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Mertoauka. Vcnonb30BaH aHAAUTUYECKUI Me-
TOH WCCACIOBAHNI, OCHOBAaHHBIN Ha (GPyHIAMEHTATh-
HBIX MOJOXEHUSIX MEXaHUKHU CIUIONIHBIX Cpel.

PesynbraTsl. PaccMoTpeHBI MEXaHU3MBI IIPOLIEC-
COB pa3pylIeHus TTOPOAbl B 30HE METKOIUCTIEPCHOTIO
paspyuieHus1. BeimonHeHa olleHKa 3aBUCUMOCTEN OT
BpPEMEHHM yBeJIMYECHUS pagnuyca CKBaXXUHbBI, CKOPOCTU
CMEIEHUS] e CTEHOK M U3MEHEHUS JaBJICHUS Tpo-
IyKTOB getoHauuu 3a nepsble 300 mkc. ITokazaHo,
YTO B 30HE MEJIKOAMCIIEPCHOTO pa3pylleHusl JaBjie-
HUe yOBIBAET ITO 9KCITOHEHTE M 00PaTHO MPOIIOPIINO-
HaJIbHO KOPHIO KBaJIpaTHOMY M3 PACCTOSTHUS IO OCHU
CKBaXXWHBI.

Hayynass HoOBM3HA. YCTaHOBJIEHO, YTO OCHOB-
HBIM MEXaHU3MOM B 30HE MEJIKOAUCIIEPCHOTO pa3py-
IIEHUS IBJISETCI MTHOBEHHOE pa3pylieHne MOPOabI
OT CIBMTOBBIX HallpsKeHW. Pa3Mep yacTuil, Ha Ko-
TOpBIE pa3pylIaeTcs Mmopoaa, MpsMo MPOTTOPIIMOHA-
JIEH IIMPUHE 30HbI XUMUYECKUX peaKIUii BO B3PbIB-
yatoM BeliecTBe. Mcnonb3ysl ypaBHeHUe aguadaThbl
JIJISI TPOAYKTOB IETOHALIUY C ITOCTOSIHHBIM IMOKa3aTe-
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Purpose. The analysis of two failure criteria for rocks being in the stress-strain state.

Methodology. The study is based on an integrated approach with the use of analysis and synthesis of the lit-
erature sources on the topic related to failure of the rocks with heterogeneous structure, and use of analytical and
empirical failure criteria to assess the strength of rocks.

Findings. The analysis of the two failure criteria for compliance with the results of laboratory testing of rocks
in the volumetric stressed state is carried out. It is established that the expressions of both analytical criteria reflect
the process of rock failure by introducing factors that take into account the mining and geological conditions and
mining technology: in the Hoek-Brown criterion — m,, s, a, D, GST; in the O. M. Shashenko criterion — vy, 1y, /.
Both criteria meet the results of laboratory tests provided m; coefficient from the Hoek-Brown analytical expres-
sion, which takes into consideration rock structure and genesis, should not exceed 4 (mi < 4).

Originality. Analytical comparison of two criteria has shown that, taking into consideration scattering experi-
mental points obtained as a result of laboratory testing of rocks in the volumetric stressed state when 0 < m; <4.0,
they reflect the fact of the destruction of structurally inhomogeneous rock quite well. However, the Hoek-Brown
criterion does not fully take into account the components of the spherical stress tensor (/ = 6, + 63) and if the
m; > 4 its application requires additional study.

Practical value. Comparison of the analytical criterion with the results of laboratory testing of structurally
heterogeneous materials in the volumetric stressed state allows predicting the rock failure in the massif with the
precision of 94 %.

Keywords: rock failure criterion, Hoek-Brown criterion, A. N. Shashenko criterion, strength in uniaxial
compression, geological strength index, coefficient of structural attenuation, coefficient of brittleness
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Introduction. Choosing an adequate failure crite-
rion for evaluation of rock destruction is one of the key
points in geomechanical analysis. Priority is given to
those criteria which sufficiently describe the behavior
of both homogeneous and inhomogeneous rock mass
being in the volumetric stressed state.

Analysis of recent research and objectives of
the article. Despite some discrepancies between
failure criteria and the data obtained from testing
rocks in 3D compression state, lots of scientists have
proposed analytical equations to fit the available lab-
oratory data. Thus, P. R. Sheorey et al. presented the
manner in which five parameters obtained from the
triaxial compression test, in particular the compres-
sive strength, tensile strength and shear strength,
friction coefficient and cohesion can be intercon-
nected by three equations (Sheorey, Biswas &
Choubey). Compliance of the failure criterion has
been studied in a rock mass of coal seams, mine
workings and pillars.

A.Jaiswal and B.K.Shrivastva proposed a new
generalized criterion for solving the problems of rock
failure in the volume that takes into consideration the
expansion effect and allows describing three-dimen-
sional state of the rock massif [1]. Comparative analy-
sis with the Hoek-Brown criterion has shown that o,
and m; are the most essential parameters for assess-
ment of intact rock failure.

The experimental data revealed that strength of
geo-materials, such as soil and rocks, largely de-
pends on the intrinsic anisotropy, and other factors,
such as layering and the effect of the intermediate
principal stress, which is not always sufficiently de-
scribed by isotropic failure criterion. Z. Gao et al.
presented a generalized failure criterion for geo-ma-
terials with transverse anisotropy for predicting the
strength of clay, sand and some rocks with complex
strength characteristics caused by the massif anisot-
ropy [2].

Despite the destruction of a large number of crite-
ria used for geomechanical analysis of rocks, the issue
of the most optimal and adequate criteria remains
open. Thus, according to the forecast of the rock fail-
ure while drilling with the use of thirteen criteria,
R.Rahimi et al. established that the most appropriate
failure criteria are modified Lade, modified Wiebols-
Cook and Mogi-Coulomb [3]. In comparison with
the above mentioned the Tresca, von Mises and
Drucker-Prager criteria yield higher values of rock
strength and, as a consequence, the need for large
amount of mud.

A. Elyasi and K. Goshtasbi presented a compara-
tive analysis of the failure criteria to assess the stability
of boreholes at two oil fields in Iran [4]. The maximum
and minimum allowable values of the drilling fluid
pressure in two wells were calculated in Fish module of
the FLAC engineering software using the Mohr-Cou-
lomb, Mogi-Coulomb, Hoek-Brown criteria. Accord-
ing to the results of calculations, the Mogi-Coulomb
criterion is recommended to evaluate the stability of
the wells, since it most adequately describes the geo-
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mechanical processes during drilling, which satisfac-
torily agrees with the data of field research.

The parameters of the Hoek-Brown criterion (o,
m; and s) are significantly affected by the strength of
anisotropic intact rock mass. In the study of H. Saro-
glou and G. Tsiambaos the criterion was modified to
include a new parameter (KpB) for taking into account
the impact of the strength of anisotropic rock under
load at different positions of the plane anisotropy
(Saroglou & Tsiambaos). The range of K parameter
for specimens of metamorphic rocks (gneiss, schist,
marble) has been tested analytically and investigated
by triaxial testing with different orientations of the
layers.

Many types of natural rocks have inherent aniso-
tropic plane, such as bedding, layering, etc. These
structural features are responsible for the anisotropy of
rock strength and deformation properties. The Hoek-
Brown failure criterion takes into account the anisot-
ropy through the special parameter KB. M. A.Isma-
el et al. proposed a simplified method of accounting
for the influence of the rock anisotropy directly from
uniaxial compression tests instead of triaxial tests to
determine the anisotropy parameter K ;, and reduce
the volume of experimental work [5].

In the case when several parameters influence the
total stability of the rock mass or geotechnical con-
structions, the application of probabilistic analysis
with a random distribution of the rock massif proper-
ties to improve the durability of geotechnical design is
proper. So, the probability of the rock failure and ef-
fectiveness of technology during underground mining
depends on the depth of coal layers and moisture of
the rock massif [6].

Currently, there are a number of studies devoted to
the impact of intermediate stress 6, on the stress-strain
state of the tested solid medium, which conceptually
can be divided into 2 directions. Thus, A. D. Alekseev
and N. V. Nedodayev have proved that the influence of
o, on the material deformation behavior does not ex-
ceed 8.5 % (Alekseev & Nedodayev). However, there
are studies that show a significant impact of o, on de-
velopment of deformations in the solid. Thus L. B. Col-
menares and M. D. Zoback consider seven different
failure criteria, comparing them with available test
data for five different rock types in volumetric com-
pression (o; > 6, > 63) under various stress conditions
(Colmenares & Zoback). It was established that modi-
fied criteria Wiebols and Lode showed good agreement
for the most of the test data with high dependence on
intermediate stress o, (dolomite, limestone). This
statement requires serious analysis, since it does not fit
well confirmed Mohr’s hypothesis. These results give
rise to logical questions concerning the design of the
machine (device) for measuring the stress-strain state
of the tested specimen and the experiment procedure.

However, for some rocks (sandstone, slate) inter-
mediate stress has almost no effect on the failure pro-
cess and the Mohr-Coulomb and Hoek-Brown crite-
ria reflect the test data under volumetric compression
better than other criteria [7].
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The presented above analysis of various failure cri-
teria shows their ambiguous application for descrip-
tion of the rock massif behavior.

The objective of this paper is to analyze two failure
criteria of Hoek-Brown and A.N.Shashenko to de-
scribe the behavior of a rock mass under the conditions
of volumetric stress-strain state.

Comparative analysis of two criteria. All known
failure criteria can be divided into two major groups
according to the way of their obtaining: analytical and
empirical ones. Thus, the analytical criteria include
those proposed by A.Griffith, Tresca-Saint Venant,
Yu.I.Yagna, P. P. Balandin, 1. N. Mirolyubov, A. N. Sha-
shenko, and many others (Shashenko et. al.).

The analytical failure criterion proposed by
A.N.Shashenko in many respects is similar to the
A. Griffith failure criterion (Griffith), the general for-
mula for which looks as follows

47> —2acR.— bR’ =0. (1)

When a = 1 — y and b = vy, we obtain the depen-
dence proposed by A.N.Shashenko, but when a = 1
and b =0.25 we obtain the formula proposed by A. Gri-

R
ffiths. Here y = FP is brittleness index, R, and R, are

uniaxial tensile and uniaxial compression strengths re-
G,—0, _ 0,10,

2 7 2
mum and minimum principal stresses.

Transition from the R, strength of rock specimens
to the R,, strength of objects much larger in size (rock
massif) is carried out through the coefficient of struc-
tural attenuation (Shashenko et al.)

spectively, T= , Oj, O3 are maxi-

k, :%: 1-4/0.5n exp(—0.25n),

c

where n is coefficient of rock mass strength variation,
determined according to the formula

l -1
n= /’l—°(n§+1)—1.

Here /,is the average distance between the cracks;
[, is a typical rock sample size; 7, is uniaxial com-
pression strength variation coefficient for rock spec-
imens.

Among the most popular and well-known empiri-
cal failure criteria, those proposed by O.Mohr,
Z.T.Bieniawski, Hoek-Brown and others are widely
used in geotechnical calculations. The empirical
strength criteria are obtained through the processing
results of laboratory testing of rocks under complex
stress-strain states and related field measurements.
In the strict sense, their use should be limited to
those rocks and geological conditions of the experi-
ment, which are subsequently subjected to general-
ization on the basis of statistical and mathematical
analysis of measurement results.

Let us consider the empirical failure criterion pro-
posed by Evert Hoek and Edwin T.Brown (Hoek),
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which is very popular in geomechanics. Its generalized
formula looks as

s, =03+Rc(m,,%+5) : )

(4

where m,, is the Hoek-Brown constant, taking into
account the genesis and state (quality) of the rock
mass, s and a are constants arising from the approx-
imation of the power function of the envelope of
limit stress circles obtained by bulk sample com-
pression.

For intact (undisturbed) rock mass, the depen-
dence (2) is transformed into the following formula

0.5
(¢}
6,=6.+R|m—=+1]| . 3
1 3 c(mlR ) ()

[4

Here the m; constant, unlike the m, constant,
considers the genesis and structure of the rock mass
(0 £<m; < 33). Alarger mi value corresponds to frag-
ile rocks, and a smaller mi, value corresponds to
plastic rocks respectively. The stress state when m; =
0 corresponds to the state of perfect plasticity (R, =
R)). The equivalents of the m; constant in the failure
criterion (1) are the variation coefficient n, and brit-
tleness coefficient y. In fact, the equation (3) reflects
the pattern of rock specimen failure in laboratory
testing.

For disturbed rock mass m,, constant is defined as
follows

= ex (GSI—IOO)
) ; €XP 28 )
where GSI (Geological Strength Index) presents a pa-
rameter that takes into account geological features of
rock mass, in particular, its structure and occurrence
of cracks (5 < GSI £ 100). The GSI parameter is very
similar to the RMR parameter (Rock Mass Rating)
proposed by Z. T. Bieniawski.
For the rock mass of “good quality” (GSI > 25) we
obtain the following values of s and a

, a=0.5.

(GSI—IOO)
s=exp| ——

Respectively, for the rock mass of “poor quality”
(GSI < 25) the values are
GSI

s=0, a=0.65———.
200

In order to smooth the transition from the solid
rocks (with “good quality”) to very poor (with “poor
quality”), an additional parameter D (as “disturbance
factor”) has been taken into consideration. D takes
into account the disturbance of the rock mass, for ex-
ample, as a result of blasting. Thus, the constants m,, s
and a can be expressed through the D parameter by the
following relationships
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(GSI—]OO)
m, =mexp| ———— |;

28-14D

o — o[ GST 100,

9-3D )

azl_}_l(e,GS[ls_e,z%)‘
2 6

The D parameter possesses the values in the range
from 0 for an intact rock to 1.0 for a very disturbed
rock. The values of the D parameter are selected on
the basis of visual observation of rocks “in situ” and
assessment of their quality and disturbance degree.

It should be noted that the failure criterion (1), the
characteristics of the rock mass (genesis, disturbance,
structure, etc.) are considered by introducing three
parameters of y, 1, /,. The values of these parameters
are obtained quite objectively through the results of
laboratory testing and geological surveys. The general-
ized Hoek-Brown failure criterion suggests introduc-
tion of five parameters of m,, s, a, GSI, and D, the
definition of which has to some extent a subjective
procedure. In an attempt to take into account all pecu-
liarities of the rock mass in analytical expression inevi-
tably makes empirical relations more cumbersome and
less accurate due to the value dispersion for each of the
input parameters. The error inevitably arises in the
calculation of geotechnical constructions due to un-
certainty when choosing initial parameters. Its value is
smaller for more plastic rocks, and respectively larger
for more brittle rocks.

The considered above criteria, even though they
were obtained from various preconditions, are very
similar. Equations (1) and (3) in relation to the rock
specimen failure made of very brittle materials (y =0,
m; = 33), can be reduced to the following form

6,=0,+,0.25(20,+ Rk, -0’ +o.k, +0.5Rk,; (4)

’mo
O, =0 +R —3 +1 5
1 3 4 RL. ( )

In order to compare criteria (4) and (5), the two of
their parts should be divided by R..
As a result, the following expressions are obtained

2 2

(¢
5,29 =9 loas[ 20 | - 0k o5
R R °) R R ¢

2

4 4 4

o, |mo;
R \ R

c

al

o
==t +1,
RC

or

5, =, +,/025(25, +k,) —5; +5,k, +0.5k,; (6)
G, =0, +mo,+1. (7)

For plastic materials (e.g., wet clays) under y = 1
and mi = (0 the expressions (1) and (3) become identi-
cal
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G —03= Rckc;
G| —03= RC‘

For brittle rocks y = 0 and k.= 1 in the criteria (1),
and m; = 33 for the criteria (3) should be accepted.
Then from the equations (6) and (7), we obtain

5,=5,+,025(25, +1) =52 +5, +0.5,  (8)

G, =0, +4/33G, +1. 9)

The Figure presents the results of laboratory testing
of various rocks in the volumetric stressed state ob-
tained by A. N. Stavrogin and A. G. Protosenya (Stav-
rogin & Protosenya). These curves correspond to the
dependencies (8) and (9). It is implied that both crite-
ria fully coincide for plastic rocks (v = 1, m; = 0). For
brittle rocks (y = 0, m; = 33), the curve corresponding
to the dependence (8), coincides with the results of
laboratory tests with an accuracy of R, = 0.90. The
curve corresponding to equation (8), when m; = 33 lies
far away from the results of rock testing and agrees
fairly well with them when m; = 3. Since there is no
reason not to trust the test data obtained by A. N. Stav-
rogin and A.G.Protosenya for rocks in volumetric
stressed state, this circumstance requires additional
analysis. Perhaps the reason lies in an incomplete ac-
count of the components of spherical stress tensor in
the basic equation (2).

The difference in the structure of formulas (1) and
(3) can be explained by the fact that the first case com-
pletely considers the fact of material failure by shear
(o, — o3) and separation (o, + o3), while in the second
case the failure is not entirely considered by its shear
(o,— o3) and the value of 5;. The extent to adequacy of
analytical criteria to the failure of such structurally in-
homogeneous materials as rocks can be determined
only on the basis of compliance with the results of
laboratory testing of rocks in non-uniform stressed
state (o, > 0, = 03).

The Figure presents such comparison of two crite-
ria for adequacy, from which it follows that taking into

a3

0 05 1 15 2 25 3 35 4 R

Fig. Comparison of analytical equations of failure
criteria (4) and (5) with results of laboratory
testing of rocks (by A. N. Stavrogin A. G. Proto-
senya)
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account the scattering experimental points obtained as
a result of testing rock specimens in volumetric stressed
state at 0 < m; < 4.0, they reflect quite well the fact of
the destruction of such structurally inhomogeneous
materials as rocks. However, at the values of m; > 4.0
the curves that correspond to the Hoek-Brown failure
criterion are located substantially above the experi-
mental points [8, 9]. Considering the popularity of this
criterion, this fact requires further investigation.

Conclusions.

1. Two failure criteria (A. N. Shashenko and Hoek-
Brown) for compliance with the results of rock speci-
men laboratory testing in the volumetric stressed state
has been analyzed.

2. Matching both criteria with analytical expres-
sions for a particular rock type and geological condi-
tions is carried out by introducing special coefficients:
my, s, a, D, GSI — for the Hoek-Brown criterion; v,
19, /, — for the A. N.Shashenko criterion. In this case,
the D parameter takes into account the disturbance of
rock mass during blasting operations (0 < D < 1).

3. It is shown that the structure of analytical ex-
pressions of both criteria is similar; however, the
Hoek-Brown criterion does not fully consider the
components of the stress spherical tensor (/= 6, + 63).

4. Both criteria match the results of laboratory tests
provided the mi coefficient, which takes into account
the structure and genesis of rocks in analytical equa-
tion of the Hoek-Brown criterion, does not exceed 4
(m;<4).

5. Guidelines of Hoek and Brown in the case for
m; > 4 require further study and substantiation.
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Meta. AHani3 IBOX KpUTEpIiiB pyiHYBaHHS Tip-
CbKMX MOPIif, 110 3HAXOASATHCS B 00’EMHOMY HaIpy-
JKEeHO-Ie(OopMOBaHOMY CTaHi.

MeTtoauka. [locnigkeHHs 6a3yl0ThCsl HA KOMII-
JIEKCHOMY TTi/1IXO/1i 3 BUKOPUCTAaHHSIM aHasi3y Ta y3a-
TaJIbHEHHS JIITepaTypHUX JKepesl 3 TEMaTUKU pyi-
HYBaHHS TipCbKUX IMOPia 3 HEOTHOPIIHOIO CTPYKTY-
pO10, 3aCTOCYBAaHHI aHATITUYHUX i EMITIPUYHUX KPU-
TepiiB pyHYBaHHS I OL[IHKYA MIilIHOCTI TipChKUX
nopiz.

Pe3yasrati. BukoHaHO aHaii3 IBOX KpUTEPiiB
py¥iHYBaHHSI Ha MpeaMeT iX BiIMOBiTHOCTI pe3yabTa-
TaM BUIIPOOYBaHb TiPChKUX TIOPia B 00’€MHOMY Ha-
Mpy>XeHoMYy cTaHi. BctaHOBeHO, 1110 aHAITUYHI BU-
pa3u 000X KpUTepiiB BigoOpaxkaroTh MpoOLEC PyMHY-
BaHHs TipChKUX MOPIJl 32 JOITOMOTOIO BBEIEHHS KOe-
GillieHTIB, SIKi BpaXOBYIOTb IipHUYO-TEOJAOTiUHI YMO-
BU Ta TEXHOJIOTiI0 PO3POOKMU POMOBUINA: Y KPUTEPIii
Xoeka-bpayna — my, s, a, D, GSI; y xpurepii
O. M. lllamenka — y, ny, /.. Pe3ynsraTtam 1aboparop-
HMX BUIIPOOYBaHb y MOBHII Mipi BiAIlOBiIalOTh 00U-
JIBa KPUTEPIii 32 YMOBH, 110 KOSDIIIiEHT /7;, SIKUi1 Bpa-
XOBYE CTPYKTYpPY Ta T€HE3MC IOpil B aHATITUYHOMY
Bupasi Xoeka-bpayHa, He MOBUHEH TIepeBUlILyBaTu 4
(m;<4).

HaykoBa HoBU3HA. AHajiTUYHE TOPiBHSIHHS
JIBOX KPUTEPiiB MOKa3ajo, 1110, 3 ypaxyBaHHSIM PO3-
KUAY €KCIIepUMEHTAJbHUX TOYOK, OTPUMAHUX Y
pe3yybTaTi 1adopaTOpHUX BUIIPOOYBaHb TipCbKUX
nopii B 00’€eMHOMY HampyXeHOMY CTaHi Ipu
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PO3POBKA POAOBMUIW, KOPUCHUX KONAJINH

0 < m; < 4.0, BOHU TOCUTH NOOpe BimoOpaxKarlTh
¢dakT pyiiHyBaHHS CTPYKTYPHO HEOAHOPiIAHUX Tip-
cekux nopin. OgHak, Kputepiit Xoeka-bpayHa He B
MOBHIA Mipi BpaxXoBYE€ KOMIIOHEHTHU KYJbOBOTO
TeH30pa HanpyXeHb (/ = 6, + o) i ipu m; > 4 #oro
3aCTOCYBaHHsI BUMAara€ JI0JAaTKOBOIO OOTPYHTY-
BaHHS.

IIpakTnyHa 3HaunMicTh. [lopiBHSIHHS aHaTi-
TUYHUX KPUTEPiiB 3 pe3yJbTaTaMu JabopaTOpPHOIro
TECTyBaHHS 3pa3KiB TipCbKUX MOPia B 00’€MHOMY
HaIMpy>KeHOMY CTaHi D03BoJisie 3 TouHicTiO 90 %
MPOTrHO3yBaTU PYWHYBAaHHS TipChKUX MOpiA y Ma-
CUBI.

KurouoBi ciaoBa: kpumepiii pyuHysanHs eip-
coKux nopio, kpumepiit Xoexka-bpayna, kpumepiii
O. M. [llawenxa, mexca miyHocmi Ha 0OHOBICHE
CMUCKaHHA, Koe@iuicum eeonoiuHoi MiyHocmi,
Koegiyicum cmpyKmypHo20 ocaabaeHHs, Koeili-
EHM KPUXKOCMI

IHenb. AHanu3 IByX KpUTEepHEB pa3pylieHUs rop-
HBIX ITOPOJI, HAXOMSIIMXCS B 00bEMHOM HaIPSIKEHHO
Jne(opMUPOBAHHOM COCTOSTHUM.

Metoauka. VccienoBanus 6a3upyroTcss Ha KOM-
TUIEKCHOM TIOIXONe C WCIOJIb30BAaHWEM aHaiu3a U
0000IIeHUS TUTEepaTyPHBIX NICTOYHUKOB ITO TeMaTH-
Ke paspylleHUs] TOPHLIX MOPOA C HEOTHOPOIHOI
CTPYKTYpOIi, IPUMEHEHUN aHATUTUYECKUX U IMIIU-
PUYECKUX KPUTEPUEB pa3pylleHMUs] I OLIEHKU
MPOYHOCTU TOPHBIX ITOPO/I.

PesyabraThl. BoilmosHeH aHAIU3 IBYX KPUTEPU-
€B pa3pylleHUs] Ha IpPeaMeT UX COOTBETCTBUS pe-
3yJibTaTaM MCIbITAHUI TOPHBIX MOPOJ B OOBEMHOM
HaIPSDKEHHOM COCTOSIHMM. YCTaHOBJIEHO, YTO aHa-
JIMTUYECKHE BBIpaXKeHUsI 000MX KpUTEepUeB OTpa-
JKaIOT TIPOIECC pas3pylIeHUs] TOPHBIX IMOPOI T0-
CpEelNCcTBOM BBeNeHUST KOI(PGHUIIMEHTOB, YIUTHIBA-
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IOIIIUX TOPHO-TEOJIOTUUECKUE YCIOBUS U TEXHOJIO-
THUIO pa3pabOTKN MECTOPOXKICHUS: B KPUTEPUN XO-
exa-bpayna — m,, s, a, D, GSI; B xpurepun
A.H. lamenko — vy, 1, /. Pesynsratam nmabopa-
TOPHBIX MCTIBITAHUI B TOJTHOM MEpe COOTBETCTBY-
0T 00a KpUTEpUsI TIPU YCIOBUU, YTO KOIDPUIIMEHT
m;, YIUTBHIBAIOIIUN CTPYKTYpPY U T€HE3UC MOPOI B
aHaJIMUTUUYECKOM BbIpaxeHuu Xoeka-bpayHa, He
IIOJIKEH NpeBblaTh 4 (m; < 4).

Hayuynas HoBU3HA. AHAIMTUYECKOE CpaBHEHNE
NIBYX KpUTEPUEB MOKa3aJo, YTO, C y4eTOM pa3zdbpoca
SKCIIEPUMEHTAIBHBIX TOUYEK, TTOJTYYEHHBIX B Pe3yIb-
TaTe J1aOOPAaTOPHBIX MCMBITAHWI TOPHBIX TOPOI B
00BEMHOM HaMpsSKeHHOM cocTtosiHUM ipu 0 < m; <
< 4.0, OHU OOCTATOYHO XOPOIIO OTpaxkarmoT (akT
pa3pylIeHUsT CTPYKTYPHO HEOMTHOPOMHBIX TOPHBIX
nopon. OpHako, Kputepuii Xoeka-bpayHa He B
MMOJTHOM Mepe YYMTBHIBAET KOMIIOHEHTHI IIIapOBOTO
TeH30pa HanpsikeHul (/ = o, + o3) ¥ Ipu m; > 4 ero
npuMeHeHue TpeOyeT JOMOJTHUTEIbHOTO 000CHOBA-
HUSI.

IIpakTuyeckas 3HauyumMocTb. CpaBHEHUE aHa-
JINTUYECKUX KPUTEPUEB C pe3yibraTaMu JJabopaTop-
HOTO TECTUPOBAaHUSI 0OPa31l0B rOPHBIX MTOPOJ B 00b-
€MHOM HAIPSDKEHHOM COCTOSTHUM TIO3BOJISIET C TOY-
HOCTBIO 90 % MPOrHO3UPOBATh Pa3pylLIeHUE TOPHBIX
TIOPOI B MacCHBE.

KoiroueBblie cioBa: kpumepuil paspyulerusi 20p-
HbIX nopoo, kpumepuil Xoeka-bpayna, kpumepuii
A. H. lllawenko, npeden npounocmu Ha 0OHOOCHOE
cocamue, Koagpuuuenm eeonoeuueckoil npoyHo-
cmu, Ko3gguyuenm cmpyKmypHo20 0cAabaeHUs,
Ko2gpuyuenm xpynkocmu

Pexomendosarno 0o nybéaikauii dokm. mexH.

nayk O. O. Cosuxnckoeoro. Jlama Hadxo0xceHHs py-
xonucy 14.12.15.
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