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Abstract

Purpose. Substantiation of calculating the rational parameters of reaction and yielding property of the fastening system in

the preparatory mine workings.

Methods. The stress-strain state analysis of the “massif — support” system and the normative documents on support calcula-
tion of the preparatory mine workings to determine the patterns of link between the fastening system parameters and the

main geomechanical factors.

Findings. The patterns of geomechanical factors influence on the parameters of reaction and yielding property of the fas-
tening system have been determined, as well as the analytical expressions for their calculation have been obtained.

Originality. Correlation-dispersion analysis of the optimization data has revealed a stable exponential relation between the
parameters of reaction and the yielding property of support with an index H/R, regardless of the coal-bearing massif structure.

Practical implications. Calculation of the deformation-strength characteristic of the fastening system has been developed
depending on the mining and geological conditions of maintaining the preparatory mine working.
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1. Introduction

Modern optimization methods are constantly being im-
proved in the direction of accounting all the peculiarities of
the support interaction with the rock massif, which encloses
mine working [1]-[5]. In accordance with the ultimate goal of
research — ensuring the mine working stability by cost-
effective technologies — determining the optimization param-
eters of the “massif — support” system elements interaction,
is an urgent task [6]-[11].

Assessing the degree of adequacy and accuracy of the de-
veloped methodology for optimizing the interaction modes of
the support and the surrounding rock massif [12]-[14] has
revealed the positive results and the possibility of substanti-
ating the next stage of research: searching for the patterns of
link between the optimal reaction P, coordinates and the
yielding property ua of the fastening system, depending on
the index H/R (where H —is the depth of mining, R —is the
average calculated compressive resistance of rocks) and the
rocks structure of coal-overlaying formation in accordance
with its division into three generalized groups [15], [16].

The coal-bearing stratum structure in the Western Donbas
conditions is formed by a limited number of rock lithotypes
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(sandstone, siltstone, argillite, coal) of the immediate and main
roof [17]-[19], which, as a rule, constantly occur in a suffi-
ciently thick formation, consisting of uncontrolled collapse
and hinged-block displacement zones [20]-[22]. With a total
thickness of the mentioned zones of at least 12-15 extraction
thicknesses of the seam, they are represented by rocks with
different mechanical characteristics and typical for them
planes of weakening, fracturing and water saturation [23]-[27].

It was proposed in the work [16], that “the division of
mining and geological conditions should be performed ac-
cording to the degree of their complexity with repeated use
of extraction mine workings”. Given that the noted work is
the closest one to the ongoing research on optimizing the
fastening system interaction modes of the reusable mine
workings with the surrounding massif, a well-founded deci-
sion has been made to use the principle of grouping the min-
ing and geological conditions in terms of the averaged struc-
tures of the adjacent coal-bearing stratum:

— | group —the most unfavourable conditions for main-
taining the reusable extraction mine workings — is character-
ized by “... predominantly thin-bedded structure of the soft
rocks (f<1.5); the layers of argillite and siltstone with a
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thickness of more than 1.0 m with an average distance be-
tween the surfaces of weakening up to 1.0 m; the layers of
argillite and siltstone (f =1.5-2.5) with medium thickness,
which are periodically separated by water-flooded coal inter-
layers with a thickness of 0.1-0.3 m”;

— Il group — conditions of medium intensity of rock pres-
sure manifestations — is characterized by “... thin-bedded and
medium-bedded structure of water-free rocks with a hardness
coefficient of argillite and siltstone f = 1.5-2.5; medium-bedded
and thick-bedded structure of water-flooded rocks (f > 1.5) at
occurrence of sandstone with a thickness of up to 3.0 m”;

— 111 group — favourable conditions for the repeated use of
extraction mine workings — is characterized by “... medium-
bedded and thick-bedded structure of water-flooded rocks
(f > 2.5) at occurrence of sandstone with a thickness of more
than 3.0 m; medium-bedded and thick-bedded structure of
water-free rocks (f > 2.5)”.

The separate series of computational experiments was
performed according to these three groups of an adjacent
massif structures, and, as a result, three families of graphs
have been obtained which reflect the deformation-strength
characteristic gi(u) of the weakened massif.

2. Determining patterns of the link between
the reaction and yielding property of support
with geomechanical parameters

For one and the same group with the typical rocks struc-
ture of the coal-overlaying formation (it is recorded to the
roof height of 20 m), each seven computational experiments
have been conducted with different values of H/R. It should
be reminded that in virtue of the elastic-plastic formulation
for the stress-strain state (SSS) calculation problem, an arbi-
trary number of H/R values can be obtained during one com-
putational experiment. And the necessity to make several
calculations of the geomechanical system SSS is conditioned
by different thickness and deformation characteristics of the
artificial rock layer [12]. Therefore, the technology of com-
putations is as follows:

—the SSS is calculated for one model with fixed values
of the thickness and deformation modulus of the artificial
yieldable layer;

—the indications of functions gi(u) should be taken
during the calculation at values of H/R = 10, 20, 30, 40, 50,
60, 70, 80 and 90 m/MPa;

—with a constant coal-overlaying formation structure,
seven computational experiments are performed with the
parameters of artificial yieldable layer, which provide the
rock contour displacement from 300 to 1100 mm of the
extraction mine working;

—for each fixed value of H/R, a graph is plotted for gi(u)
function in seven points (coordinates gj, uj, j = 1, 2, ...,7), which
are determined during the above computational experiment;

—according to formula (1), considering (2) and (3), a
graph of the function g2(u) is plotted [12]:

K.
1—a1 2 1— inf
K. B 100 W
u = u,
2 477 0.15 1 0.030, — 0.1804
where:

Kq — dynamic factor, which takes into account the possi-
ble conventionally instantaneous displacements of massif
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around the extraction mine working; it is determined accord-
ing to the recommendations [14];

Kint — the coefficient of influence of the fastening system
reaction on the constraint of the roof rocks lowering of the
preparatory mine working, %; it is determined by Table 1.

B — the width of mine working during driving;

y —the weight-average unit specific gravity of rocks in
the dome of natural equilibrium;

o1 and a, — parameters, setting the ratio between the lower-
ing of the mine working roof in the areas: outside the zone of
the stope works influence; in the zone of frontal bearing pres-
sure of approaching longwall face; behind the stope face in the
zone of stabilization of the rock pressure manifestations.

Table 1. The values of coefficient Kinf of influence of the fastening
system reaction, %

Weight-average Fastening system reaction P, kPa
compressive
resistance of the

dome rocks 50 100 150 200 250 300

Rcompr, MPa
5 4.2 9.6 156 221 288 359
10 3.0 6.8 111 156 204 254
15 25 5.6 9.1 129 168 209
20 2.1 4.8 7.8 11.0 144 180
30 1.7 3.9 6.4 9.0 117 146
40 15 3.4 55 7.8 102 127

The parameters a1 and a, have been obtained based on
the calculated expressions [26], by transforming them for the
solvable task of determining the function qz(u):

15RP R} +RY

A= b b )
3.0+2m R Rf +Rf
3.9RY RY +RP
%= b b’ 3)
3.9+2m Ry Ry +Ry
where:

m — the extracted thickness of the coal seam;
er f3— the calculated values of compressive resistance of

roof rocks and bottom rocks of the coal seam in the appropri-
ate areas: 1 — outside the zone of the stope works influence;
2 —in the zone of frontal bearing pressure; 3 —behind the
longwall face; it is determined by the technique [28] with
supplements from the work [16];

—the point A of the graphs gi(u) and gz(u) intersection is
determined with the corresponding coordinates Pa and ua;

— for each of the nine fixed values of H/R, the coordinates
of the points A are determined and graphs of functions
Pa(H/R) and ua(H/R) are plotted for visual presentation, as
well as the data obtained are processed and the correlation
equations for parameters Pa, ua with the H/R index are de-
rived using the correlation-dispersion analysis method;

— for the other two groups of the generalized structure of the
coal-overlaying formation, the calculation procedure is repeated.

As a result, three dependences have been obtained of op-
timal loads Pa(H/R) for each three generalized structures of
the coal-overlaying formation, which reflect the Western
Donbas mining and geological conditions (Fig. 1). The es-
sence of the identified dependences is as follows.
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Figure 1. Patterns of link between the optimal parameters of
reaction Pa ( ) and yielding property ua (- = -) of
the fastening system depending on the H/R index
of mining and geological conditions and the structure
group of coal-overlaying formation: 1 -1 group;
2— 11 group; 3—111 group

Firstly, the pattern is clearly observed of a decrease in the
optimal load Pa and yielding property ua of the fastening
system with a decrease in the H/R index, regardless of the
rocks structure group of coal-overlaying formation. There is
a very stable trend which fully corresponds to the existing
concepts of geomechanics: the smaller the mine working
location depth and the higher the enclosing massif hardness,
the more restricted are the rock pressure manifestations. The
differences of this result are in two positions.

On the one hand, the dependences Pa (H/R) and ua (H/R)
have been obtained for an area with the most intensive dis-
placements of the coal-overlaying formation — after the stope
face is driven; they are of significant practical importance in
terms of making well-grounded technical decisions on the
repeated use of extraction mine workings. On the other hand,
a certain relation has been established between the optimal
parameters of the fastening system operating mode and geo-
mechanical factors, which was not previously known, espe-
cially for the zone of the stope works influence.

Secondly, based on the results of the geomechanical cal-
culations complex, it becomes obvious the urgency of the
task for optimizing the interaction modes between the massif
and the support in terms of a stable decrease in the required
strength parameters of the support, regardless of the com-
plexity degree of conditions for maintaining reusable extrac-
tion mine workings. To elaborate on the above, the following
facts are given according to the distinguished three groups of
the rocks structure in the coal-overlaying formation.

For the I structure group of the coal-overlaying for-
mation, an increase in the index H/R from 10 m/MPa (fa-
vourable conditions) to 90 m/MPa (difficult conditions) leads
to an increase in the optimal load value P from 463 to
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718 kN/m; therewith, the value of the optimal yielding pro-
perty ua of the fastening system increases from 514 to
822 mm. Therefore, an increase in the index H/R of conditions
for maintaining the extraction mine working by 9 times (an
increase in the depth of mining with a decrease in the hardness
of the enclosing rocks) causes a less intensive increase in the
optimal load on the fastening system, equal to 1.55 times; the
same can be said about the value of optimal yielding property:
its increase in the considered range was 1.60 times.

For the 1l group structures, there are the following trends:
an increase by 9times in the index H/R contributes to the
growth of the minimum possible load Pa on the fastening
system by 1.49 times (from 407 to 606 kN/m), and its optimal
yielding property ua — by 2.11 times (from 348 to 734 mm).

For medium-bedded and thick-bedded structures of the
111 group, the indicators are similar: by the value of optimal
load — by 1.30 times; by the value of optimal yielding pro-
perty — by 2.12 times.

Summarizing the above data, it should be pointed out that
the influence of the index H/R in thin-bedded structures is
increased according to the value of the load and the influence
is decreased according to the value of yielding property. In
the medium-bedded and thick-bedded structures of the coal-
bearing massif, opposite trends of the index H/R occur: a
weakening in terms of the optimal load and an increase in the
value of the optimal yielding property of the fastening sys-
tem. At the same time, despite some differences in the
patterns of the geomechanical index H/R influence, it is
necessary to note their significant disproportionality: a
nine-fold index H/R growth increases the optimal values of
Pa in the range of 1.30-1.55 times and ua in the range of
1.60-2.12 times. This fact can be explained by the very prin-
ciple of optimizing the force interaction between the fas-
tening system and the surrounding rock massif: a search is
made for such its operational parameters, at which the main
rock pressure part is redistributed to the adjacent areas of
massif, and the support takes up only that part of the load,
which cannot be avoided in specific mining and geological
conditions of maintaining the preparatory mine workings.

For ease of the determined patterns practical use (Fig. 1),
a system of regression equations has been obtained, which
set a link between the optimal parameters of the deformation-
strength characteristic of the support with the geomechanical
index H/R and with the groups of generalized structures of
the coal-bearing massif:

0.21

I Group P, =284 H/R , KN/m; 4)
u, =321 H/R %% mm. )
Il Group P, =270 H /R %8 kN/m:; 6)
uy =172 H/R %% mm. ()
1l Group P, =260 H /R %%, kN/m; ®)
u,=104 H/R 0'38, mm. 9)

Correlation-dispersion analysis of the optimization data
has revealed a stable exponential relation between the pa-
rameters P and ua with the index H/R, regardless of the
coal-bearing massif structure. Therefore, the obtained scien-
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tific result can be formulated as follows: optimal parameters
Pa and ua of the fastening system deformation-strength char-
acteristic in the reusable preparatory mine workings are in
the exponential relation with the geomechanical index H/R,
regardless of the coal-bearing massif structure group. This
makes possible to implement a unified strategy for resource-
saving improvement of mine workings fastening systems for
the entire Western Donbas region.

3. Substantiating and calculating
the rational deformation-strength
characteristic of the fastening system

The performed optimization of the fastening system
operating modes gives us the condition (Pa, ua) of the equilib-
rium state of its interaction with the surrounding massif, which
expresses only the final result in the form of the coordinates of
A point on the function P(u) line of the support deformation-
strength characteristic. Here it is supposed that the interaction
process of the rock massif with support (fastening system) is
developed over time and space, passing through many states
with changing coordinates Pj, u; from the period of the fas-
tening system erection to the moment of the studied geome-
chanical process stabilization. In this term, it is important to
ensure the mine working stability (by resource-saving meth-
ods) [29]-[33] throughout the entire period of the interaction
development between the support and the rock massif; hence,
the main task is in search for the optimal function P(u) of the
fastening system deformation-strength characteristic, for
which two boundary values are known: P=0, u=0 and
P = Pa, U= ua. To substantiate the principle for searching the
function P(u), Figure 2 gives its schematic representation.

One of the main conditions for optimizing the interaction
modes between the support and the rock massif is formulated
as follows: support reaction P should be not less than the
load values g: and gz (Fig. 1) over the entire yielding proper-
ty range from 0 to ua.

P.q
A

0 Ustr Ua  Umax U'

Figure 2. The scheme for calculating the rational deformation-
strength characteristic of the fastening system: —— de-
formation-strength characteristic of the rocks of the
dome of natural equilibrium gz(u); = = = variants of fas-
tening systems deformation-strength characteristic
(lines “OD”, 1, 2 and 3)
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The question is in choosing the load parameter (q: and q2)
in each area of displacements u; development in the mine
working rock contour.

When uj < ua, the function qi(u) always surpasses the
function g2(u) and, at first glance, the deformation-strength
characteristic of the weakened massif qi(u) is the main one
when choosing the deformation-strength characteristic P(u)
of support. But, two factors are important here:

— firstly, in the range of u; < ua, a support retains a reserve
of yield, which enables to “deviate” from excessive loads;

—secondly, the function gi(u) tends to decrease with in-
creasing yielding property u; of support.

The mentioned factors make it possible to consider the
function qgi(u) as a secondary one: provided for the sufficient
yielding property of support (not less than the value ua), the
load g1 becomes less than the load g2. Then the determining
factor is the deformation-strength characteristic of the rocks
of the dome of natural equilibrium g2(u): under the condition:

Pu>qg, u, (10)
over the entire range (0<u<ua) of the rock contour
displacements development in mine working, its stability
will be ensured.

Consider the most characteristic variants of the condition
(10), shown in Figure 2. The optimum variant for the support
deformation-strength characteristic P(u) is the equality ful-
filment according to the condition (10); therewith, the sup-
port reaction will be minimally sufficient (dashed line “OD”)
of all possible cases. But, such a variant is fraught with a
state of limit stability of support and mine working, which
can be disturbed by a number of reasons:

— different dynamic manifestations of the subsidence pro-
cess in the mine working roof are taken into account by the
dynamic factor Ky in the formula (1), which is determined
according to the normative document [28];

—an intensive action of factors weakening the rock is
possible, in excess of the norm according to documents [28];

—any prediction based on modelling the geomechanical
processes also has a certain accuracy;

— an action of other reasons is possible.

Therefore, it is advisable to specify a certain factor of ig-
norance (Kigh > 1) to the optimal function P(u), which com-
pensates for the possible action of negative factors (line 1 in
Figure 2):

—an increase in the required support reaction by a value
of APign Will increase the reliability of recommendations with
an unpredictable increase in the rock pressure;

—an increase in the required yielding property by a value
of Auign will ensure a “deviation” from excessive load in case
of unpredictable increase in the rock contour displacements
of mine working.

As it can be seen from the scheme, the parameters APjgn
and Auig, are interconnected and depend on the value of the
factor of ignorance Kig.. For mining-engineering calculations,
it is generally accepted to specify an accuracy within 15-20%
to consider the influence of different insignificantly predicted
factors. Therefore, in a first approximation, it can be accepted
Kign = 1.15-1.20, and the formula for calculating the rational
deformation-strength characteristic of support takes the form:

1-ag ? 1 Kipy /100
ignBV u
0.15+0.003a, — 0.18¢,

Pu=Ky K (11)
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The function P(u) reflecting the rational deformation-
strength characteristic of support is illustrated by line 1 on
the scheme of Figure 2. As can be seen, it is located slightly
above the optimal line “OD”, but an excess in the “margin”
of the support stability factor is relatively small and is deter-
mined by the shaded area. The value of margin according to
the support reaction is:

APpg = King —1 Py, (12)
according to its yielding property:
Auing = King -1 Uy. (13)

Here the optimal parameters P and ua are calculated by
the expressions (4)-(9).

Finally, the rational deformation-strength characteristic of
support (fastening system) is determined by the formula (11),
its load-bearing capacity Pmax is calculated by the expression:

Prax = KingPA ) (14)
and maximum yielding property uUmax — by the formula:
Umax =UA: (15)

with account of equations (4)-(9).

There are other possible variants for selecting the ration-
al deformation-strength characteristic of support, the func-
tion of which is not similar to the function gz(u). Thus, the
line 2 in Figure 2 shows the well-known mode of constant
resistance of support, which, not without reason, many ex-
perts consider the most effective. For example, the frame
support from the special SCP profile [34] operates in the
mode close to this one, but under condition of its high-
quality fastening: in the initial period of loading, the frame
resists like a sufficiently rigid structure. And then there is a
periodic activating of the yielding joists with a slight in-
crease in the resistance reaction until the moment when the
constructive yielding property value is exhausted; then, a
rigid mode occurs with a sharp increase in the load onto
support. If the support reaction in the constant resistance
mode is equal to Pmax (Fig. 2), then such its deformation-
strength characteristic is assigned to the group of rational
ones, provided that the constructive yielding property of
support is not less than the value umax for a given mining-
and-geological maintenance of mine working.

One more variant of the deformation-strength character-
istic of support is shown by line 3 and is quite common
[33]-[35] for various types of roof-bolting supports: in the
initial period of resistance, the roof-bolts, as well as ar-
moured and rock structures strengthened by them, have in-
creased rigidity. And then (at a partial adhesion loss of the
roof-bolt reinforcement with the rock walls of the bore hole)
with an increase in the yielding property, the resistance of the
roof bolts, as well as armoured and rock structures decreases.
Such a deformation-strength characteristic cannot be consid-
ered satisfactory [36]-[39], since at a certain point of time
(u = usy) the fastening structure reaction becomes less than
the optimal value Pa and it is required its prompt strengthen-
ing by the value of Py (Fig. 2).

It should be separately emphasized that in the formu-
la (15) the factor of ignorance is absent for the reason, which
can be explained using Figure 2. If to specify to the yielding

48

property value umax the same value of factor of ignorance as
for the reaction Pnax, then the following situation arises:

—with increasing (dashed line 1) function P(u), the addition-
al margin of yielding property Auing causes an almost double
margin in the value of the reaction Pmax, Which is not expedient;

—with the function P(u) =const (dashed line 2), which
reflects the ideal mode of constant resistance, the margin of
yielding property increases the load from the weight of rocks
of the dome of natural equilibrium and, as it were, neutralizes
the margin of APing by the value of the fastening structure
reaction, which is also not a positive solution;

—with a decreasing function P(u) (dashed line 3), the
margin of yielding property leads to an increase in the miss-
ing reaction of the fastening structure compared to the ra-
tional value calculated by formula (14).

Summing up the performed studies, it should be noted that
a very intelligible methodology has been created for calculat-
ing the deformation-strength characteristic of support (fas-
tening system), depending on the mining and geological con-
ditions for maintaining the mine working. As a rule, the fas-
tening system of the reusable mine workings includes several
fastening elements that are assembled in accordance with the
calculated general deformation-strength characteristic.

4. Conclusions

The patterns have been determined of the geomechanical
factors influence on the choice of optimal parameters of the
fastening system deformation-strength characteristic: its
minimum necessary reaction (load-bearing capacity) and the
value of yielding property. The patterns have been obtained
in the form of graphs and regression equations for calculating
the fastening system optimal parameters. A stable exponen-
tial relation has been revealed between the fastening system
optimal parameters and the geomechanical index of the min-
ing conditions, regardless of the coal-bearing massif struc-
ture; this makes possible to implement a unified strategy for
resource-saving improvement of mine working fastening
systems for the entire Western Donbas region.

According to the determined optimal parameters of the
fastening systems operating modes, a substantiation has been
made and a methodology has been developed for calculating
a function describing its rational deformation-strength char-
acteristic depending on the mining and geological conditions
for maintaining reusable preparatory mine workings. The
methodology is intelligible and practical in terms of the nec-
essary calculations of the fastening system rational parame-
ters as a whole, for which the fastening components consti-
tuting it are selected.
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BcTaHoB/IeHHS 3aKOHOMIpHOCTEli BILIMBY reoMexaHiuyHUX (pakTopis
HA HABAHTAKEHHS KPiMMJIBLHOI CHCTEMH MiATOTOBYNX BUPOGOK

B. bornapenxko, I'. CumanoBuda, M. bapabam, O. I'yces, 1. Canees

Merta. OOrpyHTYBaHHS pO3paxyHKy palioHaTbHUX IapaMeTpiB peakuii i MOAaTIUBOCTI KPiMIIBHOT CUCTEMH MIATOTOBYUX BUPOOOK.

MeToaunka. AHani3 Halpy>XeHO-Ae(OPMOBAHOTO CTaHy CHCTEMH “MacHB — KPIIUICHHS 1 HOPMaTHBHOI JOKYMEHTAIli{ 3 pO3paxyHKy Kpi-
TUICHHS IIATOTOBYMX BUPOOOK ISl BU3HAYEHHS 3aKOHOMIPHOCTEH! 3B’ 3Ky ITapaMeTpiB KPIIUICHHS CHCTEMH 3 OCHOBHHUMH I'€OMEXaHIYHUMU
(axropamu.

Pe3yabTaTn. BusHaueHO 3aKOHOMIPHOCTI BIUIMBY reOMeXaHIYHUX (DaKTOpIiB Ha MapaMeTpH peakilii i MOAaTINBOCTI KPIIUICHHS CHCTEMH
Il OTpUMAaHO aHATITUYHI BUPa3H VIS X PO3PaXyHKY.

HaykoBa HoBu3Ha. KopensuiiiHo-aucnepciiHuid aHaji3 JaHUX ONTHMi3alii HOKa3aB CTaOUIbHUIN CTENEHEBUIl 3B’ 30K MapaMeTpiB peak-
1ii i mojaTIMBOCTI KpiruieHHs 3 oka3HukoM H/R He3anexHO Bil CTPYKTYpH BYIJIEBMiCHOTO MacUBY.

IIpakTnyHa 3HaYNMicTh. Po3p0o0ieH0 po3paxyHOK AedopMaliifHO-CHIIOBOT XapaKTEPUCTHKK KPIMUIBHOT CHCTEMH 3aJIeXKHO BiJ TipHU-
YO-T€OJIOTIYHUX YMOB MIATPHMKH ITiATOTOBYOI BUPOOKH.

Knruosi cnosa: niocomosua 6upooxa, KpinienHs, peaxkyis i ROOAMIUSIiCIy KPinjieHHsl, XapaKmepucmuxa, Onmumizayis, po3paxyHox

YcTraHoB/1eHHE 32KOHOMepHOCTeﬁ BJIMAAHUA TCOMECXAHUYECCKHUX (l)aKTOpOB
Ha HArpy:;KkeHue erl’[e)l(HOﬁ CHUCTEMBI MOATOTOBUTECJIbHBIX BLIpaﬁOTOK

B. bonpapenko, I'. CumanoBuu, M. bapa6am, A. I'yces, U. Caneen

Iesib. OOOCHOBaHME pacyeTa palMOHAIBHBIX TAPAMETPOB PEAKINH U MOJATIMBOCTH KPENEKHONW CHCTEMBI IOJrOTOBUTEIIBHBIX BHIPAOOTOK.

Metoauka. AHAIN3 HAPSHKEHHO-A1e()OPMHUPOBAHHOTO COCTOSHHS CHCTEMBI “MacCHB — Kpemb~’ ¥ HOPMATHBHOW JOKYMEHTAILlMH O pac-
YeTy Kpenu MOATOTOBUTENBHBIX BBIPAOOTOK IS ONpENeICHUs 3aKOHOMEPHOCTEH CBSA3M MApaMeTpOB KPEMEKHOW CHCTEMBI ¢ OCHOBHBIMH
TeOMEXaHHYECKUMH (haKTOpaMH.

PesyabTarhl. OnpeeneHsl 3aKOHOMEPHOCTH BIMSIHHSL TEOMEXaHNUECKHX (haKTOPOB Ha IapaMeTphl PEaKUK U MOJATIMBOCTH KPETIexK-
HOH CHCTEMBI U TT0JIyYeHbI aHATUTHIECKHE BEIPAXXEHHS U UX pacuera.

Hayunas HoBu3Ha. Koppe/snoHHO-MCIIEPCHOHHBII aHa M3 JaHHBIX ONTUMHU3AINH [T0Ka3aJl CTAOMIBHYIO CTEIICHHYIO CBSI3b IapaMeT-
POB peakKiMH U MOATIMBOCTH KPEeMH ¢ mokasareieM H/R BHe 3aBHCHMOCTH OT CTPYKTYPbI YIJICBMEIIAIOIIETO MACCHBA.

IIpakTnyeckasi 3HaYNMocCTh. PazpaboTan pacuer neopManMOHHO-CHIIOBOH XapaKTEPUCTHKN KPEHEeKHOW CHCTEMBI B 3aBUCHMOCTH OT
TOPHO-TEOJIOTUYECKHX YCIOBHIl NOICpKaHKsl TOATOTOBUTEIBHO BHIPAOOTKH.

Kntouesvie cnosa: noocomosumenvras blpabomka, kKpenv, peakyus u noOamiu8oCnb Kpenu, XapaKxmepucmurd, OnmumMu3ayus, paciem
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