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DETERMINING THE QUALITATIVE COMPOSITION
OF THE EQUIVALENT MATERIAL FOR SIMULATION
OF KRYVYI RIH IRON ORE BASIN ROCKS

Purpose. To develop a model of composition of Kryvyi Rih iron ore basin through laboratory investigation of
equivalent material.

Methodology. Methods of mathematic simulation and experimental research are used.

Findings. Conditions of model and prototype similarity are determined; dependencies of physical and mechanical
properties of equivalent material rocks on percentage ratio of its components are developed. As a result of the re-
search, it is established that while simulating rocks of Kryvyi Rih iron ore basin in laboratory conditions it is reason-
able to use the equivalent material based on a sand-paraffin mixture containing granite chips, fine cast iron, quartz
sand, mica and paraffin. The quantitative composition of the mixture is found to be similar to rocks of Kryvyi Rih iron
ore basin in the following proportions: cast iron and granite chips — 34 %, quartz sand, mica and paraffin — 66 %.
Approximation of the dependencies results in empirical equations of Poisson’s ratio and the horizontal stress of the
equivalent material which depend directly on the percentage of cast iron, granite chips and paraffin. Poisson’s ratio
and the horizontal stress of the equivalent material are proved to grow with the increasing percentage of paraffin in the
equivalent material.

Originality. For the first time, there have been determined empirical dependencies of Poisson’s ratio and ultimate
strength of the material on the percentage of paraffin and cast iron. Poisson’s ratio and the coefficient of the horizon-
tal stress of the sand-paraffin based equivalent material depend on proportions of paraffin and cast iron and are de-
scribed by the power function.

Practical value. The results of the laboratory investigations enable creation of a sufficiently precise rock mass
model to investigate processes in rocks at underground development of iron ore deposits over time.
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Introduction. Kryvyi Rih iron ore basin is situated in
the area of the Inhulets River and its left tributaries the
Saksahan and the Zhovta. The basin is made of crystal-
line rocks of the ferruginous formation occurring as a
narrow band of metamorphic ores in granites. It runs
south and north for 100 km and is part of Kryvyi Rih-
Kremenchuk deposit. The rock complex of part of
Kryvyi Rih-Kremenchuk deposit series is folded me-
ridionally and forms a large folded structure consisting
of the Novokryvorizka, Skelevatska, Saksahanska,
Hdantsevska and Hleievatska suites [1, 2].

The Novokryvorizka suite (PR,nk) consists of am-
phibolite with interlayered schist. The horizontal thick-
ness of the series varies from 210 m in the north to com-
plete pinchout in the south.

The Skelevatska suite (PR sk) consists of quartzite,
arcose, phyllite and talc schist. The horizontal thickness
of the series varies from 7 m to 150 m.

The Saksahanska suite (PR sx) overlies the Skele-
vatska suite rocks and is the main ore-bearing forma-
tion. Within the deposit it is presented by alternating
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seven schist and seven ferruginous layers. The horizon-
tal thickness of the series is about 1300 m. The ferrugi-
nous layers are composed of martite, gothite-hematite-
martite, silicate-carbonate-magnetite, silicate-magne-
tite and magnetite ores with schist breaks. Schist layers
are presented by quartz-sericite-chlorite and other
schists with ore-free bands. The thickness of the schist
layers is 20—100 m.

The Hdantsevska and Hleievatska suites occur in the
hanging wall of the Saksahanska suite and are made of
quartz-biotite, quartz-coal-mica schist, metasandstone,
conglomerates, graphite-quartz-mica micro-schist, do-
lomitic marble and metasandstone, quartzite, quartz-
sericite-graphite and other schists. The total thickness of
the suite is about 4800 m.

Operating enterprises of Kryvyi Rih iron ore basin
apply underground methods for mining rich ores of the
hanging wall of the Saksahanska series below 1135 m.
Dramatic worsening of the rock extraction degree at
great depths (1315 m and lower) results in increased
mining costs [3, 4].

Analysis of project design documents show that the
worsening of the rock extraction degree does not result
in deterioration of mining and geological conditions
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only, but also in considerable values of rock pressure.
Increase in the extraction degree can be achieved
through changing the underground mining technology.
This requires forecasting the rock behavior within and
beyond a stope at the stage of designing [5, 6]. Forecast-
ing the rock mass behavior is possible through mathe-
matical, computer or physical simulation in laboratory
conditions.

Currently, there exist a great number of software sys-
tems capable of forecasting a rock movement zone,
working and stope stress distribution at underground
mining at Kryvyi Rih iron ore basin. However, these
software systems do not consider the whole range of fac-
tors impacting the rock mass under real conditions of
underground mining and the time factor. Building a dy-
namic computer model appears to be a complicated and
in some cases unsolvable task [7, 8].

Thus, to forecast rock stress changes in dynamics is
possible through physical simulation on equivalent ma-
terials in laboratory conditions.

Analysis of the recent research and publications.
Strain-stress state values on the rock model boundaries
are known to differ from those in the middle of the sim-
ulated area as in this case there exists connection with
the surrounding massif. Therefore, mechanical process-
es on the model boundaries will slightly differ from nat-
ural ones [9, 10].

In laboratory simulation it is of significant impor-
tance to observe boundary conditions of the model and
the natural environment. When solving volumetric
tasks, the simulated and real area boundary conditions
should be similar [9, 11].

The similarity of the system is achieved through pre-
paring the equivalent material of a certain composition
with corresponding physical and mechanical properties.
The necessary qualitative composition of the equivalent
material mixture provides observance of the boundary
conditions and allows replicating the initial stress-strain
state before underground mining operations.

Selection of a filler and adhesives for the equivalent
material depends, first of all, on physical and mechani-
cal properties of the rock massif under investigation
and the observance of necessary initial parameters ac-
cording to the adopted simulation scale [11]. Prepara-
tion of a good quality composition of the equivalent
material is a time, material and labor consuming pro-
cess [12, 13].

To reduce the time for selection and preparation of
the adequate equivalent material, the number of labora-
tory tests of samples, a special technique should be de-
veloped for determining the qualitative composition of
an equivalent material corresponding to physical and
mechanical properties of rocks in nature considering the
similarity criterion [5, 10].

Unsolved aspects of the problem. When determining
strain characteristics of a sample, it is necessary to mea-
sure their strains in longitudinal and transverse load di-
rections. Samples are tested under various loads to pro-
vide stable conditions on the sample-press plate inter-
face with the initial stress o, not exceeding 5—10 % of
the sample destruction load [11, 14].
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At each load stage, longitudinal (A/) and transverse
(Ab) strains of the samples are registered and then the
coefficient of relative transverse strain is determined as
follows

g, h-(Ab—Ab,)

g, b-(Ah—AR)

where 4 and b are the initial height and width of the
sample, cm; Ak, and Ab, are longitudinal and transverse
strains of the sample respectively at the initial stress o,

The elastic modulus depends on stresses in the sam-
ple and is determined according to the formula

E=h-(c;-0cy)/Ahy;,

where o; and o are stresses in the sample at the /" load
degree, kg/cm?; Ahy, is the sample strain after the stress
relief to its initial stress value o, determined by the for-
mula

AhOi = hOi - hi’

where A, is the height of the sample at the i load de-
gree; h; is the height of the sample after the stress relief
to its initial stress value o,

So, to select the qualitative composition of the
equivalent material which corresponds to each rock type
of the massif, over 150 samples should be prepared and
tested. In the course of preparing a great number of
samples there is a probability of error accumulation that
will affect the results of investigating a process or an ob-
ject [15].

Objectives of the article. To avoid error accumulation
when preparing the equivalent material and reduce the
number of laboratory tests of samples, it is necessary to
design a technique for determining the qualitative com-
position of the equivalent material with physical and
mechanical properties similar to those of Kryvyi Rih
iron ore basin rocks considering the similarity criterion.

Presentation of the main research. To receive data on
a phenomenon under investigation, an auxiliary artifi-
cial object (a model) possessing certain reliable similar-
ity to an object under investigation at separate stages is
studied. The laboratory simulation is based on choosing
a similarity theory and a model scale as well as on deter-
mining boundary conditions of the object and the mod-
el under which these processes are similar.

Certain known properties of similar physical phe-
nomena make it possible to describe mechanically simi-
lar systems. In this case, all parameters describing me-
chanical processes in one system can be obtained just by
multiplying corresponding parameters of another sys-
tem by constant conversion factors [11]. Here, parame-
ters of dissimilar physical nature have different factors,
but for parameters of the same type this factor (the sim-
ilarity constant) has a single conservative value.

When simulating a rock pressure manifestation using
equivalent materials, the method developed by Profes-
sor G. N. Kuznetsov is a routine one. It is applied when
solving a wide range of problems of rock movement and
changes of the stress-strain state in the rock massif sur-
rounding stopes, preparatory and permanent workings.
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Correlation of physical and mechanical properties of
the model made of artificial materials and correspond-
ing properties of natural rocks considering geometrical
similarity is determined according to the dynamic simi-
larity law by the formula

Pm n >
T e Z:Idem:K,
pm lm Vm pl’l ll’l Vn

where P,,, P, are forces in the model and prototype re-
spectively; p,,, p, are density of model and natural mate-
rials respectively; v,,, v, are the movement speed of ini-
tial points in the model and prototype respectively; K is
the similarity criterion.

Strength and elastic parameters the model material
should possess at the adopted geometrical simulation
scale, the relation /,,//, of strength characteristics (or the
elastic modulus) of the natural material and v,, and v,
should satisfy the condition

o], _le],
ymlm yn'ln :K
E E ’

m — n

Vol Yl

where y,,, v, are density of the model and natural materi-
als respectively; [o],, is the strength parameter of the
model material; [c], is the strength parameter of the
natural material which corresponds to that of the model;
E, and FE, are the elastic modulus of the model and pro-
totype respectively.

As a rule, when simulating mechanical processes in
the rock massif which occur in mining, the similarity of
the following physical and mechanical characteristics of
the equivalent material should be observed: compressive
strength, tensile strength, bending strength, elastic
modulus, adhesion, plastic and rheological characteris-
tics. The internal friction angle and Poisson’s ratio
should be the same in both the model and prototype

{Mm =1,

P =P

where ,,, 1, are Poisson’s ratio of the model and proto-
type respectively.

While determining the qualitative composition of the
equivalent material, there were prepared over 100 labo-
ratory samples composed of quartz sand, mica, granite
chips, cast iron and paraffin with the similarity coeffi-
cient of 0.05.

Quartz sand (70 %) of the equivalent material func-
tions as a filler. Cast iron and granite chips (28 %) simu-
late volume weight of rocks. It should be noted that
when the volume of cast iron is increased from 2 to
20 %, the volume of granite chips is reduced from 26 to
8 % and the volume weight of the equivalent material
increases from 2.31 to 3.39 kg/cm?®.

The technology of preparing the equivalent material
from sand-paraffin mixture consists in the following:
quartz sand is dried, sieved (sieve meshes of less than
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1 mm), and heated to 130 °C. Then crushed paraffin is
added. The mixture is stirred for 25—30 min at 130 + 3 °C.

Elastic parameters of the equivalent material are deter-
mined using the statistical method on samples of 50 x 50 x
x 100 mm. The sample height-length ratio is not less than
2 : 1 to create homogeneous uniaxial stress at loading.

The increasing load is applied to the prepared and
processed sample until its complete destruction [15].

The sample compressive strength is characterized by
the maximum load at which it is destroyed.

During the laboratory tests dependencies of the ini-
tial stress field, Poisson’s ratio and compressive resis-
tance on the equivalent material composition were built
(Figs. 1-3).

As shown in Fig. 1, with the increase in cast iron per-
centage from 2 to 20 % the initial stress field in the mas-
sif grows from 900 to 1600 kg/cm? with the paraffin con-
tent of 2 %. When paraffin grows from 1.6 to 2.4 % with
20 % of cast iron in the mixture, the initial stress field
grows from 600 to 2400 kg/cm?. So, the cast iron per-
centage in the equivalent material enables creating the
required initial stress field.

It should be noted that to observe the second simi-
larity theorem, Poisson’s ratio of the model and nature
should have the same value.

As a result of the laboratory tests, Fig. 2 shows the
determined dependencies of the cast iron percentage in
the equivalent material on Poisson’s ratio.

These dependencies show that the required Poisson’s
ratio in the equivalent material can be obtained through
changing percentage of cast iron and granite chips. For
the model to describe the natural material with Poisson’s
ratio of 0.35, the cast iron content in the equivalent mate-
rial should equal 5 or 14 %, the granite chips content be-
ing 23 or 14 % with the paraffin content of 2.4 or 2.2 %
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Fig. 1. Dependency of the initial stress field in the massif
on the cast iron percentage in the equivalent material:

1-15 the paraffin percentage of 1.6, 1.8, 2.0, 2.2 and 2.4 %
respectively
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Fig. 2. Dependency of the cast iron percentage in the
equivalent material on Poisson’s ratio:

1-15 the paraffin percentage of 1.6, 1.8, 2.0, 2.2 and 2.4 %
respectively
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Fig. 3. Dependency of the sample ultimate strength on the
cast iron percentage in the equivalent material:

1-15 the paraffin percentage of 1.6, 1.8, 2.0, 2.2 and 2.4 %
respectively

respectively of the total volume of the material.

The dependencies resulted from the laboratory tests
(Fig. 2) are approximated by power functions and de-
scribed by empirical equations with the validity factor
of 0.9.

24

While simulating mechanical processes in the rock
massif, the similarity of the equivalent material com-
pressive strength should be observed. The laboratory
tests resulted in the dependencies of the equivalent ma-
terial compressive strength changes on the cast iron per-
centage. The obtained dependencies are equal to corre-
sponding dependencies of the natural material.

Fig. 3 shows the dependencies describing the equiva-
lent material ultimate strength changes on the percent-
age of the cast iron content and granite chips. With the
increase in cast iron in the equivalent material from 2 to
20 % and paraffin from 1.6 to 2.4 %, the ultimate strength
grows from 150 to 2500 kg/cm?.

The given dependencies (Figs. 1—3) show that the
initial stress field, ultimate strength and Poisson’s ratio
of the samples are influenced not only by the cast iron
and granite chips percentage, but also by the paraffin
content in the equivalent material. The investigation re-
sulted in the fact that growth in the paraffin percentage
in the equivalent material from 1.6 to 2.4 % increases the
sample ultimate strength and Poisson’s ratio.

Table 1 presents values of the mean-square deviation
and the uniformity factor of the massif.

According to laboratory data processing techniques
developed by G.M.Malakhov, V.V.Kulikov and
M. V. Kirpichov, a mean-square deviation should not
exceed 15 % of the average data, the uniformity factor of
the massif should not exceed 25 %. Based on the labora-
tory test results, the mean-square deviation changes
within 2.2—13.5 %, the maximum uniformity factor
value makes 18.2 % (Table 1).

The mean-square deviation of the laboratory test
data changes from 3 to 10 % depending on the composi-
tion of the sand-paraffin mixture at the maximum uni-
formity of the massif of 7.96 %.

The coefficient of the horizontal stress on the bound-
aries of the model is determined as follows

e= KB
l-p

The width of the horizontal stress change zone on
the boundaries of a working depends on the simulation
scale and the model similarity factor. According to the
investigation conducted, the horizontal stress stabilizes
and remains unchanged. With the percentage of paraffin
in the equivalent material increasing from 1.5 to 2.4 %,
the width of the zone where the horizontal stress stabi-
lizes decreases from 12 to 5 cm.

When simulating stability of structural elements of
room systems in laboratory conditions, the time factor
should be considered in addition to mechanical and
geometrical criteria as the rock massif is destroyed over
time. It is concluded that the rock massif is destroyed
due to micro-fractures that are formed long before uni-
formity loss becomes visible. The duration of the de-
struction process depends on geometrical and physical
and mechanical properties of the object under investiga-
tion [9, 10]. At this, relative coordinates of distinguished
points in the rock massif and the model built on the ba-
sis of different physical methods practically coincide. It
should be noted that duration of the destruction of the
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Table 1
Equivalent material tests data
Paraffin content in sand-paraffin mixture, %
Name
1.6 1.8 2.0 2.2 2.4
Mean-square deviation 2.2-9.1 3.2-12.3 3.0-7.7 3.3—-11.0 9.0—13.5
Uniformity factor of the massif 4.4-18.2 4.9-13.7 0.8—8.0 1.5-6.4 0.6-7.0

model under investigation varies from fractions of a sec-
ond to several months (years).

In simulating, when separate elements move down
the inclined plane and other fast processes occur (the
first group), the time scale is determined by the geo-
metrical scale according to the formula

M,=\M,,

where M, is the time scale; M, is the linear simulation scale.

In case of simulating pillar and exposure stability in
the rock massif, along with the linear simulation scale
the volume weight of rocks should be considered. The
generalized experimental time scale in simulating is de-
termined as follows

M,=M2-M}",

where M, is the material volume weight scale.

Physical models of various forms of stopes typical for
Kryvyi Rih iron ore basin were tested in laboratory condi-
tions to verify the obtained empirical equations determin-
ing the qualitative composition of the equivalent material.

The input data for laboratory simulation were as fol-
lows: shapes of stopes — rectangular, diamond and
domed; stope height — 75, 80 and 90 m; stope length
along the strike — 20, 25, 30, 35, 40 m; stope width —
average thickness, 60 m; dip — 60°; intervening pillar
width — equal to stope width; temporary ultimate com-
pressive resistance for ore, rocks of hanging and foot
walls — 125, 80 and 110 M Pa respectively; unit load on a
stope from overlying rock — 400 t/m?. Stope life time
was determined according to intensity of mining and
made 9, 12 and 15 months.

A laboratory model was a box with front and back
walls made of glass. In the box metal conductors (sen-
sors) for detecting rock fracturing and uniformity loss
were placed.

Experimental procedure. The box was filled with
layers of the equivalent material with corresponding
physical and mechanical properties of the ore and waste
rocks. Then, the external load simulating weight of the
overlying rocks was applied to the formed massif.

In the ore massif, stopes of 6125 cm® and of the form
under investigation were cut with pillars between them.
In the model 3 stopes and 4 pillars were formed across
the strike. Then the state of the stopes and pillars were
monitored for a certain period of time considering its
scale, and readings of resistance strain sensors in the
model were taken. When the massif was destroyed, the
amount of the destroyed material and the volume of the
newly formed stope were determined (Fig. 4).
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The strain sensor data expressed in terms of ultimate
compressive resistance for stopes of various forms are
given in Fig. 5.

As is seen in the diagram, the pillar compressive re-
sistance decreases from 125 to 120...60 MPa depending
on the stope shape. Thus, after exposures in rectangular,
diamond and domed stopes within 9, 11 and 14 months
respectively, compressive resistance of intervening pil-
lars decreases and the formed stopes are destroyed.

Comparison of the data obtained through simulating
applying the NDGRI methods enables the conclusion
that the formed stopes remain stable during their design
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Fig. 4. Stages of simulating stability of compensating
rooms of various forms:
a, b, ¢, d, e, f— stages of simulation; 1 — the compensating
room; 2 — the boundary of a designed block; 3 — the model;
4 — the equivalent material; 5 — boundaries of zones of de-
creased and increased stresses; 6 — the destroyed equivalent
material
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Fig. 5. Dependency of compressive resistance of a pillar
on its life at the stope height of 90 m and length of
20m:

1, 2, 3 — domed, diamond and rectangular stopes respec-
tively

life. However, it should be noted that domed stopes with
the dome in the upper part are the most stable.

Thus, the suggested empirical functions enable quick
determination of the qualitative composition of the
equivalent material, creation of the rock model that is
capable of reflecting natural processes over time occur-
ring at underground mining operations.

Conclusions and recommendations for further re-
search. The laboratory tests have enabled empirical de-
pendencies for determining the qualitative composition
of the equivalent material. The quantitative composition
of the equivalent material based on the sand-paraffin
mixture (34 % of cast iron and granite chips, 66 % of
quartz sand, mica and paraffin) represents the investi-
gated rocks of Kryvyi Rih iron ore basin with corre-
sponding physical and mechanical properties in labora-
tory conditions.
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MINING

Meta. CTBOpUTH MOIEIb CKJIAmy TipChKUX ITOPIm
KpuBopi3bkoro 3aji3opyaHOro 0aceiiHy ILUISIXOM Jia-
0OpaTOPHMX NOCIIIIKEHb €KBIBaJIEHTHOTO MaTepiany.

Metoauka. BukopucraHi MeTogu MaTeMaTUYHOIO
MOJIETIOBaHHSI Ta €KCIIEPUMEHTAIbHUX TOC/iIKEeHb.

Pe3ynbraTn. BcTaHOBJIeHI yMOBM MOAIOHOCTI MO-
Jeli, MoOydoBaHi 3aleXHOCTi (i3MKO-MeXaHiYHUX
BJIACTUBOCTEN €KBiBaJIECHTHOrO MaTepialdy BiJ Mpo-
LIEHTHOTO CHiBBIAHOIIEHHSI KOMIIOHEHTIB, IO BXO-
ISTh 10 HBOTO. Y pe3ysbTarTi JOCTiIKeHb BCTAHOBJIE-
HO, IO MpU MOMETIOBAHHI CKJaay MOpil TipChbKOTo
macuBy KpuBopi3bKoro 3aj1i3opyaHoro 6aceiHy B Ja-
0OpaTOPHUX YMOBaX HOIITHHO BUKOPHUCTOBYBAaTH €K-
BiBaJICHTHMIA MaTepiajl Ha OCHOBI TillaHO-napadiHo-
BOI CyMillli, 1110 CKJIQIAETHCS 3: TPAHITHOI KPUXTH, Ya-
BYHY, KBaplIOBOI'O MiCKy, CIoau il mapadiny. Bcra-
HOBJIEHO, 10 KiIbKiCHUI CKJaj CyMillli eKBiBaJIeHT-
HOTro MaTepialy noaioHuit 1o ripcekux nopin Kpuso-
pI3bKOro 3ajli30pyIHOT0 OaceiiHy IMpHU HACTYITHOMY
criBBinHOIIeHHI: 34 % 4yaByHYy i TpaHiTHOI KPUXTH,
66 % XBapLOBOIO ITiCKy, Ccaloau i mapadiny. Y pe-
3yJbTaTi alpoKcUMallii 3aJIeXKHOCTe OTpUMaHi eMITi-
puuHi piBHSHHS KoedilieHTta [lyaccoHa it GidyHOrO
pO3Iopy €KBiBaJIECHTHOIO MaTepiany, 1110 Oe3nocepen-
HbO 3ajieXaTh BiJl MIPOLIEHTHOTO CITiBBiIHOILIEHHS Ya-
BYHY, TpaHiTHOI KpuUXTU ¥ mapacdiHy. BcraHoBieHo,
110 3i 30iJAbLIEHHSIM IIPOLIEHTHOTO CHiBBiIHOIIEHHS
napacdiHy B eKBiBaJeHTHOMY MaTepiaji, KoepillieHTr
ITyaccoHa it 6iuHOro po3nopy 30iJbIIYIOTHCS.

HaykoBa HoBHM3HA. Yriepille BCTaHOBJICHI €MIIi-
puyHi 3anexHocTi Koediuienta IlyaccoHa it Mexi
MILIHOCTI 3pa3Ka BiJ, MPOLIEHTHOTO CITiBBiIHOILLIEHHS
napadiny Ta yaByHy. KoediuieHt [lyaccona it koedi-
1ieHT OOKOBOTO PO3MOPY B €KBiBaJICHTHOMY MaTtepia-
Ji Ha mimaHo-napa@iHoOBiii OCHOBiI 3ajexaTh Bif
KUTBKICHOTO CHiBBiJHONIEHHS napadiHy il YaByHY Ta
OITMCYIOTHCS €KCITOHECHITIaJIbHOIO 11 CTaTEUHOIO (DYHK-
LiSIMHU.

IIpakTuna 3HauMMicTs. OTpUMaHi pe3yiIbTaTH Jia-
00paTOPHMX TOCHIIKEHb T03BOJISIOTH CTBOPUTH 3 10~
CTaTHHOIO TOYHICTIO MOJEIb MOPOJHOrO CKJIamy Tip-
CbKOIO MacHBYy, IO TO3BOJISIE MOCHIIKXYyBaTU Yy dYaci
npouecu, sIKi MPOTiKaloTh Y TipChbKUX TMOpoaax, Mpu
Mia3eMHil po3poOLi 3a1i30pyIHUX POJOBUILI.

KmouoBi cnoBa: xoegiyicum Ilyaccona, exsisarenm-
Hull mamepian, nodoba, modenv, macumao, niwaHo-na-
paghinosa cymiut, 4agyH, caroa

Onpenenenne Ka4eCTBEHHOTO COCTABA
SKBHMBAJIEHTHOTO MaTepuajia Jis (pu3uko-
MeXaHMYEeCKMX CBOMCTB IOPHBIX MOPO
KpuBOpOKCKOro xkeJie30pyIHoro dacceiina
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ean. Co3nath MoaeIb cOCTaBa TOpHBIX opo, Kpu-
BOPOXCKOTO XeJIe30pyaHoro dacceiiHa myreM Jabopa-
TOPHBIX UCCJIEIOBaHMI SKBUBAJICHTHOTO MaTepuara.

Mertomuka. Vcronb3oBaHbl METOAbI MaTeMaTUYe-
CKOTO MOJIEJTMPOBAHUSI M 9KCIIEPUMEHTATIbHBIX UCCIIe-
OBaHUI.

Pe3ynbTaTbl. YCTaHOBIEHBI YCIOBUSI MOJOOUS MO-
e W HATYphl, IIOCTPOCHBI 3aBUCUMOCTHU (hU3UKO-
MEXaHMUECKNX CBOMCTB TOPHBIX ITOPOI SKBUBAJICHT-
HOTO MaTepuajia OT IIPOLIEHTHOTO COOTHOIIEHUS KOM-
ITOHEHTOB BXOASIINX B HeTO. B pesynbprare ucciaenoBa-
HUI YCTaHOBJICHO, YTO MPU MOACIUPOBAHUM COCTaBa
MopoJ1 ropHOro MaccruBa KpuBOpOXCKOTo XKeae30pyi-
HOro OacceifHa B JJaOOPaTOPHBIX YCAOBUSIX LIEJIECOO-
Opa3HO MCIIOJIb30BaTh SKBUBAJICHTHBIM MaTepuana Ha
OCHOBE IlecyaHO-MapauHOBOK CMECH, COCTOSIIIei
W3: TPAaHUTHOM KPOIIKM, YyryHa, KBapIlIeBOro TecKa,
cionbl ¥ apadurHa. YCTaHOBJIEHO, YTO KOJIMYECTBEH -
HBII COCTaB CMECH 9KBUBAJICHTHOTO MaTepuaia moio-
O¢H TOpHBIM TTopogaM KpruBOpoOXKCKOTO XKeJIe30pyIHO-
ro GacceiiHa mpu CiIeAylolIeM COOTHoueHun: 34 %
YyryHa ¥ TPaHUTHOW KPOIUKU, 66 % KBapLEBOIo Iie-
cKa, cmonbl U mapaduHa. B pesynprare anmpokcuMa-
LIMY 3aBUCUMOCTEH MOIyIeHbI SMITUPUUYCCKHE YPaBHE-
Husg Koapduuuenra Ilyaccona u 60KoBoro pacmnopa
SKBHUBAJICHTHOIO MaTepuaja, KOTOpble HaIllpsSIMYIO 3a-
BUCST OT MPOLIEHTHOTO COOTHOIIICHUS YyT'yHa, TPaHUT-
HOM KpOIIIKU U MapadrHa. YCTaHOBJIEHO, YTO C YBEJIU-
YeHHUEeM TTPOLIEHTHOTO COOTHOIIEHHUS TapaduHa B 9K-
BUBaJIECHTHOM MaTtepuajie, Koapduuuents Ilyaccona
1 OOKOBOTO pacriopa yBeJIMUNBAIOTCS.

Hayunast HoBu3Ha. BriepBBIe yCTaHOBJICHBI SMITU-
puueckre 3aBUCMMOCTH KoaddummenTa [lyaccoHa u
IIpeesa IPOYHOCTH MaTepHrajia OT IIPOIIEHTHOTO COOT-
HomeHus napaduHa n yyryHa. Kosdpopuument Ilyac-
COHa 1 KO3 (PUIIMeHT O0KOBOTO pacropa SKBUBAJIICHT-
HOro MaTepuaja Ha mecyaHo-TlapapMHOBOII OCHOBE
3aBUCST OT KOJUUYECTBEHHOTO COOTHOIIIEHUS Mapachu-
Ha, YyTryHa U OMMCHIBAIOTCS CTETIEHHOMN (DYHKIIUEH.

IIpakTuyeckas 3HaYMMOCTb. [loydeHHBIE pe3ylib-
TaThl JTAOOPATOPHBIX MCCIAEMOBAHUI TIO3BOJISIIOT CO3-
JIaTh C JIOCTATOYHON TOYHOCTHIO MOJIENTh TTOPOIHOTO
COCTaBa TOPHOTO MacCuBa, KOTOpasi TIO3BOJISIET UCCIIe-
IIOBaTh BO BPEMEHU IIPOLIECCHI, TTPOTEKAIOIIE B TOp-
HBIX TIOpoAax, IpH ITOA3EMHOI pa3paboTKe XKelle30-
PYIHBIX MECTOPOKICHUIA.

KimoueBble ciioBa: xosgguuuenm Ilyaccona, sxeusa-
JNeHmHubLi Mamepuan, nodobue, modensv, macumao, nec-
uqHO-napapuHosas cmecs, YyeyH, caoa

Pexomendosano 0o nybaikauii 0okm. mexH. HayK
H. IO. lllsazepom. [lama Haoxooxcerns pykonucy 14.10. 16.
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