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ɜɩɥɢɜɭ ɧɚɛɥɢɠɟɧɧɹ ɨɱɢɫɧɨɝɨ ɜɢɛɨɸ ɧɚ ɧɚɩɪɭɠɟɧɨɞɟɮɨɪɦɨɜɚɧɢɣ ɫɬɚɧ ɟɥɟɦɟɧɬɿɜ ɫɢɫɬɟɦɢ ɤɪɿɩɥɟɧɧɹ ɞɟɦɨɧɬɚɠɧɨɝɨ ɲɬɪɟɤɭ.
ɉɪɚɤɬɢɱɧɚ ɡɧɚɱɢɦɿɫɬɶ. Ɉɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɛɭɞɭɬɶ ɜɢɤɨɪɢɫɬɚɧɿ ɩɪɢ ɨɛʉɪɭɧɬɭɜɚɧɧɿ ɩɚɪɚɦɟɬɪɿɜ ɫɢɫɬɟɦɢ
ɤɪɿɩɥɟɧɧɹ ɝɿɪɧɢɱɢɯ ɜɢɪɨɛɨɤ ɭ ɡɨɧɿ ɜɩɥɢɜɭ ɨɱɢɫɧɢɯ ɪɨɛɿɬ.
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɨɱɢɫɧɿ ɪɨɛɨɬɢ, ɞɟɦɨɧɬɚɠɧɢɣ
ɲɬɪɟɤ, ɨɛɱɢɫɥɸɜɚɥɶɧɢɣ ɟɤɫɩɟɪɢɦɟɧɬ
Purpose. To determine the patterns of stress-strain
state of the frame and anchoring of the dismantling
roadway when approaching the stoping.
Methodology. We have used the approved method of
computer simulation by the finite element method. To
fulfill the task we have created the three-dimensional
model of layered rock massif taking into account real
physical and mechanical characteristics of each lithologic
layer according to the geological survey which had been
carried out near the dismantling drift of the mine “Stepnaya”. We have installed frame and anchor support in the
roadway according to the requirements of the timbering
standard. We have modeled step by step approaching of

Baohua Yu, Chuanliang Yan, Jingen Deng,
Wenliang Li, Lianbo Hu

the working face. The computational experiment has
been carried out in four stages at different distances from
the working face to the drift.
Findings. We have analyzed the stress-strain state of
the mounting system and established the regularities of
the redistribution of stresses in the frame and anchoring
support under changing distance from the working face
to the roadway. The areas of stress concentration where
the elements fastening system is prone to buckling failure
has been defined.
Originality. We have established the influence of the
distance to the working face on the stress-strain state of
the elements of the fastening system of the dismantling
roadway.
Practical value. The obtained results might be used
for substantiation of the parameters of the fastening system
of mine roadways in the area of influence of the stoping.
Keywords: stoping, demolition drift, computational
experiment
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ROCK MECHANICAL PROPERTIES AND BOREHOLE STABILITY OF
GAS SHALE
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ɆȿɏȺɇȱɑɇȱ ȼɅȺɋɌɂȼɈɋɌȱ ɌȺ ɋɌȱɃɄȱɋɌɖ ɋɌȱɇɈɄ
ɋȼȿɊȾɅɈȼɂɇ ɉɊɂ ȻɍɊȱɇɇȱ ɇȺ ɋɅȺɇɐȿȼɂɃ ȽȺɁ
Abstract. Serious borehole instability occurs frequently during drilling in shale gas reservoirs. Shale gas
reservoirs are featured by tight matrix, well-developed micro-fissures and laminations, and their peculiar mechanical
properties are different from those of ordinary tight sandstones or carbonates. Thus, implementing correlative studies
is of great significance to drilling and subsequent reservoir stimulation. Rock mechanical tests are performed to gas
shale from south of China by the MTS-816 Rock Test System. The variation of rock mechanical properties with the
angle between axial stress and the bedding plane normal (coring angle) is analyzed by the laboratory tests and a
failure criterion is verified and applied to determine the strength of gas shale. The shale strength decreases first and
then increases with the increasing of coring angle. It gets the maximum value with the coring angle of 0° and gets the
minimum value with the coring angle of about 60°. The Young’s modulus and Poisson’s ratio increase with the
increase of coring angle. Besides, the borehole stability model of shale gas well is established by combining
transverse isotropic constitutive model and the continuously variable cohesion strength criterion. The collapse
pressure is lowest when drilling to the maximum horizontal stress direction and reaches its maximum when drilling
to the minimum horizontal stress direction.
Key words: shale gas; rock mechanics; anisotropy; failure criterion; coring angle; borehole stability
Introduction.5Increasing fuel prices, the eminent fear of
the limited conventional energy resources, and the projected
© Ȼɚɨɯɭɚ ɘɣ, ɑɭɚɧɶɥɹɧ əɧɶ, ɐɡɿɧɶɝɟɧɶ Ⱦɟɧ, ȼɟɧɶɥɹɧ Ʌɿ,
Ʌɹɧɶɛɨ ɏɭ, 2014

growth of heavy industry have placed great pressure on
energy supplies. As a typical representative of
unconventional resources, shale gas has attracted increasing
attention in recent years [1]. According to an official report
from the Energy Information Administration (EIA), the
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risked gas in-place and technically recoverable shale gas
resource are 623 and 163 tcm, respectively, which indicates
that shale gas is going to play a critical and important role in
the global energy market in the future.
Shale gas reservoir is characterized by clay
development and laminated structure, which endows it
with strong heterogeneity and anisotropy, so it is typical
bedding rock and will be very likely to result in borehole
collapse and downhole leakage [2]. Borehole instability
can lead directly to drilling issues, such as sticking and
loss of circulation. It also influences the cementing
quality indirectly, and poses a potential threat to
multistage fracturing. Borehole instability exists widely
in shale gas reservoirs, such as Barnett shale, Marcellus

shale, and Silurian shale in the Sichuan Basin. For
example, at well W201-H1 in the Sichuan Basin of
China, the drilling period was 72 days, and the volume of
caving shale returning to the surface was as much as
35 m3. Therefore, carry out mechanical test of gas shale
and analysis the borehole stability has great significance
for shale gas exploration and development.
Mineral components of gas shale. We used X-ray
diffractometer (D/MAX 2500) to test mineral
components of the gas shale in south of China. The
results of studying 20 samples show that: There are
27,7%–46,2% of quartz with an average of 38,1% and
29,3%–46,8% of clay minerals with an average of 37,7%
in the gas shale formation (Table).
Table

Mineral components of gas shale
No.

Quartz/%

K-feldspar/%

Plagioclase/%

Calcite/%

Dolomite/%

Pyrite/%

1-1

34,1

0,7

1,2

5,0

4,3

9,1

45,6

1-2

38,8

0,5

1,7

4,3

4,7

4,2

45,8

1-3

32,7

1,2

4,6

4,2

15,1

1-4

36,1

1,4

4,4

5,2

10,0

41,8

1-5

39,9

2,1

6,2

4,9

5,8

41,1

1-6

46,2

1,8

5,3

4,0

5,8

1-7

41,1

2,0

5,6

5,0

6,1

40,2

2-1

37,8

2,4

7,6

5,9

5,8

40,5

2-2

34,1

1,2

4,6

8,5

11,8

2-3

33,3

1,4

5,6

5,8

7,1

2-4

27,7

1,2

6,2

3,9

18,5

2-5

36,3

1,5

7,3

8,7

7,5

38,7

2-6

43,0

1,8

5,7

8,9

5,4

35,2

2-7

28,5

1,5

6,4

4,2

18,7

3-1

40,7

3,9

7,8

7,4

5,1

35,1

3-2

45,5

5,7

8,6

5,8

4,1

30,3

3-3

39,0

5,0

6,3

8,6

8,0

33,1

3-4

38,7

3,0

6,8

10,1

6,3

35,1

3-5

45.6

5,1

8,4

7,4

4,2

29,3

3-6

43.4

3,6

6,7

8,5

2,5

35,3

1,1

0,6

Microstructural characteristics of gas shale.
During the diagenetic process, with increasing depth,
physical and chemical compaction of sediment is
gradually replaced by gravitational compaction. The
shale particle directional arranged swarming the
bedding and forming obvious bedding structure [3]
(Fig. 1). SEM test were taken on the gas shale. The
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Salt/%

6,6

0,8

3,3

Clay/%

35,6

36,1

36,5
46,8

5,9

5,1

36,6

35,0

result reveals that there are many microfractures which
are very regularly oriented in gas shale (Fig. 2), and
show good laminated structure.
Rock mechanical experiments of gas shale. The
mechanical property of bedding formation is influenced by
bedding plane to a great extend. In order to research the
influence of bedding plane on rock mechanical properties
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of gas shale, core samples were obtained at fixed angels
between axis and bedding plane normal, as shown in
Fig. 3. Standard core samples of I 25mm × 50 mm were
cored with diamond coring bit. Then the samples were
polished at both ends, ensure that both ends of the
specimen smooth, parallel (parallelism is less than
0.01 mm of both ends) and vertical to the central axis (the
angle deviation is less than 0,05°). MTS-816 Rock Test
System was used in this experiment. Displacement loading
mode was used with the loading rate of 1 Pm / s before the
sample failed and 0,1 mm/min after failed. The loading
rate of confining pressure was 3MPa/min.

of gas shale is influenced by coring angle seriously. With
the same confining pressure, the strength of gas shale
gets the maximum value when the coring angle is 0°.
With the increasing of coring angle, the strength reduces
firstly and then increasing, there is a critical angle of the
minimum strength. This is common for bedding rock [4].
The gas shale gets the minimum strength with the coring
angle of about 60° in this experiment. The strength with
ȕ = 60° decreases by 60,2% compared with E 0q and
decreases by 45,2% compared with E 90 q .

Fig. 1. Photo of gas shale
Fig. 4. Strength versus the angle between axial stress
and the bedding plane normal

Fig. 2. Laminated microfracture

With the same coring angle, the strength of gas
shale with confining pressure is higher than that tested
in uniaxial compressive test. With the confining
pressure of 20 MPa, the increase with E 60q is the
largest and up to 122,7% compared with uniaxial
condition. With other coring angles the increase is
between 51,2%~73,5%. From the above analysis,
coring angle and confining pressure has big influence
on the strength of gas shale.
Young’s modulus. Figure 5 shows the Young’s
modulus versus coring angle in uniaxial compressive
tests. The Young’s modulus of gas shale increases with
the increases of coring angle. The Young’s modulus is
25,9 GPa when E 0q and 35,5 GPa when E 90 q ,
with the increase of 37,1%.

50mm

ĳ25mm

Young’s modulus/GPa

40

35

30

25

20

Fig. 3. Schematic diagram of coring of gas shale
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Strength. The strength of gas shale is shown in
Figure 4. The experimental results show that the strength
28

Fig. 5. Young’s modulus versus the angle between
axial stress and the bedding plane normal
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Fig. 7. Predicted strength versus the angle between
V 1 and the bedding plane normal
Gas shale is high in strength. Fig. 8 and Fig. 9
demonstrate the complete stress-strain curves of E 0q
with different confining pressure. It shows brittle failure in
uniaxial compressive test, and the collapsing strength,
yield stress and plasticity increase with confining pressure.
Define f as the anisotropy index of gas shale

tan I  tan I  1

@m ,
n
A2  B2 >cos 2 T  E @ ,

UCS
Fitting Cure
Confining Pressure of 20MPa
Fitting Cure(Confining Pressure 20MPa)

;

2

A1  B1 >cos 2 T  E

280

Strength/MPa

Poisson’s ratio. Figure 6 shows the Poisson’s ratio
versus coring angle. The Poisson’s ratio of gas shale
increases with the increases of coring angle, which is the
same with Young’s modulus. The Poisson’s ratio is 0,18
when E 0q and 0,24 when E 90q , with the
increase of 33,2%.
To describe the mechanical properties of rock with
structural planes, many scholars proposed anisotropic
failure criterion. As a result of our experiment, the
continuously variable cohesion strength criterion
developed by McLamore [5] is suitable for prediction of
the strength of gas shale. And this strength criterion has
been proved suitable for bedding shale in wellbore
stability analysis [6]. The empirical formula is as
follows

0q d E d T

,

T  E d 90q

where V 1 and V 3 are the maximum and minimum effective
principle stress, respectively. I is the internal friction
angle㸹W is cohesive force; A1 = 36,4; B1= 19,8 and A2 =
37,1; B2 = 23,2 are constants that describe the behavior of
W over the range 0q d E d T and T  E d 90q , T 60q ,

I

1

CV ,
CH

where, CV is the Young’s modulus or Poisson’s ratio
normal to the bedding plane; C H is the Young’s modulus
or Poisson’s ratio parallel to the bedding plane. Based on
above experiments, we can obtain the anisotropy index of
gas shale in south of China is 0,27 and 0,25 by Young’s
modulus and Poisson’s ratio, respectively. The anisotropy
index can evaluate the degree of anisotropy of rock, higher
index means higher anisotropy.

is the internal friction angle, m = 3, and n = 2.
0.25
0.23

Poisson’s ratio

f

0.21
0.19
0.17
0.15
0
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Fig. 6. Poisson’s ratio versus the angle between axial
stress and the bedding plane normal
Fig. 7 indicates that the calculation results of the
McLamore empirical relationship agree well with the
compressive strength of gas shale with average relative
error less than 5%. The fitting curve indicates that the
strength of gas shale is a function of the inclination angle
between the maximum principal stress and the direction
normal to the bedding plane.
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Fig. 8. Complete stress-strain curve ( E
confining pressure of 0 MPa)

0q ,
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The boundary condition on the borehole wall is as
follows [8]
V r Pwf ,
where, V r is the radial stress.
Under the condition of small deformation, the formation
strain components and displacement components shall meet
the following geometric equation [7]

1
ui , j  u j , i ,
2

H ij
where,

Fig. 9. Complete stress–strain curve ( E
confining pressure of 20 MPa)

0q ,

Borehole stability analysis. Shale gas should be
developed by horizontal well, and in shale formation,
generally horizontal section or highly deviated well
section. The mechanical model of borehole stability
analysis is shown as Fig. 10.
The formation is replaced by the mud with fluid
column pressure pwf after drilling. The original balance
around the borehole is broken. Under the mud column
pressure, a new balance will be built around the borehole.
Without regard to the instantaneous dynamic effect when
the borehole is drilled, in borehole Cartesian coordinate
systems, the stress balance equation around the borehole
is as following [7]

V ij , j  fi

Vv

VH

where,

V ij

is the total stress tensor,

stress tensor,

V 'ij

is the effective

G ij is Kronecker symbol, Pp is pore

pressure.
Determining the constitutive equation is a basis of
researching the law of deformation and failure of a
borehole. Assuming the gas shale is transversely isotropic
material [9], the stiffness matrix can be written as [10]

DT

§ 1
¨ E
¨ h
¨ Q hh
¨ E
h
¨
¨ Q vh
¨
¨ Eh
¨
¨ 0
¨
¨
¨ 0
¨
¨
¨ 0
¨
©



Q hh
Eh

1
Eh





Q vh

Q vh
Ev

Q vh
Ev

0

0

0

0

0

0

Eh

1
Ev

0

0

0

0

0

1
Gvh

0

0

0

0

0

1
Gvh

0

0

0

0

0

2 1  Q hh
Eh

·
¸
¸
¸
¸
¸
¸
¸
¸,
¸
¸
¸
¸
¸
¸
¸
¸
¸
¹

where DT is the stiffness matrix of transversely isotropic
material.
The stiffness matrix above is defined in local
coordinate system of bedding plane, but the borehole
stability analysis is based on borehole coordinates.
Therefore the stiffness matrix in bedding plane
coordinate system needs to be transformed into that in
borehole coordinate system.

Vh

Borehole
Fig. 10. Mechanical model of shale gas well

30

is total strain tensor; ui is the displacement

component.
As the main deformation and destruction of rock
skeleton is controlled by effective stress, on the basis of
Biot’s effective stress theory, a equation can be
established
V 'ij V ij  DPpG ij ,

0.

where, V ij is the total stress tensor, f i is the volume
force of rock.

H ij

V 'ij
D

DH ij ;

qDT qT ,
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q is a transformation matrix
§ cos2 J
¨
0
¨
¨ sin2 J
q ¨
0
¨
¨ sin J cosJ
¨¨
0
©

sin2 J
0
cos2 J

·
¸
¸
¸
¸,
0
0
cosJ
0
sin J ¸
0 sin J cosJ
0
cos2 J  sin2 J
0 ¸
¸
0
0
0
cosJ ¸¹
sin J

0
1
0

0
0
0

2sin J cosJ
0
2sin J cosJ

0
0
0

where J is the angle between the normal direction of
bedding plane and the wellbore axis.
According to above governing equations, stress
distribution around a borehole are obtained. Combined
with the continuously variable cohesion strength
criterion, collapse pressure of shale gas well can be
obtained.
Figure 11 shows the variation of the collapse
pressure with both drilling azimuth and inclination.
Computation parameters are: Pp 1, 03 SG ; D 0,7 ;

V H = 2,14 SG ;

V h 1,93 SG ;

Vv

2, 29 SG . The
maximum horizontal in-situ stress direction is N 0q E
and dip angle is 0°, while other parameters are
according to experimental results.

Fig. 11. Collapse pressure versus drilling azimuth
and inclination angle
When the inclination angle is less than 45° collapse
pressure with different azimuth is similar and small
with a ranging from 1.21 g/cm3 to 1,33 g/cm3. The
inclination angle has little effect on the collapse
pressure and the collapse pressure is low. However,
when the inclination angle is higher than 45° the
collapse pressure rise sharply, especially the drilling
azimuth is close to the direction of minimum horizontal
in-situ stress. The collapse pressure is lowest when
drilling to the maximum horizontal stress direction and
reaches its maximum when drilling to the minimum
horizontal stress direction. So, the risk of borehole
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instability is the highest when drilling to the minimum
horizontal stress direction.
Conclusions.
1. Gas shale in south of China shows good laminated
structure, and the most mineral components of gas shale
is quartz and clay minerals.
2. The continuously variable cohesion strength
criterion is suitable for prediction of the strength of
gas shale. The strength decreases first and then
increases with the increasing of coring angle. It gets
the maximum value with the coring angle of 0° and
gets the minimum value with the coring angle of about
60°. The maximum decreasing range of shale strength
is up to 60,2%. The Young’s modulus and Poisson’s
ratio increase with the increases of coring angle.
3. Borehole instability of shale gas well is caused by
redistribution of in-situ stresses near the borehole in an
anisotropic formation. The collapse pressure is lowest
when drilling to the maximum horizontal stress direction
and reaches its maximum when drilling to the minimum
horizontal stress direction.
4. More attention should be given when drilling
horizontal wells near the direction of minimum
horizontal in-situ stress in shale gas reservoirs, because
the collapse pressure is higher in this region
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ɉɪɢ ɛɭɪɿɧɧɿ ɭ ɩɪɨɞɭɤɬɢɜɧɢɯ ɝɨɪɢɡɨɧɬɚɯ, ɳɨ ɦɿɫɬɹɬɶ ɫɥɚɧɰɟɜɢɣ ɝɚɡ, ɱɚɫɬɨ ɜɢɧɢɤɚɸɬɶ ɭɫɤɥɚɞɧɟɧɧɹ,
ɨɛɭɦɨɜɥɟɧɿ ɩɨɪɭɲɟɧɧɹɦ ɫɬɿɣɤɨɫɬɿ ɫɬɿɧɨɤ ɫɜɟɪɞɥɨɜɢɧ. Ƚɚɡɨɜɦɿɫɧɿ ɩɨɪɨɞɢ ɜɿɞɪɿɡɧɹɸɬɶɫɹ ɜɢɫɨɤɨɸ
ɳɿɥɶɧɿɫɬɸ, ɞɨɛɪɟ ɪɨɡɜɢɧɟɧɨɸ ɦɿɤɪɨɬɪɿɳɢɧɭɜɚɬɿɫɬɸ ɣ ɲɚɪɭɜɚɬɿɫɬɸ, ɿ ʀɯ ɦɟɯɚɧɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɜɿɞɦɿɧɧɿ ɜɿɞ ɜɥɚɫɬɢɜɨɫɬɟɣ ɳɿɥɶɧɢɯ ɩɿɳɚɧɢɤɿɜ ɚɛɨ ɤɚɪɛɨɧɚɬɿɜ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɩɪɨɜɟɞɟɧɧɹ ɩɨɪɿɜɧɹɥɶɧɢɯ
ɞɨɫɥɿɞɠɟɧɶ ɦɚɽ ɜɟɥɢɤɟ ɡɧɚɱɟɧɧɹ ɞɥɹ ɛɭɪɿɧɧɹ ɫɜɟɪɞɥɨɜɢɧ ɿ ɪɨɡɤɪɢɬɬɹ ɩɪɨɞɭɤɬɢɜɧɢɯ ɩɥɚɫɬɿɜ. Ɂɚ ɞɨɩɨɦɨɝɨɸ ɫɢɫɬɟɦɢ ɜɢɡɧɚɱɟɧɧɹ ɜɥɚɫɬɢɜɨɫɬɟɣ ɝɿɪɫɶɤɢɯ
ɩɨɪɿɞ ɆɌS-816 Rock Test System ɩɪɨɜɟɞɟɧɨ ɞɨɫɥɿɞɠɟɧɧɹ ɦɟɯɚɧɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɝɨɪɸɱɨɝɨ ɫɥɚɧɰɸ, ɳɨ ɜɢɞɨɛɭɜɚɽɬɶɫɹ ɧɚ ɩɿɜɞɧɿ Ʉɢɬɚɸ. ɍ ɥɚɛɨɪɚɬɨɪɧɢɯ ɭɦɨɜɚɯ ɩɪɨɜɟɞɟɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɡɦɿɧɢ
ɦɟɯɚɧɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɭ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɤɭɬɚ ɦɿɠ
ɨɫɶɨɜɢɦ ɧɚɜɚɧɬɚɠɟɧɧɹɦ ɿ ɧɨɪɦɚɥɥɸ ɩɥɨɳɢɧɢ ɧɚɲɚɪɭɜɚɧɧɹ (ɤɭɬ ɜɿɞɛɨɪɭ ɤɟɪɧɚ), ɤɪɢɬɟɪɿɣ ɨɰɿɧɤɢ
ɪɭɣɧɭɜɚɧɧɹ ɛɭɜ ɩɟɪɟɜɿɪɟɧɢɣ ɿ ɡɚɫɬɨɫɨɜɚɧɢɣ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɦɿɰɧɨɫɬɿ ɝɨɪɸɱɢɯ ɫɥɚɧɰɿɜ. Ɂɿ ɡɛɿɥɶɲɟɧɧɹɦ ɤɭɬɚ ɜɿɞɛɨɪɭ ɤɟɪɧɚ ɦɿɰɧɿɫɬɶ ɫɥɚɧɰɸ ɫɩɨɱɚɬɤɭ
ɡɦɟɧɲɭɽɬɶɫɹ, ɚ ɩɨɬɿɦ ɡɛɿɥɶɲɭɽɬɶɫɹ. ɉɪɢ ɤɭɬɿ ɜɿɞɛɨɪɭ ɤɟɪɧɚ 0° ɜɨɧɚ ɞɨɫɹɝɚɽ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɧɹ, ɚ ɩɪɢ ɤɭɬɿ ɤɟɪɧɚ ɛɿɥɹ 60° – ɦɿɧɿɦɚɥɶɧɨɝɨ. Ɇɨɞɭɥɶ ɘɧɝɚ ɬɚ ɤɨɟɮɿɰɿɽɧɬ ɉɭɚɫɫɨɧɚ ɡɪɨɫɬɚɸɬɶ ɡɿ
ɡɛɿɥɶɲɟɧɧɹɦ ɤɭɬɚ ɜɿɞɛɨɪɭ ɤɟɪɧɚ. Ʉɪɿɦ ɬɨɝɨ, ɩɪɨɜɟɞɟɧɨ ɦɨɞɟɥɸɜɚɧɧɹ ɫɬɚɛɿɥɶɧɨɫɬɿ ɫɬɿɧɨɤ ɫɜɟɪɞɥɨɜɢɧɢ, ɳɨ ɛɭɪɢɬɶɫɹ ɜ ɝɨɪɸɱɨɦɭ ɫɥɚɧɰɿ ɲɥɹɯɨɦ ɨɛ'ɽɞɧɚɧɧɹ ɬɪɚɧɫɜɟɪɫɚɥɶɧɨʀ ɿɡɨɬɪɨɩɧɨʀ ɦɨɞɟɥɿ ɫɬɚɧɭ ɬɚ
ɤɪɢɬɟɪɿɸ ɩɥɚɜɧɨɪɟɝɭɥɶɨɜɚɧɨʀ ɤɨɝɟɡɿɣɧɨʀ ɦɿɰɧɨɫɬɿ.
ɇɚɜɚɧɬɚɠɟɧɧɹ ɪɭɣɧɭɜɚɧɧɹ ɦɚɽ ɧɚɣɦɟɧɲɟ ɡɧɚɱɟɧɧɹ
ɩɪɢ ɛɭɪɿɧɧɿ ɜ ɧɚɩɪɹɦɤɭ ɦɚɤɫɢɦɚɥɶɧɨʀ ɝɨɪɢɡɨɧɬɚ-
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ɥɶɧɨʀ ɧɚɩɪɭɝɢ ɣ ɞɨɫɹɝɚɽ ɦɚɤɫɢɦɭɦɭ ɩɪɢ ɛɭɪɿɧɧɿ ɜ
ɧɚɩɪɹɦɤɭ ɦɿɧɿɦɚɥɶɧɨʀ ɝɨɪɢɡɨɧɬɚɥɶɧɨʀ ɧɚɩɪɭɝɢ.
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɫɥɚɧɰɟɜɢɣ ɝɚɡ, ɦɟɯɚɧɿɤɚ ɝɿɪɫɶɤɢɯ ɩɨɪɿɞ, ɚɧɿɡɨɬɪɨɩɿɹ, ɤɪɢɬɟɪɿɣ ɪɭɣɧɭɜɚɧɧɹ, ɤɭɬ
ɜɿɞɛɨɪɭ ɤɟɪɧɚ, ɫɬɿɣɤɿɫɬɶ ɫɬɜɨɥɚ ɫɜɟɪɞɥɨɜɢɧɢ
ɉɪɢ ɛɭɪɟɧɢɢ ɜ ɩɪɨɞɭɤɬɢɜɧɵɯ ɝɨɪɢɡɨɧɬɚɯ, ɫɨɞɟɪɠɚɳɢɯ ɫɥɚɧɰɟɜɵɣ ɝɚɡ, ɱɚɫɬɨ ɜɨɡɧɢɤɚɸɬ ɨɫɥɨɠɧɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɧɚɪɭɲɟɧɢɟɦ ɭɫɬɨɣɱɢɜɨɫɬɢ
ɫɬɟɧɨɤ ɫɤɜɚɠɢɧ. Ƚɚɡɨɫɨɞɟɪɠɚɳɢɟ ɩɨɪɨɞɵ ɨɬɥɢɱɚɸɬɫɹ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɶɸ, ɯɨɪɨɲɨ ɪɚɡɜɢɬɨɣ ɦɢɤɪɨɬɪɟɳɢɧɨɜɚɬɨɫɬɶɸ ɢ ɫɥɨɢɫɬɨɫɬɶɸ, ɢ ɢɯ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɬɥɢɱɧɵ ɨɬ ɫɜɨɣɫɬɜ ɩɥɨɬɧɵɯ
ɩɟɫɱɚɧɢɤɨɜ ɢɥɢ ɤɚɪɛɨɧɚɬɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɟɞɟɧɢɟ ɫɪɚɜɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɛɭɪɟɧɢɹ ɫɤɜɚɠɢɧ ɢ ɜɫɤɪɵɬɢɹ
ɩɪɨɞɭɤɬɢɜɧɵɯ ɩɥɚɫɬɨɜ. ɋ ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɟɧɢɹ ɫɜɨɣɫɬɜ ɝɨɪɧɵɯ ɩɨɪɨɞ ɆɌS-816 Rock Test
System ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ
ɫɜɨɣɫɬɜ ɝɨɪɸɱɟɝɨ ɫɥɚɧɰɚ, ɞɨɛɵɜɚɟɦɨɝɨ ɧɚ ɸɝɟ Ʉɢɬɚɹ. ȼ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɡɦɟɧɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɝɥɚ ɦɟɠɞɭ ɨɫɟɜɨɣ ɧɚɝɪɭɡɤɨɣ ɢ ɧɨɪɦɚɥɶɸ
ɩɥɨɫɤɨɫɬɢ ɧɚɩɥɚɫɬɨɜɚɧɢɹ (ɭɝɨɥ ɨɬɛɨɪɚ ɤɟɪɧɚ), ɤɪɢɬɟɪɢɣ ɨɰɟɧɤɢ ɪɚɡɪɭɲɟɧɢɹ ɛɵɥ ɩɪɨɜɟɪɟɧ ɢ ɩɪɢɦɟɧɟɧ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɝɨɪɸɱɢɯ ɫɥɚɧɰɟɜ.
ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɭɝɥɚ ɨɬɛɨɪɚ ɤɟɪɧɚ ɩɪɨɱɧɨɫɬɶ ɫɥɚɧɰɚ ɫɧɚɱɚɥɚ ɭɦɟɧɶɲɚɟɬɫɹ, ɚ ɡɚɬɟɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ.
ɉɪɢ ɭɝɥɟ ɨɬɛɨɪɚ ɤɟɪɧɚ 0° ɨɧɚ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɚ ɩɪɢ ɭɝɥɟ ɤɟɪɧɚ ɨɤɨɥɨ 60° –
ɦɢɧɢɦɚɥɶɧɨɝɨ. Ɇɨɞɭɥɶ ɘɧɝɚ ɢ ɤɨɷɮɮɢɰɢɟɧɬ
ɉɭɚɫɫɨɧɚ ɜɨɡɪɚɫɬɚɸɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɭɝɥɚ ɨɬɛɨɪɚ
ɤɟɪɧɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɨɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɬɚɛɢɥɶɧɨɫɬɢ ɫɬɟɧɨɤ ɫɤɜɚɠɢɧɵ, ɛɭɪɢɦɨɣ ɜ ɝɨɪɸɱɟɦ
ɫɥɚɧɰɟ ɩɭɬɟɦ ɨɛɴɟɞɢɧɟɧɢɹ ɬɪɚɧɫɜɟɪɫɚɥɶɧɨɣ ɢɡɨɬɪɨɩɧɨɣ ɦɨɞɟɥɢ ɫɨɫɬɨɹɧɢɹ ɢ ɤɪɢɬɟɪɢɹ ɩɥɚɜɧɨɪɟɝɭɥɢɪɭɟɦɨɣ ɤɨɝɟɡɢɨɧɧɨɣ ɩɪɨɱɧɨɫɬɢ. ɇɚɝɪɭɡɤɚ ɪɚɡɪɭɲɟɧɢɹ ɢɦɟɟɬ ɧɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ɩɪɢ ɛɭɪɟɧɢɢ
ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ
ɧɚɩɪɹɠɟɧɢɹ ɢ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɭɦɚ ɩɪɢ ɛɭɪɟɧɢɢ ɜ
ɧɚɩɪɚɜɥɟɧɢɢ
ɦɢɧɢɦɚɥɶɧɨɝɨ
ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ
ɧɚɩɪɹɠɟɧɢɹ.
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɥɚɧɰɟɜɵɣ ɝɚɡ, ɦɟɯɚɧɢɤɚ ɝɨɪɧɵɯ ɩɨɪɨɞ, ɚɧɢɡɨɬɪɨɩɢɹ, ɤɪɢɬɟɪɢɣ ɪɚɡɪɭɲɟɧɢɹ,
ɭɝɨɥ ɨɬɛɨɪɚ ɤɟɪɧɚ, ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɬɜɨɥɚ ɫɤɜɚɠɢɧɵ
Ɋɟɤɨɦɟɧɞɨɜɚɧɨ ɞɨ ɩɭɛɥɿɤɚɰɿʀ ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ
Ⱥ.Ʉ. ɋɭɞɚɤɨɜɢɦ. Ⱦɚɬɚ ɧɚɞɯɨɞɠɟɧɧɹ ɪɭɤɨɩɢɫɭ
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