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Purpose. To improve mechanical properties of cement stone and rheological properties of cement slurries, which
are used to cement deviated wells by means of development of reinforced cement slurry mixtures.

Methodology. Computational modeling of the cement stone sheathing of the well, which operates under well con-
ditions, was performed. On the basis of laboratory studies of the properties of cement slurry and stone with the various
types of reinforcing additives, the optimum content of the reinforcing additive was established based on the features
of the work of the material in the deviated section of the well.

Findings. Analysis of literature sources as well as conducted calculations has shown that at the stage of construction
of deviated section of the well, there is a risk of cracks appearing in the cement stone behind the casing string. It was
established that the cement materials used at the present time cannot withstand the stresses that occur in the cement
stone during the drilling of the deviated section of a well. It has been found that the use of a synthetic reinforcing additive
improves the strength and fracture toughness of a cement material by 2 and 3 times, respectively. It has been proved that
the use of a combination of calcium chloride additives and a reinforcing agent during the preparation of cement slurry
allows reducing the Young's modulus of the cement stone, which is the basis for improving its deformability. The addi-
tion of calcium chloride and fiber to the cement slurry increases its sedimentation resistance, which greatly contributes
to the prevention of the cracks in the annulus of directional wells and increases the homogeneity of cement material.

Originality. By means of laboratory tests the value of Young's modulus for cement stone was detailed, which is less
than 54—65 % compared with the value of the same indicator for traditional cement stone without the reinforce ad-
ditive component in it, which explains improvement of deformation characteristics. A new blend composition of ce-
ment slurry has been developed that makes cement stone to provide containment of annular workspace of deviated
part of a well while conducting different types of technical operations in it.

Practical value. Use of a new cement stone will allow increasing the period of accident-free operation of deviated
part of a well and improving containment of annular workspace.
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Introduction. Well casing, regardless of its purpose,
should ensure reliable and safe exploration of a well
throughout its life. The problem of improving well cement-
ing quality remains relevant because of stressful conditions
of work of cement ring in a well due to carrying out a wide
range of technological operations in it during its construc-
tion and exploration [1]. Particularly acute, this problem
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affects directional sections of wells. First of all, it is con-
nected with application of excessive static and dynamic
loads on the casing because of change of well trajectory
of the drill string.

What is more, additional requirements are indicated
for sedimentation stability of cement slurry, because the
part of the casing string is positioned at an angle (and
sometimes horizontally) to the vertical component of
the well, significantly reducing the thickness of the layer
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of cement in the annular space. Such conditions of ce-
ment material placement accelerate the processes of
sedimentation that can lead to the formation of chan-
neling in the well [2].

Unsolved aspects of the problem. The analysis of the
literature allowed concluding that one the reasons for
intercasing pressure and annular leakage are unsatisfac-
tory deformation characteristics of cement plugs and in-
sufficient tightness of its contact surfaces around it. There
is also the need in developing cement material which is
able to resist the spread of cracks in it due to the con-
stant dynamic loads presence at the contact of a casing
string with a drill one.

Analysis of the recent research. Most authors such as
Kharitonov [3], Beliaiev, Kliuksov think that the main
reason for cracks in the cement stone is the occurrence
of local and general stress, whose value exceeds the elas-
tic modulus and yield strength of the material in tension.
Assessing methods for fracture strength are divided into
three groups: direct assessment of fracture strength, in-
direct assessment and evaluation based on modeling of
material structure and methods of fracture mechanics
by which is possible to obtain quantitative and qualita-
tive characteristics of crack strength.

Many local and foreign scientists, such as Vasylenko
[4], Pervushin [5] and Bulatov, considered methods of
improving the composition of cement materials to im-
prove the quality separation of productive horizons.

The author [6] has developed a composite material
of oil, which includes artificial mineral fiber composi-
tion of silica and aluminosilicate compound of glassy
structure (fiber) in an amount of 0.5 %, which enhances
impact resistance of stone and its ability to resist dy-
namic load in 2.5—6.2 times. It helps to maintain stone
bend strength at 28 days and reduce its Young's modulus
by 35 %. The disadvantage of using glass fibers as rein-
forcing impurities is insufficient loosening of fibers, which
leads to the formation of clots in the fiber cement stones
and, consequently, its properties become anisotropic.
Moreover, fiberglass tends to decompose in the struc-
ture of cement compromising its properties [7].

Objectives. The aim of the research was to improve
strength and rheological properties of cement slurries that
are used for cementing of deviated wells. Achieving of
this goal will increase tightness of annular space of hori-
zontal wells with horizontal deviation and reduce the
cost of their repair and maintenance.

Presentation of the research. Assessing the state of ce-
ment stone in the annular space of the well, while deep-
ening deviated wells, was made in several of the most
common well constructions and technological parame-
ters of drilling at PJSC “NJSC” Chornomornaftogaz”.
For these conditions (Table 1) the contact surface dis-

placement of the “cement stone — casing” system was
defined in case of application of external and internal
pressures on the wall of the casing (Fig. 1).

The following parameters were taken into account
while calculations: tensile stress as a result of the hydro-
static pressure of the column of drilling fluid (Pg), the
load created by the interaction of the bottom of the drill
string at contact with the inner surface of the casing,
compressive load generated by cement ring in annular
space that was expressed in terms of contact pressure
(Pg) in the “cement stone — casing pipe” system. The
interaction result of such loads is a stress concentration
at the point of its application. In order to assess the in-
tegrity of the cement rings within the study area the ac-
tual movement of the contact surface has been defined
with the help of a computer model of well casing stress
(Fig. 2). Modeling was performed using the software Sol-
id Works.

Boundary conditions for study models:

1. Material of casing model is considered as an iso-
tropic linear elastic body, whose strength is measured by
Mises criterion.

2. Kinematics model provides a rigid fixation of the
restrictive model planes and the free movement of other
surfaces.

3. The force applied to the inner surface of the model
is normally and evenly distributed over a given area. The
direction and magnitude of force remain unchanged.

In order to increase the strength and fracture resis-
tance of cement material it was decided to include rein-
forcement additives into its mixture. To select the type of
additives, a number of laboratory experiments with a
range of synthetic and mineral fiber type were conducted.
Among synthetic additives, such materials were tested as
fiber polypropylene (PPF), polyamide (PAF) and carbon
fiber. Among the mineral admixtures, wollastonite fibers,
basalt and asbestos were tested. In the experiment we
used statistical data according to the criterion of “three
sigma”. This method of mathematical statistics elimi-
nates errors (abnormal values), which may be caused by
imperfect methods of measurement. The procedure for
exclusion of abnormal results was carried out so that all
options of considered samples were obtained under the
same conditions. The order of statistical analysis is as fol-
lows: the arithmetic mean of the parameter, standard de-
viation, coefficient of variation, error standard deviation
and confidence interval (given confidence probability 0.95)
are determined. The next step was the calculation of con-
fidence intervals and comparing them with the value of
the triple size of obtained deviation.

The results of laboratory research studies of the defor-
mation characteristics of the cement stone (Fig. 3) indi-
cate that the stone with an admixture of chrysotile-asbes-

Table 1
Output data for calculation of outside surface displacement of casing pipe model (Fig. 1)
No | Parameter Value Neo | Parameter Value
1 | Outside casing diameter, m 0.2445 4 | Width of contact surface, m 0.005—0.007
2 | Wall thickness, m 0.01 5 | Module of elasticity, Paa 2.1-10"
3 | Length of the model, m 14—15 6 | Poisson ratio of the steel 0.25
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Fig. 1. Chart of displacement of casing surface model
while drilling out a cement plug in a casing pipe

Fig. 2. Chart of interaction between a drilling pipe and
wall of a casing pipe while drilling out a cement plug
in a casing pipe
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tos at the age of 28 days has a 10 % greater tensile strength
compared with the impurities of PPF and PAF. This is
due to the better integration of chrysotile fibrils in the ma-
trix of the binding material, although the use of PPF also
increases strength of the basic cement material based on
cement with PCT-I-50. This indicates good adhesion of
PPF fibers with a matrix in the binding material.

At the same time, laboratory studies of stroke resis-
tance of the reinforced cement stone with fibers PPF
and PAF (RCS) showed that the experimental samples
have practically the same energy intensity in crushing.
This property of a material with impurities of PFF and
PAF may be explained be preservation of mechanical
elasticity, regardless of the environment and the term of
application.

Regarding the usage of asbestos fibers as a reinforc-
ing impurity, in connection with its chemical integration
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into the matrix of the binding material, it eventually ac-
quires the same mechanical properties as the cement
stone, so that, it becomes firm, but fragile. Since it is im-
possible to eliminate the presence of dynamic loads on
the borehole during the construction of its incline part
(especially in the perforation zone of the casing), the
fragility of the cement material is an undesirable indica-
tor from the position of maintaining the integrity of the
borehole.

Taking into account the fact that the cost of polyam-
ide fibers is twice as high as the cost of polypropylene,
and the deformation-strength characteristics of the ce-
ment stone with the additive of these impurities are al-
most identical, further research was carried out using
polypropylene fibers as a material for RCS.

Thus, for further research, an admixture of PPF, which
has twice as good as that with asbestos, was chosen, and
three times as good as cement with PCT-I1-50 absorp-
tion energy, which is extremely dangerous from the
point of view of maintaining the tightness of the recessed
well space, especially while constructing its lateral bore-
hole.

Polypropylene fiber is a synthetic fiber, which is made
by extrusion of polypropylene (thermoplastic polymer of
propylene). It is chemically cement-inert relating to hy-
dration products.

Taking into account the fact that the cement stone in
the annular space both at the early hardening stage and
in the process of well construction and operation carries
out huge loads, it is recommended to introduce a hard-
ening accelerator — Calcium chloride (CaCl,) in order
to obtain stable solution and a strong rock in the initial
period. In addition, this impurity will improve the rheo-
logical properties of the solution.

Experiment planning was performed using the Latin
squares method in order to determine the influence of
each of the factors on the result of the study while simul-
taneously changing all other factors. This method also
ensures an even coverage of the experiments of the whole
area of the change of influential factors with a minimum
number of experiments. Levels of factors vary so as to
highlight the dependence of the outcome on any factor in
neutralizing the influence of the remaining factors.

In order to assess the deformation ability of the RCS
of the selected composition, its elastic characteristics, in
particular Young's modulus, were determined. For this
purpose, a study was carried out to determine the maxi-
mum deformations of a cemented sample of rectangular
shape (40x40x100 mm) with its three-point bending and
the corresponding applied loads.

As it was indicated earlier, if the cement solution is
planned to be placed in the lateral well interval, then the
index of its sedimentation stability has special require-
ments, which were partially formulated in the scientific
studies of Bulatov A. 1.

To assess the ability of the cement solution in reser-
voir conditions to maintain the uniformity of the struc-
ture, such indicator as the coefficient of sedimentation
stability is adopted. It is estimated by the level of density
decrease of the cement solution during stuttering in the
annular space because of sedimentation.
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where Ap is the difference between the densities of the
lower and upper parts of the cement stone after its hard-
ening in reservoir conditions; p, is the initial density of
the cement slurry.

In accordance with the conditions of the construction
of lateral wells, the reduction of the density of the pillar of
the cement solution in the upper part of the operating
shelf by 1—1.5 % can lead to loss of hydrostatic balance
in the “well-formation” system and cause the occurrence
of complications. In this regard, the limit value of the co-
efficient [ K] is taken within the limits of 1—1.5 %. The
established restriction will allow avoiding depression on a
formation and to form a dense tampon stone.

Studies on sedimentation stability of the reinforced
cement mixture were conducted to verify its compliance
with a specific criterion. This quality index was deter-
mined by pouring the cement solution into a special
form, which was placed in an autoclave of the CC-3
consistometer for 2 days in an upright position. After
that, the cement stone was removed from the mold, di-
vided into two parts, and the density of the separate up-
per and lower parts was determined. All samples were
prepared at WCR = (.5 (water/cement ratio) and stored
in conventional (P = 101.3 kPa, 7= 20 °C) and forma-
tion (Ppogy =20—22MPa, Tropy = 50—55 °C) condi-
tions.

The change in the density of the cement stone was
determined at the age of 2 days, because after the end of
the period of endurance, the transfer of mass in a hard-
ening solution ceases, the sedimentation processes stop.

1. Investigation of the well casing model.

The results of the calculations showed that increase
in the internal pressure in the casing, due to its interac-
tion with the drill column, for all the models under study
is estimated within a range from 2 to 5 MPa. Such cir-
cumstances lead to deformation of the contact surface,
which exceeds the critical value by 1.5—2 times.

Thus, during the drilling of the lateral well section,
there is a gap between the contact surface between the
casing and the cement ring as a result of its irreversible
deformation. This is due to the appearance of values of
internal tensile loads in the zone of their contact, in which
the value of the deformation of the cement material ex-
ceeds the maximum values of its plastic deformation.

2. Investigation of RCS deformation.

Experimental studies have established (Table 2) that
the modulus of elasticity of RCS is 54—56 % less in
comparison with the elastic modulus of the cement

stone with PCT-I1-50 (with WCR = 0.5). Thus, the mag-
nitude of the permissible deformations that can be taken
into account by the clasp of stone prior to its destruction
increases.

The analysis of the obtained results shows that the
actual deformation of RCS is less than the permissible
by 1.1—1.5 times, indicating the preservation of the im-
permeability of the contact surface of RCS during drill-
ing of the lateral well section. When comparing the re-
sults obtained for the cement material on the basis of the
cement brand PCT-1-50 without impurities, it was es-
tablished that the displacement of the border of the “ce-
menting stone — casing column” system for RCS has
increased from 7 to 40 %. At the same time, the values of
contact pressure also increases by 1.5—2 times, which
will reduce stress in the contact area.

3. Investigation of sedimentation stability.

According to the results of laboratory studies (Fig. 4)
it was established that the coefficient of K/, is by 10—15 %
higher during the setting of the cement solution in for-
mation conditions rather than in normal conditions,
which is explained by the increase in the velocity of mass
transfer processes at high temperatures and pressures.

Studies have also determined that the minimum val-
ues for Kgzp have cement materials that contain 2.5 %
CaCl, and 0.5—-0.6 % PFF for both normal and forma-
tion conditions (Table 3).

This is explained by the fact that the fiber admixture
contributes to the reduction of the intensity of mass
transfer processes due to its “freezing” in a dispersed
medium and the creation of a barrier for the dispersion
phase in it. The impurity of CaCl, reduces the duration
of hydration of the trowel material, which reduces the
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Fig. 4. The trend of the coefficient of sedimentation sta-
bility regarding the amount of PPF and CaCl, addi-
tives in a cement slurry

Table 2

Deformation characteristics of cement stone

Period of . Young’s modulus, x 10° Pa Maximum load at the area of elastic strain, MPa
eriod of cemen

. PCT-I-50 PCT-1-50

lidat
consolication without additives RCS without additives RCS

2 days 2.4-2.5 1.3—-1.4 0.4 1.6

28 days 3.6—3.8 2.1-2.2 1.6 3.9
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Table 3

Results of cement slurry sedimentation index investigation which is made of PCT-1-50 and RCS (Fig. 4)

Amount of Sedimentation index Amount of Sedimentation index
additive, % KSED! % additive, % KSED! %
Ne - Ne -
PPF | Cacl, | Normal Formation PPF | cacl, | Normal Formation
conditions conditions conditions conditions
1 0 0 3.78 4.32 0.5 5 1.62 2.70
2 0.3 3.24 4.32 0.6 1.62 2.70
3 0.4 15 3.24 3.78 10 0.3 1.08 2.16
4 0.5 ' 2.70 3.78 11 0.4 25 1.08 2.16
5 0.6 2.70 3.78 12 0.5 ' 0.54 1.62
6 0.3 5 2.16 3.24 13 0.6 0.54 1.62
7 0.4 2.16 3.24

time for mass transfer and reduces the duration of the
formation of the stone.

Conclusions.

Thus, as a result of the theoretical and experimental
research carried out, the following conclusions are made:

1. While drilling the lateral well section, there is a
rupture of the contact surface between the casing and
the cement ring at the lateral zone of the well due to the
irreversible deformation of the cement. This is due to
the appearance of internal tensile loads. The action of
loads causes an excess of the permissible value of the
plastic deformation of the trowel stone. As a result, this
creates a gap between the contact surfaces, which causes
loss of tightness and creates conditions for the migration
of the formation fluid in the annular space.

2. It is proved that the use of synthetic reinforcing
impurity PPF allows increasing the durability and frac-
ture strength of the material on the basis of cement grade
PCT-I-50 by 2 and by 3 times, respectively, in compari-
son with the basic material.

3. It has been established that the use of a combina-
tion of impurities PFP and CaCl, during the preparation
of cement slurry, in the amount of 0.5—0.6 and 2—2.5 %,
respectively, reduces the Young’s modulus of the ce-
ment material, which is the basis for improving its defor-
mation ability.

The injection of the CaCl, and PPF in the above-
mentioned cement admixture in the above mentioned
amounts increases the sedimentation stability of the fi-
nal cement material, which greatly prevents the forma-
tion of a fluid-conducting channel in the annular space
of the lateral section of the well and increases the homo-
geneity of the material. These circumstances are critical
for improving the quality of cementing of lateral wells.
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Meta. Y10CKOHAJIUTHU MillHiCHi BJIACTUBOCTI KaMe-
HIO Ta peOJIOTiYHi BJIACTUBOCTI TAMIOHAXKHUX PO3YUHIB,
KOTpi BUKOPUCTOBYIOTBCS TSI KPITIJICHHS TTOXMJIO-CKE-
POBAHMX CBEPIJIOBHH IIIISIXOM PO3POOKH PELENITYPH ap-
MOBaHOTO TAMITOHAXKHOTO MaTepiay.

Metoauka. BukoHaHO KOMIT' IOTEpHE MOJEIIOBaH-
HST 000JIOHKH TaMIIOHAXKHOTO KaMEHIO, IO TIPaIlloe y
CBEpJIOBMHHUX YMOBax. Ha ocHOBI 1a00opaTopHUX 10~
CJTIXEeHb BIACTUBOCTEH TAMITOHAXKHOTO PO3UMHY Ta Ka-
MEHIO 3 I0JaBaHHSIM Pi3HOTO POy apMYIOUUX JOMIILLIOK
BCTAaHOBJICHO ONTUMAJIbHUI BMiCT apMYIOUOi TOMIllIKK
BUXOISIYU 3 OCOOJUBOCTE pOOOTU MaTepiaay B MOXU-
JIO-CKEpOBaHilt CBepAJIOBUHI.

Pe3ynbTaT. AHami3 JiTepaTypHUX JKepes i MpoBe-
JIeHi po3paxyHKH MoKa3aJu, 10 Ha cTafdil OyliBHULTBA
TMOXWJIO-CKEPOBAHOI OUISTHKUA CBEPIJIOBUHU iCHYE pU-
3K BUHMKHEHHS TPIIIIAH y IIEMEHTHOMY KaMeHi 3a 00-
CaTHOIO KOJIOHOIO. BcTaHOBIIEHO, 110 TAMITOHAXKHI Ma-
Tepianuy, sIKi BAKOPUCTOBYIOThCS Ha JTaHMIT 9ac, He MO-
JKYTb IIPOTUCTOSITH HAIIPYKEHHIM, KOTPi BUHUKAIOTH Y
LIEMEHTHOMY KaMeHi i yac OypiHHSI MOXUJIO-CKepOoBa-
HoI AinsiHKU. JIoBeaeHO, 1110 BUKOPUCTAaHHS CUHTETUY-
HO1 apMy1040i JOMIIIIKY TO3BOJISIE MiABUIIATUA MilIHICTh
i TPIILIMHOCTIMKICTh TAMIIOHAXKHOTO MaTepiany y 2 Ta 3
pasu BianosinHo. JloBeaeHo, 1110 BUKOPHUCTaHHST KOMOi-
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Hallil JOMIILIOK XJIOPUCTOIO KaJIblIil0 Ta apMyIOUoi 10-
MIIIIKH I 9ac IPUTOTYBaHHS LIEMEHTHOTO PO3YMHY J10-
3BOJISIE 3MEHIIMTHA MoayJib FOHTa TaMIOHAXXKHOTO MaTe-
piajy, 1110 € OCHOBOIO TIOKpAaIIeHHS iioro aedopMalliii-
HOI 3maTtHocTi. JlogaBaHHS OO0 TaMIIOHAXKHOTO PO3YMHY
JOMIIIIOK XJIOPMCTOTO Kabllito I (hiOpoBOIOKHA 30i/1b-
1Y€ CeAMMEHTALIiiiHY CTiliKiCTh KiHLIEBOIO TAMITOHAX-
HOTro Marepiaity, 110 Y 3HaYHiil Mipi cripusie monepen-
>KEHHIO YTBOPEHHSI B 3aKOJIOHHOMY IMPOCTOPi MOXWJIO-
CKEpOBaHOI AUTSHKU CBEPIJIOBUHU (hIIIOINONPOBITHUX
KaHaJliB i MiABUIIYE OMHOPIAHICTh MaTepialy.

HaykoBa HoBuM3HA. ExcriepuMeHTalIbHUMU AOCITi-
CKCHHSIMU YTOUYHEHA BelmumHa Momynst KOHra apmo-
BaHOTO TAMIIOHAXHOTO KaMEHIO, sikuii Ha 54—56 %
MEHILUK Yy NOPIBHSIHHI 31 3HAYE€HHSIM LIbOTO MOKAa3HU-
Ka JUISl TPaauIlifHOTO TAMITOHAXKHOTO KaMeHIo 0e3 ap-
MYIOUMX JOMIIIIOK, 1110 TIOSICHIOE IMMOKpPAIIEHHSI MOro 1e-
(opmartiitHux xapakrepucTuk. Po3pobsieHo HoBUiT KOM-
TIOHEHTHMU CKJIaJl TAMITOHAXKHOTO PO3YMHY, TAMITOHAX-
HUI KaMiHb 3 SIKOTO 3a0e3Meuye repMeTUYHICTh 3aK0-
JIOHHOTO MPOCTOPY MOXUJIO0-CKEPOBAHOI TUTTHKU CBEP/I-
JIOBUHM ITiJl YaC BUKOHAHHS B Hili pi3HOTO POy TEXHO-
JIOTIYHMX OTepalliid.

IIpakTuuna 3HauumicTh. BukoprctaHHs HOBOTO ap-
MOBAHOTO TaMITOHAXKHOTO MaTepialy TO03BOJIUTH MOI0-
BXUTHU Oe3aBapiiiHUi TepMiH poOOTH OUISIHKM HAOOpy
KyTa CBEPIJIOBMHU W MiABUILMTU F€PMETUYHICTh OTO
3aKOJIOHHOT'O TIPOCTOPY.

KimrowoBi ci1oBa: noxuno-ckeposana céeponosuna, mam-
NOHAJICHULL KAMiIHb, ceOuMeHmayiiina CmiiKicms, apmyo-
ya domiuKa

Ieab. YcoBeplilieHCTBOBATh MPOYHOCTHBIE CBOMCTBA
KaMHSI ¥ pE0JIOTMYECKHE CBOMCTBA TAMITOHAXKHBIX pac-
TBOPOB, KOTOPbIE MCIIOIBb3YIOTCS ISl KPEeTUIeHUST Ha-
KJIOHHO-HAIIPaBJICHHBIX CKBAXXMH ITyTeM pa3padOTKU
penenTypsl apMUPOBAHHOTO TAMITOHAXKHOTO MaTepHaIa.

Metoauka. BEITTOTHEHO KOMITBIOTEPHOE MOIIETHUPO-
BaHNE 00OJIOUKM TaMIIOHAXKHOTO KaMHsI, KOTOpasl pa-
0OTaeT B YCJIOBUSIX CKBaxkMHbI. Ha ocHoBaHMu 1abopa-
TOPHBIX MCCIACIOBAHUIA CBOMCTB TaMIIOHAXXHOIO pac-
TBOpa 1 KaMHSI ¢ T00aBJIEHUEM Pa3HOTO poaa apMUpPy-
IOIIMX T00aBOK YCTAHOBJICHO ONTUMAJIbHOE comepxkKa-
HUE apMupylolleil 100aBKU UCXOMsl U3 OCOOEHHOCTEN
paboThl MaTepuralla B HAaKJIOHHO-HaIIPaBJIeHHOM y4acT-
K€ CKBaKWHBI.

PesyabraThl. AHAJIU3 TUTEPATYPHBIX ICTOYHUKOB 1
MPOBeCHHBIC pAacUYeThI ITOKA3aJIM, YTO Ha CTAINU CTPO-
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WTEIIBCTBA HAKIIOHHO-HAIIPABJICHHOTO YJIACTKA CKBAXKM-
HBI CYIIECTBYET PUCK BO3HMKHOBEHMSI TPEIIMH B IIc-
MEHTHOM KaMHe 3a 00CaJlHOM KOJIOHHOM. YCTaHOBJIEHO,
YTO TaMITOHAXKHBIC MaTePHUaJIbl, KOTOPbIE UCIIOIb3YIOTCS
B HBIHEIIIHEE BpeMsl, HE MOTYT IIPOTUBOCTOSITh HArpy3-
KaM, YTO BO3HUKAIOT B LIEMEHTHOM KaMHe BO BpeMsI Oy-
pPEHUS HaKJIOHHO-HAIMpaBJIeHHOIO yJyacTKa. ¥ CTaHOBIIe-
HO, YTO MCIOJIb30BAaHWE CHMHTETUYECKOIN apMUPYIOIIEI
JTI00ABKY TTO3BOJISAET YIIYYIIUTH ITPOYHOCTh W TPEIIMHO-
CTOMKOCTb TAMITOHAXKHOT'O MaTepualia B 2 U 3 pasza cooT-
BETCTBeHHO. J|0Ka3aHOo, YTO MCIOJb30BaHWE KOMOWHA-
LIMY TO00ABOK XJIOPUCTOTO KaJIbIIMS M apMUPYIOIIEH T0-
0aBKM BO BpeMSI IIPUTOTOBJICHHUSI IIEMEHTHOTO PacTBOpa
TTO3BOJISICT YMEHBIIUTh MOIyIh KOHTA TaMITOHAXKHOTO
MaTepuaia, 9To SIBJSICTCS] OCHOBOM YJIyUIIIEHUS €ro 1e-
dopmaroHHoi crocooHocTU. JlobaBieHre B pacTBOP
JI00ABOK XJIOPUCTOTO KaJIbLUs U (DPUOPOBOJIOKHA YBEJIN-
YUBAET CEAMMEHTAIIMOHHYIO CTOKOCTh KOHEYHOI'O TaM-
TMOHAXXHOIo MaTepuaja, YTo B 3HAYUTEJIbHON Mepe Co-
JISMCTBYET MpenynpexaeHno 00pa3oBaHus B 3aTpyOHOM
TPOCTPAHCTBE HAKJIOHHO-HAITPABJICHHOI'0 yJyacTKa CKBa-
SKUHBI (DITFOMIOITPOBOASIINX KAaHAJIOB M TTOBBIIIACT OfI-
HOPOTHOCThH MaTepUaa.

Hayunast HoBH3HA. DKCIIepUMEHTAIBHBIMU HCCIIe-
MOBaHUSIMH JeTATN3UPOBaHO 3HaUeHNe Momyrs KOHra
apMHUPOBAHHOTO TAMITOHAXKHOTO KaMHsI, KOTOPHIN Ha
54—56 % MeHbllle 110 CPABHEHUIO C BEJIMYUHOI 3TOTO
MoKa3aTess IJIs TPAAUIIMOHHOTO TaMIIOHAXKHOTO KaM-
Hs1 €3 apMUPYIOIIEro KOMIIOHEHTa B €r0 COCTaBe, YTO
00DBSICHSIET YaydllleHre ero aAe(opMallMOHHBIX XapakK-
TepUCTUK. Pa3paboTaH HOBbIII KOMITIOHEHTHBIN COCTaB
TaMITOHAXXHOTO pacTBOpa, TaMITOHAXXHBI KaMEHb W3
KOTOPOTO 00ECIIeYnBaeT repMEeTUIHOCTh 3aKOJIOHHOTO
TIPOCTPaHCTBA HAKJIOHHO-HATIPABJIEHHOTO y4acTKa CKBa-
JKWHBI BO BpeMs IMIPOBEICHUS B HEM Pa3HOTO poaa TeX-
HOJIOTMYECKUX OTIePAIIUiA.

IIpakTHYecKas 3HAYMMOCTb. VIcTob30BaHIE HOBO-
T'O TAMITOHAXKHOTO MaTepHrajia MO3BOJIUT IIPOIIUTh 0e3-
aBapuIHBINA CpOK poOOTHI yuacTKa Habopa yrjia cKBa-
JKMHBI U TIOBBICUTh TEPMETUYHOCTh €T0 3aKOJIOHHOTO
MPOCTPAHCTBA.

KioueBble ciioBa: HaKA0HHO-HANPABACHHAS CKBANCU-
Ha, MAMNOHAJICHYII KAMEeHb, CeOUMEeHmMAayUuoHHAas CMoii-
Kocmb, apmupyrouas 0obaska
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