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THE METHOD FOR DETERMINING THE PARAMETERS OF THE DIAGRAMS
OF A TRUNCATED-WEDGE DESTRUCTION OF CYLINDRICAL SAMPLES
OF ROCKS

Purpose. Development of an analytical method for calculating the parameters of complete diagrams “longitudinal tension —
deformation” for the truncated-wedge shape of destruction of cylindrical rock samples to control the stress-strain state of the rock
mass and effective destruction of these materials during disintegration.

Methodology. Analytically, by developing a mathematical model of the fracture process of cylindrical rock samples with their
truncated-wedge form of crack development, an algorithm is created for calculating the full deformation diagram from the acting
tension using the experimental values of four indicators of material properties — the shear resistance limit, internal and external
friction coefficients and elastic modulus. The method is based on the improved Coulomb strength criterion, supplemented by the
parameters of contact friction and allowing one, using the theory of slip lines, to calculate the limiting state of the material at the
tip of cracks developing from the edges of the sample of the correct geometry, taking into account the release of part of the mate-
rial from the load and compliance with Hooke’s law deformation of the sample bearing area and the specific force on it.

Findings. The method of mathematical modeling makes it possible to determine the ultimate strength and residual strength of
cylindrical rock samples using four property indicators that can be experimentally established by simple methods.

Originality. For the first time, analytical modeling of the process of destruction of cylindrical rock samples with their truncat-
ed-wedge form of destruction was carried out, taking into account the internal contact friction depending on the properties of the
rock material and external contact friction.

Practical value. The proposed method of mathematical modeling and the calculation algorithm make it possible to determine
the limit and residual strength of rock samples using four property indicators, which can be established experimentally by simple
methods under laboratory conditions of enterprises of the mining and metallurgical complex. The calculation results can be quick-
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ly used to control the state of the rock mass and effective destruction upon disintegration.
Keywords: mathematical modeling, rock; tensile strength, destruction, crack, complete tension-strain diagram

Introduction. One of the most important tasks in the deve-
lopment of minerals by the mine method is the stability of the
rock mass in the bottomhole space. In addition, a very impor-
tant task in the preparation of charge and building materials is
to increase the efficiency of crushing and shattering of rock
mass.

During the operation of underground mine workings,
when controlling rock pressure, production workers are forced
to allow significant destruction of rocks in the delineating
massifs within the limits of their safe bearing capacity. As you
know, the bearing capacity is characterized by certain values of
tension and deformations, first of all, by residual strength, the
determination of which is not available due to the variability of
the stress-strain state of rock massifs in the process of mining.
Therefore, the parameters of the bearing capacity are estimat-
ed by calculation methods using diagrams “longitudinal ten-
sion — longitudinal deformation” taken by laboratory experi-
ments on special presses of rock samples corresponding to the
operating conditions of the development workings.

Therefore, to control the stress-strain state of the rock
mass and their effective destruction during disintegration, it is
necessary to predict with high reliability the strength and de-
formation properties of the rock not only when loaded to the
ultimate strength, but also in the transcendental region of de-
formation, it is necessary to foresee the paths of crack develop-
ment and residual resistance breeds.
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Important information characteristics necessary to control
the stress-strain state of the rock mass and their effective de-
struction during disintegration involve the ultimate strength
and residual strength of the samples, determined from the dia-
grams “longitudinal tension — deformation” of their out-of-
limit destruction [1—4]. Prismatic or cylindrical samples are
used for experimental construction of “longitudinal tension —
strain” diagrams. Since the 60s of the last century, these char-
acteristics have been taken on special presses that are available
in separate research institutes, for example, at the Institute of
Geotechnical Mechanics of the National Academy of Sciences
of Ukraine, Kryvyi Rih National University [1], St. Petersburg
Mining University [2], far abroad [3—5]. At the Institute of
Geotechnical Mechanics and Kryvyi Rih National University,
tests are carried out on cubic samples, at St. Petersburg Mi-
ning University — on cylindrical samples, in the far abroad —
on cubic and cylindrical samples.

However, these works require highly qualified personnel,
and the equipment is located far from the consumer, where the
operational information about the properties of rocks is needed.

Therefore, there is a need to develop an analytical method
for calculating the limits and residual strength of samples with
knowledge of the parameters of the properties of rocks, deter-
mined by simple methods available for mining enterprises.
Earlier attempts were made to mathematical modeling of the
processes of destruction of samples [6, 7]. However, these
models have not been brought to the level of completed ana-
Iytical methods for calculating the parameters of the diagrams
normal tension — longitudinal deformation of the ultimate fail-
ure of rock samples. These articles consider the problem of de-
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struction of rock samples using the experimental Hawke-
Brown criterion. An extensive review of the use of this criterion
by many authors for uniaxial and volumetric compression is
given. To determine the strength, the authors assume that frac-
ture occurs along the deviatorial plane, and not along the plane
of maximum tangential stresses according to Coulomb. Along
the way, we note that the Coulomb criterion is confirmed on
plastic and brittle materials, since it follows from the equations
of the limiting state. Therefore, it can reasonably be applied.

In the work [8], the author gives an assessment of the in-
fluence of contact conditions on the values of the limiting pa-
rameters, which can be used in the development of analytical
methods for calculating the parameters of diagrams. The arti-
cle also provides a method for calculating the limiting state of
a specimen under uniaxial compression. Judging by the design
scheme, the authors apply the Coulomb strength criterion in
the presence of contact friction. But the lateral sides of the
sample are taken as rectilinear. In our opinion, in this case, the
rule of shear stresses in the corner regions is inapplicable. The
article [9] provides a rationale for the formation of a barrel-
shaped form due to inhibition of transverse deformation by
contact friction between the press plate and the sample. More-
over, the authors come to the conclusion that tensile stresses
do not appear at any point in the sample; the sample is com-
pressed in all directions. We should agree with this.

It follows from this concept that in the presence of contact
friction, the mathematical model should provide for the barrel
formation of the lateral surfaces of the sample, which ensures
the application of the rule of pairing of tangential stresses in
the corner regions during its deformation and destruction. In
[10], the authors give the position of the boundary of the zone
of complete contact and slip. Based on this, they argue that the
crack does not form at the corner point, but at the point that is
the boundary of the full contact and slip zones. However, the
confirmation of this position is not convincing enough, since
the experiments were carried out by the authors in the pres-
ence of a crack in the samples. Analytical plotting methods for
prismatic samples are detailed in article [11] and in book [12].

Perhaps more widely than prismatic samples, cylindrical
samples from well core drilling are used to determine experi-
mental longitudinal tension-strain diagrams. Therefore, it be-
comes necessary to develop methods for calculating the pa-
rameters of the above diagrams for cylindrical samples.

Methodology. It is known that during uniaxial compres-
sion of cylindrical specimens, a truncated-wedge form of its
destruction is formed (Fig. 1) — the most common of the five
generally known.

To describe the process of destruction of rocks, the Cou-
lomb criterion is widely used — the maximum effective shear
tensions on slip lines, more precisely on slip surfaces (SS). The
Coulomb criterion for cohesive media is based on the assump-
tion that the shear resistance of the rock t, on an inclined area of
the SS is equal to the sum of the pure shear resistance (ultimate
shear strength) and a value proportional to the normal tension
oa on this area (positive compression), from internal friction.

|l =k, + pog; ey

Fig. 1. Experimental truncated-wedge shape by A. 1. Baron

Te 2 kn = |TCL| — HOq, (2)

where T, is effective shear tensions on SS.

Inequality (2) should be understood as follows: destruc-
tion occurs if the left side is larger than the right side on the SS.
Upon fracture, a crack forms on the SS. Knowing, according
to the plane deformation model, the values of the coordinates
of the tip of one or two cracks at each moment, it is possible to
determine the bearing part of the sample material, which is
equal to the initial area of the latter minus the part released
from the load during the crack propagation along the SS. The
part of the specimen released from the load is determined by
the values of the abscissa of the crack tip asx =y - ctga, where
y is the ordinate of the OY axis, a is the angle of inclination of
the SS at the crack tip relative to the abscissa axis x. Knowing
the tensions oy at the crack tip, its coordinates and the regu-
larities of the distribution function of contact tensions on the
part that did not come out of the load — the bearing part of the
specimen, it is possible to determine the ultimate strength dur-
ing crack propagation in the presence of values of three prop-
erty indicators — shear strength k,, coefficients external /. and
internal p friction. Taking into account the symmetry of the
semicircles of the cross-section of the cylindrical sample, the
calculation is performed for one of them, for example, the left
one. Then the specific force on the bearing part of the sample

S, —UF(x)dx+2ijfF(x)xdx]
0 h g
p=c, - NG
SO—jF(x)dx
0

where o, is crack tip normal tension; S is the original semi-

X
circle area; IF (x)dx is an element of the area of a semicircle

emerging froom the load at the moment of crack formation; f,
is the contact friction coeflicient; u is the circle diameter; 4 is
sample height; x is abscissa of the point under consideration.
Subsequently, a physical explanation of formula (3) will be
given. The amount of deformation is determined by dividing the
value of the specific force by the modulus of elasticity of the rock

£=—. 4
e 4)
It is assumed that Hooke’s law is observed at the crack tip.
The ultimate strength on the transcendental branch of the
“longitudinal tension — deformation” diagram is determined by
the formula

- (6))

where S; is the area of the part of the circle that does not go
beyond the load.

Let us demonstrate the process of sample destruction in
the diagram [12], for convenience of consideration — in an in-
verted form in comparison with Fig. 1. The center of the coor-
dinate axes is located in the upper left corner of the sample.

In the upper quarter of the left longitudinal half of the
sample, the contact 1, and internal t,, shear tensions have a
positive sign, and in the lower quarter, they are negative. On
the right half, the signs have opposite meanings. The truncat-
ed-wedge form of destruction of rock samples is characterized
by the absence of intersection of the SS with the vertical plane
of symmetry. In the upper quarter of the left longitudinal half
of the sample, the contact t. and internal t,, shear tensions
have a positive sign, and in the lower quarter, they are nega-
tive. On the right half, the signs have opposite meanings.

The truncated-wedge form of destruction of rock samples
is characterized by the absence of intersection of the SS with
the vertical plane of symmetry. Since the lateral surfaces of the
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specimen acquire a convex shape due to deformation, we apply
the rule of pairing of tangential tensiones at the corner points.
We assume that deformations develop in pairs along the SS: on
the left along the SS &, and on the right along the SS &,.

Taking into account the symmetry of the SS, we describe
the formation of the left SS &,.

As can be seen from formula (3), for the calculation it is
necessary to have calculation formulas for tensiones at the
crack tip at the moment of its formation

In addition, as follows from this formula for its solution, it
is necessary to know the regularity of the distribution of con-
tact normal tensiones, for which we use the L. Prandtl model
for a prismatic specimen of unit width [12]

o, = cyo(l v 2’;;)‘], ©)

where o, is the vertical normal tension at the corner point of
the sample.

Now you should bind the formula (6) to the area of the
cylinder. It is important to develop a mathematical model for
the distribution of contact normal tensiones similar to
L. Prandtl’s formula for prismatic samples. In contrast to a
prismatic specimen, in which the width of the sliding plane is
kept constant, in a cylindrical specimen this plane is constant-
ly expanding. We tried several models, but they did not give
satisfactory results. Let us describe the proposed approach for
calculating the parameters of the sample diagrams.

Results. First of all, we write the formula for the circum-
ference of a cylinder in the x — y coordinate system (Fig. 2).

(= +7=r, )

where r is the cylinder circle radius.
From the transformation of formula (7) we have

y=~2rx—-x2.
Then the formula for the chord length of a segment is

a=2ux-x?, (8)
where u =2r.

Then, using expressions (6) and (8), we write down the
formula for the distribution of the vertical tension on the con-
tact surface of the cylindrical sample, while linking the abscis-
sa x (and hence length of a segment a) to the left SS &

a. 2fx.a
G, :Gyo(ué+u;€} )

According to expression (3), let us write the formula for
the force of action on the part of the specimen that emerges
from the load at the moment of crack development in the form

fa. 2fx.a
P=c || =+C5% oy, 1
Gy!;(u uh jx (19)

where ), is crack tip normal tension.
Now, using tables of integrals, we solve the integral of the
formula (10)

3
Podo || g Lpl 2] % %y Lpll
T 8u  8u uh| 24 16 16

Where

A =(2xi —1) and B= [th—arcsina&].

To determine the specific force on the contact plane dur-
ing crack development (beyond the limit elasticity), the force
value should be divided by the value of the area coming beyond

the load. Then, on the basis of expression (11), in accordance
with formula (3), we find the value of the specific force on the

bearing part of the sample, equal to %, (the area of the

semicircle) minus the area released from the load during the
crack propagation.

2 3
o T\ %y L g 2Ll % G g
8 8u” 8w uh| 24167 16

2
fm_(“a L BJ
8 8u  8u
For a complete solution of the problem, it is necessary to
determine the normal tension o, at the crack tip. In [11, 12], a
method for determining this tension based on the Coulomb
criterion with allowance for contact friction is presented. The

tensions o, at the crack tip on the SS &, according to the meth-
od are determined by the system of equations.

1 k, ~(1+C)~exp(2u([3§ —ﬁb))

P= (12)

= -k, |, 13
y i 1-C b ( )
where
C =sinp,J1-52;
. (k,+uo,)(1-C) )
(1+C)-exp(-4uB, )
2 2
f;[ ‘hy]'%[“ /{cxij
1 ) .
b= TR (15)
kn+“'6y5[1+ hcxéj
fc-cy:[1+2/{cbe
b, = T (16)
kn+ucy;(1+hcxbj
1 b. cos
Bé :farctgaip, (17)
sinp—/1-57
Bb = 7larctgbb(:$, (18)
sinp—/1-5?

where k, is effective shear tension at exit point & SS & on the
contact surface; x, is point abscissa b; B and B, are angles of
rotation SS &, at the crack tip and at point b, respectively.

The angle of inclination of the SS §, is determined by the
formula

o= o+ By (19)
where p = arctgp is the internal friction angle.

Based on formula (11) using expressions (3—5) and (12—
19), we determine the values of the specific force on the bear-
ing part of the sample. Knowing the values of the specific
force, it is possible, using formula (4), to determine the current
values of deformations in the process of crack propagation —
one of the parameters of the “longitudinal tension — deforma-
tion” diagram under uniaxial compression of samples. Now it
is necessary to determine the values of the second parameter —
the current value of the specimen strength on the transcenden-
tal branch. To do this, the values of the specific force must be
multiplied by the ratio of the bearing area emerging from the
load inside the semicircle to the initial area of the latter ac-
cording to expression (5). The multiplication of these param-
eters should provide an initial tension value equal to the spe-
cific force value and a decrease in strength on the transbound-
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ary branch of the diagram. To do this, we express the area
emerging from the load in the form of a segment (Fig. 2), using
the well-known formula

2
Sambd = %((p —sin (P)

The angle ¢ is found from the expression

2
u—2x§ '
u

Then the area of the segment aby (Fig.2) in the process of
crack development is

¢ =2arcsin 1—[

S, :%2(@_ sin(p) :é(arcsinD —(I—ZXE)D)~ (20)

Where D =2,fux, - xé and the angle ¢ is measured in ra-
dians.
Then the bearing area of the sample semicircle is

nu?  u? .
Sl=T—7(arcsm0—(1—2xé)0). Q1)
Now, taking into account the fact that the area of the semi-
circle is equal to mu*?, we write the strength formula on the
transboundary branch of the “longitudinal tension — deforma-
tion” diagram according to expressions (3) and (5), taking into
account formulas (12—21), finally in form

8p (mu® u? )
S, —WPZ[S—4(arcst—(l—2xé)D)} (22)

According to formulas (3—5) using expressions (12—19)
and (22), it is possible to determine the parameters of the
true and conditional “longitudinal tension — deformation”
diagrams by the method of iterations on a PC, which re-
searchers obtain on presses with a truncated-wedge shape
fracture of cylindrical specimens as a function of the tran-
scendental branch o, = ¢(¢). Fig. 3 shows these functions for
the value of the elastic modulus £ = 2000 MPa and different
values of the rock properties for the sample with the height
and diameter equal to one. An important conclusion should
be drawn from the analysis of the diagrams: the slope of the
transcendental curve o, = ¥(¢), the so-called decay modulus
M, taken by researchers as a constant material characteristic
similar to the elastic modulus £, depends on the numerical
values of rock properties and is not constant. To confirm the
conclusion, we show branch 5 at £, =0 in Fig. 3. Many au-
thors explain the roundness of the out-of-limit branches im-
mediately beyond the elastic limit by the plasticity of rocks.
In our opinion, this roundness is generated by contact fric-
tion. Rocks are classified as materials of increased fragility.
The statement about their plastic state at low loads is not
substantiated by anything.

Y

~

X

é

[ 2T

k%
b

Fig. 2. Scheme of the formation of the bearing area during the
development of two symmetric cracks
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Fig. 3. Tension—deformation diagrams for the truncated-wedge
forms of destruction of a cylindrical sample with a diameter
and height, equal to one:

1 — true and conditional for: f. = 0.25 and p = 45°; 2 — k, =
=10 MPa; 3 — k, = 15 MPa; 4 — for: f,=0.25, p = 50° and k, =
=15 MPa; 5— for: f,=0, u= 1.0 and k, = 10 MPa

Now the calculated fension — longitudinal deformation dia-
grams are comparable with the experimental ones. To confirm
the reliability of the calculation of the exorbitant curves, we
will borrow four experimental diagrams of tension — longitudi-
nal deformation (Fig. 4) from the books by prof. A. N. Stavro-
gin. The authors do not give the necessary physical and me-
chanical characteristics — the shear limit of the material, the
coefficients of external and internal friction. They can presum-
ably be established by the outward appearance of the out-of-
limit curves, while it is possible to achieve a fairly high agree-
ment between the calculated and experimental ultimate
strength.

Comparison of the calculated diagrams with the experi-
mental ones obtained under uniaxial compression testifies to
the high efficiency of the proposed method for constructing
the out-of-limit curves of rock failure.

So, experimental diagram 2 corresponds to the experimen-
tal diagram 7 at k, =10 MPa, u=1.0,£=0.4, E=3.5-10* MPa,
calculated diagram 4 — to experimental diagram 3 at k, =
=33 MPa, p = 0.808, £, = 0.15, £ = 5.1 - 10* MPa; calculated
diagram 6 — to experimental diagram 5 at k, = 28 MPa, p =
=0.8391,£.=0.1, E=3.1 - 10* MPa.

The long so-called tails of the transboundary branches
arise from the action of contact friction. It is also important to
note that there is an analogy of the schemes with a natural de-
stroyed sample (Fig. 1). Calculations show that the truncated-
wedge form of destruction is formed at p > 39° and /. in the
range of 0.02—0.4.

Conclusions.

1. For the first time, an analytical method was developed
for determining the parameters of complete “longitudinal ten-
sion—deformation” diagrams for the truncated-wedge shape of
fracture of cylindrical rock samples using four experimental
characteristics (k,, — shear strength, £, and m — coefficients of
contact and internal friction, £ — modulus of elasticity) avail-
able for determination in mining laboratories. The advantage
of the method is the efficiency of its use in a production envi-
ronment.

2. The method is based on the improved Coulomb strength
criterion, supplemented by the parameters of contact friction
and allowing one, using the theory of slip lines, to calculate the
limiting state of the material at the tip of cracks developing

Oc,
MPa / 4
100 é}&\
5
0 1 %&;ﬂ
0o 2 4 6 e10°

Fig. 4. Tension—Ilongitudinal deformation diagrams with a
truncated-wedge-shaped fracture
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from the edges of a sample of correct geometry, taking into
account the release of a part of the material from the load and
compliance with Hooke’s law of deformation of the sample
bearing area and the specific force on it.

3. The developed method for determining the parameters
of the normal tension — longitudinal deformation diagrams for
the truncated-wedge form of destruction of cylindrical rock
samples is recommended to be used at mining enterprises to
determine the strength of rocks. The truncated-wedge form of
destruction of samples is formed at p > 39° and f; in the range
0f 0.02—0.4.

4. The modulus of decay M of the function of the trans-
boundary branch c, = ¢(¢) of the diagrams, taken by research-
ers as a constant characteristic of the material, similarly to the
modulus of elasticity E, depends on the numerical values of
the indicators of the physical and mechanical properties of
rocks and is not a constant of the material.

5. The roundness of the out-of-limit branches o, = ¢(g)
immediately beyond the elastic limit, taken by some authors
for the state of plasticity of brittle rocks, is other than that. The
roundness of the branches is caused by contact friction.
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Merta. Po3pobka aHaTiTUMHOTO METOMY PO3PAXYHKY Ma-
paMeTpiB MOBHUX Jiarpam <«IO3J0BXHE HANpYXEeHHS — Je-
opmartis» WIS yciueHO-KIMHOBOI (hDOPMU pyHYBaHHS 1M~
JIIHAPUYHUX 3Pa3KiB MOPOAW AJIsI YIPABIiHHS HAIpPYXEHO-
necOpMOBaHNM CTAHOM TipCHKOTO MAacUBY Ta e(heKTUBHOTO
pYWHYBaHHS LIMX MaTepialiB MpU Ae3iHTerpalrlii.

Metoauka. AHaJIITUYHO, LIJISIXOM PO3POOKM MaTeMaThy-
HOI MoJieJTi TTpoliecy PyiHYBaHHSI LUJIiHAPUYHUX 3pa3KiB Tip-
CBKUX TIOPiZ TIPM iX yCiYeHO-KJIMHOBII (pOpMi pO3BUTKY Tpi-
LIMH, CTBOPUTU aJTOPUTM PO3PaXyHKY MOBHOI Jiarpamu Je-
(opmyBaHHST Bil YMHHOTO HATIPYXKEHHSI 3 BUKOPUCTAHHSIM
EKCIIEPUMEHTAIbHUX 3HAaU€Hb YOTUPHOX IMOKA3HUKIB BJIACTU-
BOCTEIl MaTepiasliB — MeXi OIopy 3pyLIeHHIO, KOe(illi€eHTiB
BHYTPIIITHBOTO i1 30BHILLIHBOTO TEPTSI Ta MOAYJISI MPY>KHOCTI. B
OCHOBY METOJY TOKJIaIeHO BIOCKOHAJIEHUIN KpUTEpil Mil-
Hocti KynoHa, 10MoBHeHUI NapaMeTpaMu KOHTAaKTHOTO Tep-
T, 110 TO3BOJISIE, i3 BUKOPUCTAHHSIM TeOpii JTiHill KOB3aHHS,
MPOBOJUTHU PO3PAXyHOK IPAHUYHOIO CTaHy Martepiany y Bep-
LIMHI TPIillIMH, SIKi pO3BMBAIOThLCS 3 KpaiB 3pa3Ka MpaBUILHOI
reoMeTpii 3 ypaxyBaHHSIM BUXOMy YACTMHU MaTepiaity 3-TIil
HaBaHTaXXEHHs, Ta BiAMOBiIHOCTI 3akoHy ['yka medopmarrii
HeCcy4yoro MaiilaHuMKa 3pa3ka 3 MUTOMUM Ha HbOTO 3yCULISIM

PesynpraTi. Meton MaTeMaTUYHOTO MOAETIOBAHHSI 10-
3BOJISIE BU3HAYUTU MEXY MILIHOCTI i 3aJMLIKOBY MillHiCTh
LWJTIHIAPUYHUX 3pa3KiB TipCbKMX MOPiL 3 BUKOPUCTAHHSIM
YOTUPHOX MOKA3HUKIB BJIACTUBOCTEM, 110 MPOCTUMU CIIOCO-
0aMu MOXYTb OyTH BCTAaHOBJIEHI €KCITEPUMEHTAJIHHO.

HaykoBa HoBU3HA. YTiepuie MPOBENEHO aHAJITUYHE MO-
NIeJIIOBaHHSI TpoLiecy PYyWHYBAaHHS LWJIIHIAPUYHUX 3Pa3KiB
TipCbKUX MOPIJ MPU iX yCiYEeHO-KJIMHOBIN (popMi pyliHYBaH-
HSI 3 ypaxXyBaHHSM BHYTDILIHBOTO TEPTS, L0 3aJIEXKUTh Bif
BJIACTUBOCTEI Marepialxy MOpPOAM i 30BHIIIHHOTO KOHTaK-
THOTO TePTSI.

IIpakTyHa 3HAYMAMICTb. 3arPOTIOHOBAHMIT METON Mare-
MaTUYHOTO MOJEIOBAHHS Ta aJITOPUTM PO3PaXYHKY JO3BO-
JISIIOTh BU3HAUUTU MEXY 1 3aJIMIIIKOBY MIlIHICTb 3pa3KiB Tip-
CbKUX TIOPi/l 3 BAKOPUCTAHHSIM YOTUPBHOX MMOKA3HUKIB Bac-
TUBOCTEI, III0 MOXYTb OYyTH BCTAHOBJIEHI €KCTIEPUMEHTATb-
HO B YMOBax JlabopaTopiil MiANpPUEMCTB TipHUYO-MeTallyp-
TiifHOTO KOMTUTEKCYy. PesynbTaTé po3paxyHKy MOXYTb OyTH
OMNepaTMBHO BUKOPUCTAHI AJIs1 YIIPaBIiHHSI CTAHOM TipChKO-
ro MacuBy Ta e(peKTUBHOTO PYMHYBaHHS MPU Ae3iHTerpallii.

KuiouoBi ciioBa: mamemamuune mooentosanHs, eipcbka no-
pooa, mexca MiyHocmi, pyiHy8anHs, mpiuuna, nogHa diazpama
«HanpysiceHHs—oepopmauis»
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enp. Pa3paboTKa aHAIMTHUYECKOTO METOIA pacyeTa Ia-
paMeTPOB MOJIHBIX AUArPAMM <«IIPOJOJIbHOE HaIMpsKeHUEe —
nedopManus» ISl YyCeYeHHO—KJIMHOBOM (hOPMBI pa3pylie-
HUST [IWIMHIPUYECKUX 00pa3lioB MOPOIbI ISl YIIpaBICHUS
HAMpSKEHHO-1e(hOPMUPOBAHHBEIM ~ COCTOSIHMEM —~TOPHOTO
MaccuBa U 3(hHEKTUBHOTO pa3pyIIeHUs] 3TUX MaTepualioB
[IpY Je3UHTErPALIHL.

MeToauka. AHAIUTUYECKU, ITyTeM pa3pabOTKK MaTeMa-
TUYECKOI MOIEJIN IIPOLIECCa Pa3pyIIECHUS HUIMHIPUIECKIX
00pa3IoB FOPHBIX MMOPOJ MPU MX YCEYSHHO-KIMHOBOM (hop-
M€ pasBUTHUS TPELIMH CO30AaTh AJITOPUTM pacdera IIOJHOMI
narpamMmbl 1e(opMUpPOBaHUs OT AEHCTBYIOIIETO HaNpsiKe-
HUSI C UCIIOJIb30BAHUEM DKCIIEPUMEHTAIbHBIX 3HAYEHMIA Ye-
ThIpEX MoKa3aTeJieil CBOMCTB MaTepraIoB — IIpeleia Compo-
TUBJICHUSI COBUTY, KOO(MGULIMEHTOB BHYTPEHHETO Y BHEIII-
HETo TPEeHUs W MOIYJS YIPYrocTu. B ocHOBY MeToma 1moJo-
JKEH YCOBEPILEHCTBOBAHHBII KpuTepuii mpouHoctu KymoHa,
TIOTTOJTHEHHBIN IMapaMeTpaMy KOHTaKTHOTO TPEHUS 1 TTI03BO-
JIMBLINIA, C MCIIOJIb30BAHUEM TCOPUU JIMHUI CKOJbXEHMS,
MPOBOIUTH pacyeT MpPelesIbHOIO COCTOSIHUSI MaTepuaia B
BEpIIMHE TPELINH, pa3BUBAIOIIMXCI U3 KpaeB oOpaslia Ipa-
BWJILHOIM T€OMETPUY C YIETOM BBIXOIA YacCTH MaTepHalia u3-

IOl HArpy3KW M COOTBETCTBUS 3aKOHy ['yka medopmammu
HecyILel rIolanaky oopasiia 1 yaeJbHbIM Ha He€ yCuaueMm

Pesyabratel. MeTon MaTeMaTUYECKOTO MOAETUPOBAHMS
MO3BOJISIET ONPEAEIUTh MpeAes MPOYHOCTH UM OCTaTOUYHYIO
MMPOYHOCTh HMJIMHAPUIECKUX 0OPA3LIOB TOPHBIX MOPOJI C MC-
MOJIb30BAHUEM 4YEThIpeX IOKa3aTeJeil CBOMCTB, KOTOpPbIE
MMPOCTBIMHU CTIIOCOOAMU MOTYT OBITH YCTAHOBJICHBI KCIICPH-
MEHTaJIbHO.

Hayunast HoBu3Ha. BriepBbie MpoOBeIeHO aHAIMTUYECKOE
MOJIeJIMPOBaHUE TIpoliecca pa3pylleHUs LUMIMHIPUYECKUX
00pa3IoB TOPHBIX TTOPOJI IPU UX YCEUEHHO-KITMHOBOI (hopMe
pa3pyLIEHMS C YUETOM BHYTPEHHETO, 3aBUCSIIIETO OT CBOMCTB
Marepuaia TopoIbl, ¥ BHEITHETO KOHTAKTHOTO TPEHUSI.

IIpakTiyeckas 3HaymMocThb. [IpemiokeHHbI MeToa Ma-
TEMaTUYECKOTO MOJICIMPOBAHUS U aJITOPUTM pacyeTa Io3BO-
JISIIOT OMpPEeNeuTh Mpeies U OCTaTOUHYIO MPOYHOCTh 00pa3-
1I0B TOPHBIX TOPOJ ¢ MCITOJIb30BAaHMEM YeThIpeX IoKa3aTe-
JIeil CBOMCTB, KOTOPbIE MOT'YT ObITh YCTAHOBJIEHBI 9KCIIEPU-
MEHTAJIbHO B YCJIOBMSIX JIAOOPATOPUiT TIPEAIIPUSITUIA TOPHO-
MeTaJUTypruyeckoro Komruiekca. PesynbraThl pacueta MOTyT
OBITH OTIEPATMBHO MCITOJIb30BaHbI IS YIIPABJICHUST COCTOSI-
HUEM ropHoOro Maccusa U 3(p(GEeKTUBHOTO pa3pylieHus Mpu
JIe3MHTErpallvu.

KiioueBble ciioBa: mamemamuueckoe Mooeauposanue, eop-
Has nopoda, npeden NPOYHOCMU, pA3PYUIEHUe, MPEUUHA, NOA-
Has duazpamma <HanpsaiceHue — depopmayusi»
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