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SIMPLIFIED PLUGGING MATERIAL

Purpose. To receive plugging material of lower density based on the mixture of viscous (Portland cement PCTI-
100, PCTI-50) and relieving additive. To realize it, we used expanded perlite sand as relieving additive for viscous
material. To prove that plugging material based on standard plugging Portland cement and expanded perlite sand has
high technological properties and corresponds with current standards.

Methodology. The research was performed with the usage of theoretical and experimental methods. Experimental
studies were carried out using laboratorial equipment that models the pressure and the temperature of productive
layer. Measuring the technological characteristics of plugging solution and formed stone was accomplished with the
usage of standard registering equipment. The density of plugging mixture was scaled with the pycnometer, water and
mixture ratio of solutions was chosen with the usage of the dehiscence cone DC-1; water separation of plugging mate-
rial was measured according to the standard methodology (DSTU BV.2.7-86-99 being still legal), the time of setting
time of plugging solution was defined with the consistometer KS-3, for researching of adhesion there was used the
laboratorial press PSU-10 with hydraulic drive and special console, defining the extreme parameters of stone tight-
ness while bending was carried on according to DSTU BV.2.7-86-99 on special equipment for testing the line objects
to stretch while bending and pressing using the press PSU-10. The number of carried out experiments is enough to
obtain results with confiding probability of 0.95.

Findings. Relieving mixture based on plugging Portland cement PCTI-100 (PCTI-50) with the relieving additive
was developed and studied. The minimal density of plugging solution based on offered material is 1160—1190 kg/m?
while following other characteristics of plugging solution and stone according to the legal standards.

Originality. Effective recipes of plugging solution of lower density based on standard plugging Portland cement
and relieving additive — expanded perlite sand — were developed and chosen.

Practical value. Development of the recipes of plugging solutions is perspective while cementing the wells, which
have been drilled for oil and gas, especially in complicated mining and geological conditions of geological-prospect-
ing areas and exploiting the hydrocarbon deposits. “Recommendations as for the usage of easy (simplified) plugging
materials for wells cementing” were formulated, which have been accepted to use in the system of the State geological
service of Ukraine.
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Introduction. While cementing wells with low and
anomaly low layer pressures (ALLP), with facts of ab-
sorbing of plugging solutions and geostatic temperatures
to 70 °C, and also when it is necessary to lift plugging
solution on the height for one cycle of pumping, we
need plugging materials with lower density of cement
solution.

Now the industry of Ukraine extensively produces
only one kind of simplifying plugging cement PCTIII-
ol5-100 with low limit of solution density of 1450 kg/m?>,
which can be used at temperatures higher than 50 °C
(the works of Gorskiy V. F.). However, currently in the
majority of oil and gas enterprises there are conditions,
for which we need to use simplified and even easy plug-
ging materials. That is why, there is a need to perform
studies on getting simplified (p) >1400 + < 1650 kg/m?
and easy (p < 1400 kg/m?) plugging solutions.

Analysis of the recent research and publications. Sim-
plified plugging solutions relegate to modified materials
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[1]. There are several ways to decline the density of plug-
ging materials and solutions [1—4].

The authors A.I.Bulatov and V.S. Danyushevskiy
suggest usage of additives with low density: 1. Those
which need water (clay, flask, and others). 2. Those
which do not need water (gilsonite) while chemical re-
actions. 3. Additives that contain air (claydite, ashes,
and so forth).

Work [2] offers to reach the descent of mixture den-
sity by adding limestone and pumice stone followed by
the mixture processing with sodium hypochlorite. Ce-
ment solution that implicates processed pumice stone
has shown higher density compared with processed
limestone. Apart from it, work results have proved the
development of technological characteristics of mixture
after its processing with sodium hypochlorite.

In the literature there are demonstrated results of
studies of simplified plugging solutions with inserting of
ceramic and glass microspheres (cenosphere). Qualita-
tive figures of these solutions allow using them to ce-
ment sea wells.
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Authors [4] apply the following additives of low den-
sity: vermiculite, trembling, aluminosilicate hollow mi-
crospheres with the diameter from 10 to 100 mcm. Using
these easy agents effectively declines suspension density
from 1.83 g/cm? to 1.50—1.54 g/cm?. It is recommended
to use the polymer for reducing the solution viscosity
while applying all mentioned easy agents. When the
concentration of easy agents is higher than 10 %, then
the dehiscence of cement solution declines.

Generalized review and analysis of literary sources
show that the most frequently used are such techniques
for decreasing the density of plugging solutions as:

1) the decrease in the density of hard phase with the
way of inserting an easy filler or using the viscous sub-
stance with lower density;

2) the increase in water and mixture ratio with paral-
lel increase in mixture water keeping ability;

3) including in the composition of plugging solution
the gas phase with its synchronous dispersing and stabi-
lization of produced foam by:

a) the aeration of plugging solutions;

b) the addition of synthetic or natural microparticles
(capsules);

c¢) the usage of specially modified expanded materi-
als with high degree of cavity and small bulk mass as an
additive;

4) the usage of hydrocarbon liquid with lower den-
sity instead of water;

5) the combined instrumentalities.

The method to relieve plugging solution is defined by
mining and geological characteristics of the layer and
technical and technological resources of the enterprise
that makes plugging.

The most widespread in Ukraine are simplified plug-
ging materials, which refer to the first two ways of their
receiving, and are also based on their mixed usage in
plugging mixtures.

Ukrainian industry used synchronous decrease in
the density and increase in water and mixture ration for
preparation of simplified plugging materials.

In the 1970s in the USSR there were produced sim-
plified plugging cements CTF and SPC. The composi-
tion of the first one consists of slag: Portland cement
clinker + trembling =1 : 1 (by mass). The composition of
the second one consists of slag + clays (for instance,
bentonite). At the same time, the parameters of plug-
ging solutions based on CTF were: the density — 1450 +
+ 1600 kg/m?; water and mixture ration (W/M) = 0.7+
=+ L.1; the temperature limits of usage — 40 + 150 °C.
However, the parameters of plugging solutions based on
SPC were: the density — 1450 <+ 1550 kg/m?; water and
mixture ration (W/M) = 0.85 =+ 0.95; the temperature
limits of usage for SPC-120 — 80 =+ 160 °C and for SPC-
200 — 160 + 220 °C (works by Novokhatskyi D. F.).

In Ukraine there have been devised simplified ce-
ments PCTIII-Pol5-100 and PCTIII-Pol4-100, whose
recipe includes cement clinker: zeolite tuff=1: 1.3 % of
plaster (works of Novohatskiy D. F.). The parameters of
plugging solutions based on these cements are as fol-
lows: the density — 1400 <+ 1500 kg/m?® when W/M = 1.
The temperature limits of usage are 50 + 100 °C.
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Along with that, the search for new highly effective,
tough and cheap additives of low density is going on.
The demand of the industry for their production focuses
on the necessity of revealing a bigger amount of deposits
in complicated mining and geological conditions.

Objectives of the article. It implies the production of
simplified (easy) plugging solution for cementing of oil
and gas wells with difficult mining and geological char-
acteristics and research of its technological parameters.

Presentation of the main research and explanation of
scientific results. Researchers of Poltava Department of
Ukrainian State Geological Prospecting Institute ob-
tained simplified (easy) plugging solution with qualita-
tive technological parameters based on existing plugging
cements PCTI-100 (from 88 to 95 %), (PCTI-50) (from
88 t0 97 %) 5] and additives — expanded perlite sand
(EPS)[6].

Expanded perlite sand is received by the way of ther-
mal action on volcanic rock of perlite at the temperature
of 8001000 °C. While heating the components of per-
lite of shell-kind structure are expanded and there is
steamed 35 % of linked water and the volume of mate-
rial increases by 10—20 times.

According to the oxides, expanded perlite sand
(EPS) has the following composition: 65 =~ 75 % SiO,
and 10 + 15 % Al,O5 and contains Fe,0;, CaO, MgO,
Na,O0, K,O0.

Depending on fractional composition there are two
modifications of expanded perlite sand (EPS): row
(EPS(R)) and small dispersed (EPS(D)). Together with
it, there is also division into categories in each of men-
tioned types according to bulk masses of 1 m* of mate-
rial. Row expanded perlite sand (EPS(R)) is produced
in three labels: 75, 100, 150, and small dispersed ex-
panded perlite sand is devised in three labels: 75, 100.
The label of expanded perlite sand corresponds with the
mass of 1 m? of material in kilograms.

Particular shell-type structure of grains of relieving
additive (its porosity is 80 < 90 %) causes filling plug-
ging material with air in the process of mixing.

The mass fraction of perlite sand EPS in the studies
is as follows: EPS(R)-100 — 3—12 %; EPS(R)-75 — 5—
7.5 %; EPS(M)-100 — 5—10 %.

The water and mixture ratio (W/M) in the studies
was 0.65—0.98.

The additive NTPhA, % from the mass of dry mate-
rial is 0.01.

There were explored technological properties of sim-
plified (easy) plugging solutions with additives of EPS
[7].

The analysis of research results testifies:

- the easiest plugging solution with the density of
1160 kg/m? was obtained based on the mixture of Port-
land cement PCTI-100 (the part in the mixture was
88 %) and expanded perlite sand EPS(R)-100 (the part
in the mixture was 12 %), W/M = (.95, and the additive
NTPhA was absent [8];

- the hardest plugging solution with the density of
1510 kg/m? has been got based on the mixture of Port-
land cement PCTI-50 (the part in the mixture was
97 %) and expanded perlite sand EPS(R)-100 (the part
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in the mixture was 3 %), W/M = (.65, and the additive
NTPhA was absent;

- with fixed content of expanded perlite sand (EPS)
in the way of water and mixture ratio (W/M) varying it is
possible to regulate the density of plugging solution
within from 2 to 8 % and save appropriate technological
solution parameters;

- simplified and easy plugging solutions with the addi-
tives of expanded perlite sand (EPS) are sedimentation
stable according to the requirements of the State standard;

- the pumping of plugging solution with the density
of 1240—1400 kg/m? while #= 50 °C, P=20 MPa is with-
in from 1 h. 55 min. to 3 h.; while =70 °C, P=30 MPa
it is for 3 h.; the additive to the composition of plugging
material of relieving additive decreases the term of plug-
ging solution pumping; simultaneously, the setting time
of such solutions is adjusted by standard retarders, such
as NTPhA;

- the dehiscence of probed solutions is within 0.190—
0.220 m. Along with that, when the minimal density is
1160 kg/m?, it is 0.200 m, and, on the contrary, with the
maximum density of 1510 kg/m? it is 0.220 m;

- the water separation of simplified and easy plugging
solutions changes from 0 to 10 cm®. For the density of
1160 kg/m? it is 0 cm?, and for 1510 kg/m? it reflects as
1.5 cm?®.

Rheological parameters are one of the main charac-
teristics of plugging material, on whose degree hydraulic
supports in the process of plugging works and the quality
of pushing of watering liquid by plugging solution depend.

The studies of rheological solution parameters based
on new simplified plugging material were carried out on
the rotary viscometer Reotest-2. There was taken the val-
ue of spring spin re-created in the arrow bending on the
scale of the indicatory appliance a while different speeds
of rotations in the internal cylinder (and, relevantly, di-
verse moments). Having multiplied by corresponding co-
efficient K, which is proportional to the diameter of the
internal cylinder, we found the tangential tension of slide

©=Ka, )]

where 1 is the tangential tension of slide; K is the coef-
ficient that is up to the diameter of the internal cylinder;
a is the arrow bending on the scale of the indicatory ap-
pliance.

On the results, there were made charts of functions
dependences between tangential tension of slide t from
the gradient of speed deformation in the slide y: T =f(y)
within y from 1.0 to 434.4 s7\.

Concentrated cement dispersions, except viscously
plastic ones, have thixotropic properties; it means they
are able to recover structural and mechanic characteris-
tics after disruption. Instead of certain structural links in
the process of hydration they draw up others. It really
complicates the research of structural and mechanic
(rheological) parameters of cement dispersions. For full
characteristics of such unstable systems, besides dynam-
ic tension of slide and plastic viscosity, it is needed to
consider extra parameters. To describe the model of so-
lutions flow based on simplified plugging material the
most applicable is the equation of Gershel-Balkli [9]
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T— 90=MY", (2)

where 1 is the tangential tension of slide; 6, is the maxi-
mum tension of slide; M is the plastic viscosity n,, ac-
cording to Keson; v is the gradient of speed deformation
in the slide; » is the flow index.

While 6, = 0 the equation (2) transforms into the
power equation of Osvald de Vaale

T=My" (3)

Considering the fact that with high gradient figures
of slide deformation speed (y > 150 ¢c™!) the fields of the-
ological curved flows of simplified plugging solutions are
close to the rectilinear (n = 1), the equations (2) and (3)
are transformed with such simplifications in the equa-
tion of Shvedov-Bingam

T Ty= My, )
or

T—T():T]p['y. (5)

Having prolonged the rectilinear field of rheological
curved lines to the cross with the axis “t” and using the
equation (5) we define the dynamic tension of slide.

The value 1, corresponds with the tension, during
which the structure of plugging solution begins disrupt-
ing with stable speed. And the pace of such disruption is
determined by the formula 1, = 1%,

In Table 1 there are results of calculating ,, and .
Having analyzed them in details, we make the following
conclusions: with the content of EPS(R) increasing, the
viscosity of cement dispersion decreases as a result of
increase in water and mixture ration W/M and the dy-
namic tension of slide changes insignificantly, apart
from the mixture, in which the concentration of addi-
tives is 10 % that testifies a crucial degree of the system
structure. The cement dispersion with the additives
EPS(D) behaves in the same way.

While heating the solution from 20 to 50 °C there is
small decrease in 1, and increase in 1.

For analysis of flow of plugging dispersions bigger
explanation about system state is given not by plastic vis-
cosity, but effective viscosity 1, which characterizes the
balance between disruption and recovering of connec-
tions.

Figure a there shows the dependence of n,, on t in
logarithmic coordinates Ign,, = /(7).

The field of a curved (plugging solution based on
PCTI-100) in the field of small t is closer to a horizontal
one and corresponds with Newton’s viscosity of practi-
cally non-destroyed structure. In simplified solutions
there are not such fields.

In the next n,, decreases, together with it, absolute
value of n,, declines with increase in EPS content and
water and mixture ratio. The values of the tangential
tension of slide 1, obtained experimentally, make it im-
possible to fix the second “theoretical” one closer to the
horizontal field with minimal Newton’s viscosity of fully
non-destroyed structure.

In Figure b there are dependences of 1, = f(y) in
logarithmic scales. The change in effective viscosity of
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solution 0, from y (the speed of deformation) approach-
es the straight line. The angle of its bending is defined by
the pace of structure disruption; it is minimal for disper-
sion based on PCTI-100.

For calculation of pressures while cementing of
strapping columns, parameters 1,, and t, are used; they
are shown in Table 1.

Comparative calculations of pressures in the end of
pushing with the usage of simplified plugging solutions
and solutions based on standard simplified cement while
cementing the first sections of 324 and 245 mm of col-
umns, are shown in Table 2.

The data of Table 2 testifies that using of new simpli-
fied plugging material (SPM) evokes the pressures in the
end of pushing being lower than absorbing pressures but
while using the standard plugging cement PCIII-
Pol5-100 they are higher. It indicates necessity to use
new simplified plugging solutions for the layers with low
pressures of absorbing.

Hydraulic calculation were made in the mathemati-
cal editor MathCad using the legal document “Hydrau-
lic calculations while cementing wells”, developed at
PD USGPI.

In the process of conducting scientific and research
works there were studied such physical and mechanical
properties of stone from simplified (easy) plugging solu-
tions as: toughness, adhesion to metal, and gas invasion
[7, 8].

In experiments the following composition of out-
come plugging mixture was taken:

- plugging cement of labels PCTI-100 or PCTI-50 —
the mass fraction is 88, 90, 92, 93, 95, 97 %;

- expanded perlite sand EPS(R) — the mass fraction
is3,5,7,10, 12 % or EPS(D) — 5, 8, 12 %.

The temperature regime can be as follows: when it is
used the cement PCTI-100: 60, 80 °C; while using
PCTI-50: 20, 40 °C.

The minimal density of solutions based on men-
tioned mixtures was 1190 kg/m? (it corresponds with the
mixture composition of PCTI-100(50) — 88 %,
EPS(R) — 12 %). The maximum density of simplified
solution was 1550 kg/m? (the mixture composition in-
cludes PCTI-100(50) — 97 %, EPS(R) — 3 %).

The toughness of the obtained plugging stone was
defined during the tests on bending and pressing at the
temperatures of 20, 40, 60, 80 °C.

Table 1
Rheological parameters of easy (simplified) plugging solutions
The composition, % t=20°C t=50°C
No W/M
PCT—100 | PCT-50 EPS(R) EPS(D) n, Pa's 7, N/m? n, Pa’s 7, N/m?
1 100 - — — 0.5 0.046 12.0 0.038 15.2
2 — 100 - - 0.55 0.056 17.4 - -
3 — 95 5 — 0.73 0.052 18.3 - -
4 — 93 7 - 0.80 0.041 15.1 - —
5 — 90 10 — 0.92 0.026 36.5 — —
6 95 — 5 — 0.73 0.022 5.9 0.021 7.7
7 93 — 7 - 0.80 0.017 11.95 0.010 12.14
8 90 — 10 - 0.92 0.011 10.1 0.010 13.8
9 95 — — 5 0.73 0.029 9.5 0.026 9.9
10 92 — — 8 0.78 0.022 7.0 — —
11 88 — — 12 0.92 0.013 6.6 — —
Table 2
Calculation results of pressures on the output from the well in the end of pushing
The column Cementin The productivity Used plugein The pressure The pressure
diameter, interval n% while pushing, material ptheg%iengsi ¢ on the output in the end of absorbing
section ’ m?/s ’ y of pushing, MPa on the output, MPa
324 mm, 2600—1400 0.031 PCTII-Pol-100, 35.1 34.1
I 1500 kg/m?
SPM, 33.3 —
1330 kg/m?
245 mm, 4550—2200 0.025 PCTII-Pol-100, 64.2 62.8
I 1500 kg/m?
SPM, 59.9 -
1330 kg/m?
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Fig. The dependences of effective viscosity 1, of plugging solution:

a — on the slide tension t; b — on the slide deformation y

The gas invasion of plugging stone was defined at the
temperatures of 20, 40, 60 °C.

The adhesion of plugging stone to metal was defined
at the temperatures of 20, 60 °C.

In laboratorial studies we obtained the following re-
sults:

- the toughness on pressing of plugging stone based
on the mixture with the maximum density of 1550 kg/m?
in two days of setting varies within 2.7 MPa (=20 °C) —
7 MPa (t = 60 °C); the toughness in 28 days of setting is
within 3.3 MPa (=80 °C) — 8.5 MPa (=80 °C);

- the toughness on pressing of plugging stone based
on the mixture with the minimal density of 1190 kg/m?
in two days of setting varies within 0.7 MPa (=20 °C) —
1.8 MPa (¢ = 60 °C); the toughness in 28 days of setting
is within 1.5 MPa (=80 °C) — 3.0 MPa (=60 °C);

- the maximum toughness of plugging stone on
bending in two days that was 2.4 MPa was received for
the sample from plugging solution with the density of
1450 kg/m? and the temperature of 60 °C; on pressing —
7 MPa was obtained for the sample from plugging solu-
tion with the density of 1550 kg/m? and the temperature
of 60 °C;

- the minimal toughness on bending in two days —
0.4 MPa — was obtained for the sample from plugging
solution with the density of 1200 kg/m?, on pressing —
0.7 MPa (the solution with the density of 1190 kg/m?,
the research temperature was 60 °C);

- the gas invasion of stone is within 1.5 mD (=60 °C,
with the solution density of 1400 kg/m?) — 14.6 mD (¢ =
=20 °C, with the solution density of 1200 kg/m?);

- the adhesion to metal was derived within 0.3 MPa
(=20 °C, with the solution density of 1200 kg/m?) —
2.5 MPa (¢t = 60 °C, with the solution density of
1400 kg/m?).

We can observe the following regularities from the
analysis:

- the usage of different types of EPS (EPS(R) and
EPS(D)) does not influence largely the value of physical
and mechanic characteristics;
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- higher concentration of EPS in solution causes the
decrease in toughness and adhesion values and the in-
crease in the gas invasion. It, mainly, is evoked by the
increase in water and mixture ration (W/M) in recipes of
simplified plugging solutions;

- in the interval of temperatures from 20 to 60 °C the
improvement of physical and mechanic characteristics
of stone is observed;

- while heating to 80 °C, the toughness decreases that
testifies to limited thermo resilience of simplified plug-
ging solutions with additives of EPS;

- the stone based on simplified plugging solution
corresponds with the requirements of DSTU BV.2.7-
88-99 (legal now) regarding the toughness of simplified
plugging cements.

Conclusions. Simplified (easy) plugging solutions
with the density of 1160—1550 kg/m? have been obtained
based on plugging Portland cement PCTI-100 (PCTI-
50) and relieving additive EPS with the correlation of
components of viscous material with the mass from
97:3t088:12.

The correspondence with the standard of received
simplified (easy) plugging solutions has been proved.

The temperature interval of using simplified (easy)
plugging solutions has been established; its frontiers are
20 + 60 °C, while accepted ones are 15 + 70 °C.

The scientific value of the invention is the result of
choice of optimal recipes to produce simplified plugging
solutions with additives of EPS.

The recipes obtained give a possibility to increase the
diapason of the density in simplified (easy) plugging so-
lutions, which is required by the technology of cement-
ing highly invasive layers and wells cuts in zones of
anomaly low layer pressures and with the necessity to
raise cement through height for one procedure.

Based on the data of studies in PD USGPI with the
assistance of the authors “Recommendations as for the
usage of easy (simplified) plugging materials for wells
cementing” has been published which is accepted to use
in the system of State Geological Service of Ukraine.
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In the following studies it is reasonable to consider
conditions explored in the work [10] of reaching the
highest efficiency of foamgenerating devices that is es-
sentially, especially, for preparing plugging solutions
while cementing layers with anomaly low layer pres-
sures.

In further studies it is advisable to take into account
the complex layered structure of water on mineral sur-
faces found in [11], which is important, in particular, for
the effect of adhesion “tampon solution — rock”.

Acknowledgement. The authors thank the workers of
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Meta. OTpyMaHHS TaMIIOHAXXHOTO MaTepianay 3HU-
JKEHOI TYCTMHM Ha OCHOBIi CcyMilli B’siXydoro (moprt-
smanauement [TITI-100, ITITI-50) i monermyBaibHOT
TIOMILIKHY. [IJ1s1 peastizanii i€l MeTH SIK MOJIETIIYBaJIbHY
JIOMILIKY 10 B’SIKY4OI'0o MaTepiajly 3aCTOCOBAHO CITyye-
HUI TIepJIiTOBU ITicoK. JloBeCTH, 1110 OTPUMaHUI TaM-
MOHAXXHUI MaTepiajl Ha OCHOBI CTaHAAPTHOI'O TaMIIO-
HaXKHOTO TTOPTJIAHAIIEMEHTY Ta CIIyIeHOTO TepJIiTOBO-
o ITICKY Ma€ BUCOKI TE€XHOJIOTiYHi BJIACTUBOCTI i BiJ-
MOBifA€ TiIOYUM CTaHIapTaM.

Mertomuka. JlociimkeHHs MpoBeIeHe i3 3acTocy-
BaHHSIM TEOPETUYHUX i €eKCIIEPUMEHTATbHUX METOIIB.
ExcnieprMeHTanbHi 1OCTiIKEHHS MPOBeNeHi Ha J1abo-
paTopHOMY OOJIaiHAHHI, 1110 MOJIEJIOE TUCK i TeMIepa-
TYpY MPOAYKTUBHOTO IJIacTa. BUMiproBaHHS TEXHOJIO-
TYHUX XapaKTEPUCTUK TaMIIOHAXXHOTO PpO3UYMHY Ta
cOpMOBAHOTO KaMEHIO MIPOBOIMIIOCH i3 3aCTOCYBaH-
HSIM CTaHOAPTHOTO PEECTPYOUoro odiamHaHHs. ['yc-
THMHA TaMIIOHAXHOI CyMillli BUMiproBajacsl MiKHOMe-
TpOM, BOJOCYMillleBe BiIHOLLIEHHS PO3YMHIB Migoupa-
JIOCh i3 3aCTOCYBaHHSIM KOHYCY po3TiuHocTi KP-1, Bo-
JOBiIIiIEHHST TAMIIOHAXKHOTO PO3YMHY BUMipIOBaIOCs
3a cTaHAapTHO0 MeToaukolo 3rizHo 3 JJCTY BB.2.7-
86-99 (HuMHI nitouuii), Yyac Ty>KaBiHHSI TAMITOHAXKHOTO
po3unHy BU3HayaBcsl Ha KoHcuctomeTpi KII-3, mus
TMOCTiMKEeHHs aAre3ii 3aCTOCOBYBaBCsl J1abOpaTOPHUIA
npec [TCY-10 3 rinpaBaiyHMM NPUBOIOM i crielliaibHa
MIpUCTaBKa, BU3HAYCHHS TPAHNYHUX ITapaMeTpiB Mill-
HOCTi KaMEHIO0 MNpU BUTUHI IIPOBOAMIOCS 3TiIHO 3
ACTY BbB.2.7-86-99 Ha cneuiajnbHOMY IpWIai Ajisi
BUITIPOOOBYBaHHS JIiHIHHNX OO’€KTIB Ha pO3TAT IIpU
BUTHHI, TIpu cTUcKyBaHHI — Ha 1ipeci [TCY-10. Kinb-
KiCTh 3MiliICHEHUX €KCIIEPUMEHTIB € JIOCTaTHBOIO IS
OTPUMaHHS pPE3yJbTaTiB 3 JOBIPYOIO BipPOTIIHICTIO
0,95.

PesynbTaT. OnepxkaHa il mociimkeHa IoseriieHa
CYMIiIll Ha OCHOBIi CTaHAAPTHOTO TAMITOHAXKHOTO MOPT-
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maannementy [THTI-100 (ITLITI-50) 3 moermryBaib-
HOIO JOMIlIKO0. MiHiMallbHA TyCTUHA TAMIIOHAXKHOTO
pO3YMHY Ha OCHOBI 3aIllpOIIOHOBAHOIO MaTepianry
cxinagae 1160—1190 kr/m® npu 10TpMMaHHi iHIIKX Xa-
PaKTEPUCTUK TAMITIOHAXKHOTO PO3UMHY i KAMEHIO 3TifI-
HO 3 IiI0YMMU CTaHAapTaMU.

HaykoBa HoBusHa. OnepxkaHi ONTUMAaJIbHI peLenTy-
pU TaMITOHAXXHOTO PO3YMHY 3HWKEHOI TYCTUHU Ha
OCHOBi CTaHHApPTHOTO TaMIIOHAXXHOTO IOPTJIAHIIIE-
MEHTY Ta TOJICTIIYBAJBHOI HOMIIIKA — CITy4eHOTO
MepJIiTOBOrO MICKY.

IIpakTiyna 3HauumicTs. OnepxKaHi pelenTypu TaM-
TMOHAXXHUX PO3YMHIB € TIEPCIIEKTUBHUMU TIPU IIEMEH-
TYBaHHI CBEPIJIOBUH Y CKJIATHMX TipHUIO-TE€OJIOTITHIX
YMOBaX reoJ10ropo3BiayBalbHUX IUIOLI i eKCILTyaTaliii-
HUX pOJOBHUIL BYIJIEBOAHIB YKpaiHu. Ha ocHOBI gaHoi1
pO3po0OKM BUAaHi ,, PekoMeHallil 3 BUKOpUCTaHHS JIeT-
KuX (TIOJIETIIEHUX) TAMIIOHAXKHUX MaTepiajiB sl 1Lie-
MEHTYBaHHsI CBEPJIOBUH “, IPUIHSITI 10 3aCTOCYBaHHS
B cucteMi JlepkaBHO1 reoIoTivyHOI Cy>kK0M YKpaiHu.

KmouoBi cioBa: nosecuiysanvhuii mamnoHadcHUil
mamepian, noseeutynb8ana OOMIWKa, MIUHICMb KAMEHI0,
aoeesisi, 2a30NPOHUKHICMb
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Hean. [MonyyeHue obGIEr4yeHHOro0 TaMITOHAXKHOTO
MaTepuajia Ha OCHOBE CMECHU BSIKYIIETo (IMMOpTJIaH/LIe-
meHT TTHTI-100, ITHTI-50) u obaervaroieit mpume-
cu. [171 MOCTIKEHUS 3TOM IIeJIM B KaueCcTBe 00JIeryaro-
el IpuMecH K BSDKYIIEMY MaTepHally MCITOJIb30BaH
BCITyYCHHBIN MEePIUTOBBIN Tecok. Jloka3aTh, 4TO I10-
JIy4YEeHHBII 00JIerdeHHbI TaMIIOHAXKHBIM MaTepuajl Ha
OCHOBE CTaHIAPTHOIO TAaMIIOHAXXHOTO MOPTIaHIIIe-
MEHTa U BCIYYEHHOTO IMEePJIUTOBOIO MecKa NMeeT BbI-
COKMeE TeXHOJOTMYECKHEe CBOMCTBA U OTBEYaeT TPebo-
BaHMSIM JEHCTBYIOLIUX CTAaHAAPTOB OTHOCUTEIbHO 00-
JIETYEHHBIX TAMITOHAXKHBIX IIEMEHTOB.

Metomuka. [Ipy TpoBeeHNM WCCIIEIOBaHUMA WC-
TOJIB30BAHbI TEOPETHUYECKUE U SKCIIEPUMEHTAJIBHBIC
METOIbI. DKCIIEPUMEHTHI TIPOBEICHBI Ha JTabopaTop-
HOM 000pyIOBaHNU, KOTOPOE MOAEINPYET TUIACTOBBIC
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ycIroBusI. MI3MepeHNsT TEXHOJIOTMIECKIX CBOMCTB TaM-
ITOHAXXKHOTO pacTBOpa M 00pa30BaHHOTO KaMHSI IIPOBO-
IWIACH C UCITOJIb30BaHUEM CTaHAAPTHON PeTUCTPUPY-
folreit armmapaTypbl. [1TOTHOCTh TaMIIOHAXXHBIX pac-
TBOPOB OMpeaesaach ¢ MTOMOIIbIO MMKHOMETpa, BO-
JIOCMECEeBOE OTHOIIIEHME PAcTBOPOB IOAOUPAIOCH C
MOMOIIIbIO KOHYca pacTtekaeMoctu KP-1, Bomootnene-
HME TAMITOHAXHBIX PACTBOPOB OMPEIEIISIOCH IT0 CTaH-
paptHoit Metoguke corinacHo JCTY BB.2.7-86-99,
BpeMsI 3aTryCTeBaHUS TAMITOHAXXHBIX PACTBOPOB OIIpe-
nensinoch Ha KoHcuctoMmeTpe KII-3, niisg uzyuenue an-
re3uu UCMoJib3oBascs JadopartopHbiii npecc [TCY-10
C TUAPABIMYCCKUM IIPUBOIOM U CIICIIMATbHAS TIPH-
CTaBKa, OMpeIecHHE IIPEenejioB IPOYHOCTH KaMHS
rpu u3ruoe rmposoauiaock corniacHo JICTY BB.2.7-86-
99 Ha nmpubdope MJIsI UCITBITAHUS 00pa3I0B-0aJI0YeK Ha
pacTspKeHue Mpu u3rube, MpU CXaTUWM — Ha Ipecce
IICY-10. KonnyecTBo NpoBeASHHbBIX 9KCIIEPUMEHTOB
JIOCTATOYHO I TOJYYeHUST pe3yabTaTOB C JOBEpH-
TeJIbHOU BeposiTHOCThIO (0,95.

Pe3ynbTatel. Pa3paboTaH 1 ucciegoBaH o01eryeH-
HBI TAMITOHAXXHBI MaTepUal HA OCHOBE CTaHIapTHO-
ro TamroHaxHoro mnopmiaHauemenTta [TLTI-100
(ITLTI-50) c obnervaronieit mpuMechblo. MUHUMAITb-
Hasl IUIOTHOCTH OOJIETYCHHBIX (JICTKMX) TAMITOHAXKHBIX
pPacTBOPOB Ha OCHOBE pa3pabOTAaHHOTO MaTepHaja Co-
crapister 1160—1190 kr/m® npu cobnoaeHU APYrux
CBOICTB TAMITOHAXKHOTO pacTBOPA Y KAMHS B COOTBET-
CTBMU C TPEOOBAHMSIMU NEUCTBYIOIIMX CTAHAAPTOB.

Hayunas nosusHa. [IpoBeneHa pa3paboTka v moj-
0Op ONTUMAaJbHBIX PELENTYpP HOBOIO OOJErYeHHOIO
TaMITOHaXXHOTO MaTepuaja Ha OCHOBE CTaHAAPTHOIO
TaMITOHaXHOTO TIOPTJaHIIEMeHTa U obJieryaromniei
MPUMEeCH — BCITYYEHHOTO TTEPIIMTOBOTO TecKa.

IIpakTuyeckas 3Ha4uMoOCTb. Pe3yiabTaThl pabOThI
UMECIOT TIPAKTUYECKOE TTPUMEHEHUE TP IIEMEHTUPO-
BaHUM TJTyOOKUX CKBAXKMH B CJIOXKHBIX TOPHO-TE€OJIOTH -
YECKUX YCIIOBMSIX TeOJIOTOPa3BENOYHBIX TUIOMIANCH 1
MIPOMBIIIIJICHHBIX MECTOPOXKIECHUN YIJIEBOIOPOIHOIO
ChIpbsI YKpauHbl. Ha ocHOBe maHHOIT pa3pabOTKU U3-
IaHbl ,,PeKoMeHmaluuu I10 MCMOJb30BAaHUIO JIETKMX
(00JIeTYEHHBIX) TAMITOHAXXKHBIX MaTepuaoB IS lie-
MEHTUPOBAaHUS CKBaXKMH ", TPUHSIThIE K TPUMEHEHUIO
B cucteme ['ocymapcTBEHHOM Ie0JIOrMuecKoi CiyK0bl
VYKpauHBblI.

KiioueBble c0Ba: o01ecueHHbII MAMNOHANCHBIIL MA-
mepuan, obae2uarOuds Npumecs, NPOYHOCMb KAMH, a0-
2e3us, 2a30NPOHULAEMOCHTb
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