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Abstract

Purpose is to improve a methodology for considering the influence of scale effect by transferring to the evaluation of rock
strength immediately within the rock mass.

Methods. The research involves methods of critical analysis, theoretical and experimental research methods in the laboratory
and full-scale conditions. In particular, there are statements of probabilistic and statistic theory, standard strength tests of rock
specimens, laboratory studies of coal cutting resistance, and evaluation of rock strength by impact pulsing within the rock mass.

Findings. It has been determined that rock strength depends considerably on the sizes of specimens being tested. That is
stipulated by high porosity and fissility of the material. Measurement error decreases along with the increasing specimen
size. There is the ultimate size, beginning from which its following increase does not results in considerable changes in the
strength indices. For instance, in terms of Western Donbas coals, such an ultimate size is represented by a cube with the
faces of not less than 100 mm. It has been shown that despite its high density, considerable scale effect is observed in hard
rock as well; the effect is stipulated by the available zones with anomalously high porosity and coarse grains. It has been
specified that minimum sizes of specimen faces for hard rock should be not less than 150-200 mm. Tests of such specimens
are rather labour-intensive; they are often beyond the capacities of standard equipment. It has been concluded that structural
anomalies of rocks require application of the methods which help evaluate their strength immediately within the rock mass;
impact pulsing is one of those methods.

Originality. Minimum sizes of hard rock specimens and rock formations, making it possible to exclude the influence of
scale effect of strength, have been identified. Correlation dependences, connecting the informative parameter of the impact
pulse method with the strength of different rock lithotypes, have been obtained.

Practical implications. Methodologies for both considering scale effect of strength during laboratory studies and evaluating
rock strength within the rock mass have been improved.
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1. Introduction nologies, methods, and means of mining operations depend

Mining operations are in the top ten most dangerous in- on the accuracy and speed of such information gaining.

dustries. According to the statistics, most accidents at mines
are related to the geomechanical safety of the working envi-
ronment. There are following main factors of geomechanical
safety: static and dynamic manifestations of rock pressure,
stability of underground mine workings, roof caving, loss of
bearing capacity of supports and protective structures. Coun-
tries with the developed mining industry solve those prob-
lems by implementing geomechanical monitoring, which
provides systematic control, evaluation, and prognosis of
geomechanical state of the rock masses.

It is important that the monitoring elements will be
adapted to the mining and geological conditions and mining
technologies. Specification of the physical and mechanical
characteristics of rock is the first and one of the topmost
elements of the geomechanical monitoring. Correct design
solutions, proper substantiation of the selected mining tech-
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The most problematic issues in the methodology of
evaluation of physical and mechanical rock properties are
the ones concerning the consideration of scale factor of
strength as well as operativity of the control of elastic and
strength parameters of the rock mass in the laboratory and
mine conditions. Figure 1, taken from paper [1], illustrates
the influence of size of the rock mass under analysis on the
rock strength.

The available scale effect of strength is explained by the
nonuniformity and fissility of the rock mass [2][4]. The ef-
fect is observed depending on the deformation properties of
the bodies and their volume. In this context, along with the
increasing volume, the strength decreases nonlinearly, ap-
proaching asymptomatically some boundary amin. That value
may be considered as the true parameter of rock strength
within the rock mass.
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Figure 1. llustration of the effect of the research area size on its
strength

There are a number of methods to define scale effect of
strength. However, some of them deal with the consideration
of the factor during the laboratory studies, e.g. physical tests
or mathematical modeling [5][10]. The research focuses on
the improvement of the methodology for considering (in the
ideal case, for excluding) the influence of scale effect by
transferring to the evaluation of rock strength immediately
within the rock mass.

Following research tasks are set in the paper:

— to identify the dependence of the rock strength value on
the dimensions of specimens being tested,;

— to substantiate the nature of high indices of scale effect
of strength in hard rocks;

—to adapt one of the methods of non-breaking control
applied in the construction industry for the evaluation of rock
strength within the mass;

—to carry out comparative analysis of the indices of scale
coefficient of strength for the specimens of standard dimen-
sions and samples taken immediately within the rock mass.

2. Methodology

2.1. Methods

The paper involves methods of critical analysis as well as
theoretical and experimental research methods in both labor-
atory and mine conditions.

Theoretical studies are based on the fact that the scale ef-
fect is of probabilistic nature. According to the theory by
M.A. Sadovskii, rock mass is a self-similar (fractal) struc-
ture. Each case of hierarchy is defined by duplication of the
length of a structural element. We can observe certain invari-
ance of the geometry of fissures in rocks relative to the scale
of analysis. That helps transfer the results of fissure studies at
a microlevel to a meso- and macrolevel.

Laboratory tests were carried out in terms of a strength
plant of “rigid” type with maximum effort of 450 kN. The
studies involved rocks of coal, iron ore, and uranium deposits
of Ukraine. The specimens were made in the form of cubes
with the face dimensions from 20 to 150 mm. Range of rock
strength was from 5 to 200 MPa. Moreover, scale effect of
the “cutting resistance” parameter has been analyzed, which
is in close correlation with the ultimate strength of rocks. The
studies were performed in terms of coal blocks of about
0.7x0.5x0.5 m using special equipment of V. Bakul Institute
for Superhard Materials of the National Academy of Sciences
(NAS) of Ukraine. The blocks were sampled at Ternivska
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mine of Western Donbas. While measuring coal cutting re-
sistance, three force components within a cutter (Py, Py, P;)
were being registered. Cutting depth experienced discrete
variations from 5 to 30 mm.

The results were compared with the data obtained in the
mine conditions by specialists with the equipment by DMT
GmbH (Germany). At the same time, coal samples were
being taken within the same site; further, their strength was
defined in terms of the specimens with the edges of 40, 60,
70, 80, 90, 100, and 150 mm.

A method of impact pulse has been selected among the
methods of non-breaking rock control. The developed meth-
odologies and equipment were adapted for the conditions of
mining production and for the rocks with strength range from
1 to 200 MPa [11]. All the full-sized tests were performed by
impact pulsing with the help of specially designed facili-
ties [12]. Main advantages of the method are as follows:
operativity, usability, and minor dependence on the results
on impact force.

Length of impact pulse is the informative parameter con-
necting the material strength with the characteristics of im-
pact pulse. Following expression has helped determine the
regularity of the influence of rock strength o on the period of
impact pulse =

ac:{fﬂ_

where:

p1 and p, — densities of the impactor material and the ma-
terial under control respectively, kg/m?;

V, — relative velocity of the bodies at the initial moment of
plane contact with a spherical surface of the impactor, m/s;

_29m
VoR

R — radius of a spherical surface of the impactor, m;

m — impactor mass, kg;

C, — velocity of the longitudinal wave of the impactor
material, m/s;

oc — ultimate uniaxial compression strength, Pa;

A and B — constants for the represented rock.

In terms of mass express-determinations of strength param-
eters of rocks, empiric regression equations were applied. Each
equation of parabolic type corresponded to the specific rock
lithotype and reflected the interaction between the ultimate
uniaxial compression strength and duration of impact pulse.

Experimental equipment DIKON developed with the par-
ticipation of the authors was used as the control means.

-B, ()

P2 2
AAC, o

— characteristic of the impactor;

2.2. Supplemental information to the theory
of scale effect consideration

Currently we have accumulated great amount of mass
characteristics of strength properties of different rock types.
Methodologies of predicting distribution function, average
value, and standard deviation of the strength of some groups
of rocks on the basis of a logistic function of strength distri-
bution of the known group of the tested specimens have been
proposed. Such an approach is justified; it may be used to
evaluate the scale factor on the basis of statistic theory of
extreme values. The approach is based on the following
statements of a statistic theory of scale factor:
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1) function of breaking probability for any material vo-
lume in terms of the given stressed state is a logistic curve;

2) assume that the specimen consists of some number of
series-connected “primary” elements, which curve of
strength distribution is known.

The specimen is considered to be broken when its weak-
est element is broken. From the statistic point of view, we
have a case dealing with the study of distribution of the least
order statistic of an ordered series under conditions that the
initial totality has certain logistic distribution.

In terms of normalized distribution F(t)=1/(1 +e™),
minimal value of the sampling of volume n has following

distribution:
n
1 tj .
l+e

o(t)= 1—(
where:

u — parameter of shear (location);

0 — parameter of scale.

Average value and standard deviation of the distribution
of minimum values (2) are defined according to formulas:

O]

1

n-11 Z2 11 |2
m=-3% = o =X =t ©)
k-1K t{ 3 k—1k2}
For the initial variable X of distribution, we obtain:
My =H+O 5 O =60 @)

The formulas are applicable adequately in terms of low
values of n (n < 50-100).

In terms of n>100-200, taking into consideration the
simplifications and approximations, for average and standard
deviations of the least order statistic of standardized variable
t=(x—pu) /o, we obtain:

1 . _ T
200 %%

Depending on value n, it is possible to use formulas (4)
with special tables or asymptotic formulas (5) in terms of
logistic distribution of strength parameters to evaluate aver-
age value and standard strength deviation of the specimens
with the volume being by n times higher than the initial one.

Transfer from the properties of rock in a specimen to the
properties of rock mass at the same scale level means intro-
duction of certain corrections. First of all, difference in scales
is stipulated by fissility. If we determine fissility degree N of
the rock mass, it is possible to evaluate the mass strength
with the help of empiric expressions. Such expressions are
obtained according to the data on large volume of studies.
For instance, paper [13] represents following expressions for

sulphide ores:
where:

0.0 — ultimate compression strength in a key specimen of
rock (without fissures).

py = p—5| c+In(n-1)+ 5. (5)

14

% =% [m ©
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3. Results and discussion

3.1. On the laboratory test procedure

Measurements of the strength parameters of coals in the
mode of uniaxial compression have demonstrated that tem-
porary compression resistance determined according to cur-
rent standards in terms of specimens of 40x40x40 mm, dif-
fers from the values obtained in terms of the specimens with
face dimensions of 80-150 mm by almost 2 times.

In this context, it has been identified that there is the ul-
timate dimension of a specimen, beginning from which its
further increase does not result in the considerable changes
of the strength indices. As for Western Donbas coals, a cube
with edges of 100-150 mm is such an ultimate dimension. It
means that to obtain real values of temporal compression
resistance, it is required either to test coal specimens of the
indicated dimensions or to define values of scale effect of
strength for each mine and each mine seam with its further
consideration in the results of standard tests. Figure 2 repre-
sents a graph of the obtained dependence.
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Figure 2. Dependence of temporal compression resistance of coals
depending on the dimensions of sample faces for
Western Donbas mines

When coal cutting resistance is being measured, value of
component P, is of special interest. It has been identified that
parameter P, depends considerably on the cutting depth.
Moreover, maximum stability of indices is observed if cutting
depth is 30 mm. Figure 3 shows a graph of dependence of the
averaged value of coal cutting resistance on the cutting depth.
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Figure 3. Dependence of coal cutting resistance on the cutting
depth
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As an example, Figure 4 demonstrates a screenshot of the
diagram of z-component of cutting force for the cutting depth
of 30 mm. The results indicate the necessity of either deter-
mining strength parameters of rocks in the conditions of natu-
ral occurrence or considering scale coefficients of strength.
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Figure 4. Screenshot of the diagram of force P; within a cutter in
terms of cutting depth of 30 mm (quick view diagram)

Full-scale measurements of coal cutting resistance were
carried out by the DMT GmbH Company. Thickness of coal
seams Cs within the site under measurement was about 0.8 m.
The coal had no visible damages due to cutting and rock pres-
sure action. The cutting was parallel to the mine working.

Average value of cutting force is 5.2 kN. In terms of rela-
tive units (kN/cm), a value of coal cutting resistance is
A =2.6 kN/cm. According to the laboratory studies, i.e. [14],
values of coal cutting resistance of seam Cs vary within the
range of 2.8-5.4 kN/cm. In this context, o. varies within the
range of 25-49 MPa. It means that the scale effect is also char-
acteristic for the parameter of “coal cutting resistance”; more-
over, a value of scale coefficients for 4 and o are close in their
magnitude being equal to 0.49-0.58 for the coal under analysis.

3.2. On the evaluation of rock mass strength

It is possible to exclude practically the influence of scale
effect on the indices of rock strength by immediate meas-
urements within the rock mass.

It has been already mentioned that the impact pulse meth-
od is applied in the construction industry to evaluate concrete
strength in structures. We have refined upon that method
having developed the corresponding equipment; thus, we
propose to use them to control rock mass strength in mines.

Physical essence of the method is as follows: an anvil
block with the spherical surface impacts the object surface;
here all the impact energy (exclusive of heat losses) is con-
sumed for elastic and plastic deformations of the material
under analysis. As a result of plastic deformations, a concavi-
ty is formed; elastic deformations result in reactive force F.

The lower the strength properties of the environment are,
the greater share of impact energy is spent for plastic defor-
mations along with the increasing period of impacting.
Growing material strength causes the growth of force F val-
ue, and time of impact influence reduces. It means that in
terms of normalized impact, a value of reactive force F and
duration of impact action are the indices of strength of the
object under consideration, which experiences the impact.
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However, it is difficult to measure technically force F and
time of impact action (impacting) directly.

To measure those values, the structure of anvil block in-
cludes an electromechanical transformer, which transforms
mechanical energy of impact into electric pulse. Amplitude of
that pulse A is proportional to force F, and its duration t is pro-
portional to impacting time. Consequently, parameters 4 and t
may act as the indirect characteristics of the rock strength.

As an informative parameter, the pulse amplitude is used
in a series of industrial devices for express-identification of
concrete quality. Such equipment requires devices with rigid
stabilization of impacting speed by using impactors with
calibrated spring-controlled energy accumulators. Such a
complex mechanism with mobile elements is not an optimal
technical solution for mine conditions. Consequently, we have
used duration of impact pulse 7 as an informative parameter.

Papers [11][12] substantiate the possibility of evaluating
the rock strength in situ on the basis of measurements of
impact pulse duration. To analyze the influence of a scale
factor of strength on the impact pulse duration, the studies
were carried out in terms of standard specimens and large-
sized samples. As an example, Figure 5 represents the results
of tests for ferruginous quartzite.
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Figure 5. Dependence of ultimate compression strength on the
impact pulse duration for specimens and samples of fer-
ruginous quartzite

Following correlation dependences have been defined:

— for standard specimens ¢, = 1.637 725%;

— for large-sized samples o¢ = 3.9428 ¢ 1902,

Similar studies have been carried out in terms of large-
sized samples and standard specimens of Western Donbas
rocks: argillite, siltstone, and sandstone. The analysis was
focused on rock strength o., duration of impact pulse z, coef-
ficient of structural weakening Ksw, coefficient K, and index
of scale effect degree f.

Coefficient of scale effect was calculated according to
formula:

_1
Tl l

K @

T

where:
71 — duration of impact pulse of a standard specimen;
7, — duration of impact pulse of a large-sized rock sample.
Indices of the scale effect degree were indicated basing
on the following expressions:
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~ lgoy, —lgoc,
~ 1gS,-1lgs;
_l9n-lgz
1S, -1gS;

where:

o1 — compression strength within the specimens with sec-
tion area Sy;

o2 — compression strength within the samples with sec-
tion area S,.

Coefficient of structural weakening is calculated accord-
ing to formula:

: ®)

Coefficient of structural weakening may be also calculated
as the value being inverse to the coefficient of scale factor K::

1
Koy = —.
SW Kr

(10)

The proposed methodology is as follows. In terms of
the represented group of standard specimens of one litho-
type sampled from the area of future field studies, strength
and duration of impact pulse are defined in the laboratory
conditions. Then, large-sized samples of the same rocks
are used to measure the impact pulse duration. Strength of
the samples is calculated using the regularities identified
earlier in the laboratory conditions. Table 1 shows the

Ko — Oc, example of the results of such measurements for Western
WS ® " Donbas mines
Gcl .
Table 1. Mechanical properties of specimens and samples of rocks taken within the rock mass
. . Oc, MPa
Mine Lithotype sample specimen calculated Ko ke n
sandstone 9.1 13.8 21.9 0.66 1.9 0.15
sandstone 19.3 26.7 29.4 0.72 1.4 0.12
sandstone 17.2 30.0 29.4 0.57 15 0.21
Dniprovska sandstone 19.3 20.5 224 0.94 15 0.03
argillite 6.1 134 18.5 0.45 14 0.41
argillite 9.7 20.3 241 0.48 16 0.23
siltstone 6.9 114 18.3 0.6 14 0.31
Samarska S!Itstone 2.7 13.7 15.7 0.2 1.6 0.74
siltstone 4.0 12.1 22.4 0.34 1.7 0.43
Stashkova sandstone 10.1 17.3 22.3 0.58 2.3 0.23
Zoknidno- sandstone 11.8 24.4 29.4 0.48 2.0 0.34
onbaska
Yuvileina s!ltstone 9.6 21.0 25.2 0.63 1.4 0.65
siltstone 8.0 14.0 19.6 0.57 1.6 0.22
Stepova argillite 6.1 15.7 18.2 0.39 1.6 0.35
Table 1 demonstrates that the method of impact pulse 300 _ o N
gives somehow underestimated values of compressive T ey el ¢granites |#migmatites - ¢albitites
strength while the computational method gives the overesti- > \;’
mated values (sometimes even considerably overestimated S 200 R
ones). However, the nature of the ratio of ultimate strength ¥y ¢ .
determined by different methods for all mines and for all g 150 \
rocks is preserved. Decreased values of ultimate strength z N ¢ T
defined by impact pulsing is explained by the fact that the = 100 ? S * :
measurements have been performed in terms of large-sized g \_’ R N.\\:
samples. That is explained by the influence of scale effect. E 50 . \,\0’\ o
The impact pulse method has been applied to study shape- © . e —2
less samples of very hard rock. It has been identified that de- 00 2000 2000 6000 8000

spite high density, its strength also depends considerably on
sample sizes; moreover, high reliability of data is possible in
terms of volumes V being greater than 7000 cm? (Fig. 6).

Following correlation dependences have been specified
for each group of hard rock:

— albitites o = 317.11 e 0021V,

— migmatites o = 202.64 ¢ %02V;

— granites oc = 126.89 e 0026V,

4. Conclusions

It has been determined that basic physical and mechanical
parameter of rock (i.e. strength) depends considerably on the
size of specimens under analysis. That is stipulated by signif-
icant porosity and fissility of the rocks. The error decreases
along with the increasing specimen size.
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Rocksample volume, cm3

Figure 6. Dependence of the strength of hard rock on its volume

There is certain ultimate size, beginning from which its
further increase does not result in the considerable changes in
the strength indices. For instance, in terms of Western Donbas
coals, that is a cube with the faces of not less than 100 mm.

Despite its considerable density, great scale effect is ob-
served in very hard rock as well. That is stipulated by the
available zones with anomalously high porosity (being by
2-3 times higher than the standard values) and coarse grains.
Thus, minimal sizes of sample faces for very hard rock
should be not less than 150-200 mm. Tests of such speci-
mens are rather labour-intense; they are often beyond the
capacities of standard equipment.
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Structural anomalies require application of the methods,
which make it possible to evaluate their strength immediately
within the rock mass. The method of impact pulse is among
those techniques.

To consider scale effect of strength, methodology and
equipment for express-control of rock mass strength by im-
pact pulsing have been improved and adapted. The method-
ology is based on the determined correlation dependences
between the indices of rock strength and duration of impact
pulse obtained in terms of standard specimens and unpro-
cessed large-sized samples of rocks.

Scale coefficients, which take into consideration different
rock properties in terms of specimens and large-sized sam-
ples, make it possible to evaluate strength characteristics of
rocks immediately within the rock mass.
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Jlo MeToaN KM BpaXyBaHHSI MACIITA0HOT0 ed)eKTy MiIHOCTI ripcbKUX MOPix

C. Ckinouka, O. Kpykoscrskuii, T. [Tanamapuyxk, JI. [Ipoxopens

Merta. Y 10CKOHAJICHHSI METOJUKH BpaxyBaHHS BIUIMBY MaclITaOHOro edekTy, IUIIXOM Iepexoay 0 OLIHKH MIIHOCTI mopija Oe3moce-
PEeIHBO B MACHBI.

Metoauka. Y poOOTi BUKOPHUCTaHI METOAN KPUTUYHOTO aHANi3y, TEOPETHYHI Ta €KCIIEPUMEHTANbHI METOAN JOCTIKEHb B J1abopaTop-
HUX 1 OIAXTHUX yMOBax. 30KpeMa, MOJ0KEHHS HMOBIPHOCHO-CTATUCTUYHOI Teopii, cTaHAapTHI BUNPOOYBaHHS 3pa3KiB TipCHKUX MOPiT Ha
MIIHICTB, Ta00OPAaTOPHI JOCIIIKEHHS OMIPHOCTI BT Pi3aHHIO, OIIHKA MIIIHOCTI ITOPiJ B MACHBI METOZIOM yIAPHOTO IMITyJTBCY.

Pe3yabTaTn. BctaHoBIIEHO, 110 MIITHICTE TIOPIJT ICTOTHO 3aJISKUTH BiJl PO3MIpiB JOCHIIKyBaHUX 3pa3KiB. Lle 00yMOBIIEHO BUCOKOIO TI0-
PHCTICTIO 1 TPIlIMHYBATICTIO MaTepiany. [loxnOka BUMIpIOBaHb 3MEHIIYETHCS 31 30UIBIICHHSAM pO3Mipy 3pa3ka. ICHye rpaHHYHUN po3Mip,
MOYMHAIOYH 3 SIKOTO MOAANbIIe HOro 30LIBIISHHS He IPU3BOMTH IO CYTTEBUX 3MiH IOKa3HUKa MinHOCTI. Hanmpukian, mist Byrimis 3axigHo-
ro Jlonbacy TakuM IpaHHYHUM PO3MIpoM € KyO 3 rpansimu He MeHuie 100 mm. [TokazaHo, 10 HE3BaXKaIOUM Ha BHCOKY IIUTBHICTD 3HAYHHN
MacIiTabHUi e(eKT CIIOCTEePIraeThes i B CKEJIBHUX MOPOAAX, SIKMH 00yMOBJICHHIH HAsIBHICTIO 30H 3 aHOMAJIbHO BUCOKOIO TIOPHCTICTIO 1 BEJTU-
KOO 3epHHUCTICTIO. MiHiManbHU#T po3Mip 3pa3kiB st ckenbHEUX mopig Mae Oyt He meHmie 150-200 mm. BunpoGyBaHHs Takux 3pa3kiB TPy-
JOMICTKI i 9aCTO BUXOIATH 32 MEX1 MOXKIIMBOCTEH cepiifHOro oOnagHaHHA. 3po0JIeHO BUCHOBOK, III0 CTPYKTYPHI aHOMAii OPiJ BUMAaraioTh
BHKOPUCTaHHS METO/IIB, SIKi JO3BOJISATH OLIHIOBATH iX MIIHICTh O€3MOCEpEeTHHO B MACHBI, OJHUAM 3 KHX € METOJ yIApPHOTO IMITyJIbCY.

HaykoBa HoBH3HA. Bu3HaueHO MiHIMaNbHI pO3MipH 3pa3KiB CKEIBHUX MOPIJ 1 MOPia ByTUTEHUX (OPMAIIii, 0 JO3BOJSIOTH BUKITIOYHTH
BIUTMB MacIITabHOTO edekTy MinHOCTI. OJepikaHO KOPENAIiifHI 3aJeKHOCTI, IO 3B'A3yIOTh iHOOPMATUBHHUN MapameTp METOAY YJIapHOTO
IMITyJIbCY 3 MII[HICTIO Pi3HUX JITOTHIIB IipPCHKUX ITOPIJ.

IIpakTHYHA 3HAYUMICTB. BrockoHaseHO MeTOMKY BpaxyBaHHS MacIITaOHOTO e()eKTy MIllHOCTI IpH JabOpaTOPHUX JOCIIKEHHIX Ta
OLIIHKH MiITHOCTi TiPCHbKHX MOPiJ B MaCHBI.

Knruoei cnosa: 2ipcoki nopoou, miynicms, onipHicmu pizaniio, MacuimabHuil ecpexm, 1a00pamopHi GUMIPIOBAHHSA, WAXMHUL KOHMPOTb

K MeTonuke yyera MaciiTagHoro 3pdekTa MpOUHOCTH FrOPHBIX MOPO/

C. Cxunouka, A. Kpykosckwit, T. [Tanamapuyk, JI. IIpoxopen

Ieanb. YcoBepIICHCTBOBAHIE METOJWKN ydeTa BIMSHHS MacmTaOHOTro 3(exra, myTeM mepexona K OLEHKE IMPOYHOCTU IOPOJ HEIo-
CPEJICTBEHHO B MacCHBE.

MeTtoaunka. B paGoTe ncronp30BaHbl METOABI KPUTHUECKOTO aHAIN3a, TEOPETHIECKHE U DKCIICPHMEHTAIbHBIE METObI HCCICJOBAHUH B
11a00paTOPHBIX U MIAXTHBIX yCIOBUSAX. B 4acTHOCTH, MONOKEHUSI BEPOSTHOCTHO-CTATUCTUUECKOH TEOPUH, CTAHAAPTHBIE UCIIBITAHUS 00pas3-
LIOB TOPHBIX TTOPOJ Ha NMPOYHOCTH, JJAOOPATOPHBIE HUCCIIENOBAHUS CONMPOTHBISIEMOCTH YIJIEH PE3aHHI0, OLIEHKA IMPOYHOCTU MOPOJ METOIOM
yIapHOTO UMITyJIECA B MacCHBE.
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Pe3yabTaThl. YCTaHOBIICHO, YTO MPOYHOCTH MOPOJ CYIIECTBEHHO 3aBUCHT OT Pa3MEPOB HCIIBITYEMbIX 00pa3noB. OTO 00YCIOBICHO BbI-
COKOI MOPHCTOCTBIO M TPEIIMHOBATOCTbIO MaTepHaa. IlorperHocTs U3MEpEeHHil yMEHBIIIASTCS ¢ yBeJIMYeHHeM pa3mepa obpasia. Cyie-
CTBYCT IPEACIIbHBII pa3Mep, HauMHas C KOTOPOro JaJIbHEWIee ero yBeIMYCHUE HE NMPUBOAMT K CYLIECTBEHHBIM W3MCHCHHUSM I1OKa3aTels
npouHocTH. Hanpumep, mist yraeii 3amagaoro Jlonbacca TakuM MpeaenbHBIM pa3MepoM sBisieTcs: Kyo ¢ rpansmu He meHee 100 mm. [Toka-
3aHO, YTO HECMOTpSI Ha BHICOKYIO IUIOTHOCTh 3HAYMTENBHBIH MacIITaOHBIN S QekT HaOIomaeTcs U B CKaJIbHBIX MOPOJax, KOTOPEIH 00y-
CIIOBJICH HAJIMYMEM 30H C aHOMAJBHO BBEICOKOH ITOPHCTOCTHIO M KPYIHOH 3epHUCTOCTHI0. OnpeiesieHo, YTO MUHUMAIIbHBIE Pa3Mephl I'paHu
00pa3s1oB ISl CKAIBHBIX MOPOJ TOJDKHBI ObITh He MeHee 150-200 mm. McnbiTanus Takux o0pa3oB TPYJOEMKH M YacTO BBIXOJT 3a HPEIeIIbl
BO3MOXXKHOCTEH cepuitHoro odopynosanus. CrenaH BBIBOJ, YTO CTPYKTYPHBIE aHOMAJIMH MOPOJ TPeOYIOT UCIIOIb30BaHUSI METOIOB, KOTOPHIC
MIO3BOJISIFOT OLICHUBATh MX MPOYHOCTH HETIOCPEACTBEHHO B MACCHBE, OJTHUM M3 KOTOPBIX SBJISETCS METO] yAApPHOTO HMITYJIbCA.

Hayunas HoBu3Ha. OnpesiesieHbl MUHHMAJbHbIE pa3Mepbl 00pa3loB CKAIBHBIX TOPOJ M MOPOJ YTOJBHEIX (hOpMaryii, MO3BOJISIOIIHE
UCKJIIOYUTh BIUSHHME MacumtabHOro s¢ddexra mpouHocTH. ITomydeHbl KOPPEISLHOHHBIE 3aBHCHMOCTH, CBS3bIBAIOIINE MH(OPMAaTHBHBINA
rapameTp METo/ia yAapHOTO UMITYJIbCa C MPOYHOCTHIO PA3IMYHBIX TUTOTHIIOB TOPHBIX TIOPOI.

IIpakTHyeckasi 3HAYAMOCTD. Y COBEpIICHCTBOBaHA METOANKA ydeTa MacmTabHoOro 3¢ dexra MpoyHOCTH IpH J1abopaTOPHBIX HCCIEN0-
BaHMSIX M OLEHKU ITPOYHOCTH TOPHBIX ITOPOJI B MacCHBE.

Knioueswie cnosa: zophvie nopoovl, npoyHoCmb, CONPOMUBTAEMOCb Pe3aHUI0, MAcumabusli s¢p@exm, nabopamophvie usmepeHus,
WAXMHbLIL KOHMPOTL
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