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Annotation. Determination of the physical and mechanical properties of anisotropic
limestone rocks is an important and urgent task, since carbonate deposits are very often found in
oil and gas fields of the Mangistau region. The data show that limestone creates from 70% to 90%
of all problems related to the stability of wells, which is due to the peculiarities of their physical
and mechanical properties.

Experimental studies of the physical and mechanical properties of limestone have features
both in terms of monolith selection and in terms of preparation of samples for research, and in the
methods of conducting and processing experiments. These features are due to extremely low
permeability, anisotropy of elastic and strength properties due to their layered structure. The
experience of testing core samples of layered limestone is considered, tests are carried out on
equipment under the program of consolidated-undrained loading in accordance with the standards.

As a result of experiments on core samples cut at an angle, along and across the layering,
the anisotropic elastic properties of rocks, as well as their dependencies on geophysical parameters,
were studied. The anisotropy of elastic properties has a significant effect both on the stress-strain
state when solving specific problems of continuum mechanics and on the design values of the initial
stress field as a whole. Taking into account the anisotropy parameters obtained in this paper will
make it possible to solve Geomechanics problems in relation to layered limestones of the
Sarmatian stage.
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1. Introduction

The Dunga oil and gas field is located in the Tupkaragan district of the Mangistau region
of Kazakhstan, 50 km from Aktau. The geological reserves of the field are estimated at 106 million
tons of oil and more than 6 billion cubic meters of gas. The deposit was discovered in 1966.

The Dunga project is being implemented under the Production Sharing Agreement (PSA)
dated May 1, 1994, concluded between Oman Oil Company Limited and the Government of the
Republic of Kazakhstan. Currently, the project participants are Total E&P Dunga GmbH (60%),
«Oman Oil Company Limited» (20%) u «Partex

Kazakhstan Corporation» (20%), collectively referred to as the Contractor. The operator of
the project is Total E & P Dunga GmbH.

The Dunga field was put into trial production in 2000. In the period from 2004 to 2006, the
field was developed as part of the Pilot Development project with the drilling of horizontal and
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vertical wells. From 2007 to the present, the Dunga field has been at the stage of full-scale
development.

Within the boundaries of the deposit, deposits of the Sarmatian stage of the Neogene are
developed, expressed by weathered limestone of hard consistency, with interlayers of shell
limestone up to 30%, layer thickness from 0.2 m (well No3-52) to 2.5 m (well No8-06), loamy
marl, limestone - shell rock, covered from the surface with a gypsum horizon, loam, sandy loam.
Below there is a continuous massif of limestone-shell rock of low strength, with interlayers of
weathered limestone up to 30%. The thickness ranges from 0.6 m (well No3-13) to 7.0 m (well
No08-10).

The most important mechanical properties of rocks - elasticity, compressive and tensile
strength, as well as plasticity - affect a number of processes occurring in the reservoir during the
development and operation of oil and gas fields. For example, the redistribution of stresses in the
reservoir during the operation of the deposit depends on the elastic properties of rocks and the
elasticity of reservoir fluids. The reserve of elastic energy released by pressure reduction can be a
significant source of energy, which is the driving force through which oil moves through the
reservoir to the bottom of the wells.

In the process of field operation, it is also very important to know the compressive and
tensile strength characteristics. These data, as well as the modulus of elasticity, are necessary in
the study of the processes of artificial stimulation of the rocks of the bottomhole zone of wells
(hydraulic fracturing, torpedoing), which are widely used in the oilfield business to increase oil
recovery. When studying the physical properties of rocks, it should be taken into account that
depending on the conditions of occurrence, the mechanical properties of the rock can change
dramatically.

2. Literature review

Researchers have always been interested in the question of how the properties of rocks
will change in an intact massif, which is in a bulk stress state. For this purpose, T. Karman
developed one experimental setup that made it possible to test samples under triaxial
equicomponent compression [1]. Loading in it was carried out using a piston, which compressed
the working fluid (glycerin) and created lateral pressure. The first results on marble samples
showed that with an increase in lateral pressure, the strength of the samples increased. T. Karman's
experiments were subsequently improved by O. Muller [2] under similar conditions, during which
the results obtained for marble, sandstone, shale, and coal were confirmed.

In the works of the authors [3-5], it was experimentally proved that a similar tendency to
increase the strength of samples with an increase in lateral pressure is also characteristic of other
types of rocks.

At the moment, laboratory equipment for testing rock samples under conditions of triaxial
compression has undergone a number of technical changes.

The loading capacity of the presses has increased, the number of parameters controlled and
determined in the course of the experiment has increased, and it has become possible to create a
three-axis unequal component load [6-15]. This made it possible to obtain new data on changes in
the strength and deformation properties of rocks under conditions of triaxial compression [16-21].
For a number of rocks, it has been established that with an increase in lateral pressure, their
tendency to fracture in a dynamic form decreases, and at high values of lateral pressure, such a
tendency disappears altogether [21-23], i.e. the rocks pass into a state of plastic deformation.

Despite the significant groundwork in the field of studying the properties of rocks under
loading under conditions of triaxial compression, there is a problem with obtaining experimental
data. It is mainly associated with the high cost of testing equipment, as well as labor-intensive
testing of samples. Nevertheless, the importance of this method lies in the fact that it allows you
to determine how the properties of rocks change under conditions of triaxial compression, as well
as to identify whether the tendency of rocks to fracture in a dynamic form will change with an
increase in lateral pressure.



To date, the Rock Testing Laboratory of the Caspian University of Technologies and
Engineering named after Sh. Yessenov has carried out quite numerous studies of the elastic
properties of cores and has accumulated a significant amount of data on the physical and
mechanical properties of rocks and methods of their testing [24-27]. One of the most common test
methods is to load specimens in uniaxial compression mode. As a result, knowledge is obtained
about the strength and elastic properties of rocks, the nature of their deformation. This type of
testing is simple, it can be implemented on relatively inexpensive and accessible laboratory
equipment. However, such a loading mode characterizes the limiting cases of fracture in the rock
mass, when there are free surfaces and there are no lateral loads. This article presents the results
of experimental studies of shell limestone samples (Dunga oil field) under uniaxial compression
conditions. The main goal of the research is to obtain characteristics of anisotropy of elastic
properties of rocks on the basis of experimental studies of core samples of layered limestone.

A review of publications in scientific sources on the topic under consideration shows its
relevance, novelty and socio-economic significance not only for the region, but also for the
economy of the republic as a whole. Therefore, it is necessary to formulate the formulation of the
task, goal, area and subject of research.

Problem statement

The field of research is the Dunga oil and gas field in the Mangistau region,

the  subject is its  sustainable  operation in  the long  term.

Laboratory and field surveys of the rocks of the deposit:

- drilling of 2-4 wells, depth h = 0.2 — 7.0 meters;

- extraction, storage of the natural integrity of the well core and delivery to the university
laboratory;

- preparatory work for experimental research;

- comprehensive testing of rock samples of the deposit in the university laboratory;

- test results, their analysis and comparison with known, reliable, reference solutions. This
article presents the results of comprehensive experimental tests of shell limestone samples.
Expected results of the study: on the basis of comprehensive tests of core samples of layered
limestone, to obtain characteristics of anisotropy of elastic properties of rocks at the base of the
Dunga oil field.

3. Purpose and objectives of the study

Objective: Experimental studies of the anisotropy parameters of the rocks of the Dunga
oil and gas field in order to assess their strength, rigidity, stability and predict the stress-strain state
of the foundation in the long term.

Tasks:

1. Test rock samples extracted from well No8-02 of the Dunga deposit.

2. To test rock samples extracted from well No8-06 of the Dunga deposit.

3. To test rock samples extracted from well No8-08 of the Dunga deposit.

4. Test rock samples extracted from well No8-10 of the deposit.

As a physical method for assessing strength anisotropy, a method widely used in
geotechnics for determining the strength of soils is used - the method of uniaxial compression-
tension of samples taken from the base at their different spatial orientation in the base, usually
determined by the angle of inclination of the longitudinal axis of the sample to the vertical or to
the isotropy axis, if its position is known in advance.
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Figure 1

Methods for determining strain anisotropy.

Poisson's ratios are determined in the traditional way - for uniaxial compression of soil or
rock samples. This method is considered in the work of V.A. Kuzmitsky. This method was then
used in a number of works. The most complete results were obtained in the studies of V.P.
Pisanenko, in which the determination of Poisson's coefficients was carried out on a setup made
on the basis of the CTB stabilometer at different orientation of the samples. When it was used,
from 8 to 12 indicators were used to measure transverse deformations, placed in the horizontal
plane at intervals of 45° or 30°. When the isotropy plane of a transversal-isotropic medium
coincides with the plane xoy, this medium is characterized by Poisson's coefficients 1sxy=1x=w,
Vix=Vy= W2, W= W, =V. The direction of action (stress application) is assumed to coincide with the
longitudinal axis of the sample.

To determine the Poisson coefficients 14y , i the samples were cut so that the axis of the
specimen was located in the xy plane (coinciding with the x-axis), for the coefficient . — the axis
of the specimen coincided with the z-axis. In a monotropic body, any two directions inclined to
the isotropy axis z (the vertical axis in Figure 2) at the same angle are equivalent. In this case, the
two arbitrary orthogonal directions i, j are uniquely characterized by the Poisson's ratio vei, v,
where ai, o are the angles of inclination of the directions i, j to z. The angles together with the
orthogonality condition of the directions i, j completely determine the Poisson's ratio. For ease of
notation, it is proposed vai, Vo to denote vij. The coefficient v characterizes the expansion in the
direction j of the specimen, the longitudinal axis of which coincides with the direction i, under the
action of a load on the ends with the normal i. (There may be other notations and rational formulas).

The values of Poisson's ratios based on the results of uniaxial compression experiments are
calculated according to the formula following the concept of this coefficient:

vi= Ag lAa, 1)

where Ag is the relative strain increment in the cross-section in the direction j;
As - increment of relative strain along the longitudinal axis of the specimen aligned
with the i-axis when a compressive pressure is applied along this axis.
In formula (1), total (accumulated) deformations from the applied load can be taken instead
of increments.

The determination of the strain moduli from the experimental tests can only be carried
out with known values of Poisson coefficients, even in the case of isotropic soil testing, the
relationship e1= (o/1—2vo3)/E between the deformation E; and the stress o1 measured in the
experiment contains two unknown characteristics E and v, if we assume that o3 = &-01= o1v/

(1-v)



The method of processing the test results of an anisotropic sample differs markedly from
that of an isotropic one. Assuming, as usual, the lack of friction between the reference and the
sample stamps and uniform stress distribution in the sample, the longitudinal axis is parallel to the
z axis, when tested according to the "crushing" have =01, ox=0y=02=03, ©y= 7y = ==0. In
the general case of an anisotropic linearly deformable soil (with the existence of an elastic
potential), deformations are determined by the dependencies:
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In the case of fixing the end of the sample in the form of a parallelepiped, the dependences
of the movements of the center of the upper end along the x, y and z axes after integrating
expression (2) take the form:

[(a15 +ay )0'3 + a3.50'1]' X

u=
V= [(a14 tay )0'3 + a340'1]' y (3)
W= [(al3 +a23)03 "'3330'1]1,

where X, y and z are the Cartesian coordinate system with the origin in the center of gravity
of the lower end of the sample and the z axis coinciding with the longitudinal axis of the sample.

It follows from expressions (3) that the vertical axis of the sample changes its slope when
it is loaded, while the rectangular faces of the sample turn into a parallelogram.

In the presence of symmetry of deformation properties, expressions for deformations and
displacements are significantly simplified and they acquire the simplest form for samples from
monotropic soil when they are selected parallel and perpendicular to the isotropy plane. In this
case, the sample will not experience skew deformation during loading, since all the coefficients of
mutual influence ajj (i=)) in forms (2) and (3) are zero.

The calculation formula for calculating the shear modulus of deformation in any direction
in the space of an anisotropic base has a simple form:

Eazﬂ(fl,a/ﬂgl,a, (4)

where Ao« is the increment of the greatest main (axial) stress o7 in the sample taken from
the base at an angle « to the axis of isotropy (the longitudinal axis of the sAs.,. ample is inclined
at an anglea to the axis of isotropy);

Agia - 1S the increment of the relative axial deformation &; of the specified sample.

In total, three samples are being tested. Module Exx= Ejand Poisson's ratios wy = = w,,
W = w2 determined by the compression of the sample, cut perpendicular to the z axis, i.e. the
axis of the sample lies in the plane of isotropy. To determine transverse deformations, one pair of
indicators is placed in the isotropy plane; the other is perpendicular to the first. The values Exx, wy,
W are calculated directly using formulas (1) and (4). To find the module Ez= E1, the sample is
selected so that its longitudinal axis is parallel to the axis of isotropy z.

The stress-strain state of transversally isotropic bases depends, along with other
deformation parameters, also directly on the shear modulus Gxz = Gyz in planes parallel to the z-



axis. The shear modulus Gxz can be determined through known deformation parameters in the
isotropy plane, both theoretically and experimentally.

Some authors have proposed a technique for indirectly determining the shear modulus Gx.
based on data from uniaxial compression of samples with free lateral expansion, while other
deformability characteristics are determined. This technique is used for soils of foundation bases
when lateral compression of soils can be neglected. To determine the Gxz module, in addition to
the previous ones, a sample cut from the base at an angle of 45° to the z-axis of isotropy is tested.
In the uniaxial compression test, Ess- is determined by the formula (4). A dependency is used for
the Gx; module:

G = Exx ’ E45° ’ Ezz

4E,, - Ezz - E45° (Exx - 2sz ’ Ezz + Ezz)

XX

()

which substitutes the value . found from the ratio vix-Ez = v Exx, and Esse determined by
the formula:

cos* a sin® 2a sin*«
a=45 — E

22) 4(62()(_7) _2V2(zx) 'E(zz)) Ez()oo (6)

The values of the elastic constants E1, E2, w1, 12 and G2 do not quantitatively characterize
the degree of elastic anisotropy of the array, allowing only a qualitative assessment of deviations
from the theoretical ratios E1=F>, vi=w» and G2=E1(2+1»). In general, the degree of anisotropy of
rocks and soils is estimated by the deviation of the anisotropy parameter nij = Ei«/Fj« from the
isotropic rock parameter at nj=1. A complete analysis of the planar and generalized planar
deformation of a transtropic rock requires anisotropy parameters of the types k, nand |. The degree
of anisotropy in this case is estimated by the deviation of the numerical solutions of the anisotropy
parameters from the parameters of the isotropic array: k=1, n=2,1=1.

k= [(E1E2t- v [ (1 - w?) ]
n= {2K- [E1 G2*- 2w(1 + w) ]/ (1 - n?)}”
| = 0.5%E> / (1+w) GoJ* (7

5. The results of complex tests of rock samples of the base of the oil and gas field.
5.1 Test results of anisotropic rock samples extracted from well No. 8-02 of the Dunga
deposit.
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The strength of the samples was determined in three directions of rock stratification:
perpendicular to the stratification of the sample (isotropy plane); parallel to the stratification; at an
angle of 30°, 45°, 60° to the stratification.

The ultimate strength was determined by the formula:

Opasp.= Ppasp./F (8)

The proportionality limit was determined by the formula:

Ony.=Pny./F 9)

The results of determining the physical and mechanical characteristics of rock samples in
their natural state are shown in Table 1.

Table 1. Test results of shell limestone samples from well No.8-02

Strength tests

No | Length, | Width, | Height | Area Volume | Volume | Sample | Destructi | Tensile
p.p | cm cm cm cm? , cm3 tric weight, | on. Load, | strengt
weight, | g kgf h,
t/m3 kg/m2
1 10,2 10,3 105 105 1080 1,85 2000 7100 67,6
2 10,5 10,3 108 108 1090 1,80 1960 9600 89,0
3 10,4 10,4 108 108 1080 1,80 1940 8100 75,0
4 10,5 10,5 105 105 1070 1,82 1950 6800 64,8
5 10,4 10,2 106 106 1070 1,82 1950 9700 91,5

In accordance with THE STATE STANDARD 4001-84, the average strength of the
samples is 6cp. = 77.8 kg/cm?, minimum strength - min = 64.8 kg/cm?, maximum strength - Gmax =
91.5 kg / cm?, average destructive load is equal to Paver = 8260 kgf.

5.2 Test results of anisotropic rock samples extracted from well No8-06 of the Dunga
deposit.



Lithological section of well No.8-06
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Table 2. Test results of shell limestone samples from well No.8-06

No | Length, | Width, | Height | Area Volume | Volume | Sample | Destructi | Tensile
p.p | cm cm cm cm? , cm3 tric weight, | on. Load, | strengt
weight, | g kgf h,
t/m3 kg/m2
1 9,4 10,0 9,7 94 912 1,61 1470 6100 64,8
2 9,3 9,2 9,4 85 800 1,52 1220 4200 49,4
3 9,7 9,5 10,0 92 920 1,67 1540 3950 50,0
4 9,1 9,9 10,1 90 909 1,69 1540 3950 43,8
5 10,1 9,7 9,2 98 901 1,76 1540 3600 36,7

kg/cm?, average breaking load is equal to Paver = 4360 Kkgf.

In accordance with STATE STANDARD 4001-84, the average strength of the specimen is
(Gaver = 48.9 kg/cm?, minimum strength - (omin = 36.7 kg/cm?), maximum strength - (cmax = 64.8

5.3 Test results of anisotropic rock samples extracted from well No8-08 of the Dunga
deposit.

Lithological section of well No0.8-08
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Table 3. Test results of shell limestone samples from well No.8-08

HcnpiTanus Ha IPOYHOCTh

No Hmuna, | llupun | Beicora | [Tnoma | O6vem, | O6veM | Bec Pazpym. | [Ipenen

ILII | CM a, cM , CM b, cM? | em® HBII obpasn | Harpysk | mpouno
BEC, a,r a, Kre CTH,
/™M Kr/m?

1 10,0 9,7 9,7 97 941 1,36 1280 1200 12,4

2 9,4 9,7 9,7 31 883 1,42 1260 1000 10,9

3 9,3 9,7 9,6 89 854 1,37 1175 1600 17,9

4 9,7 9,3 9,4 90 846 1,34 1135 1100 12,2

&) 9,9 9,2 9,9 82 812 1,29 1050 1300 15,8

According to STATE STANDARD 4001-84, the average strength of rock samples (Gaver.
= 13.84 kg/cm?, minimum strength - ((omin = 10.9 kg/cm?), maximum strength ((omax = 17.9
kg/cm?, average breaking load is Paver = 1240 kgf.

5.4 Test results of anisotropic rock samples extracted from well No8-10 of the Dunga
deposit.

Lithological section of well No.8-10

JInTOoNnorvyeckHii paspe3 CKBa*>KHHbI

= | Wy :E

Table 4. Test results of shell limestone samples from well No.8-10

Strength tests
No | Len | Width | Heig | Area | Volu | Volu | Sample weight, g Destr | Tensile
p.p | gth, |,cm ht cm? me, metric uction | strength,
cm cm cm® | weigh Load, | kg/m2
t, t/m3 kgf
dry | Wet Wet
dry wiw | wiw
48 96
hours | hours
1 52 |51 50 |265 1030 1,88 |250 |275 265 1700 | 64,2
2 53 |52 52 | 276 1400 1,81 |260 |270 275 1240 | 45,0
3 54 |52 53 |[281 1490 | 165 |250 |270 270 1080 | 38,0
4 50 |50 52 |250 1300 1,85 [240 |250 250 2200 | 88,0




5 |53 [23 |55 [281 [1550 [1,87 [290 [300 [300 |1600 |57,0

In accordance with GOST 4001-84, the average wet strength of the specimen is
(Gaver = 77.8 kg/cm?, minimum strength - (omin = 64.8 kg/cm?), maximum strength (Gmax =
91.5 kg/cm?, average breaking load is Paver = 8260 kgf.6.

6. Discussion of the results of complex testing of rock samples of the base of an oil and
gas field

Experimental studies of the elastic properties of the rocks of the deposit were carried out
in several stages. At the first stage, the initial loads were determined, for which the strength limits
of samples of representative rocks of the shelf were clarified.

For this purpose, samples of 100x100x100 mm in size were prepared from the rock that
was used in the tests. Further, destructive loads were determined on samples with side dimensions
of 50x50x100 mm. Before the start of the test, the sample mounted on a hydraulic press was
preloaded to approximately a pressure of 50-60% of the average destructive load, followed by
unloading.

To determine the elastic modulus and Poisson's coefficients, two complete cycles of
successive loads and unloads were carried out. The load on the sample for all three types of
layering orientation was given in steps after 200 kg. The loading and unloading speed was
maintained constant, equal to 0.5-1.5 MPa/s, temperature fluctuations in the range of 2-3 ° C.

Deformations of the sample were measured both during loading and unloading. The
measurement of deformations begins at some initial loading of the sample, equal to the natural
pressure or at least 20% of the maximum destructive load, in this case P = 0.4 MPa.

The average values of the destructive load, stresses in the sample, Poisson's coefficients
and modulus of elasticity of the samples are determined based on the results of their tests, when
the load acts perpendicular, parallel and at some angle to the isotropy plane, the degrees of
anisotropy are determined.

To determine the anisotropy of elastic properties, tests were carried out on adjacent samples
sawn along and across the stratification, with similar properties and mineralogical composition.
When performing this work, it was not always possible to cut out samples near each other. Based
on this, the maximum distance between adjacent samples was assumed to be 0.15 m, and the
similarity of samples in mineralogical composition was also assessed.

Quantitative and qualitative analysis of the degree of anisotropy of rocks in the study area
shows that in dry and wet states, the studied rocks have a pronounced anisotropy.

7. Conclusion

Thus, based on the results of experimental studies of limestone samples under uniaxial
compression conditions, their main strength and deformation properties were determined. It is
shown that when the isotropy plane is positioned at an angle to the horizon and with increasing
depth of occurrence, the strength limits of the samples of the studied rock increase. At angles of
inclination up to 45 °, the strength increased on average by 2 times compared to the ultimate
strength at angles of inclination equal to 0 °. With an angle of inclination of the isotropy plane of
90°, the tensile strength of shell limestone averaged 8.42 MPa, which is almost 4 times higher than
the strength at angles of inclination equal to O °.

It has been established that shell limestone, of low strength, with interlayers of weathered
limestone, has a pronounced anisotropy.

It has been established that, according to the Kaiser criterion and the energy criterion,
limestone-shell rock under uniaxial loading is prone to destruction in a dynamic form, which is
also confirmed by a number of other signs (a high value of the brittleness

coefficient, the elastic nature of deformation and brittle fracture of samples). Rocks lying
at shallow depths have no potential for impact hazard.



Thus, based on the performed studies, it is shown that the values of the strength limits of
rock samples can increase sharply at the angles of inclination of the isotropy plane from 45° to
90°. At 90, they reach the maximum. It has also been established that shell limestone is prone to
dynamic destruction under uniaxial compression. It follows from this that when acting in an array
of rocks of high stresses, limestone-shell rock can be impact-hazardous.
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HNUCHBITAHUE OBPA3LOB ITOPO/JAbI U3 HE®TSAHBIX U I'A30BbIX
MECTOPOXXJIEHUI ONPEJEJIUTH NUX ®U3NKO-MEXAHUYECKHUE
XAPAKTEPUCTUKH
Omap Kukeuose,
T'ocyoapcmeennuiii ynusepcumem Axaxkus Llepemenu, Kymaucu, I'py3us
baiicapoea I'ynoany
Kacnutickuu ynueepcumem mexnonoeuti u unscunupunea um. L. Ecenosa
Axmay, Kazaxcman

AnHoramusi.  OmnpeneneHne  (PU3MKO-MEXaHUYECKUX  CBOMCTB  aHU3OTPOMHBIX
U3BECTHIKOBBIX IOPOJ SIBISIETCS BaXXHOM M aKTyalbHOH 3a1adeil, MOCKOJbKY KapOOHaTHbIE
3aJ1€’KH OYEHb YacTO BCTPEUAIOTCS HA MECTOPOXKAECHUAX He(pTH U raza MaHrucrayckoi o0macT.
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JlaHHBIC TTOKA3BIBAIOT, YTO M3BECTHSKU co31at0T oT 70% mo 90% Bcex mpoOieM, CBSI3aHHBIX C
YCTOMUMBOCTBHIO CKBAXHH, YTO CBSA3aHO C 0COOEHHOCTSIMH X (PU3MKO-MEXaHMYECKUX CBOUCTB.

DKcriepuMEHTANIbHbIE HCCIeoOBaHUs  (DU3MKO-MEXaHUUYECKUX CBOMCTB M3BECTHSIKOB
UMEIOT OCOOCHHOCTM KaK C TOYKM 3PEHHUS BBIOOpPa MOHOJUTA W TOATOTOBKM OOpa3LOB IS
HCCJIEIOBAaHUM, TaK U C TOUYKHU 3PEHUS METOJIOB MPOBEACHUS U 00pabOTKU 3KCIEPUMEHTOB. JTH
0c00eHHOCTH 00YyCIIOBIICHBI YPE3BbIUAtHO HU3KOW NMPOHUIIAEMOCTHIO, AaHU30TPONUEH YIPYTUX U
MIPOYHOCTHBIX CBOMCTB M3-3a UX CJIOUCTON CTPYKTYpPhl. PACCMOTpPEH ONMBIT HCIIBITAHWNA KEPHOBBIX
00pa3loB CIOUCTOrO W3BECTHSKA, MCHBITAHUSA NMPOBOAATCA HAa OOOPYAOBAaHMM IO IMPOrpamMme
CBOJHO-HE JPEHUPYEMOI'O HarpyKEHUsI B COOTBETCTBUU C HOPMaMH.

B pesynbrare skcrepuMeHTOB Ha oOpasliax KepHa, pa3pe3aHHBIX IMMOJ YIJIOM, BIOJIb U
MOTIepEK CIOUCTOCTH, OBLIM U3yUeHbl aHU30TPOIHBIE YIPYTHe CBONCTBA TOPHBIX MOPOJI, a TAKKE
UX 3aBUCHUMOCTbH OT reo()M3NYECKHX MapamMeTpoB. AHHU3O0TPONHUS YNPYTHX CBOMCTB OKAa3bIBAET
CYILLIECTBEHHOE BJIMSHUE KaK Ha HamNpsyKEHHO-AePOPMUPOBAHHOE COCTOSHUE MpPHU PEIICHUU
KOHKPETHBIX 33]1a4 MEXaHUKH CIUIOIIHOM CPEIbl, TaK ¥ HA pacueTHbIE 3HAUEHUS Ha4aIbHOTO MOJIs
HaANPSDKEHUH B 1IEJIOM. YUeT NapaMeTpoB aHU30TPOIIHH, TOTYUYEHHBIX B JaHHOU paboTe, MO3BOJIUT
PELINTD 3a/1a4 T€OTEXHUKU IPUMEHUTENBHO K CIIOMCTBIM U3BECTHSKAM CapMaTCKoro spyca.

KuroueBbie cjoBa: TeOMEXaHWKA; AaHU3O0TPOIHMS; CHIIA; DSJACTUYHOCTH;, CIIOCHUE;
U3BECTHSK, SKCIIEPUMEHTAIIbHBIE UCCIIEI0BAHMUS; MOHOJIMT; OCHOBHOM.
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TACTBIKTAP YJTLUIEPIH CHIHAY MYHAM KOHE I'A3 KEHUIJIEPIHEH
OJIAPJbI AHBIKTAY YIIIH ®U3UKAJIBIK ) KOHE MEXAHUKAJIBIK
CUITATTAMACHI

AHHOTAUMA. AHM30TPOITHI OKTAC JKBIHBICTAPBIHBIH (PU3UKA-MEXaHUKAIBIK KACUETTEPiH
AHBIKTAy MaHBI3/IBl JKOHE KE3€K KYTTIPMEHTIH Mocesie OObI TaObLIaabl, OWTKEHI KapOOHATTHI
meriHaiep MaHFbICTay OOJBICHIHBIH MYHai-Ta3 KeH OpBIHAAPBIHAA KU1 Ke3aeceni. MamimerTep
OKTaC YHFBIMAJIAPJABIH TYPAKTHUIBIFBIHA OaimaHbICThl OapabiK Mocenenepain 70%-man 90%-ra
NeiH KYpaWTBIHBIH KepceTeldi, Oyl oJapAblH (QHU3MKAIBIK-MEXaHUKAJIBIK KAaCHETTEpiHIH
EpeKIIeTIKTepiHe OalTaHBICTHI.

OKTaCThIH (PU3HKa-MEXaHUKAJIBIK KACHETTEPIH IKCIEPUMEHTTIK 3epTTEyJIep MOHOJIUTTIK
TaHJay TYPFBICBIHAH Ja, 3ePTTEYTe YITIIEp/Il JaibIHIay TYPFBICBIHAH J1a, TOKIPUOEIEPIi )KYPrizy
JKOHE OHJICY OICTEpiHJIE Je epeKIIeTKTepre ue. byl epeKmenikrep eTe TOMEH OTKI3TIIITIKKE,
CePHIMIUTIK aHU30TPOIUSICHIHA JKOHE OJIAPABIH KaOaTTHIK KYPBUIBIMBbIHA OalJIaHBICTBI OEPIKTIK
KacuerTepine OaimanpicThl. KabaTThl OKTacThIH KEepH YiArUIepiH ChlHAy Taxipuoeci
KapacTbIPbUI/Ibl, CTaHJApTTapFa COMKeC UIOFBIPJIAHIBIPBUIFaH-IPEHAXKCHI3 THEY Oaraapiamachl
OOWBIHINA Ka0BIKTa CHIHAKTAP KYPTi3iIeIi.

Kabar 6oitbIMeH >koHE KOJIJIEHEHIHeH OYPHITITEH KeCIITeH KEPH YATUICPIHE )KYPri3uireH
TOXKIpUOEIep HOTHKECIHE Tay KBIHBICTAPBIHBIH AHU30TPOIITHI CEPIIMILTIK KACUETTEP1, COHBIMEH
Karap OJIapAbIH TreodU3UKAIBIK MapameTpiepre Toyenauniri 3eprrenai. CepmiMaiiik
KAaCHUETTEpiHIH aHU30TPONHICHl KOHTHHYYM MEXaHHKACHIHBIH HAKThl €CENTEepiH IICHry Ke3iHie
KepHey-aegopManusi KyWiHe e, Kalambl OacTamKbl KEpHEY OpICIHIH eCeNTIK MOHJIEpIHE e
aiftapnplkTail ocep ereni. byn KyMmbIcTa anblHFaH aHU30TPONUS IMapaMeTpiepiH ecemnKke aiy
capMmaT Ke3€HiHIH KabaTTac oKTacTapblHA KAThICTBI T€OMEXaHHWKa €CENTEPIH IIeIyre MyMKIHIIK
Oepeni.

Tyiiin ce3mep: reoMexaHWKa; aHU3OTPONUS; KYII, CEPIIMAUIIK; >KalbIpaKTaHy; OKTac,
TOKIPUOETIK 3epTTEeyJep; MOHOJHT; HET13T1.



