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Analytics

NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcman Pecriybnukacel ¥nmmbik fbiribiM akademusicbl "KP YFA Xabapnapbel. Xumusi XoHe
mexHorsioeusi cepusicbl” fbifibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacbli Emerging
Sources Citation Index-me uHOekcmeryeze KabbindaHraHblH xabapnalidbl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicsbl XypHandbl o0aH api the Science Citation Index Expanded, the Social
Sciences Citation Index xeoHe the Arts & Humanities Citation Index-ke Kabbiiday maceneciH
kapacmbipyda. Webof Science 3epmmeywinep, asmoprap, 6acnawsifiap MeH MeKemMesiepae KOHMeHm
mepeHDiei MeH canacbiH ycbiHaobl. KP YFA Xabapnapbl. XuMusi XoHe mexHosnoausi cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmabiK YWIiH eH 63eKmi xoHe 6edendi XuMusinbiK FbliibiMOap
bolibIHWa KoHmeHmke adasndbifbiMbi30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HblIl xypHan «13eecmus HAH PK. Cepusi xumuu u mexHonoaul» 6bin
npuHam dns uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
CodepxxaHue 8 amom UHOeKkcuposaHuu Haxodumcs 8 cmaduu paccmompeHuss KomnaHuel Clarivate
Analytics 0ns OdanbHeliweeo rpuHamusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4ecmeso u
enybuHy koHmeHma 0ris uccriedogamersiel, agmopos, usdamerel u y4pexoeHul. BkrroyeHue Mzeecmus
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawly MpuUeepKeHHoCcmb K Hauboree
aKkmyarbHOMY U 8/1UsiMesIbHOMY KOHMeHmMy o XuMu4ecKuM Haykam 051 Hawezo coobuecmea.
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PROPERTIES OF THE STEEL-FIBER-REINFORCEDCONCRETE
WITH DISPERSED REINFORCING WIRE FIBER
FROM TECHNOGENIC WASTE

Abstract. The article presents the results of theoretical and, most importantly, experimental studies of some
properties of steel-fiber-reinforcedconcrete reinforced with dispersed reinforcement from industrial wastes, namely,
ITEX steel wire fiber from SPA INNOTECH from spent steel ropes, a large number of which are used as raw
materials for fiber production, has accumulated in the region with the mining industry (East Kazakhstan region). The
result of the research was indicators of tensile strength of fiber-reinforced concrete during bending of samples,
characteristics of crack resistance, and impact strength indicators of fiber-reinforced concrete reinforced with fiber
from industrial waste. Knowing and demonstrating these characteristics will make it possible to more effectively
ensure the possibility of selling a new product on the building materials market. This publication has been carried out
as part of the sub-project Technology for Manufacturing Fiber from Technogenic Wastes, funded by the Government
of the Republic of Kazakhstan and the World Bank, Project for Stimulating Productive Innovations.

Key words.steel fiber, industrial waste, fiber concrete, fiber concrete strength, impact strength, crack resistance.

1. Introduction.

The use of steel-fiber-reinforced concrete (SFRC) is increasing as an effective structural material in
construction. Steel wire fiber is currently the most widely used. The production amount and use is
constantly growing. In world practice, more than 300 thousand tons of steel fiber are used per year. In the
Republic of Kazakhstan (RK), unfortunately, the consumptionamount of this promising material is
significantly less. The small consumption of steel fiber reinforced concrete (SFRC) are largely explained
by the lack of fiber production and the lack of knowledge by Kazakhstan designers and builders of the
possibilities and advantages of this material, the absence of normative documentation related to SFRC in
Kazakhstan, the lack of advertising and the lack of focused work on its use, especially from organizations
project side.

2. Technologies for producing fiber from steel ropes.

Karaganda Promstroyproekt in the 80s of the last century, relying on the development of the Central
Research Institute of Industrial Buildings, NIIIZhB and LenZNIIEP, on the basis of the Kazmetallurgstroy
in Temirtau, implemented a method for producing wire fiber from used steel ropes using heat treatment.
The ropes were preliminarily annealed at a temperature of 400-10000C, then they were cut into segments
of a given length, which were split by grinding. Subsequently, steel-fiber-reinforcedconcrete structures for
various purposes were made from the obtained fiber [1-3]. The disadvantage of this method was the loss
of strength of wires during their heat treatment and the difficulty of washing and drying the finished fiber
due to the lack of special equipment for these works. After the collapse of the USSR, research ceased,
without having received wide industrial application.
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Currently, in the East Kazakhstan region there are a large number of metallurgical and mining
enterprises, in which steel ropes are widely used in bridge, overhead, cranes and mine shafts.The
Gosgortekhnadzor of the Republic of Kazakhstan (RK) established the service life of ropes used in the
industry for no more than 5 years (according to experts, it can be extended for another 3 years), inspection
should also be carried out by specialists in the field of flaw detection at least once every 12 months.
According to the presence of damage, a decision can be made to reject the rope earlier than the standard
period of operation of the rope. Rope culling standards are set out in the requirements of RD ROSEK 012-97.

Nowadays, the disposal of steel ropes is their delivery to scrap points in the Republic of Kazakhstan.
Moreover, all spent ropes belong to the same category - 13A, which is determined by GOST 2787-75.
This is not advisable, because the material for the manufacture of ropes is a high-strength wire with a large
unused resource.

The method for producing wire fiber from used steel ropes was modernized at the D. Serikbayev
EKTU, within the framework of the state R&D (agreement with the Ministry of Education and Science of
the Republic of Kazakhstan No. 84-210-13 of 04/10/13) [2]. The introduction of this method into
production was carried out by INNOTECH Scientific and Production Association LLP in Ust-
Kamenogorsk on the basis of the sub-project Technology for Manufacturing Fiber from Technogenic
Waste, funded by the World Bank and the Government of the Republic of Kazakhstan project Stimulating
Productive Innovations.

Fiber production is as follows (Figure 1). Spent steel ropes are cut into segments of a given length
using thermofriction (preliminary) and abrasive (final) disk cutting. The obtained segments of the rope are
then subjected to separation into wires, which is carried out due to the complex compressive-abrasive-
vibrational impact on the segments in a large extent of the zone, which allows the separation of the rope
segments into wires in one pass through the installation.

Ropes/cables
Pre-cutting unit Mam cutting
unit
Rough fiber
Flushing unit <:| Separator
Fiber

Drying unit Packing

Figure 1 — Line diagram for the manufacture of fiber from waste ropes

Furthermore, dispersed reinforcement in the form of wires obtained as a result of rope separation
segments is cleaned of grease and other contaminants by vibration washing in a bath with a special
washing liquid with a combination of chemical, mechanical and hydrodynamic effects on pollution. Upon
reaching the required quality of fiber cleaning, the washing process stops, the fiber is removed from the
bath and sent further for drying or for its intended use. The use of rope cutting with circular knives with an
increase in cutting speed and a reduction in cutting forces, splitting of the rope segments into wires due to
the complex crushing-abrasive effect on them and their splitting in one pass between the grinding surfaces,
and high-quality cleaning of dispersed reinforcement wires in a bath with a washing liquid that vibrates
fluctuations [4-7]. It leads to reduce the energy intensity and time of the process of obtaining dispersed
reinforcement, to increase the productivity and efficiency of the process, to reduce the costs of its conduct,
to increase the surface cleanliness of the wires, to ensure good adhesion of the fiber wires to concrete, and
therefore to improve the technological properties of fiber concrete.

—— 48 ——
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3. Experimental research.

To evaluate the strength characteristics of steel fiber reinforced concrete with ITEX wire fiber
(trademark registered) from waste ropes produced by Scientific and Production Association INNOTECH
LLP, hereinafter referred to as ITEX fiber, an experimental study was conducted. Since dispersed
reinforcement of concrete with fiber primarily increases tensile strength, crack resistance, and impact
strength, which determines the application field of SFRC, an experimental study was aimed at determining
these characteristics. To compare the effectiveness of ITEX fiber with existing analogs, SFRC with an
anchor fiber 1/50 Hendix and Dramix 3D 80/60BG was also considered. The amount percentage of
reinforcement with wire fiber was adopted as 1%, 1.5% and 2%.The composition of the components for
fine-grained concrete matrix was selected in accordance with the recommendations of [3, 8-12] and is
shown in table 1.

Technical characteristics of the used fiber Hendix:

Brand - 1/50 Hendix, length - 50 mm, diameter - 1 mm, temporary resistance - 1150 MPa.

Technical characteristics of the used fiber Dramix:

Brand - Dramix 3D 80/60BG, length - 60 mm, diameter - 0.75 mm, temporary resistance - 1225 MPa.

Table 1 — Formulation for concrete matrix per 1 m’

Component Quantity (kg / m3) Ratiocomponents
Cementing agent - Portland cement, grade M450, Bukhtarma cement C=661
company (C)
Fine aggregate - quartz sand with a fineness modulus 3.0 (P) P=1283 P/C=1941
Consolidator - water in accordance with GOST 23732-79 (B) B =285 B/C=0.4312
PlasticizerRheobuild 181A (P]) Pl=4 1% of C

Technical characteristics of ITEX fiber:

Temporary resistance - 1809 MPa.

To analyze the ITEX fiber geometry, 4 samples were taken from different places of the total fiber
volume. In the course of measurements, fiber with diameters of 0.5 mm, 1.0 mm and 1.5 mm was
detected. The average fiber lengths of the samples are shown in table 2.

Table 2 — Geometrical characteristics of ITEX fiber

Sample Fiber length % contentin Fiber Length % contentin the Fiber Length % contentin
numger with a diameter the sample with 1.0mm sample with 1.5 mm the sample
of 0.5mm Diameter Diameter
Nel 6,35 cm 20,5% 6,35 cMm 72,6% 6,57 cm 6,95%
No2 6,33 cm 23,2% 6,37 cm 74,6% 6,57 cm 2,2%
No3 6,34 cm 21,7% 6,38 cm 73,6% 6,12 cm 4,7%
No4 6,26 cm 32,8% 6,41 cm 59,2% 6,56 cm 8%

Steel fiber was added to the concrete mixture gradually using a tray and was evenly distributed during
its preparation in the SBR-132A cyclic gravity concrete mixer. A standard vibrating platform with
harmonic vibrations was used to form the samples. The compaction time was 3 s.

The average density of the SFB mixture is 2420 kg/m3.

Delamination coefficient at 2% reinforcement:

- at 3 s of vibration, k, = 0.938;

- at 6 s of vibration, k, = 0,882,which meets the requirements of clause 6.1.40 [3], (k, > 0.85).

Coefficient of homogeneity at 2% reinforcement:

1 test, k, = 0.87; 2 samples, k, = 1.0; 3 samples, k, = 0.98, which also meets the requirements of
clause 6.1.40 [3, 13-18], (1.1 >k, > 0.9).

To determine the tensile strength during bending, 10 series of control samples were made in the form
of square prisms with dimensions of 100*100*400 mm (three samples in each series). Samples were tested
at 28 days of age. The testing equipment used to determine the tensile strength during bending is a 2PG-10
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hydraulic press. A sample mounted on two press supports was loaded up to failure at a constant rate of
load increase (0.05 = 0.01) MPa / s. The load was applied in thirds of the span and was evenly distributed
over the width of the sample (figure 2).

Figure 2 — Installation diagram for determining the tensile strength and crack resistance in bending

The tensile strength of concrete in bending R;;,, MP, was determined according to [4]:
Fl
Ryp =8—5 (1)
where F — breaking load, N; a, b,l — the width, height of the cross section of the prism and the distance
between supports, respectively, mm; § — scale factor to bring concrete strength to concrete strength in
samples of basic size and shape.

4. The results of experimental studies.
The results of the experimental determination of concrete tensile strength in bending are shown in
figure 3.
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Figure 3 — Graphical comparison of tensile strength in bending

The tensile strength in bending of specimens reinforced with ITEX fiber -1.5% increased by 75%
compared with the specimen without reinforcement (that is, 1.8 times), reinforced 2% by 135%
(2.3 times). The similar results were shown for the samples reinforced with Hendix fiber: 1.5% - 97%
(~ 2 times); reinforcement of 2% fiber - 126% (2.3 times). The samples are reinforced with factory fiber
"Dramix", when reinforcing 1%, the strength increased by 134% (2.3 times), while reinforcing 1.5%
showed a smaller result - 113% (2 times), which is explained by the uneven distribution of fiber in the
samples of this series , 2% reinforcement increased strength by almost 3 times (2.9 times) 198%, which is
the best result.

The crack resistance characteristics were determined during nonequilibrium mechanical tests
according to [5]. Nonequilibrium tests are characterized by a loss of stability of the sample deformation
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process at the moment of deformation localization upon reaching the maximum load, with the
corresponding development of the main crack.

7 series of control samples of type 1 were manufactured and tested in the form of square prisms with
dimensions of 100 * 100 * 400 mm (three samples in each series) for bending tests (figure 2), with initial
upper cuts according to [5, 7, 19-21].

Before the test, two loading-unloading cycles were carried out to a value of 10% of the expected
maximum load. Then the samples were loaded continuously until they were divided into parts with fixing
the value F.".The loading speed was measured by the speed of movement of the loading plate of the press
in the range of 0.02-0.20 mm/s.The results of determining the characteristics of crack resistance are shown
in figure 4.
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e without reinforcement =e=|TEX <e~Dramix

Figure 4 — Graph comparing the performance of crack resistance

Reinforcement of 1% ITEX fiber increased crack resistance by 194% (~ 2.94 times), and Dramix - by
219% (3.19 times), while reinforcing 1.5% fiber in both cases showed a lower result - ITEX106%
(2.06 times), Dramix 183% (~ 2.83 times). Reinforcement of 2% fiber - ITEX increased by 395%
(4.94 times), Dramix by 662% (~ 7.62 times).

To compare the impact strength, ten series of eight samples were made in the form of a 100*100*100 mm
cube: a series of concrete samples without reinforcement, as well as a series of samples reinforced with
factory fiber from Hendix and Dramix and fiber from waste ropes ITEX with a volume percentage of
reinforcement of 1%, 1.5% and 2%.

The samples were tested on a vertical pile driver after hardening under normal conditions for 28 days.
During the tests, the sample was mounted on the metal base of the pile driver, and from above it was hit
with a hammer weighing 5 kg, freely falling from a height of 1.07 m (figure 5).

Figure 5 — Installation diagram for determining impact strength (vertical pile driver)
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Impact resistance was estimated by the energy spent on the formation of cracks [6, 22-27]:
; )

where P - the hammer mass; g - the acceleration of gravity; H - the hammer height; n - the number of
strokes [27-32]; Ly~ the length of the cracks formed (average value over all faces of the sample).

In the analysis of impact tests, two indicators were compared: the amount of energy for the formation
of the first crack and the amount of energy for the destruction of the sample.The results of determining the
resistance of fiber-reinforced concrete to longitudinal impact upon the appearance of the first crack are
shown in figure 6.
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Figure 6 — Comparison of impact strength when the first crack

Figure 6 shows that with percentage reinforcement with steel fiber p=2% in each series, the impact
resistance index increases by an average of 60%, while samples reinforced with fiber of ITEX ropes with a
percentage of reinforcement of p=1.5% and p=2% show better results than factory fiber samples,
respectively.

The results of determining the resistance of fiber-reinforced concrete to longitudinal impact upon
fracture of the sample are shown in figure 7.
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Figure 7 — Comparison of impact strength during fracture of a sample

The comparison of the indices during the destruction of the sample showed that the percentage
reinforcement with Hendix fiber u=2% increases impact resistance by 94%, and ITEX or Dramix fiber -
by 60%. At the same time, ITEX fiber shows an average result in comparison with factory fiber. The
coefficient of variation according to the calculation results ranged from 13 to 17% for each series.

5. Conclusion.

The results of the tests carried out allow us to justify the prospects of using ITEX steel wire fiber from
used ropes as dispersed reinforcement of structures subjected to bending and dynamic stresses. Having
close and at certain percentages of reinforcing even better physical and mechanical characteristics
compared to the factory options Hendix and Dramix, fiber from spent ropes can be considered a full
competitor in the market of dispersed reinforcement in Kazakhstan, whose competitiveness is also
increased by its low price (1.3-1.5 times) and a large amount of raw materials in the region (East
Kazakhstan region).

— 5 ——
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The data obtained lead to further commercial prospects for the implementation of the proposed
solutions. The presented results served as the basis for the creation of an innovative industrial enterprise
for the production of steel fiber from industrial waste.Areas of effective use of steel fiber concrete are
given in table 3.

Table 3 — Areas for the effective use of steel fiber reinforced concrete

Typeofconstruction Reserveofsavings
1 Industrialfloors 1.1 Reducing the thickness of the floor slab
1.2 Reducing the complexity and time of construction due to the lack of the need for the
manufacture and installation of reinforcing mesh up to 40%
1.3 Increased wear resistance, impact strength and overall durability
1.4 Cost reduction in business up to 24%, reduced costs up to 32%

2 Pilesdriven 2 High impact resistance, which reduces rejects (pile head destruction) when driving up to
30%

3 Steel-reinforced concrete 3.1 Reduction by 10-15% of the wall thickness

pressureless pipes 3.2 Increase in bearing capacity in comparison with standard reinforced concrete up to 2
times

4 Steel-fiber-reinforced 4 The use of steel-fiber-reinforced concrete fixed formwork instead of an inventory shield

concrete thin-walled elements | allows reducing labor costs at a construction site by 20-25%, as well as shortening
of fixed formwork construction time

M.B. I[yzmnnl, AN. Kan, A.B. BaBHJIOBl, B.10. qepHaBHHI, E.A. KJII/IMeHKOI, M. Mubinyak’

1 . .
J. Cepix0aeB arbinnars! LIbirbic Kasakcran TeXHUKANIBIK YHUBEPCUTETI, OckeMeH, Kazakcran;
2 .
Bpo1iaB FpUIBIM KOHE TEXHOJIOTHsIIAp YHUBEpcuTeTi, Bpowyias, Ionpmia

TEXHOTI'EHAIK KAJIIBIKTAPJAH )KACAJIFAH CbIM ®UBPACBIMEH JUCITEPCTI
APMATYPAJIAHFAH CTAJIE®@UBPOBETOH KACHETTEPI

Annoranusi. Kemipze, acnanbsl KpaH XoHE IaxTa YCTIHJAETi KompiiapAa KOJAaHBUIATHIH OONaT apKaHIbl Koaere
KapaTyAblH SKaHAPTBUIFAH TUIMAI oAici YCHIHBIIAAbl. ApKaHIbl KOAEre jkapaTy IereHimiz — Oepik CbIMHaH Oojat
TaJIIIBIFBIH ATy MaKCaThIHJA KalTa eHIey. bonar apkaHHaH ChIM TalIBIFBIH ay 9aici yHunexy3inik bank nen Kazakcran
PecriyOnukacel YKIMETiHIH KOJJaybIMEH «OHIMIIK MHHOBALMSIIAPABl BIHTANAHIBIPY» >K00AChl asiChIHAA Kap KbUIaHIbI-
pourraH  «TeXHOTEHIIK KaJIbIKTaplaH TAIMBIK OHIIPYIiH TEXHOJOTHSIChDy INAFbIH JK00achl HeridiHae OcCKeMeH
kanacsiHgarsl « MTHHOTEX rputbiMu-enaipictik 6ipnectiri» XKIIC xy3ere acbpabl.

TanmpIK faifbIHIAaY TePMOGPUKIMSUIIBIK (AJIBIH ajia) sKoHe abpa3uBTIK (COHFBI) AUCKLT Kecy apKbUIBI 00JaT apKaH bl
OepiireH Y3bIHIBIKKA KECy apKbUIbl OHIpiieai. ApblKapaid ajblHFaH apKaHHBIH KECIHJIepi chIMuapra OemiHeni,
Y3BIH/IBIFBI OOMBIHINA YIKEH aliMaKTarbl KECIHAIre KYPHENi ChIFY-bICKbLIAY-AIPUIIIK ocep €Ty eceOiHeH XKy3ere achIpbl-
najel, OYJI apKaH KeCiHIUIepiH OpHATy apKbLIbl Oip ©Ty YIIiH chiMFa Oyl )Ky3ere acelpyra MyMKiHaik Oepeni. Coman
KelliH apKaH KeciHAidepiH Oeily HOTHXKECIHIE ajblHFaH CbIM TYPIHIEri AUCIEPCTI apMaTypa JacTaHyFa XUMMSIIBIK,
MEXaHHUKAJIBIK JKOHE T'MIPOJAWHAMUKAJIBIK 9CEp/i YiJIeCTipe OTHIPBIIN, BAaHHAA apHAWbl KYy CYHBIKTBIFBIMEH AIpUIIL Kyy
oniciMeH MaiilayaH kKoHe 0acKa Ja JIacTaHyJaH Ta3apThUIaJbl. TaNIIbIK Ta3anay camachlHa XETKEHIE XKyy IHporeci
TOKTaWIbl, TAJIIIBIK BAHHA/IAH IIBIFAPBUIAIIBI )KOHE OJIaH i KENTipyre HeMece MaKcaThlHa Kapail naiiiananyra xioepinei.

«MHHOTEX sputeiMu-enaipicrik Gipaecriri» JXXIIC enmiperin «ltex» Tammblk [enm aranaThlH NaiJalaHbUIFaH
apKaHHaH acaJFaH ChIM TAJIIBIKTApbl 0ap 001aTPuOpOoOETOHHBIH OEPIKTIK CHITATTaMaChlH Oarayiay YIIiH SKCIEPUMEHTTIK
3eprrey xkyprisinai. bomar ¢uOpaOeToHHBIH KoigaHy ailMarblH AaHBIKTAWTBIH OETOHHBIH TAJIIBIKTHI JUCIEPCTI
apMaTypackl €H alJBIMCH, CO3bUIy KEIEpriCiH, ChIHyFa TO3IMIUILIH JKOHE COKKbI OEpIKTITiH apTThIPATHIHABIKTaH
IKCHEPUMEHTTIK 3ePTTeY OCHI CHIIaTTaMaNap/bl aHBIKTayFa OarbITTaIFaH. «[teX» TaIIbIFBIHBIH THIMAUIITIH KOJIaHBICTaFbI
aHanorrapMeH canbIcThipy yiuiH «1/50 Hendix» xone «Dramix 3D 80/60BG» aHkepiik TanmibiFel 0ap OonatdgudpadeToH
KapacTeIpbULAbl. ChbIM TalMIBIKTAapblH apMaTypalayAblH KeleMmIik maibei3sl 1%, 1,5% »xoHe 2% Ooibln KaObLIIAHMBL.
Yarinepniy winy kesinzeri cosputy Oepikriri «Itex» apmarypananfaH Tammbikta 1,5%, apmarypananOaraH yiriMeH
canbicTeipranna 75%-ra (srHu 1,8 ece), apmarypananran 2%-nan 135%-ra (2,3 ece) ecrti. ¥kcac HotmxkeHi «Hendix»
TAJIIBIFBIMEH apMaTypajaHfraH yiritep kepcerti: 1,5%-97% (~2 ece); 2% tammslk apmatypacel 126% (2,3 ece).
«Dramix» 3aybITTBIK TaJIIIBIFEIMEH apMaTypaianfaH yiarinep 1% apmarypanay kesinne 6epikriri 134%-ra (2,3 ece) apTThl,
an 1,5% apmarypanay a3 Hotmxke kepcerTi — 113% (2 ece), OyI1 OCHI cepHsIarsl YITiIepae TaIIIBIKTHIH OipKenKi Oeminoeyi
Heri3iHge Tycinaipineai, 2% apmarypanay Oepiktirin mamameH 3 ece (2,9 ece) 198% apTThipabl, OyJ1 jKOFapbl HOTHKEHI
KepceTe/Ii.

«Itex»TanmbIFeIHbIH 1% apMaTypanay skapblkka Te3iMIuTikTi 194%-Fa (~ 2,94 ece), an «Dramix» 219%-ra (3,19 ece)
apTTHIpABL, Oy perre TaMWBIKTH 1,5% apmarypamay eki karmaiina na a3z HoTmke kepcerti: «ltex» 106% (2,06 ece),
«Dramix» 183% (~ 2,83 ece). 2% tammubIkTel apmatypanay «Itex» 395%-ra (4,94 ece), «Dramix» 662%-ra (~ 7,62 ece)
apTTEHI.
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Yrinig JUHAMUKaNbIK Oy3bUTyBIHIAFbl KOPCETKIMITEPAL CalbICTBIPY XKYMbICTaphl kepceTkenael, «Hendix» p = 2%
TaJIIIBIKTHI TARBI3IBIK KYMIEHTY COKKBIFA TO3IMIUTIKTI 94%-Fa, an «Itex» HeMece «Dramix» TammbIKTapbl apKeuTbl 60%-Fa
apTTelpagbl. byn okarmaiina «ltex)» TalIIbIFBl 3aybITTBHIK TAIIIBIKICH CalbICTBIPFaH/a OpTallla HOTIDKEHI KepCeTesl.
Ecenrey HaTmkenepi OoiipIHIIa Bapranus KodhduiueHTi op cepus yuriH 13-teH 17%-ra aeiin sxorapbuIaii sl

XKyprisiiren cbhlHAaK HOTIKenepi Oyrinyre »oHE AMHAMHUKAIBIK ACEpJIepre YINBIPAUTBIH KOHCTPYKLUMSUIAPABIH
JCIIEpPCTi apMaTypachl peTiHAe IiCTeH IIBIKKaH apkaHHaH «[tex» Ooxat ceiM (uOpachiH OojamrakTa MalijanaHyabl
Herizpeyre MyMkinzaik Oepeni. «Hendix» sxoHe «Dramix» IIeTenik HycKalapblMEH CAJBICTBIPFAHIA apMaTypaslayablH
JKaKpIH JKOHE Oenrim Oip maibi3bl Ke3iHJe, TINTi KOFapbl (hU3UKAIBIK-MEXaHUKAIBIK CHITATTAMara He 0oJia OTBIPHIIL,
nalanaHbUIFaH apKaH TalubiFbl Ka3akCTaHHBIH JUCIEPCTi apMaTypa HapbIFbIHIA TOJBIK KYKBIKTBI Oocekesiec OOJbII
caHalybl MYMKIiH, OHBIH Oocekere kaOinerrimiri apzan Oaracer (1,3 - 1,5 ece) men enipae (IIIsirbic Kazakctan o0JbICH)
MIMKi3aT MONLIEPiH YIFalTaabI

YHemaey pesepBiH OeperiH 601arhuOpoOETOHABI THIMII KOJJAHY/ABIH Kelecified cajanapbl YCHIHBLIABI:
OHEpKICINTIK efeHaep (€OeH IUIMTAChIHBIH KalbIHABIFBIH a3alTy; apMaTypasblk TOpAbl JalblHAAy MKOHE OpHATY
Ka)KETTUTrHIH OonMaybl ece0iHeH KYpBUIBICTHIH €HOEK CHIMBIMABUIBIFEI MEH yakbIThIH 40%-Fa TeMEeHIeTy; TO3yFa
TO3IMILNIIriH, COKKbIFa OEPIKTIriH XKOHE XKAaNIbl TO3IMALTIIH apTTEIPY; €HOEK KYHbIH 24%-Fa, KeNTipinreH WbIFbIHIBL 32%-
Fa TOMEHJIETY); KaFbUIFaH Kajanap (>KOFapbl COKKbIFa To3iMIiTik 30%-Fa cOFbUIFaH Ke3/1e akayabl (KaJaHblH O0achiH 0y3y)
cupereni); 60marhuOpoOETOHIBI aFBIHCHI3 KYOBIpiap (KaObIpFa KaldbIHABIFBIHBIH 10-15%-Fa a3aiobl; THUNOTIK TeMipOeTOH
KYOBIpIapbIMEH CalbICTBIPFaHAAa KeTeprill KaOineTiHiH 2 ecere JeiliH yiiFaiobl); alblHOAWTBIH — KaJIBIITHIH
601aTuOpOOETOHIBI  KYKa KaOBIpFajbl JJIEMEHTTepl (MHBEHTAPIBIK KalKaHIIA OpHBIHA  007aThUOpPOOETOH B
aNbIHOANTHIH KaNbIITApAbl KOJAAHY KYPBUIBIC ajaHbIHIAFrbl €HOCK WbIFBIHBIH 20-25%-Fa TeMeHAeTyre, COHaaii-ak
KYPBUIBIC MEP3iMiH KBICKApTYFa MYMKIHIIK Oepei).

Tyiiin ce3mep: 00JIaT TANIIBIFBI, TEXHOTCHIK KAJJIBIKTAP, TAIIBIKTH TEMIPOSTOH, TAIIIBIKTHI TeMipOEeTOH OepiKTiri,
COKKBI O€pIKTIri, >KapbIKKa TO3IMITIK.

M.B. J]ymcm{], AM. Kum', A.B. BaBHHOBl, B.10. Ilepﬂamml, E.A. Kinmenko', M. Mubingak’

1 “ o
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CBOICTBA CTAJIE®@UBEPOBETOHA C JIMCIIEPCHBIM APMUPOBAHUEM
MMPOBOJIOYHOM ®UBPOM M3 TEXHOTEHHBIX OTXO/10B

AnHotauus. Ilpemiaraercss MOAEPHU3HPOBAHHBIA S(Q(PEKTHBHBIH METON YTWIN3AIMU OTPaOOTaHHBIX CTaIbHBIX
KaHaTOB, MCIOJIb3YEMBIX B MOCTOBBIX, IIOJABECHBIX KpaHaX W HAAUIaXTHBIX KOIIpax. yTI/IJ]I/ISaLlI/IH KaHAaTOB 3aK/JIFO4YacTCsA B
uX nepepaboTKe C UEeNbI0 MOJTYIeHHs CTATbHON (GUOPHI N3 BHICOKOIPOYHON MPOBOJIOKU. METO MOJTYyYSHHUs IPOBOIOYHON
¢ubpsl u3 cranpHbix kKaHaToB BHeApéH TOO «Hayuno-npousBoactBeHHoe oOwvenuHenne MHHOTEX» B r. Ycrb-
KameHoropcke Ha 0cHOBe moanpoekTa « TeXHOIOTHs H3rOTOBICHUS (PHOPBI N3 TEXHOTEHHBIX OTXO/I0BY», (PHHAHCHPYEMOTro
B paMmkax mnpoekra «CTUMyIMpOBaHUE IIPOLYKTHBHBIX MHHOBAlLlMi», HoAnep:ku-BaeMoro BcemupHbiM bankom u
IMpaBurenscTBoM PecnyOimku Kazaxcras.

Wsroroenenue GuOpbI NPOU3BOAMTCS TOCPEACTBOM pa3pe3aHus CTAIBHBIX KAaHATOB Ha OTPE3KH 3a/laHHOM JIJIMHBI C
MIOMOIIBIO TepMOGPUKIIMOHHOH (IIpeIBApUTENBHOI) U aOpa3uBHOMN (OKOHYATENBHOW) THCKOBOH pe3ku. [lajee momydeHHbIe
OTPEe3KU KaHAaTa IOJBEPraloTcs pas3/esICHUI0 Ha NPOBOJIOKH, KOTOPOE OCYIIECTBIAETCS 3a CUET CJIOKHOTO CIKUMAIOIIE-
UCTUPAIOIIe-BUOPAIIMOHHOTO BO3/ICHCTBIS Ha OTPE3KU B OOJBIION MO MPOTHKEHHOCTH 30HE, YTO IO3BOJISIET OCYIIECTBIST
pasleneHue OTpPe3KOB KaHaTa Ha MPOBOJIOKH 3a OJMH NPOXOJ 4yepe3 YCTAHOBKY. 3aTeM AWCIEpCHas apMaTypa B BHJE
MPOBOJIOK, IOJYYSHHBIX B pPe3yJbTaTe pa3lelieHds] OTPE3KOB KaHaTa, MOIBEPraercs OYMCTKE OT CMas3Kd U JAPYTuX
3arpsi3HEHU METOAOM BHOPAallMOHHOW MOWKM B BaHHE CO CICHHAIbHONH MOIOIICH J>KUIKOCTHIO TPH COYETAaHHU
XMMHUUYECKOT0, MEXAHUUYECKOTO U TUAPOAMHAMHUUYECKOrO BO3JeHCTBUI Ha 3arps3HeHus. Ilo nocTmxeHHH TpeGyemoro
KayecTBa OYUCTKH (UOPBI Mpolecc MOMKH OCTaHaBIUBaeTcs, (huOpa M3BJICKACTCS W3 BaHHBI U OTIIPABISCTCS Jajiee Ha
CYUIKY WM TSl HCIIOJIb30BaHHS 110 HA3HAYCHHIO.

JIJish OLEHKHM TPOYHOCTHBIX XapakTepucTuk crajeduopoberona (CDB) ¢ nmposonouHol GuOpoit U3 OTpabOTaHHBIX
kaHaToB, npou3soauMoil TOO «Hayuno-npousBojacteeHHoe oobenunenne MHHOTEX», nanee umenyemoii ¢pubdpa «ltex»,
MIPOBEACHO AKCIIEPUMEHTANBHOE HCCllefoBaHne. Tak Kak AMCIEPCHOE apMupoBaHue OeToHa GuOpOi B mepByIO odepeab
HOBBIIAET CONPOTHUBICHUE PACTSDKEHUIO, TPELIMHOCTOMKOCTh M yJapHYO MPOYHOCTb, YTO M OIpeAenseT o0nacTb
npumeHenus: COb, To ’KCIeprUMEHTaIbHOE MCCIIeIOBaHUE OBbUIO HAICJICHO HAa ONPE/CICHUE ITHX XapaKTepucTHk. Jlis
cpaBHeHUs 3bdeKkTuBHOCTH GUOPHI Itexc cylecTByomUMY aHanoraMu paccMmarpusaics Takke COb ¢ ankepHoit ¢pubpoit
«1/50 Hendix» u «Dramix 3D 80/60BG». OOBbEMHBIN MPOLIEHT apMUPOBAHHUS MPOBOJIOYHOM (hnubpoit Obin mpuHsT 1%,
1,5% u 2%.

IIpounocTs Ha pacTspkeHHE IpH M3rube 00pas3umoB, apMUpPOBaHHBIX (GuOpoi «Itex» 1,5%, moBeicunace Ha 75% 1o
cpaBHEHMIO ¢ oOpasuoM Oe3 apMmupoBaHus (To ectb B 1,8 pa3), apmuposanusie 2% - Ha 135% (2,3 pasa). Cxoxuit
pe3ynbTaT HoKa3anu oOpasipl, apMupoBanHsle uopoi «Hendix»: 1,5% - 97% (~ B 2 pa3a); apmupoBanue 2-m1 % (HuOpHI -
126% (2,3 paza). OOpasmpl ke apMUpOBaHHbIE 3aBOACKOH (ubOpoil «Dramix», mpu apmupoBaHuu 1% HIpPOYHOCTH
nosbicunack Ha 134% (2,3paza), npu 3Tom apmupoBanue 1,5% moxasamo mensiinii pesynprar — 113% (2pasza), uto
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00BbsCHAETCA HEPaBHOMEPHOCTBIO pacmpeneneHus ¢(uOpel B obpasuax TaHHOM cepuu, 2% apMHUpPOBaHMS MOBBICUIIO
MIPOYHOCTH MOUTH B 3 pasa (2,9 paza) 198%, 4ro ABnseTcs HAWIYULIUM PE3yJIbTATOM.

ApwmupoBanue 1% ¢ubpsl «Itex)» HOBBICHIO TPEHUHOCTONKOCTh Ha 194% (~ B 2,94 pasa), a «Dramix» — Ha 219%
(3,19 pa3), mpu stom apmupoBanue 1,5% ¢GuOpel B 000MX Clydasx IMMOKa3ano MeHbIWi pesynbrar — «Itex» 106%
(2,06 paza), «Dramix» 183% (~ B 2,83 pa3sa). ApmupoBanue 2% ¢ubpsr — «lItex» mosbicuno Ha 395% (4,94 pasza),
«Dramix» Ha 662% (~ B 7,62 paza).

CpaBHeHHE TIOKas3aTened Npu JUHAMMYECKOM pa3pylleHMH o0pasla I[OKa3ajao, YTO IPOLIEHTHOE apMHPOBAaHME
¢ubpoii “Hendix” p=2% moBBIIAET YAAPOCTOUKOCTH Ha 94%, a pubdpoit “Itex” wmu “Dramix” — Ha 60%. [Tpu sToM Pubdpa
“Itex” moxa3bIBa€T CpPEIHHN pE3yJibTaT B CpaBHEHHH ¢ 3aBojcKod ¢uOpoil. Koadduuuent Bapuanuu no pesynbraram
pacuera coctaBui oT 13 10 17% nmnst kaxmoi cepun.

Pe3ynbTaThl NPOBENEHHBIX MCHBITAHUN IO3BOJIIIOT OOOCHOBATh IEPCHEKTUBHOCTb HCIIOIL30BAHUS CTaJIbHOM
npoBoJoYHOW Gubpel  “Itex” wu3 O0TpabOTAaHHBIX KAaHATOB B KAueCTBE JUCIICPCHOW apMaTypbl KOHCTPYKIIHIA,
HOABEPraomuxcss U3ruby M IUHAMUYECKUM BosfeHcTBusaM. OOmazass OIM3KMMHU U IIPU ONpPENETCHHBIX IPOLEHTaX
ApPMHUPOBAHMUS JaXKe JyYIIUMHU (PU3NKO-MEXaHMYECKUMH XapaKTePUCTUKAMH 110 CPABHEHHIO C 3apyOeKHBIMU BapHaHTaMU
“Hendix” u “Dramix”, ¢ubpa u3 0oTpaOOTaHHBIX KAaHATOB MOXKET CUUTAThCA IOJHOIPABHBIM KOHKYPEHTOM Ha PBIHKE
ncniepcHol apMatypbl Ka3axcrana, 4o KOHKYPEHTHOCIIOCOOHOCTD TaKkKe yBenmunBaeT e€ Huskas 1eHa (B 1,3 — 1,5 pa3)
1 OO0JIBIIIOE KOJIMYECTBO ChIPhs B pernone (Bocrouno-Kazaxcranckas 00yacTs).

PexomenoBanbl o6sacTi 3(pPEKTUBHOrO IPUMEHEHHs CTalle(uOpOOETOHA, NAIOLIIE PE3EPB SIKOHOMUM:

- IPOMBIIUIEHHBIE OB (YMEHBIICHUE TOJIIMHBI IUTUTHI T0JIa; CHIXKEHHE TPYIOEMKOCTH U BPEMEHHU CTPOUTENIBLCTBA
3a c4éT OTCYTCTBMS HEOOXOJAMMOCTH H3IOTOBIEHHS WU YCTAHOBKM apMaTypHbIX ceTok 10 40 %; ysenaudeHue
HU3HOCOCTOMKOCTH, y/1apHOM MPOYHOCTH U B LIEJIOM JOJIFOBEYHOCTH; CHIPKEHHE CTOMMOCTH B ziene 10 24%, npuBeIEHHbBIX
3arpart 10 32%);

- cBaM 3a0uBHBIE (BBICOKAsl YAAPOCTOHKOCTD, YTO CHIDKAET Opak (pa3pylIeHue TOJI0BHl cBan) npH 3aduBke 10 30 %);

- cranedubpoOeToHHbIe Oe3HanopHble TpyOb! (yMeHbuieHne Ha 10—15 % TOMIMIMHBI CTEHOK; yBEJIMYEHHE HeCylen
CIOCOOHOCTH MO CPABHEHUH C THIIOBBIMH XKelIe300€TOHHBIMHU /10 2 pas3);

- cTaneuOpoOCTOHHBIE TOHKOCTEHHBIE 3JIEMEHTBI HEChEMHOH onanyOku (mpuMeHeHue cTanedhuOpoOeTOHHON
HECHEMHOH OnamyOKH BMECTO MHBEHTApHOH IMTOBOM MO3BOJISIET CHU3UTH TPYAO03aTPaThl HA CTPOUTEIBHON IUIONIaKe Ha
20-25 %, a TaKxKe COKpaTUTh CPOKU CTPOUTEIHCTBA).

KawueBble ciioBa: cranpHas (uOpa, TEXHOTEHHBIE OTXOHbI, PuOpobOeToH, mpouHocTH (GUOpoOeTOHa, yaapHas
BA3KOCTb, TPELIUHOCTOMKOCTb.
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