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Purpose. To complete experimental determination of waste rock sprayed concrete mixtures physical and mechanical
characteristics and to study microsilica influence on their physical and mechanical properties.

Methodology. The possibility of waste rock use as fine and coarse aggregate for sprayed concrete mixtures was studied.
The optimal grain size for sprayed concrete mixtures was selected. The active mineral admixtures that can improve technolog-
ical, physical and mechanical properties of sprayed concrete mixtures were determined. Physical and mechanical properties of
sprayed concrete samples in dry and water-saturated state were experimentally determined.

Findings. The optimal components ratio — Cement: Sand: Rock, which provides the workability of sprayed concrete mix-
tures based on waste rock and their highest physical and mechanical properties were determined. Active mineral admixtures
that can improve strength on compression and bending of sprayed concrete mixtures, as well as improve their resistance to the
water effect were selected. The conclusions were drawn about the water impact on the properties of the crushed rock and
sprayed concrete mixtures.

Originality. Physical and mechanical properties of different compositions of sprayed concrete mixtures were studied. The
dependences of sprayed concrete mixtures hardening used as aggregate waste rock of the Western Donbass mines were ob-
tained. The dependences of the kinetics of sprayed concrete mixtures hardening with the microsilica admixture used to in-
crease the strength in wet conditions were obtained.

Practical value. The use of waste rock may reduce the amount of materials (silica sand, granite gravel) transported to
great depths of coal mines. Waste rock sprayed concrete mixtures must significantly reduce the cost of works connected with
mining supports construction and repairing as well as reduce the load on the transport system of a mine and the amount of

rocks lifted to the surface.
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Problem statement. On the way to energy indepen-
dence of Ukraine it is very important to do everything pos-
sible to reduce the cost of coal produced, which has a ten-
dency to increase at coal mines with the depth steady rise.
For complicated mining and geological conditions of
Ukrainian mines the extraction depth increasing has a nega-
tive impact on the carrying capacity of the workings sup-
port. In this connection mining companies have to spend ra-
ther much money to repair working support with the
consequent costs increasing. At the same time, there is a ne-
cessity to find new effective types of working support and
other activities that will allow maintaining the mine work-
ings without additional costs on their repairing or recove-
ring.

In particular, the backfilling of the fixing space is effec-
tive enough for the improvement of the workings sustaina-
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bility. It includes sprayed concrete application on the walls
and the roof, the backfilling of the fixing space and border
zone. However, sprayed concrete mixtures raw materials
(cement, sand, crushed stone, gravel) must be delivered in-
to the underground workings. That increases the load on the
transport line of a mine — rise trunk, the transport network
of horizontal and inclined workings. On the other hand, a
mine lifts a large amount of waste rocks from workings to
the surface. This rock requires large space for its place-
ment, creates unfavorable, often alarming conditions for the
environment through quite high content of fine coal parti-
cles that cause waste dumps smoldering. This certainly cre-
ates intolerable conditions for living in the settlements situ-
ated near the mining companies. Therefore, it is reasonable
to evaluate the possibility of waste rock usage as an aggre-
gate for backfilling and sprayed concrete mixtures and to
study their properties. Waste rocks used for the manufactur-
ing of backfilling and sprayed concrete mixtures directly in
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the underground workings will unload the transport net-
work of a mine and reduce the negative impact on the envi-
ronment.

Highlighting the problem unsolved part. There are
many investigations aimed at finding the ways of waste rock
recycling. In our work, the mixture of rocks (argillites and
aleurolites that are weakly metamorphic sedimentary rocks)
is used.

The most perspective direction of these rocks recycling
is their use as raw materials for various building materials.
Therefore, it is important to determine the possibility of
rocks use as an aggregate for hardening mixtures and to in-

vestigate their resistance to water impact because argillites
and aleurolites upon contact with water are prone to separa-
tion and slaking. Argillites are softened for 1 hour at 46.7-
64.3%, for 5 days and more at 83.2-98.9%. Aleurolites are
more resistant to water impact.

These rocks are characterized by good ability to absorb
and retain water, because they are similar to clay materials
by their chemical and mineralogical composition. This is
evidenced the studies by A.V. Bezaz'yan, T.A. Pavlichenco,
T.I. Cherednychenko whose data on the chemical composi-
tion of the Western Donbas mines rocks are presented in
table 1.

Table 1
Western Donbas mines rocks chemical composition
Loss on Mixed rocks chemical composition,%
Mines ignition, -

% SlOz A1203 Fezo3 T102 CaO MgO SO3 NaZO R20 In all
Dniprovska 9.42 60.20 16.2 7.06 0.96 0.78 1.75 0.63 0.55 2.40 99.95
Ternovska 15.88 56.56 15.1 5.83 0.84 0.74 1.62 0.68 0.53 2.23 100
Samarska 7.7 63.61 15.6 6.20 0.85 0.60 1.66 0.70 0.80 2.30 100
Pavlogradska 12.8 53.08 19.8 7.90 0.80 0.64 1.75 0.53 0.27 2.59 100
Zahidno-Donbaska 18.3 50.23 17.6 7.36 0.76 0.65 2.03 0.43 0.40 2.24 100
behalf of Space Hero 18.7 48.92 13.43 6.45 0.80 3.30 2.04 3.12 - - 96.76

Using argillites and aleurolites as an aggregate for back-
filling and sprayed-concrete material, we face sensibility to
water as a big disadvantage. Even in contact with water of
mixing, rock aggregate make loses in its integrity. In this
connection, it is necessary to perform a selection of admix-
tures to improve the stability of these materials to water.

Analysis of the latest research. Sprayed concrete
and backfilling mixtures are widely used to ensure work-
ings stability. Backfilling mixture should be very plastic
in order to be able to penetrate into cracks of rock mass
in the border zone of the working. Highly dispersed
components are used for their manufacturing. The back-
filling mixture may not have high compressive and bend-
ing strength as they are filling materials that provide joint
operation of rock mass fixing, and facilitate a load distri-
bution on the support.

Various industrial waste such as slag from metallurgical
plants, fly ash from thermal power plants are widely used to
manufacture backfilling mixtures. Such scientists have made
the study of backfilling mixtures properties in full: A.P. Ma-
ksimov, V.V.Yevtushenko, M.A. Salamatov, E.Ya. Kipko,
P.M. Dolzhykov, V.D. Ryabichev, Yu.M. Spichak, V.A. Hya-
myalyaynen, E.G. Tsaplin, P.G. Furdyey and others.

The authors of work [1] investigated the use of coal en-
richment waste and highly plastic clays in backfilling mix-
tures manufacturing and substantiated parameters of back-
filling works using studied mixtures. L.S. Belyaeva, K.M.
Demenkov, V.K. Krykunenko, R.F. Snisarenko investigated
the properties of backfilling mixtures based on fly ash and
dolomite dust and performed the selection of accelerators
for the studied mixtures. 0.5-1% water solution of natural
bischofite was recognized to be the most optimal [2].

Yu.M. Halymendyk and R.A. Yuzhakova performed a
series of studies like those given in this article. The authors
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have considered the use of fine fractions of rocks (0-3 mm,
3-7 mm and 7 mm) for making building mixtures and their
use as material for the concrete-slab lagging manufacturing.

P.G. Furdyey [3] has studied rheological, physical and
mechanical properties of backfilling mixtures based on hy-
draulically active slag of metallurgical production. Hya-
myalyaynen V.A. has defined basic regularities for rheo-
logical, physical and mechanical properties of backfilling
mixtures based on coal enrichment waste and fly ash of
thermal power plants [4].

V.D. Ryabichev has established a number of regulari-
ties not associated with the properties of backfilling mix-
tures, but close enough to the problem set in our paper. The
author has defined the parameters of empty space backfill-
ing by rocks produced in coal mines and determined regu-
larities of empty rocks deformation for such parameters as
humidity, temperature, pressure [5]. The properties of back-
filling mixtures based on burned rocks from refuse dumps
were also investigated.

Another type of mixture — sprayed concrete — is a mate-
rial that puts requirements that are more stringent. It must
have high strength. Spayed concrete applied to the roof and
the walls of the working creates a shell that should have a
sufficient bearing capacity to ensure the sustainability of
the workings. Sprayed concrete works reasonable parame-
ters of are substantiated in A.V. Mazurak studies. In work
[6] the influence of technological factors such as cement ra-
tio of sprayed concrete mixtures, nozzle distance to the
working surface, speed out sprayed concrete mixtures, the
strength of sprayed-concrete and amount of process losses
due to rebound are determined. Such scientists make the
important contribution to the study of the parameters of
sprayed-concrete works: I.Yu. Zaslavsky, E.V. Streltsov,
E.V. Kazakevich and others.
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Purpose. Experimental determination of physical and
mechanical properties of sprayed concrete materials based
on waste rocks and study of microsilica influence on their
water absorption.

To achieve the purpose we had to cope with the follow-
ing tasks:

1. Selection of the optimal grain size of fine and coarse
aggregate for manufacturing materials.

2. Experimental determination of physical and mechan-
ical properties of sprayed concrete materials based on waste
rocks.

3. Determination of the water influence on the physical
and mechanical properties of sprayed concrete- materials
based on the waste rocks.

The main material. Raw materials used in our expe-
rimental studies: cement brand PC 1 M500, natural quartz
sand with fineness modulus M, = 1.26, crushed waste rock
from mine behalf Space Hero PAO DTEK ‘“Pavlogradvu-
gillia”. During the experiment samples-cubes 10 x 10 x
10 cm and samples-prisms 4 x 4 x 16 cm were tested by
standard methods on compression and bending. The tests
on compression were executed at the age of 7, 14, 21 and
28 days, bending tests were performed only on the 28th
day. Before testing the equality of samples’ surfaces was
examined, no cracks and chips. Size faces of the samples
were determined with an error of less than + 1 mm.

Compression and bending tests were conducted using
hydraulic press “Tecnotest KL200/CE”, which was desi-
gnned to determine the strength of concrete samples,
rocks and other materials. The determination of compres-
sion strength of samples was done in the position at side,
i.e., when the destroying force was directed in parallel to
the stacking layers of sprayed-concrete material. In this
situation, compressive strength of the sample at 10-20%
less than the strength of the samples tested in the position
in which the sample was shaped.

Samples were tested at a position on the side to have
some reserve of strength. After setting the sample bet-
ween the plates of machine the input source data about
sample size was performed to the test machine control
unit “Eurotronic”. The samples were set between the
press plates and executed to the controlled compression
action until fracture. The load on the sample conti-
nuously and in regular intervals was increased at a speed
0.4-0.8 MPa per second. Testing machine during labora-
tory tests worked with a maximum load of 300 kN. The
tests were conducted as long as the load on the sample
fall to 5% compared to the maximum level. Then the ma-
chine stopped data record and displays on the screen ma-
ximum load value and strength of the sample in N/mm?.

The determination of water absorption was performed
only for sprayed concrete mixtures. At first, the mass of
samples was determined, and the samples were placed in a
container with water for 24 hours. After this, the mass of
sample in water-saturated state was determined. The de-
termination of water absorption, compressive and bending
strength of sprayed concrete samples in a water-saturated
state was performed to determine the resistance of sprayed
concrete samples to water action. In the first phase of work
the selection of the particle size distribution for coarse and
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fine aggregates was done. Grinding was executed in crush-
er, and then the resulting material was divided into the fol-
lowing fractions: less than 1.6 mm; 1.6-5 mm; 5-10 mm;
more than 10 mm.

In the present work, fraction more than 10 mm was not
used as its presence could deteriorate technological proper-
ties of the mixture and negatively affect the performance of
sprayed concrete equipment, and would increase the num-
ber of process losses such as a rebound of sprayed concrete
material.

During the selection of granulometric composition ran-
ge of ideal curves of size distribution proposed by Alexan-
drin A.P. was used. These curves describe such ratio of fine
and coarse fractions of filler, when the number of voids be-
tween grains is minimal. In such conditions maximum mo-
bility of sprayed concrete mixture and minimal usage of
cement are ensured. Used recommendations are classic for
concrete technology. Recommended composition of aggre-
gates for sprayed concrete mixtures is given in table 2 [7].

Table 2
Recommended composition of aggregates
for sprayed concrete mixtures
Aggregate type Content fractions, %
Less than 1.6-5 mm 5-10 mm
1.6 mm
Fine 43 32 25
Optimal 37 33 30
Coarse 30 36 34

The initial amount of each fraction as a percentage by
weight separately for argillites and aleurolites was deter-
mined, than for ordinary mixture of rocks [7]. The depend-
ences of output rocks from the nature of the crushed mate-
rial are shown in fig. 1.

The graph shows that the fraction of grinding argillites
less than 1.6 mm has the largest output. For aleurolites out-
put of fraction 5-10 mm is the most typical. The results are
explained by the fact that aleurolites have greater compres-
sive strength of 12-20 MPa, while the strength of argillites
4-11 MPa.

The output of crushed rocks, %

5-10mm

1,6-5 mm

Fraction of rocks

0 mm 0-1,6 mm

aleurolite
= argillite
=== «ordinary mixture

Fig.1. Graph of amount of rocks output fractions depen-
dence on the type of rocks
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For ordinary mixture there are no clear regulari-
ties for the number of certain factions output. For a mix-
ture of rocks it is difficult to determine the regularity of
fractions output through irregularity rock composition.
However experimental data point to a large output of
fraction less than 1.6 mm. Fraction less than 1.6 mm ap-
propriate to use for the backfilling mixtures preparation.
Backfilling mixtures based on waste rocks must have
enough flexibility to penetrate into the cracks of the rock
mass. However, they are characterized by low physical
and mechanical properties and shrinkage of the finished
material.

The experimental data obtained compressive strength of
backfilling material Cement: Waste Rock =1: 3 at 28 days is
5.93 MPa, that in 3.3 times lower than compressive strength
of Cement: Sand = 1: 3 (16.74 MPa). By all studied mixtures
to reduce water amount with mixing water superplasticizer
was added in an amount of 0.6% by weight of binder. Due
to the ability of rocks to absorb and retain water, it was ob-
vious that the superplasticizer does not work with the waste
aggregate.

Waste rock absorbs it with water. This is shown the
fact that the optimum value for Water: Solid of backfill-
ing mixture: Species = 1: 3 is Water : Solid = 0.4, and for
a mixture of Cement: Sand = 1: 3 — Water : Solid =0.2. In
connection with this it is impossible during the manufac-
ture of backfilling mixtures completely to replace the
sand fraction on rocks fraction less than 1.6 mm. To en-
sure acceptable technological properties of the mixture
and backfilling material and maximum use of the waste
aggregate, composition mixture Cement : Sand : Rock =

=1: 1: 2 (Water : Solid = 0.25, compressive strength —
12.49 MPa) is recommended.

To produce sprayed concrete based on waste rocks frac-
tions 1.6-5 and 5-10 mm are used. Fraction less than 1.6 mm
was not used because after the experiment with backfilling
material it became obvious that fraction of rocks less than
1.6 mm has negative impact on the technological properties
of the mixture and its use in sprayed concrete material is
undesirable. Quartz sand using as fine fraction is more ef-
fective. The research results are given in table 3. Kinetics of
sprayed concrete hardening is shown in fig. 2.

From the results obtained it follows that the optimal ra-
tio of backfilling mixtures is Cement: Sand: Rock = 1: 1: 2.
Disadvantages of used rocks are low strength and sensitivi-
ty to water action. Study results show that compressive
strength of sprayed concrete samples in a water-saturated
state is reduced about 2 MPa, and bend in 1.5 times compa-
red to the same samples in the dry state. In connection with
this it is reasonable to increase impermeability of sprayed
concrete materials based on waste rocks. That is why to the
obtained optimal composition of sprayed concrete mixture
was added microsilica admixture in amount of 10 and 20%.
The research results are given in table 4. Kinetics of spra-
yed-concrete hardening with the admixture 10 and 20% mi-
crosilica is given in fig. 3.

Microsilica is a material that has pozzolanic activity. It
is able to be involved in the formation of hydration prod-
ucts of cement. Microsilica due to the high dispersion fills
the pores of concrete that leads to density increasing and to
strengthening the weakest areas of concrete (the contact
zone of cement solution and aggregate).

Table 3
Physical and Mechanical Properties of Sprayed Concrete Mixtures
Composition Water : Compressive Strengh, MPa Bending Strengh,
Solid Ratio MPa
7 14 21 28 28
days days days days day
1.Cement : Sand : Rock=1:3:0 0.4 11.15 14.02 15.4 16.74 -
2. Cement : Sand : Rock=1:1.11:1.89 0.5 14.37 15.6 17.01 18.32 4.7
3. Cement : Sand : Rock=1:1:2 0.45 16.82 17.38 18.8 19.87 5.44
4. Cement : Sand : Rock=1:0.75:2.25 0.5 - 13.93 17.6 18.13 4.82
5. Cement : Sand : Rock =1:0.55:2.45 0.5 134 13.97 14.57 16.67 4.65
6. Cement : Sand : Rock=1:0:3 0.55 - 8.09 9.69 9.86 3.41
Table 4
Physical and Mechanical Properties of Sprayed Concrete Mixtures with the Microsilica Admixture
Composition Water : | Compression strength in dry state, MPa Compression Bending strength, Water
Solid strengh in wa- MPa absorp-
Ratio 7 14 21 28 ter-saturated dry water- tion,
days days days days state, MPa satura- W,%
ted
1. Cement : Sand : Rock=1:1:2 0.45 16.82 17.38 18.8 19.87 18.27 5.1 32 3.1
2. Cement : Sand : Rock : Microsilica 0.45 17.35 18.68 18.86 20.02 18.43 4.7 4.42 2.1
=1:1:2:0.1
3. Cement : Sand : Rock : Microsilica 0.45 14.2 15.09 15.53 17.71 15.16 3.8 3.7 24
=1:1:2:02
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Compressive Strenth, MPa

0 7 14 21 28
Hardening Time, days

=== Cement : Sand : Rock=1:1,11:1.89
sssgpes Cement:Sand :Rock=1:1:2
== (== Cement:Sand:Rock=1:0,75:225
e Cement : Sand : Rock=1:0,55:2.45
= =g = Cement : Sand : Rock =1:0:3
= w=Cement : Sand : Rock=1:3:0

Fig. 2. Kinetics of sprayed-concrete hardening

Microsilica does not only increase the impermeability
of concrete. It also improves its physical and mechanical
characteristics. Compare physical and mechanical prop-
erti-es of mixtures Cement : Sand: Rock = 1: 1: 2 and
Cement: Sand: Rock: Microsilica = 1: 1: 2: 0.1, given in
table 3: the most microsilica pozzolanic activity took
place between 7 and 21 days of hardening that, unfortu-
nately, has little influence on the final strength of sprayed
concrete mixtures.

However, the results show that the samples containing
microsilica are more resistant to water. This is evidenced
by the reduction in water absorption and the increase of
bending strength in water-saturated state. Microsilica intro-
duction does not solve the problem of separation and slak-
ing of rock aggregate but contributes to creation of more
stable cement stone formations.

Conclusions and development perspectives of the di-
rection. The results show that it is impossible to replace all
fractions of sprayed concrete aggregate by waste rock
completely because the smallest fraction (less than 1.6 mm)
significantly worsens technological, physical and mechani-
cal properties of sprayed concrete mixtures.

Fraction less than 1.6 mm is advisable to replace by fine
silica sand. Its introduction (even in small amounts) impro-
ves the properties of sprayed-concrete mixtures. The mate-
rials obtained can only be used as filling materials because
they have low rates of compressive and bending strength
and good ability to penetrate into the cracks of the rock
mass. The replacement of fine and coarse aggregate by cru-
shed rock will reduce the cost of supports construction and
repairing, it will reduce the load on the mine transport sys-
tem. It can significantly reduce the amount of waste rock
that is lifted to the surface and goes to the rock dumps of
coal mines. The implementation of underground rock recy-
cling will contribute to the cost of the coal produced, will
improve the ecological situation in the mining regions and
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1
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I
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7 14 21 28
Hardenig Time, days

= epe= = Cement:Sand:Rock=1:1:2
= = Cement : Sand : Rock : Microcilica=1:1:2:0,1

e Cement : Sand : Rock : Microcilica=1:1:2:0,2

Fig. 3. Kinetics of sprayed-concrete hardening with the
admixture of 10 and 20% microsilica

release large areas of agricultural land occupied by coal
mines rock dumps.
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Mera. ExcriepumeHTanbHe BU3HaYeHHS (Di3MKO-MeXaHi-
YHUX XapaKTEPUCTHK TOPKPET-OCTOHHNX MaTepiajiB Ha Oc-
HOBI ITyCTOi TOPOAW BYTUIBHOI MIAXTH Ta IOCITIDKCHHS
BIUIMBY MIKpPOKpEMHE3eMY Ha 1X BOJOTIOTIINHAHHSL.

Metoauka. JlociipkeHa MOXIIMBICTS BUKOPHCTaHHS
IMyCcTOi MOPOJU BYTUIHHOI IIAXTH B SAKOCTI OPiOHOTO Ta
KPYITHOTO 3allOBHIOBAaYa JUIs TAMIIOHAKHUX Ta TOPKpET-
6eToHHMX MaTepianiB. Bukonanuii minbip onTuMansHOTO
IPaHyJIOMETPHUYHOTO CKJIaJy TaMIIOHAKHUX Ta TOPKpPET-
O6eToHHMX MaTepianiB. Po3rmsgHyTe BHKOPHUCTAHHS MiK-
POKpEMHE3eMY B SKOCTI aKTUBHOI MiHEPaJIbHOI JOOABKH,
IO 3/1aTHA TOKPAIIUTH TEXHOJOTiuHI Ta (i3uKo-mMexa-
HIYHI BJIACTMBOCTI TOPKpeT-OeTOHHMX cymimei. Excre-
pUMEHTaIBHO BH3HA4YeHI (Di3MKO-MeXaHiYHI BJIACTHBOCTI
TOPKPET-OETOHHMX 3pa3KiB y CyXOMY Ta BOJOHACHYCHO-
My CTaHi.

PesyabTaTn. BusnadueHe onTuMaibHe CITiBBIIHOIICHHS
kommioHeHTiB Llement : Ilicok : Ilopoxa, mo 3abe3neuye
TEXHOJIOTIYHICTh TOPKPET-OCTOHHHUX CYMIIIeH Ta HAHOUTBII
BUCOKI (Di3MKO-MEXaHIYHI TIOKAa3HUKH TOPKPET-OCTOHHUX
Marepiani. [liziOpaHa akTMBHA MiHepaibHa JA00aBKa, IO
3/IaTHA TIIBUIIUTH MIIHICTh TOPKPET-OETOHHNX MaTepiaiiB
Ha CTHCKAHHS Ta BUTHMH, a TAKOXK ITABHIIUTH IX CTIMKICTH
JI0 BIUTMBY BOJIH. 3p0o0JIeHI BUCHOBKHU OO BIUIMBY BOJIH
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SK Ha BIIACTHBOCTI caMoi MOApiOHEeHOI MopojaW, Tak i Ha
BJIACTUBOCTI TOPKPET-OCTOHHUX CYMIIICH.

HaykoBa woBm3Ha. Jlocimipkeni (i3uko-mMexaHiuHi
BJIACTHBOCTI PI3HMX 3a CKJIaJ0M TOPKPET-OCTOHHHX CyMi-
mieit. OTpuMaHi 3aIeKHOCTI HA0OPY MIITHOCTI TOPKpET-Oe-
TOHHHUX CyMillIeil 3 BUKOPUCTaHHIM cl1abo MetaMmop(izoBa-
HUX nopia maxt 3axigHoro /loHOacy B sSIKOCTI 3alOBHIOBA-
ya. OTpuMaHi 3aJIeKHOCTI KIHETUKH TBEPIIHHS TOPKPET-Oe-
TOHHHX CyMileld 3 J0OaBKOI MIKPOKpEMHE3eMy IS ITijI-
BUIIICHHS MIIHOCTI B YMOBAX ITiIBHIIICHOT BOJIOTOCTI.

[pakTnyna 3HayumicTh. BukopucranHs mycroi mo-
POAX O3BOJUTH 3MEHIIHUTH KUTHKICTh MaTepialiB (KBapIo-
BUIl TICOK, TPaHITHUH IEeOiHB), MO TPAHCIOPTYIOTHCS Ha
BEIMKI TJIMOWHY BYTUIBHUX IHAXT. 3aMiHa TpaJuIliiHNX 3a-
TTOBHIOBAYiB TAMITOHAYKHUX Ta TOPKPET-OCTOHHUX CyMilIen
Ha MyCTy TOPOAY Ma€ 3HAUYHO 3MEHIINTH COOIBapTICTH Po-
OiT 31 3Be/ICHHS Ta PEMOHTY TIPHUYMX KPIIUICHB, a TaKOX
3MEHILUTH HABAHTAXKEHHSI Ha TPAHCIIOPTHY CUCTEMY LIAXTH
Ta KiTBKICTB MOPIJ, 110 BUIAIOTHCS HA TIOBEPXHIO.

KirouoBi ciioBa: mopxpem-oemon, mamnouaic, mix-
POKpemMHe3eM, MIYHICIb HA CIUCK, 6000N02TUHAHHS

Leas. DxcriepuMeHTaIBHOE Olpe/ieNieHne (u3nKo-Me-
XaHNYECKUX XapaKTePUCTHK TOPKPET-OCTOHHHMX MaTepHa-
JIOB Ha OCHOBE IyCTBIX IOPOJ U HCCIEJOBAHUE BIMSHUSL
MHUKPOKPEMHE3eMa Ha UX BOJIONOIIOLICHUE.

Meroauka. MccnenoBana BO3MOKHOCTB HCIIOJIB30Ba-
HUS ITyCTON MOPOJBI YTOIBHOH IMAXTHI B KAYECTBE MEIIKOTO
1 KPYITHOTO 3aIIOTHUTENIS [UTSl TAMIIOHAKHBIX H TOPKpET-0e-
TOHHBIX MaTepHaoB. BeImomHeH moadop ONTUMAIBHOTO
TPaHyJIOMETPUUECKOTO COCTaBa TOPKPET-OCTOHHUX Mate-
PHAJIOB HAa OCHOBE ITyCTHIX MOpOA. PaccMoTpeHo uenoms3o-
BaHME MHUKPOKpEMHe3eMa B KaueCTBE aKTUBHOI MUHEpalb-
HOI1 100aBKH, KOTOpast CIIOCOOHA YJTy4ILIUTh TEXHOJIOTHYEC-
KUe U (U3UKO-MEXaHUYECKHE CBOMCTBA TOPKPET-OCETOHHBIX
cMecei. DKCIepUMEHTAIIBHO OIpE/IeNIeHbl (P3UKO-MEXaHH-
YeCcKUe CBOWCTBA TOPKPET-OETOHHBIX 00pa3loB B CYyXOM U
BOJIOHACBIILIEHOM COCTOSIHUU.

Pesynbrarel. OnpezneneHo ONTHMalbHOE COOTHOIIIE-
nue komroHeHToB Llemenr : [lecok : ITopoxa, uto obecre-
YHBAET TEXHOJIOTUYHOCTh TOPKPET-OCTOHHBIX CMEceH 1 Ha-
nbosee BBICOKHE MOKa3aTeNI TOPKPET-OCTOHHBIX MaTepHa-
10B. [TotoOpana akTHBHAS MUHEpaJbHAs T00aBKa, KOTOpPast
CrocoOHa MOBBICUTH NPOYHOCTh TOPKPET-OCTOHHBIX Mate-
pHAJIOB Ha CXKAaTHE U U3THO, a TaKkKe TMOBBICUTH UX CTOWKO-
CTh K BIMSHUIO BOJBI. CrenaHbl BBIBOBI O BIUSIHUM BOJBI
KaK Ha CBOMCTBA CaMOW W3MEJIbUCHHOM MOPOABL, TaK U HA
CBOMCTBA TOPKPET-OETOHHBIX CMECEH.

Hayunas wnoBu3Ha. lccrenoBaHbl (HM3UKO-MEXaHH-
YeCKHe CBOWCTBA PA3INYHBIX MO COCTaBy TOPKPET-OCTOH-
HBIX cMmecel. [lomydens! 3aBucuMocTH HabOpa MPOYHOCTH
TOPKPET-OCTOHHBIX CMECEH C HCIOJIb30BaHUEM CIIabo Me-
TaMOp(U3NPOBAHHBIX TTOPOJ mIAXT 3anagHoro Jlonbacca B
KauecTBe 3anoyHuTeNs. [1orydeHsl 3aBUCHMOCTH KMHETUKH
TBEPJCHHS TOPKPET-OETOHHBIX cMecel ¢ J100aBKOH MUKpO-
KpeMHe3eMa ISl TIOBBIIICHHUSI POYHOCTH B YCJIOBUSIX TO-
BBILLICHHON BJIQ)KHOCTH.

IIpakTnyeckasi 3HaYMMOCTh. Vcnons30BaHne mycToi
MOPOJIBI MO3BOJUT YMEHBIINTH KOJMYECTBO MAaTepHAIIOB
(KBapIIeBBIN TIECOK, TPAHUTHBIN IIe0CHB), TPAHCTIOPTUPYE-
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PO3POBKA POAOBUIW, KOPUCHUX KONAJINH

MBIX Ha OOJbIIHE TIIYOWHBI YroOJbHBIX IIAXT. 3aMeHa Tpa-
JMIMOHHBIX 3aIlOJHHUTENICH TaMIIOHAKHBIX U TOPKpeT-Oe-
TOHHBIX CMecell Ha MyCTYIO IOPOAY JOJDKHA 3HAYUTEIEHO
YMEHBIIUTH ce0ECTOMMOCTD paboT TI0 BO3BEACHHIO U PEMO-
HTY TOPHBIX Kpemnel, a Takke YMEHBLINTh Harpy3Ky Ha
TPAHCHOPTHYIO CHCTEMY IIAXThI M KOJMYECTBO MOPOJI, BbI-
JIaBaeMbIX Ha IOBEPXHOCTb.

KiwueBble ciioBa: mopkpem-6emon, MmamnoHaic,
MUKPOKpeMHe3eM, NPOYHOCHIb HA - coicamue, B000N02l10-
wjeHue
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CASING STRING CENTERING IN DIRECTIONAL WELLS

Mera. Y10cKOHaEHHS TEXHOJIOTIT MiATOTOBKK CTBOJIA MOXWIJIO-CKEPOBAaHUX CBEPAJIOBHUH JUIs 3a0e3MeUeHHs SIKICHOTO
TaMITIOHYBaHHsI 00Ca/THAX KOJIOH Ta ()OpMYBaHHSI Ha/lii{HOTO KPIILICHHSI.

Mertonuka. Po3risiaeTscs MOJIENb CBEPUIOBHHH 3 00CaHOIO KOJIOHOIO, OCHAIIEHOI0 [IEHTPATOpPaMH, 3MOJIEIbOBAHUN
MIPOTHH 00CcaHOI KOJIOHH, YHACTIJOK Y0TO YTBOPIOETHCS 3a30p MK KOJIOHOIO Ta CTIHKOIO CBEPIJIOBHHU. J{0 yBaru MpuitHATI
TaKi YMHHUAKH: YKOPCTKICTh 00CaTHUX TPYyO, BETIMINHA TIPOTHHY, PO3TATYIOYa OCHOBA CHJIA, IPUKIIA/ICHA IO 00CaJHOT KOJIOHN
HIDKYE TIEPIIIOTO IIEHTPATOpa, 3EHITHUI KYT OCi CBEPUTOBUHM, TYCTHHA PIMH YCepeaArHi 00CaaHOi KOJIOH! Ta B KiTBIIEBOMY
nipocTopi. KoskeH 13 3a3HaYeHNX YMHHUKIB OKPEMO Ta y CYKYITHOCTI BU3HAYAIOTh JIOBKWHY IMiBXBHIII 3THHY, III0 HEOOXiIHO
OIHCATH aHAIITHYHHMH 3aJIC)KHOCTSIMHL.

PesyabsTarn. OOrpyHTOBaHA TOLUTHHICTS IPUHHATTS PIICHHS IOI0 BHOOPY BEIMUYUHH 3330pY MK 00CaTHOIO KOJIOHOIO
Ta CTIHKOIO CBEpJIOBMHH, JIOBXMHH 1 iHTEpBaly MK INepepizaMi BCTAHOBJICHHs LIGHTPATOPIB /Il KOHKPETHUX I'e0JI0ro-
TEXHIYHUX YMOB Ta BHMOT JIO SIKOCTI KpiruieHHs. Po3po0sieHnii anroput™ BU3HAYEHHS JOBXKUHH ITIBXBUII 3THHY 00CaHOT
KOJIOHH B 3aJISKHOCTI BiJI CYKYITHOCTI TIPUIHSITHX YMHHUKIB, 32 pe3yJibTaTaMu 0aratodakTopHOro aHayi3ly BCTAHOBJICHA Ba-
TOMICTh KOXHOT0 3 HuX. OOIpyHTOBaHa HEOOXIIHICTh YpaxyBaHHs KOPCTKOCTI TpyO 00CaaHOT KOJIOHH MPU BU3HAYEHHI JIOB-
JKMHHU TiBXBHJIi, OCOOJIMBO I MaJIuX 3HAau4eHb 3CHITHOrO KyTa. Bu3HaueHa BeJIMYMHA CHIH, 11O JIi€ HAa OJMHUYHUNA [IEeHTpa-
TOp, BCTAHOBJICHU#T Ha 00Ca THII KOJIOHI B OXMJIO-CKEPOBaHiii CBEPIIOBHHI.

HayxoBa noBu3Ha. [lonsrae y BCTaHOBIICHHI 3aJIe)KHOCTEH TOBKWHM TMIBXBIIIL 3THHY 00CaIHOI KOJIOHH BiJI CYKYITHOCTI
YUHHHUKIB, 0 BIUTMBAIOTH Ha HAJIHHICTH KPIIICHHS IOXHIIO-CKEPOBAHNX CBEPUIOBHH.

IMpakTH4YHA 3HAYUMICTB. Y JOCKOHAJICHa METO/IMKA MOXKe OyTH TOKJIAJICHa B OCHOBY ONTHMi3aLii KiTBKOCTI HEHTPYIO-
YUX MPUCTPOIB Ha 0OCAIHIM KOJIOHI Ta OLIHKM iX Mpane3aaTHOCTI, IO JI03BOJIUTh YHHKHYTH YCKJIaJHEHb Iijl 4ac CIyCKYy KO-
JIOHM Ta SIKICHO MiATOTYBATH CTBOJI IIOXUJIO-CKEPOBAHOT CBEPUIOBHHH JI0 BUKOHAHHS TAMIIOHA)KHHX POOIT.

Kiro4oBi ciioBa: ceeponosuna, 0bcadua Koiona, yeHmpamop, 008IHCUHA NIBXGUTT 32UHY, 3eHITMHULL KV

Ivano-Frankivsk National Technical University of Oil and Gas,
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MMocTranoBka npo6Jemu. [TinBumeHHs ehEeKTUBHOCTI TUTACTIB BHHUKAIOTh MIDKIUIACTOBI MEPETOKH, MIKKOJIOHHI

PO3poOKku Ha(hTOra30BUX POJIOBHUII Ta 30UIBIICHHS Koedi-
LieHTa (IIOTIOBHITYYEHHSI MOXJIMBE 32 PaXyHOK HapOIIy-
BaHHs OOCSTIB OYpiHHS ITOXMIJIO-CKEPOBAHNUX CBEP/JIOBHH.
OJtHak npakTHKa CIOPY/DKEHHS TAKUX CBEP/UIOBHH IOCTa-
BuJIa niepes (axiBISIMU LTy HU3KY MpoOJieM, cepej sIKHX
BaXJIMBOIO € 3a0€3MeUeHHs HeOOX1THOTO PiBHA HaIiITHOCTI
KpIIUICHHS CBEp/AJIOBHHH SK iHKeHEepHOi cropyaw. Hamii-
HICTh KpIIUICHHS TAKWX CBEpPIUIOBHH BH3HAYA€THCS Oara-
ThMa YHHHUKAMH, 3 SKUX CJiJ] BUAUTATH SKICTH PO3MEKY-
BaHHS IDIACTIB. YHACHITOK HESKICHOTO pPO3MEKyBaHHS
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THCKH, YTBOPIOIOTHCS TPU(OHH, 110 MPU3BOJUTH HE TUIBKH
1o BTpar (QuIroiny, ane i HeoOXIMHOCTI BUTPATH JIOJATKO-
BUX KOIITIB HA PEMOHTHO-130Js1IiHHI poboTH. SKicTh po3-
ME)KyBaHH IUIACTIB OE3I0CEPeTHBO 3AJIKUTD BIJ| CTYNEHS
3aMillIeHHs TIPOMUBAJIBHOT PIIMHU B KUIBIIEBOMY TIPOCTOPI
CBEP/UIOBHHH Ha TAMIIOHA)KHHUH PO3UHH, 32 HU3bKOT'O PIBHS
IKOT0 (OPMYIOTBCS TaK 3BaHI 30HU ,3amemieHHs . Ha
nporiec (popMyBaHHS TaKHX 30H BIUIMBAE ITiATOTOBKA CTBO-
Ja CBEp/UIOBHHH [0 ILIEMEHTYBAaHHS, TEXHOJOIiYHa OcC-
HACTKH 00CaTHIX KOJIOH, KUTBKICTh 1 XapaKTepUCTHKA IIe-
HTPYIOYHX NPHUCTPOIB, IHTEPBAIH iX BCTAaHOBJICHHS Ta ede-
KTHBHICTb POOOTH IMX ITPUCTPOIB.

23




