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ON THE INFLUENCE OF THE NUMBER OF AGGREGATES
AND FREE PARTICLES ON THE SUBSIDENCE OF LOESS SOILS

Purpose. Studying connections between microstructure of loess soil and its subsidence on the example of the
Pleistocene deposits of the Middle Dnipro river region.

Methodology. Experimental and mathematical research methods. The aggregate structure was defined using the
improved Ryaschenko’s “Microstructure” methodology. Indicators of subsidence were defined according to the cur-
rent standards of Ukraine. Impact of degradation of microaggregate composition on subsidence was defined with the
help of Group method of data handling (GMDH).

Findings. Properties of samples of loess-like suppositories, loams and clays, selected from the outcrops within
Dnipro and Dnipro region (Vilnohirsk, Kryvyi Rih, Novomykolaiivka village) were studied. The total number of the
selected samples is 71. In addition to the methodology for studying granulometric composition of dispersed soils, a
way for preparing soil for analysis, which allows clarifying the area of dynamic changes of dispersion, was introduced.
The components of the aggregates were predominantly thin-luminescent (in the Dofinivskyi (e PI1I df), the Udaiskyi
(vd PIII ud), the Dniprovskyi (vd PII dn) horizons) and large-peal particles (the Vitachevskyi horizon e PIII vt),
which are released when the aggregates collapse during soil subsidence. There were considered different variants of
choosing variables for explaining mathematical model of degradation of loess subsidence in a region of aggregation
due to increasing humidity with using Group method of data handling. First of all, standard indicators of dispersion
and physical properties of the soil were taken into account. At the next stage, four sets of variables were considered —
humidity, the content of individual fractions or changes in the content of fractions after the compression test. It was
proven that distribution of free and bound particles, aggregates of sandy, dusty and clay fractions of loess soils of the
Middle Dnipro river region together with the indicators of physical state of soil affect the value of relative subsidence
of the horizons. Physical state and soil dispersion significantly affect the value of subsidence, regardless of the genesis
of the soil. The constructed functional dependency confirms that soil moisture and density have a more significant
value than the fraction content. The research results show that the content of bound thin dusty and clay particles is a
factor of subsidence on the stage of loss of structural strength (0.1 MPa) and at additional loads. A decrease in the size
of released particles with increasing pressure is natural. This pattern is violated in zones of technogenic transforma-
tion of the soil structure.

Originality. Functional dependence of the subsidence of the Pleistocene loess sediments on the degradation of the
microaggregate composition throughout the range of the discreteness of the solid phase was defined.

Practical value. Necessity of forecasting the degradation of the subsidence properties of loess-like soils in the
aeration zone caused by the change in the microaggregate composition throughout the solid phase range was substan-
tiated experimentally and theoretically.

Keywords: microaggregates, subsidence, loess soils, the group method of data handling

1 — National Mining University, Dnipro, Ukraine, e-mail:
koriashkinals@gmail.com; odnovol.m.m@nmu.one

2 — Oles Honchar Dnipro National University, Dnipro,
Ukraine, e-mail: mokritska@i.ua; olessiabondar@ukr.net

Introduction. Numerous scientific papers have been
dedicated to investigation of the material composition of
loess soils and its influence on subsidence. Popov 1.,
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Denisov N. and others believed that the reason of rapid
subsidence of loess soils laid in the intense dissolution of
highly soluble salts (chlorides, alkaline sulfates, and
others). Another group of researchers, including S. Yu-
supov, I.Sedletskaya, A.Larionov, V. Ananiev, consid-
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ered influence of humidity, porosity of soils, quantita-
tive and qualitative composition of clay minerals, struc-
tural features of soils as the main factors of subsidence
deformations. Rinsky Y., Veklych M., Kravchenko A.,
Chasovskikh V., Luvich L. and others dedicated their
research studies to investigation of soil composition of
the Prydniprovskyi region. In their papers, there is a de-
tailed description of chemical and mineralogical com-
position of the loess layer, but there is no precise genetic
and stratigraphic binding among research objects. Krie-
ger N. introduced the term “degradation”, which was
developed in the works by V. Korobkin (2004). At the
present stage of the development of geological science,
more attention is paid to the search for new soil models
(F. Bulat, 2005; M. Wang, X. Bai, 2006; L. Donald, Tur-
cotte, 2011). The connection between granulometric
composition and fractal dimension was studied on the
example of China’s loess species (Z. Song, at al., 2015).
Osipov V. and Sokolov V., Grigoriev I., Ryaschenko T.,
Akulova V. and others are actively studying the relations
of deformation behavior and microstructure of rocks.
The physicochemical theory of effective stresses in soils
(V.Osipov) and the contact theory of strength and de-
formation (P. Lyashenko) were developed. Experimen-
tal methods for evaluation of properties (T. Ryaschenko,
V. Akulova) and variability of the properties at techno-
genesis (I.Karelina, T.Tsygankova) are being devel-
oped. Methods of stochastic mathematical modeling of
property fields and relationships between properties of
different nature were developed in the works by V. Pen-
dina, T.Ryaschenko. In the paper by Y.Wang, at al.
(2006), violation of particles in the process of compres-
sion tests and the connection of this process with the
fractal dimensionality of the phases of the soil are stud-
ied. The paper by P. Delage, at al. (2005) is dedicated to
the connection between the features of the microstruc-
ture of the soil and its mechanical behavior. The general
model of soil as a dynamic system is developed. But such
model does not take into account the fractal distribution
of soil particles. The development of new soil models [1,
2] continues. In [2] the results of series of unsaturated
soil tests, including direct shear test, hydrostatic triaxial
compression test and triaxial shrinkage test are repre-
sented. Such experiments were carried out to investigate
the influence of structural properties on strength pa-
rameters, yielding stress and yielding suction of unsatu-
rated Q3 loess. The current direction of scientific re-
search is application of the fractal theory to the descrip-
tion of the properties of loess soils. For instance, [3]
presents an original method for evaluating shear strength
of coarse granular rockfill, based on the fractal fragmen-
tation of rockfill particles. In [4] fractal dimensions were
used to investigate the characteristics of particle-size
distribution in the rhizospheres and bulk soils of six
croplands abandoned for 1, 5, 10, 15, 20, and 30 years
on the Loess Plateau of China. In [5], focusing on frac-
tal soils, by setting particle and pore surface areas equal
and constant, analytical derivations are presented link-
ing all parameters defining soil-water characteristic
curves to particle and pore geometry information, size
distributions, shapes, volumes and surface areas. The

paper [6] is devoted to evaluating fractal and morpho-
logical characteristics of a single rock particle. There a
large number of particle crushing tests are conducted on
a single rock particle.

The state of soils, which corresponds to incomplete
water saturation, is investigated [7]. Connection be-
tween the features of the structure of loess soils and de-
velopment of dangerous processes is discovered [8].

The overview of publications in the leading scientific
editions of the world indicates an increase in the interest
of researchers in the study of processes in complex me-
chanical dynamic systems from the standpoint of the
theory of fractals, stochastic methods for researching
self-organization of complex systems.

Presentation of the main research and explanation of
scientific results. In conditions of technogenesis, the
soil evolves as a multicomponent complex system. The
regularities of changes in the dispersity of loess soils
during subsidence, which accompany soil degradation,
have been studied with the involvement of stochastic
data analysis and inductive modeling methods [9]. The
properties of samples of loess-like soups, loams and
clays, selected from the outcrops within the city of
Dnipro and its region (Vilnohirsk, Kryvyi Rih, Novo-
mykolaiivka village) were studied. There was deter-
mined granulometric composition and dispersion of
the soils, which were tested for subsidence with the
method of one and two curves, using four ways of prep-
aration of samples of natural structure. Using group
method of data handling (GMDH) for detecting rela-
tionships between different parameters describing the
state of the soil is explained by a wide spectrum of tasks
of data analysis, forecasting and modeling of systems,
for the successful solution of which different variants of
GMDH algorithms (clear, fuzzy, neurofuzzy and oth-
ers) are applied.

The standard methodology for determining the
granulometric composition of soils does not allow track-
ing dispersion changes due to violation of the quantity
and composition of aggregates. According to the “Mi-
crostructure” methodology, the soil for analysis is pre-
pared in three different ways, which provides the ability
to determine areas of dynamic variability of dispersion.
In this paper, the fourth method for preparation was in-
troduced. Violation of aggregates is carried out by boil-
ing with the addition of ammonia (the standard ap-
proach) or sodium pyrophosphoric acid (dispersion
preparation). During aggregate preparation, melting
and shaking (mechanical or caused by an artificial low
magnetic field) are performed. Previously, this tech-
nique was not used in Ukraine.

In the paper, the analysis of dispersion and granu-
lometric composition was carried out taking into ac-
count the following sizes of fractions: coarse-medium
sand M' (1.00—0.25 mm), fine and very fine sand M?
(0.25—0.05 mm), coarse or medium silt M> (0.05—
0.01 mm), fine silt or dust M* (0.010—0.002 mm),
coarse-clayey M> (0.002—0.001 mm) and thin-clayey
M?® (<0.001 mm). The components of the aggregates
were predominantly thin-clayey (in the Dofinivskyi
(e Py df), the Udaiskyi (vd P;; ud), the Dniprovskyi
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(vd P;; dn) horizons) and large-grained particles (the
Vitachevskyi (e P;; vf) horizon), which are released
when the aggregates collapse during soil subsidence.
Current standards imply indication of the total content
of dust and coarse-clayey particles, which does not al-
low performing detailed analysis of changes in soil dis-
persion during degradation.

Today, the main method for quantitative forecast of
subsidence values is compression testing. The factors of
influence on the size of drainage include structural fea-
tures: the features of the microstructure (elements of the
system) and factors that determine the relationships be-
tween the elements (mineral composition of the clay
fraction, the content and composition of salts, mois-
ture). The standard soil condition indicators (density,
humidity, and others) implicitly depend on the combi-
nation of the above factors, therefore, the establishment
of relations between them and the content of fractions,
the values of subsidence is an important stage in the
analysis of the causal relationships.

The pressure range, at which tests on subsidence are
carried out, can be divided into three stages: the first
one specifies a state in which the structural strength of
soils is not disturbed (0.05—0.1 MPa); the second one
determines the pressure within which there is a viola-
tion of the structure (0.01—0.15 MPa); the third one
corresponds to an additional load in the conditions of
the broken structure of the soil (the load is more than
0.2 MPa).

Stochastic analysis of the results of laboratory stud-
ies of soil properties was performed using the trial ver-
sion of the “STATISTICA” software with the method-
ology [11]. The total number of samples considered was
71. Various options for selecting variables were pro-
cessed. First of all, the standard variables of soil disper-
sion and properties were selected as variables: the con-
tent of particles of size less than 0.002 mm (M°) and the
total content of particles of size of 0.05—0.002 mm
(M), total content of aggregates A, natural moisture
o, pct.; limits of plasticity o,, ,, pct.; maximum mo-
lecular moisture content w,,,., pct.; density of soil at
natural moisture content p, gr/cm?’. During regression
analysis of the whole sample, it was not possible to find
connection between the indicators with soil depression.

Other parameters were selected as variables in the
study of loess soil dispersion and during construction of
bond models using the GMDH algorithm. Four vari-
ants of the set of variables were proposed.

Using data about samples of the Kodakskyi, Pricher-
nomorskyi and Dofinivskyi horizons, we constructed
the following model of the influence of the aggregates of
different sizes, maximum molecular moisture content
and soil density on the magnitude of relative subsidence
(pressure 0.05 MPa) (1)

&st,,, = ~0-004p+0.0870+0.01w, ~0.003M o~

1
~M°(0.001+0.00280-0.00150, ), M

where &g, is relative subsidence, determined by the

method of two curves at a degree of normal pressure of
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0.05 MPa; p is soil density, gr/cm?; o is natural soil
moisture, pct.; o, is soil moisture on the verge of slip-
ping, pct.; M" is content of particles of size 0.05—
0.002 mm, pct.; M? is content of particles of size less
than 0.002 mm, pct.

Analysis of the research results on dependence of the
relative subsidence value (pressure of 0.05 MPa) on the
above parameters using the obtained model shows the
significant influence of the physical condition and soil
dispersion on the value of the subsidence regardless of
the genesis of the soil. The constructed functional de-
pendence (1) confirms a more significant value of soil
moisture and density than the fraction content, provid-
ed that the fractions are determined according to the
current standard.

At the formation level, the sample (n = 71) is statisti-
cally inhomogeneous in terms of relative subsidence, the
content of individual fractions of free and bound parti-
cles and aggregates, natural humidity. The coefficients
of variation of the distribution of other indicators vary
from 0.05 to 0.15. It was not possible to construct regres-
sion models, but using correlation analysis, a hypothesis
for the consistent reduction of the size of aggregates that
are destroyed in the process of increasing pressure dur-
ing degradation was obtained (Fig. 1).

The hypothesis was confirmed during studying of the
properties of stratigraphic horizons of a single genesis
(Table 1).

With inductive modeling, the following functional
connections between the relative subsidence and the
content of fraction particles M2, M*4, M>4 M°*“as
well as the content of aggregates A were obtained

g5, =0.001- (1= M54 —8MO+ M. M -

2
—6M6.M6—4M3+5M3-M6—A+A-M6), @

where gg;  is relative subsidence, determined by the
method of two curves at a degree of normal pressure of
0.1 MPa; M is content of particles of size less than
0.001 mm, bonded in aggregates, pct; M°® is content of
thin-clayey particles (<0.001 mm), pct; M? is content of
primary coarse-grained particles (0.05—0.01 mm), pct;
A is the total content of aggregates, pct.

Formula (2) allows performing profound analysis
of the factors within the pressure interval of 0.1—
0.3 MPa. Based on the analysis of fractional changes
and stiffness of bonds, it is possible to establish the
regularities of evolution of dispersion during degrada-
tion from natural to technogenically-modified condi-
tions (Tables 2, 3). The content of bound fine dusty
and clay particles and aggregates is a subsidence factor
both at the stage of loss of structural strength (0.1 MPa)
and at the pressure in the zone of the structure impact
(Table 3).

The peculiarities of degradation of the structure of
fossil paleoground horizons were studied on the exam-
ple of Kodakskyi (e PII kd) and Vitachevskyi (e PIII vt)
horizons, samples of which were selected from the upper
side of the Rybalskyi career and from the slopes of the
erosion systems in the Sazhevka dene.
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Fig. 1. Dependency graph of the correlation coefficient
between the values of the physical state of the sample
and the content of individual particle fractions, con-
nected in aggregates, and the number of aggregate:
ESLO0.05 —ESLO0.3 — relative subsidence, determined with
the method of two curves within the pressure interval 0.05—
0.3 MPa; A5 (0.002—0.001) — content of aggregates of size
0.002—0.001 mm, pct.; M 2-A (0.25—0.05) — content of
particles of size 0.25—0.05 mm, bonded in aggregates, pct.;
M5-A (0.002—0.001) — content of particles of size 0.02—
0.001 mm, bonded in aggregates, pct.; M6-A (<0.001) con-
tent of particles of size less than 0.001 mm, bonded in ag-
gregates, pct.; p — soil density, gr/cm’

A statistically homogeneous sample collection of re-
sults of determining physical properties, content of par-
ticles and aggregates, relative subsidence of small vol-
ume was investigated.

The reduction trend of the fraction size affecting the

Table 1

Regression models of relative subsidence of loess-based
sediments and the content of free fractional particles
of size 0.002—0.001 mm (M>)"

Regression model AR?
ey, =0.007M° 0.48
g5, =0.022M° 0.36
Esp, . =0.034+0.029M° 0.61
esz,, =0.043+0.024M° 0.37

*

— relative subsidence, determined by

SSLaas’ ESLm’ SSLals’ ESLoz

the method of two curves at a degree of normal pressure of 0.05, 0.1,
0.15 and 0.2 MPa correspondingly; AR>— corrected value of the deter-
mination factor; M> — content particles of size 0.002—0.001 mm

value of subsidence, was confirmed partially, at the ini-
tial stages of pressure (3—5)

g5y, =0.003+0.001M%; 3)
€51, =0.014+0.001- A*-(=3+ M? )+

+0.001.A1-(1—M4); @

€, =-0.013+0.0016- M2 +0.009- A'. 5)

The set of variables includes the number of fine and
very fine sand, coarse or medium silt, fine silt or dust
particles.

The type of equations defining connections between
the subsidence and dispersity of the eluvial loams of the
Dofinivskyi horizon (e PIII df) and the eluvial loaches
of the Vitachevskyi horizon (e PIII vf) in the area of in-
fluence of the dwelling house was changed (6—9)

851‘0.05 20001M47 (6)

gg,,  =—0.088+0.001- M* '(3+M4(1+M“)+M9); e
SSLM =—0055+000]M“, (8)

g5, =0.008+0.001M°. ©)

Table 2

Coefficients at linear components in inductive models of dependence of relative subsidence on the content
of particles and aggregates at the degrees of pressure 0.01—0.3 MPa in natural conditions”

. A Al A A* M? M3 M3 M M54
0.05 ~0.85 - - - 0.73 - - - -
0.10 - 0.94 -0.88 - - -0.88 - 0.79 -
0.15 - 0.81 -0.94 - - - - - -
0.2 - - - - - - 0.73 - -
0.25 - - - 0.81 - -0.78 - 0.97 -0.78
0.3 - - - 0.76 - -0.83 - 0.99 -0.78

* g5, — relative subsidence, pct.; 0.05 — pressure degree, MPa; A — total content of aggregates, pct.; content of free particles: M? — of size
0.25—0.05 mm; M* — of size 0.05—0.01 mm; M’ — of size 0.002—0.001 mm; M® — of size less than 0.001 mm; M*~4; M>~4; M — fraction par-
ticles of size 0.01—0.002 mm; 0.002—0.001 mm and less than 0.001 mm, bonded in aggregates
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Table 3

Coefficients at linear components in inductive models of dependence of relative subsidence on the content
of particles and aggregates at the degrees of pressure 0.01—0.3 MPa in technogenic conditions

Coefficients at linear terms of independent variables

e M2 M ME MAA M M Pressure

— — —-0.002 — 0.0016 — — 0.05
—-0.002 - — 0.015 —-0.009 — 0.002 0.10

— — 0.008 0.014 0.002 — 0.008 0.15

— — 0.013 0.022 0.001 — — 0.20

— — 0.006 0.011 —0.001 — — 0.25

— — 0.008 0.016 0.002 — —-0.004 0.30

At the level of stratigraphic-genetic homogeneity, we
managed to investigate the samples which include the
results of laboratory studies of the properties of the Pri-
chernomorskyi-Dofinivskyi (vd, ed P;; pc-df) and Buz-
kyi (vd R,;; bg) horizons (together); the Dniprovskyi ho-
rizon; Udaiskyi and Tiasmynskyi horizons (together)
(Table 4). The samples are statistically homogeneous,
the mean values differ according to the current state
(Fig. 2).

Obviously, the total content of aggregates is larger in
the Dniprovskyi horizon. The content of free particles of
sandy (M), fine and very fine sand (M?) fractions is
mainly observed. In the aggregates of the Udaiskyi and

Tiasmynskyi horizons the particles are predominantly
thin-clayey, while the aggregates in the Dniprovskyi and
the Prichernomorskyi—Buzkyi horizons are character-
ized by a larger content of fractional fine (M?) particles
(Fig. 3). These very differences affect the peculiarities of
the development of subsidence deformations and degra-
dation of soil properties.

The variables affecting the relative subsidence value
were the content of aggregates, free and bound particles
and natural moisture. In this case, the following depen-
dence can be traced: with increasing pressure, the influ-
ence of the content of finer fractions on the relative sub-
sidence increases (M°) (Table 5).

Table 4

The coefficients of the linear terms of the inductive models of connections between relative subsidence
and the dispersion characteristics of loess sediments, selected and tested in different conditions®

Coefficients at the independent variables
Conditions e Ve Ve VL I Y% VoA Pressure, MPa
1 — - — — 0.001 — - 0.05
—0.001 — — 0.01 0.005 0.005 — 0.15
— - — 0.007 0.003 0.023 - 0.2
0.002 - — 0.016 0.001 0.017 0.007 0.25
0.001 - — 0.004 0.001 0.018 0.003 0.3
2 A? A M? M3 M* M Mo Pressure, MPa
0.002 —-0.002 0.008 0.032 —0.041 — - 0.1
— — 0.004 0.003 0.011 — - 0.2
— - — — 0.018 — —-0.007 0.3
— —-0.009 — — 0.015 — — 0.5
— —-0.007 —0.001 0.0028 0.015 — - 0.6
3 A? A’ M M3 M+ M Mo Pressure, MPa
4808.9 248.9 —32880 192.52 3155.8 — -20.17 0.05
— — 0.002 — —-0.004 — — 0.2
=2.717 0.42 -771.8 —0.7481 -19.074 —-0.251 -29.263 0.3
— — —-0.162 — 0.003 — — 0.4
—-0.002 - 0.263 0.001 0.004 0.002 - 0.5

* conditions: 1 — volume of the ring of compression device 50 cm?; 2 — volume of the ring 100 cm?; 3 — impact zone of the structure — resi-

dential building
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Fig. 2. Average values of selected properties subaerial loess deposits of the Prichernomorskyi-Dofinivskyi (vd, ed P pc),
Buzkyi (vd P bg); Tiasmynskyi (vd Py ts), (vd Py ud) and Dniprovskyi (vd Py dn) horizons:
a — average indicators of physical properties; b — average indexes of subsidence at the degrees of pressure 0.1 and 0.3 MPa: pc + df + bg,
ts + ud, dn Prichernomorskyi— Dofinivskyi (vd, ed P, pc), Buzkyi (vd P,y bg); Tiasmynskyi (vd Py, ts), Udaiskyi (vd Py ud) and
Dniprovskyi (vd Py dn) horizons; 0. 123 — mean selective value of natural moisture content of the Prichernomorskyi— Dofinivskyi— Buz-
kyi deposits; 0.1 — normal pressure in determining the relative subsidence by the method of two curves on the pressure stage 0.1 MPa
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Fig. 3. Features of the distribution of aggregates, free and bound particles in the Prichernomorskyi—Buzkyi, Udaiskyi,
Tiasmynskyi and Dniprovskyi horizons

Table 5

Coeflicients at linear terms of a deterministic model of the dependence of subsidence subaerial horizons
on their dispersion and natural moisture in the field of natural and additional loads*

Complex 7 e e Indepen;l;it Avarlables e e G Pressure, MPa
vd, ed Py pc + + 0.0016 0.004 -0.0015 — 0.006 0.1
vd Py bg -0.001 + -0.003 - 0.00468 | —0.0036 0.077 0.3

vd Py ts M? M3 M M° Mo A /4 Pressure, MPa
vd Py ud + n ~0.008 T - -0.138 0.1
+ + - 0.016 — -0.032 0.217 0.3

vd P;; dn A? M? M? M* M Mo /4 Pressure, MPa
- — - - + + 0.249 0.1
— + - 0.0028 0.024 - 0.196 0.3

* (+) — a variable is included, but it is not linear
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Conclusion. The analysis of the results of experi-
mental determinations of the granulometric composi-
tion and dispersion of the Pleistocene deposits — the
horizons of loess and fossil soils, as well as the analysis
of the constructed functional dependences of soil sub-
sidence characteristics on its components and parame-
ters of physical condition at different levels of study in-
dicates that:

- distribution of free and bonded particles, aggre-
gates of sandy, dusty and clay fractions, along with the
indicators of the physical state of the soil, affect the val-
ues of relative subsidence of the horizons;

- with increasing pressure, the degree of correlation
of relative subsidence with the content of finer fractions
increases;

- in the natural and technogenically modified condi-
tions, the general tendency to reduce the size of frac-
tions composed of free and bound particles is distorted
while pressure increases.
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Meta. BuBueHHS 3B’SI3KiB MiX MiKpOCTPYKTYpPOIO
JIECOBUX I'PYHTIB i iX MPOCAAHICTIO HA MPUKIIAJi TIei-
croueHoBuX Binkaanis CepenHboro [1puaHinpos’s.

MeTtoauka. ExcriepyMeHTabHi 11 MAaTEeMaTUYHi Me-
TOAU NOCTiIKeHb. ArperaTHa OyaoBa BU3HaUeHa 3a 10-
MOMOro BAOCKOHasieHOi Mmetoauku T.T.PsaieHko
»Mikpoctpykrypa“. Iloka3HUKM TIpOCiTaHHS BCTa-
HOBJIEHI BiAIIOBIZHO OO IilOYMX CTAHAAPTIB YKpaiHU.
JocnimkeHHsT BIUIMBY Jerpanallii MiKpoarperaTHOToO
CKJIamy Ha IMPOCiTaHHS MPOBEeAeHE 3 BUKOPUCTAHHIM
METOMYy IPYIIOBOTO BpaxyBaHHS apIyMEHTIB.

PesyasraTn. IlpoaHanizoBaHi BJIaCTUBOCTI 3pa3KiB
JIECOTOAIOHUX CYTICKiB, CYIJIMHKIB i IJIMH, BiliOpaHMX
i3 BimcaoHeHb y Mexax Micta JIHinpo Ta dHimporne-
TpoBCbKOi obsacTi (M. BinbHoripcek, M. Kpusuii Pir,
¢. HoBomukomaiBka). 3arajgom KijbKiCThb JOCTiIKEHUX
MpoO rpyHTy ckiana 71 oguHulto. JlogaTkoBo 10 METO-
MUKW JTOCTIIKEHb T'PaHYJIOMETPUYHOIO CKJIAmy IVC-
MEePCHUX IPYHTIB yBeJEHUI cOCiO MiNTOTOBKU IPYHTY
JI0 aHaJli3y, 1110 HaJa€ MOXJIMBICTb YTOUHUTU OOJIACTh
IUHAMIYHMX 3MiH gucnepcHocTi. CKIIagoBUMHU arpera-
TiB TIepeBaKHO BUSIBWJIMCSI TOHKOTJIMHUCTI (Y 10(iHOB-
cbkoMy (e Py df), ymaiicekoMy (vd Py ud), THIIpoB-
cbkoMy (vd Py dn) ropr3oHTax) i KpyIHOIMIIYBATi 4ac-
TUHKU (BiTau€BCHKUI TOPU3OHT e Pjy; vt), 1110 i1 BUBLIb-
HSIIOThCSI TIPY PYMHYBaHHI arperatiB y Mpoleci mpoci-
naHHs rpyHTy. [100yn0BY (byHKIIOHATBHOI 3aJ1€XKHOCTI
MPOCiJaHHS JIECOBUX I'PYHTIB Y 30Hi aepallii 3a paXyHOK
301IbIIEHHST BOJIOTOCTI 3[AiACHEHO 3a JOMOMOIOI0 Me-
TOMY TPYIOBOTO OOJIiKYy aprymMeHTiB. [Ipu 1ibomy po3-
[JIgnanvcs pi3Hi BapiaHTH BUOODPY HE3AJIEXHUX 3MiH-
Hux. [To-Tiepiire, ypaxoByBamMcsI CTaHIAPTHI ITOKA3HM -
KM JUCIIEPCHOCTI Ta (pi3MYHUX BJIACTUBOCTEH IPYHTY.
Ha npyromy etarni po3risigaaucs YOTUPpU BapiaHTH Ha-
0Opy 3MiHHUX — BOJIOTiCTh, BMIiCT OKpeMMX (DpaKIliii
abo0 3MiHM BMICTY (bpaklliif SK HaC/IiZOK KOMIIPECiliHO-
ro BunpoOyBaHHs. JloBeneHoO, 1110 PO3MOAiJ BiIbHUX i
3B’s13aHUX YaCTMHOK, arperartisB MmillaHux, MUIyBaTUX i
IJIMHUCTUX (Ppakliii JiecoBux IpyHTIB CepeaHboro
[TpunHinpoB’s, mopsia 3 MOKa3HUKaMU (hi3UIHOTrO CTa-
Hy TPYHTY, BIUTMBAIOTh Ha BEJIMYMHU BiTHOCHOI ITPO-
cagHOCTi ropu3oHTiB. KpiM Toro, He3ajaexHo BiJl reHe-
3UCY TPYHTY, Ha 3HaUCHHS MOTO IMPOCATHOCTI CYTTEBO
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BIIUBAIOTH (Di3MUHMIL cTaH i gucTiepcHicTh. [TooymoBa-
Ha (DyHKIIiOHAIbHA 3aJIeXKHICTh MiATBEePAXKYE OiIbII Ba-
roMe 3HAY€HHsI BOJIOTOCTI M IIUIBHOCTI I'PYHTY, HiX
BMICT (ppakuiii. Pe3ynbrat 1oCmimkeHHS TTOKa3yloTh,
1110 BMICT TTOB’SI3aHUX TOHKUX MUIYBAaTUX i TIMHUCTUX
YaCTUHOK i arperaTiB € (paKTOpOM MPOCiTaHHS Ha eTarti
BTpaTu CTpyKTypHOi MittHOcTi (0,1 MIIa) Ta B 30Hi mii
JIOIaTKOBUX HaBaHTaXXeHb. 3aKOHOMIpHUM € il 3MeH-
ILIEHHST PO3MipiB YACTUHOK, 1110 BUBLIBHSIOTHCS 3 POC-
TOM TUCKY. OmHaK 1151 3aKOHOMipHICTb MOPYIIYETHCS B
30HAX TEXHOTEHHOTO TTePETBOPEHHS CTPYKTYPH IPYHTY.

Haykosa noBu3na. [lossirae y BusiBfieHHi pyHKILio-
HaJIbHOI 3aJIeKHOCTI MpPOCigaHHSI JIECOIOMIOHUX Bil-
KJIa[liB TJIEMCTOLIEHY Bin merpanaiiii MikpoarperaTHoro
CKJIaJly B yChbOMY iHTEpBaJli IUCKPETHOCTI TBepOi (ha3u.

IIpakTnuna 3naumMmictb. [lonsirac B excriepuMeH-
TaJbHOMY M TEOPETUYHOMY OOIPYHTYBaHHI HEOOXis-
HOCTi MPOTHO3Y Jerpaaallii MpocagoBUX BIaCTUBOCTEM
JIECOTIOAIOHMX IPYHTIB Y 30Hi aepallii, BUKJIMKAHO1 3Mi-
HOIO0 MiKpOarperaTHoro CKJjaay B YCbOMY Jiala3oHi
TBepaoi ¢aszu.

KmouoBi cioBa: mikpoaepecamu, npocioants, necoei
rpYHMU, Memoo epyno8oeo 8paxy8aHHs apeymeHmie
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Henb. M3yueHue cBsizeit MexXay MUKPOCTPYKTYPOA
JIECCOBBIX TPYHTOB U UX MPOCATOYHOCTHIO HA TIPUMEPE
TieiicTolieHoBbIX oTaoxeHuit CpenHero IlpunHe-
MPOBbSL.

Metoauka. DKcrepMMeHTalIbHbIE M1 MaTeMaThuye-
CKHE METOIBI. ATperaTHOE CTPOCHHE OTIPEIeICHO C TT0-
MOILIBIO yCOBepllIeHCTBOBaHHOU MeTtomuku T.T.Ps-
meHko ,,Mukpoctpykrypa“. IlokazaTtenu rpocamoyd-
HOCTH YCTaHOBJICHBI B COOTBETCTBUU C IEMCTBYIOIIM -
MU CTaHIapTaMu YKpauHbl. MccnenoBaHue BAUSIHUS
Jerpagaliii MUKpoarperaTHoOro coctaBa Ha mpoce/a-
HUE IpyHTa MPOBEACHO C IPUMEHEHNEM METONa IpyT-
MOBOTO yyeTa apryMeHTOB.

Pesyabratel. [1poaHann3upoBaHbl CBOMCTBA 0Opa3-
LIOB JIECCOBUIHBIX CYyIMeceil, CYIJTMHKOB U [JIUH, OTO-
OpaHHBIX B mpefesiax ropona J{Henp u JHenmponeTpos-
ckoii oonactu (r. BonsHoropcek, r. Kpusoii Por, ¢. Ho-
BOHHMKOJacBKa). OOIee KOJIMIECTBO HMCCIICIOBAHHBIX
o0pa3uoB rpyHTa — 71 equHuua. JIOMOJIHUTEIBHO K Me-
TOIWKE WMCCIICIOBAHUI TPaHYJIOMETPUUECKOTO COCTaBa
MVCTIEPCHBIX TPYHTOB TPEIJIOKEH CIIOCO0 MOATOTOBKM
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TPYHTa K aHAJM3Y, KOTOPBI ITO3BOJISIET YTOUYHUTH 00-
JIACTh TMHAMMWYECKUX M3MeHeHHUI mucriepcHocTr. Co-
CTaBJISIIOIIMMM  arperaToB MPEMMYIIIECTBEHHO OKa3a-
JINCh TOHKOITIMHUCTHIE (B mo(uHOBCKOM (e Py df),
ynaiickoMm (vd Py ud), nHenpoBckom (vd Py dn) ropu-
30HTax) W KPYITHOIbLIEBATbIe YACTULIbI (BUTAYEBChKUIA
TOPU3OHT e Py vf), KOTOpble U BBICBOOOXKIAIOTCS TMpU
pa3pyLICHUH arperaToB B ITpoLiecce MPOCeTaHNsT [TOYBHI.
IMocTtpoeHne (HYHKIIMOHAIBHON 3aBUCHMOCTH IIpoca-
JIOYHOCTHU JICCCOBBIX TPYHTOB B 30HE a’palldy 3a CUET
VBEJTMYCHUS BJIAXKHOCTH OCYIIECTBJICHO C ITOMOIIBIO
MeToJIa TPYIIIIOBOIO y4eTa apryMeHToB. I1pu sToM pac-
CMOTPEHBI pa3TMIHbBIC BAPHAHTHI BEIOOPA HE3aBUCUMBIX
IepeMeHHBIX. B mepByio ovyepenb YIMTHIBAIMCH CTaH-
JIapTHBIC TOKAa3aTeIN IUCIEPCHOCTH U (DU3MICCKUE
cBolicTBa MoYBbl. Ha BTOpoM 3Tame paccMaTpuBaIuch
YyeTbIpe BapuaHTa HaboOpa MEepeMEeHHBIX — BIaKHOCTb,
conepxKaHue OTACNbHBIX (DpaKIWii I U3MEHEHUE CO-
Jep>KaHusl hpakiuii Kak ClIeICTBUE KOMIIPECCUOHHOTO
WCTIBITAHKS. YCTAaHOBJIEHO, UTO pacIipeleieHue CBO-
OOOHBIX M CBSI3aHHBIX YACTHII, arperaToB ITeCYaHBIX,
MTBIIEBATHIX M TIIMHUCTHIX (PPaKINii JIECCOBBIX TPYHTOB
Cpennero [IpraHempoBbs, HApSIAy ¢ TOKA3aTeIsIMU (U~
3UYECKOTO0 COCTOSIHUSI TPYHTa, BIMSIIOT Ha BEJIMYMHBI
OTHOCUTEJIEHOI ITPOCATOYHOCTH TOPU30HTOB YKa3aH-
Horo perroHa. OU3MIecKoe COCTOSTHIE U TUCTICPCHOCTD
CYILIECTBEHHO BJIMSIOT Ha 3HAYeHUE IIPOCATOYHOCTH,
HE3aBUCUMO OT I'eHe3uca rpyHTa. [loctpoeHHast B pabo-
Te (PyHKUMOHATbHAsI 3aBUCUMOCTD ITOATBEPXKIACT O0Jiee
BECOMBII BKJIAJl B BEJIMYMHY JIECCOBOM MPOCATOYHOCTH
TaKuX MapaMeTpoB KaK BJIaXKHOCTb U IJIOTHOCTb IPYHTA,
a He conepxkaHue (ppakiLuii. PesyabTaTel Ucciea0BaHUS
ITOKa3BIBAIOT, YTO COCTAB CBSI3aHHBIX TOHKUX IThIIeBA-
TBIX W TJIMHHUCTBIX YaCTUII TaKKe SBIISIIOTCS (PaKTOpOM
MMPOCATOYHOCTY Ha 3Talle MOTepU CTPYKTYPHOU TPOY-
Hoctu (0,1 MIla) u B 30He IEHCTBUS TOITOJTHUTETEHBIX
Harpy3oK. 3aKOHOMEpPHBIM OKa3aJoCh W YMEHBIIICHIE
pa3MepoB BBICBOOOKIAEMBIX YACTHUII C POCTOM JIaBJie-
HMS. XOTs 3Ta TeHIACHILIMS HapyIIaeTcsT IIPU TeXHOTeH-
HOM U3MEHEHMH CTPYKTYPHI TPYHTA.

Hayuynasi HoBu3HA. 3aKiI0uyaeTcsl B BBISIBICHUU
(bYHKIIMOHAIBHOI 3aBUCUMOCTHU MEXYy MPOCamouyHO-
CTBIO JIECCOBUIHBIX OTJIOXEHU TIIeHCTOLIeHA U IeTpa-
Jalueil MUKpOoarperaTHoOro cocraBa BO BCeM MHTepBa-
JIe IMCKPETHOCTH TBePIOi (da3kl.

IIpakTHyeckas 3HauuMocTh. COCTOUT B 3KCIICPU-
MEHTAJIbHOM U TEOPETUYECKOM 0OOCHOBAHUM HEOOXO-
TUMOCTH IIPOTHO3a IeTpaJallii IIPOCaTOIHBIX CBOMCTB
JIECCOBUIHBIX TPYHTOB B 30HE a’3palld¥, BBI3BAHHOMN
M3MEHEHNEM MUKPOATrperaTHOTO COCTaBa BO BCEM THA-
rma3oHe TBepaoii (ha3kbl.

KimoueBble cioBa: muxpoazpeeam, npocadoyHocms,
1eccosblil 2pYHM, Memoo epynnoeoco yuema apeymMeHmos
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