Ultimate compression
strength (com) — O.m =1630.6-87.592K C,.pm =1 1.446Kfp —285.45K,, +2441.4

Open porosity ratio (K,))

To identify a more significant relationship, a multiple regression of the researched
indicators was conducted. Namely, the dependence of the Ultimate compression
strength on moisture indicators and the degree of post-diagenetic changes. The ob-
tained results made it possible to reveal to a greater extent the nature of the existing
relationship between the sought indicators.

Linear, quadratic, cubic, mixed, and piecewise-linear models were used during the
statistical analysis. The quality indicators of the researched statistical models are giv-
en in Table 6.

The obtained indicators of the correlation and determination coefficients of the
models are sufficiently high. The cubic model (Fig. 1) has satisfactory predictive
quality, but it is complex and therefore theoretically can give inadequate predictions
for an independent test sample. The cubic model characterizes the dependence of the
Ultimate compression strength on the open porosity ratio and mass moisture and has
the form:

Om =875.8K,, + 827K, —2.6K, —T2.9W" +4037.5.

The mixed linear model (Fig. 2) gives comparable results and is probably the
most adequate. It characterizes the relationship between the Ultimate compression
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strength and the open porosity ratio and the complex indicator of water content, as the
product of mass moisture and the degree of pores space filling with water (W-G) and

has the form:

o =319.2-2554WG + S‘z&g .

op

Table 6. — Quality indicators of the researched statistical models
Indicators Types of models
Linear Quadratic Cubic Hyperbolical Mixed Piecewise-
linear

Correlation
coefficient 0.746327 0.795091 0.815531 0.803844 0.814917 0.820614

Detem1gat10n 0.557005 0.63217 0.66509 0.646166 0.664089 0.6734
coefficient

Adjusted
coefficient of | 0.544348 0.616177 0.64539 0.636056 0.654492 0.6542

determination

Slgl};ﬁ‘;";‘nce 421E-13 | 5.56E-15 | 1.66E-15 | 1.61E-16 | 2.62E-17 ~
v

The adaptive piecewise-linear model MARS (multivariate adaptive regression
splines) [19] (Fig. 3) is more flexible and valuable because it indicates the position of
the inflection lines, they are clearly visible on the graph (W G=28.6; 1/K,,=1.49).

Sigma=875.8*Kop+82. 7*Kop" 2-2.6*Kop"3-72.9*W"2+4037.5

nuAS

> 2500
<2400
T < 1900
[ < 1400
[ <900

1 <400
<-100

Figure 1. — The graph for the cubic model of the ultimate compression strength dependence on the
open porosity ratio and mass moisture
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Sgma =319.2-255.4*(W*G)+5428.8*(1/Kop)

iy

Figure 2. — The graph for the mixed model of the the ultimate compression strength dependence on
the open porosity ratio and the product of mass moisture and the degree of pores filling with water

Sigma=1034 4+7283 4*max(0; 1/Kop-0.15)-3753.7*max(0; 0.15-1/Kop)-2.96*max(0; W*G-28.6)

LTS

Figure 3. — The graph for the adaptive piecewise-linear MARS-model of the ultimate compression
strength dependence on the open porosity ratio and the product of moisture and the degree of pores
filling with water
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4. Conclusions

As a result of determining the impact of the moisture content of sandstones in
coal-bearing strata on their physical and mechanical properties and establishing the
regularities in the formation of their strength and elastic properties, the presence of
the impact of the sandstone compaction degree and moisture on their strength
properties, namely on their ultimate compression strength, were confirmed. At the
same time, the degree of compaction is characterized by the open porosity ratio and
moisture — by mass moisture and the degree of pores filling with moisture.

The most significant are the connections based on the results of pairwise
correlation for pairs of indicators:

— ultimate compression strength — open porosity ratio (correlation coefficient is -

0.65 — feedback)
— ultimate compression strength — mass moisture (correlation coefficient is -0.52

also feedback).

According to the results of multiple correlations, the impact of moisture and open
porosity on the ultimate compression strength of sandstones has been proven with
fairly high correlation coefficients — 0.81 — 0.82. Appropriate models reflecting this
relationship as much as possible are proposed. It is a cubic, mixed and adaptive
piecewise-linear MARS model.

The cubic model characterizes the dependence of the ultimate compression
strength on the open porosity ratio and mass moisture. The mixed linear model and
the adaptive piecewise-linear MARS model characterize the relationship between the
ultimate compression strength and the open porosity ratio and the complex indicator
of water content, as a product of mass moisture and the degree of pore space filling
with water.

The last two models prove the expediency of using (when determining the effect
of moisture on the strength properties of rocks) the indicator of the degree of pores
filling with moisture, that is, the degree of water saturation in addition to the mass
moisture indicator.

The established regularities of the connection of indicators of physical and
mechanical properties of rocks with quantitative moisture content will allow us to
successfully simulate geomechanical processes occurring in the geological
environment, aiming to predict the mining and geological conditions for mining the
coal deposits. In the future, these models can be used to predict the strength
properties of rocks for specific areas (mine fields or geological exploration sites).
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BMNN1UB BONIOrOCTI HA ®I3UMKO-MEXAHIYHI BIACTUBOCTI NMICKOBUKIB IOHBACY
Gespy4ko K., bananaee O., Ciencki A., l'onkano B., nadka M.

AHoTauis. 3abe3neyeHHs cTanoi poboTu ripHn4o-gobyBHOI ranysi, 30Kpema BYrinbHOI Ta HadhTO-ra3oBoi NOB'A3aHO
3 MPOrHO30M Ta LOCIMKEHHAM NPUPOLHNX Ta TEXHOrEHHUX rEOMEXaHIYHUX NMPOLECIB, WO NPOTiKakTb B MacuBaXx ripcb-
KiX Mmopig, Lo B CBOKO Yepry nepenbayae JOCMIMKEHHS Ta MPOrHO3 (isnKo-MexaHiYHMX BNIacTUBOCTEN MOpif Ta TPCbKMX
MacwBiB B Linomy. 3 ornsay Ha BigoOMW ¢hakT BNAMBY BOMOrOCTI MOPIA Ha IX MiLHICHI BNAcTMBOCTI HEODXigHUM Ta akTya-
NbHAM € BM3HAYEHHS 3aKOHOMIPHOCTEN LibOro BMAWBY Ha (hOPMyBaHHS BMACTMBOCTEN NOpif Ta NOPOAHMX MAcuBiB B
Linomy. Meta poboTbl — JOCAIMKEHHS BMAUBY BMICTY BOMOrM NICKOBMKIB BYTNIEHOCHOI TOBLL Ha iX (i3nKO-MexaHiuHi Bna-
CTMBOCTi Ta BCTAQHOBMEHHS 3aKOHOMIPHOCTEN (POPMYBAHHS iX MILHICHUX Ta npyxHuX Bnactusocten. O6’ekTom gocni-
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[KeHb 6Ynu NICKOBUKA HKHBO- Ta CepeHbOKaM'SHOBYTIMBHOTO Biky ByrneHocHoi ToBLi [JoHbacy LieHtpanbHoro, [loHe-
Lbko-MaciiiBcbkoro Ta MOKPOBCHKOrO (KOMMLIHBOr0 KpaCHOApMICHKOro) reonoro-npoMMCIoBUX paioHiB. [lickoBuKm
3ansratoTb y 30Hax cepefHbOro Ta MisHbOro kaTtareHesy, B Mexax MOLMPEHHS ra3oBoro, XMPHOMO Ta KOKCOBOTO BYrinns,
Lo Bignosigae cragiam mesokatareHesy MK—MKs. B pesynbTarti BU3HaUEHHS BNMBY BMICTY BOMOTM MiCKOBUKIB BYre-
HOCHOI TOBLLi Ha iX (i3nKo-MexaHiYHi BNacTUBOCTI, MiATBEPIKEHO HASBHICTL BNAUBY CTYNEHS YLLiNbHEHHS NICKOBMKIB Ta
BOMOTrOCTi Ha iX MiLHICHI BNacTWUBOCTI, @ CaMe Ha iX MeXy MILHOCTI Npu CTUCKaHHI. HaibinbLy 3HaYHUMK € 3B'A3KM 3a
pesynbTatamu napHoi Kopensuii AN nap NOKasHUKIB: Mexa MILHOCTI MU CTUCKaHHI — KoeqiLlieHT BigKpUTOI NopuCTOCTi,
Mexa MILHOCTI NpW CTUCKaHHI — MacoBa BOMONiCTb. 3a pesynbTataMit MHOXWHHOT KOpensLii 40BEAEHO BNAMB BOMOMOCTi
Ta BIOKPUTOI MOPUCTOCTI HA MEXY MILHOCTI MICKOBWKIB NPW CTUCKaHHI 3a [OCUTb BUCOKUMM MOKasHUKaMKU KoedillieHTiB
kopensuii — 0.81-0.82. 3anponoHoBaHi BignosigHi Mogeni, Wo akHanbinbLue BiaA3epkantooTb Len 38'a30k. Lie kybiuHa,
3MillaHa Ta ajanTuBHa KyckoBo-MiHiMHa Mogenb MARS. BcTaHOBMeEHi 3aKOHOMIPHOCTI 3B'A3Ky MOKasHWKIB dhianko-
MeXaHi4HWUX BNacTUBOCTEN MPCbKUX NOpig 3 KiNbKICHAM BMICTOM BONOMM, AO3BONATL YCMILLHO MOZENtoBaTY reoMeXaHiuHi
npouecu, Lo BigbyBatoTLCA Y reornoriyHOMy CepefoBHLLi, 3 METOK NPOTHO3yBaHHSA TPHUYO-TeONorivHMX YMOB Bignpa-
L{OBaHHS! BYTiNbHIX POAOBWLL,
KntouoBi cnoBa: [Jonbac, nickoBukM, BONOTCTb, MiLHICHI BlACTMBOCTI.



