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Abstract. The article is devoted to the problem of improving the performance and technical
characteristics of the road surface and increasing its durability and durability. Changing the
conditions of roads in recent decades has led to the need to improve the durability of the layers of
cement-concrete pavements. Expanding construction of rigid pavements will allow to effectively
solve the problem of a significant increase operability and durability of roads, and it is necessary to
develop a cement concrete with improved technological and operational properties, which include,
in particular, with complex cement-concrete additives.

In the course of the experiment, cement concrete was obtained from concrete slurry mixes
(cone draft of 2-3 cm) and high mobility (cone sediment 16-18 cm) of different compositions with
or without a modifier additive. The issues of development of warehouses of concrete mixes and
cement concrete modified by a complex additive of polycarboxylate type and investigation of their
technological and operational properties are considered. It is shown that the use of a modified
complex additive can reduce up to 20% water for mixing, obtain a mixture of high viability, which
reduces the cost of inserting and sealing the concrete mixture. The investigated concrete mixtures
are characterized by high sensitivity of rheological properties to changes in water content.

The results of studies of the impact modifier additives on physical and mechanical properties
of cement-concrete curing different dates, show that developed modified cement-concrete with high
early strength (3 days) and branded strength (28 days). Economical concretes of the class B30-B35
with increased durability were created. The resulting road concrete is characterized by improved
technological properties (bundle, density, water absorption) of concrete mix and operating
parameters (strength, water resistance, frost resistance, abrasion) of cement concrete.

Keywords: concrete mixture, cement concrete, complex additive, strength, road surface.

Introduction. Changes in road maintenance conditions during the last decades (increased load
on the vehicle axle and traffic intensity) necessitated the increase of the durability of the layers of the
pavement from cement concrete. As the domestic and world experience shows, the hard road type
meets the new requirements of the movement [1]. The actual problem of the development of highways
is to improve the operational and technical characteristics of the road surface and improve its strength
and durability. Modern technologies of concrete allow to change properties of concrete mixes and the
most concrete in wide limits. The actual problem of the development of highways is to improve the
operational and technical characteristics of the road surface and increase its strength and durability.
Modern technologies of concrete allow to change properties of concrete mixes and the most concrete in
wide limits.

At the present time, society of Ukraine understands the feasibility and necessity of building roads
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with a hard coating, considering the benefits and best practices. Expansion of the construction of hard
road pavement layers will effectively solve the problem of increasing the efficiency and durability of
roads, and for this it is necessary to develop cement concretes with improved technological and
operational properties, which include, in particular, cement concrete with complex additives.

The analysis of research and publication materials [2-5] indicates that it is possible to
significantly improve the durability and quality of concrete for pavements by introducing chemical
additives that improve the properties and structure of cement concrete. In the world practice the
share of concretes with the content of additives is growing and amounts to about 90% of concrete.
Modern concrete, thanks to new chemical additives, is becoming an increasingly complex
composite material with improved properties.

Analysis of the construction and operation of road pavement from cement concrete in Ukraine
and other countries of the world has shown that the most promising material for road construction is
modified cement concrete [6, 7]. Problems in the theory and practice of the use of concrete in
construction of roads, modified concrete, concrete study of the structure, the use of mathematical
models to analyze the impact of factors on the physical and mechanical performance and engaged in a
number of scientists such as Batrakov V.G., Hamelyak I.P., Dvorkin L.Y., Sainitsky M. A., Solodky
S.Y., Solonenko L.P., Tolmachov S.M. and many others. Based on the results of their work, the
possibilities for improving the quality of the road surface from cement concrete by its modification (the
introduction of complex additives based on superplasticizer and micro filler) have been analyzed.

At the present stage of road construction, thanks to the comprehensive use of modifiers of a
new generation on a polycarboxylate basis, the evolution of concrete from conventional to highly
functional modified has become possible. Such concrete is considered as a composite material with
specified parameters, which are necessary for conducting monolithic concreting and providing
increased strength and durability of concrete structures. The huge potential of modification of
concrete mixes creates rational approaches for the development of monolithic concretes with new
characteristics. The use of modifiers ensures the effectiveness of the concrete mix and concrete
decking in the shortest possible time, with sufficient quality of the latter, the production of road
clothes with increased durability.

The technology of using of concretes with effective modifiers of structure and properties
improves their functional characteristics and allows obtaining new compositions of special
concretes. Manufacture of concrete at this stage also involves improving their rheological properties
due to the use of complex effective modifiers that can provide high strength and durability.

The purpose and objectives. Development of compositions of concrete mixtures and cement
concrete modified with a complex addition of polycarboxylate type and investigation of their
technological and operational properties.

Materials and methods of research. During the researches, the influence of the modified
complex additive polycarboxylate type (superplasticizer MC-PowerFlow3100 and aerant) on the
technological properties of the concrete mixture and the operational properties of cement concrete
was studied.

Experimental studies of cement concrete were carried out using portland cement PC 1l / A-Sh
400, fine aggregate (sand with Mkr = 1.48) and coarse aggregate of various fractions (granite
crushed stone with a fraction of 5-10 mm and 10-20 mm). Determination of rheological properties
(workability, delamination), physical (density, amount of entrained air), physical-mechanical and
special (waterproofness, frost resistance, abrasion) of the properties of the concrete mixtures and
concrete studied were carried out according to standard methods according to the current standards.

The results of research. The task of this work was to obtain concrete mixtures with high initial
mobility indices (not less than P4) and long-term storage of this mobility in time, so that they could be
transported over considerable distances and with various temperature fluctuations. In addition, such
concrete mixes should have high strength values, both on the first day of hardening, and the vintage
strength. The mobility of the concrete mixture (workability), to a large extent, depends on its water-
cement ratio, which, in turn, affects the amount of water and additives. This indicator is determined
when the concrete mixture is delivered to the site to its investment in the structure (control of the
hoisting behavior). The properties of the concrete mixture are formed under the influence of a number
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of technological factors: the water content of the mixture, the properties and costs of the binder, the
physico-mechanical parameters of the aggregates, the parameters of the composition of the mixture,
and the like. The complexity of technological problems associated with the manufacture of a concrete
mixture with specified rheological properties is further aggravated by the fact that the solution of these
problems is due to the main result — the achievement of the required strength and other physico-
mechanical properties of solidified concrete. Therefore, the management of the properties of the
concrete mix, the regulation of its parameters are carried out under certain restrictions [8].

When carrying out the experiment, the influence of a complex additive from the
superplasticizer MS-PowerFlow3100 in the amount of 0.2-1.0% and air intaking additives —
aeration 0.1% of the mass of cement on the rheological properties of the concrete mixture were
studied. The results of the experimental studies carried out are presented in Table. 1

Table 1 — Influence of a complex additive MS-PowerFlow3100 and an aeration on the rheological
properties of a concrete mixture

The composition of the concrete Cone slump, cm,
mix, kg/m’ every..., min
Scree Water. Additive,% W/C
Nl cement | sand | | T || massof o | 20 | 40 | 60
5-10 | 10-20 cement
mm | mm
1 400 698 | 408 | 743 236 - 059 | 16 | 13 5 2
2 400 705 | 412 | 750 | 199,5 0,2 050 | 16 | 16 9 4
3 400 719 | 420 | 765 | 190,5 0,4 048 | 16 | 13 10 6
4 400 725 | 425 | 773 176 0,6 044 | 16 | 15 12 10
5 400 730 | 430 | 780 161 0,8 040 | 16 | 15 13 12
6 400 730 | 430 | 780 159 1,0 039 | 16 | 16 12 11

The control (reference) concrete mixture was prepared only with water without using an additive
(composition No. 1). The corresponding water was mixed with the complex additive and introduced
into the mixture. For each batch, the initial mobility was determined. Then the concrete mixture was
aged for 20; 40 and 60 minutes in laboratory conditions, and then the grinding of each composition of
the concrete mixture was determined in time. Determination of the rheological properties of the
concrete mixture was carried out with a portland cement consumption of 400 kg/m® of concrete.

The properties of the concrete mix after its preparation are changed in connection with
modifying cementitious structure during the hydration process and structure. The concrete mix
gradually thickens with time. As can be seen from the data in Table 1, in the control concrete mix,
the cone sediment decreases from 16 cm (initial) to 13 cm after 20 minutes and up to 2-5 cm — after
40-60 minutes. endurance. For the concrete mix with the addition of a superplasticizer in an amount
of 0.2% (composition No. 2), the initial mobility was 16 cm and did not change after 20 minutes,
and after 40 minutes — decreases to 9 cm. The increase in the amount of the additive to 0.4%
(composition No. 3) allows to maintain a sufficiently high mobility of the concrete mixture for 20
and 40 minutes (Table 1) and (Figure 1).

With further increase of the amount of additive in the composition of concrete mix (0.6-1.0%) is
stored the cone slump. Characteristic of the resulting concrete mix (composition Ne2-6) mobility is a
long-term storage, whereas the reference blend (composition Nel) gradually loses it.

Modified complex additive can be attributed to water-reducing (Water-retaining) additives of
the first class, which provides water separation of the concrete mix no more than 2%. It should be
noted the high workability of the concrete mix in time, after holding for 60 minutes. In this case, the
cone slump of concrete mix with a complex additive is from 4 to 12 cm (Fig. 1). Additive used, due
to the effect of surface adsorption and spatial separation of particles acts as a very strong plasticizer.
Thus, 0.2% of the additive (Table 1) reduces the amount of water by 15.5%, and 0.4% -0.8% of the
additive — by 19.3-31.7%. It has been established that the introduction of polycarboxylates to high-
mobility modified cement systems ensures optimal formation of the cement stone structure, which
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is confirmed by studies of the effect of changes in the water content, phase composition and
microstructure of the cement stone [9].

Thus, the use of a complex additive of modifying action based on the superplasticizer MC-
PowerFlow3100 and Aerant makes it possible to reduce up to 32% of the mixing water in carrying
out these experiments and studies, to obtain mixtures of high viability, which reduces the cost of
laying and compacting the concrete mixture. The investigated concrete mix (Fig. 1) are
characterized by high sensitivity of rheological properties to changes in water content.

Cone slump, cm, in a minute
16 16 16

o~ RO ®

0.2% 0,4%

0,6% 0,8%

1,0%

B OxB 20xe W40xs E60xB
Amount of complex additive, % mass of cement

Fig. 1. Influence of the complex additive on the mobility of the concrete mixture

It is not advisable to increase the consumption of superplasticizer to 1.0%, since there is no
significant decrease in water and during transportation, the mobility of the concrete mix may be lost
and its dehydration may be observed. It should be noted that the concrete mixes with mobility P2-P5
for road concretes can be compacted by means of small-scale mechanization (screed or deep vibrator),
and with the lightweight index P1 — by the method of sliding formwork using a concrete paver.

The results of studies of the effect of additive modifier on the physical and mechanical

properties of cement concrete at various times of hardening, with the aim of obtaining high-strength
concrete for road surfaces, are given in Table. 2.

Table 2 — Durability of cement concrete with a modifying complex additive
(consumption of cement — 400 kg/m®)

Complex additive,% of the mass Compressive strength, MPa, in
Ne of cement wW/C days
MC-Power Flow3100 | Aheranth 3 | 7 | 28
Cone slump of concrete mix (CS=2-4 cm
1 - - 0,41 15,1 20,4 42,4
2 0,4 0,1 0,39 19,8 32,8 46,0
3 0,6 0,1 0,38 20,4 33,0 48,2
4 0,8 0,1 0,37 22,0 34,5 49,5
5 1,0 0,1 0,32 22,7 33,9 50,0
Cone slump of concrete mix (CS=16-18 cm)

6 - - 0,59 10,3 23,7 30,8
7 0,4 0,1 0,48 16,5 28,9 37,4
8 0,6 0,1 0,44 18,9 31,0 38,6
9 0,8 0,1 0,40 22,7 33,0 45,8
10 1,0 0,1 0,39 17,4 31,3 40,3
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With the use of Portland cement PC 11 / A-W 400 with additives of polycarboxylates, in addition
to reducing the water-cement ratio with the same mobility of concrete mix, an increase in the early
strength of concrete is also achieved. It has been established that the polyfunctional character of the
modifiers adds to obtaining concrete of the class B25-B35. This strength is sufficient for the
manufacture of road structures, including for the top layer of the coating. In inactive concrete mixtures,
the effectiveness of the superplasticizer decreases, since the amount of water is insufficient to ensure
their action. Therefore, concurrently studied and concrete mixtures, which according to the draft of the
cone are highly mobile (CS = 16-18cm).

During the experiment, cement concrete was prepared from concrete mixes of various
compositions with or without addition of a modifier (Table 2.). The test shows that strength
indicators increase both at the initial time of hardening (3 days, and after 7 and 28 days). The
amount of water in low-mobility concrete mixes decreases and W/C decreases from 0.54 to 0.38 (by
29.7%), and in high-mobility mixtures it decreases from 0.41 to 0.32 (by 22%). This significantly
increases the strength of concrete-grade modified complex additive. At the age of 28 days it reaches
49.5-50.0 MPa (CS = 2-3 cm), which corresponds to the class of concrete B35 and 40.3 to 45.8 MPa
with CS = 16-18 cm (concrete class B30).

The quality of road concrete is determined by its composition, methods of concluding and
subsequent care, high demands are imposed not only on strength, but also on frost resistance, water
resistance, resistance to aggressive action of various media, abrasion, crack resistance and durability.
These requirements for concrete can be met through the introduction of additives in cement concrete.
The properties of concrete mixtures and the operational parameters of cement concrete, both with a
complex additive modifier and without additives at a cement consumption of 400 kg/m?, are presented
in Table. 3.

Table 3 — Technological properties of concrete mixtures and performance indicators of cement
concrete with additives (cement consumption — 400 kg/m®, cone slump — 4 cm)

Indicators Without additives Modlfymg _complex
additive

Concrete mixture

Splitting, % 1,0 0

The average density, kg/m® 2413 2488

Water absorption, in % of weight 2,8 2,2

Amount of intake air, % 2,4 4,8
Cement concrete

Compressive strength for the 28th day, 42,4 (B30) 49,5 (B35)

MPa

Tensile strength in bending, MPa 4,0 51

Water resistance, mm 50 38

Frost resistance F200 F350

Wearing capacity, g/cm’ 0,71 0,33

The delamination may occur during the laying and compacting of the concrete mixture. The
tendency to delamination increases with an increase in water flow and water-cement ratio. Tests have
shown (Table. 3), which in concrete mixtures containing a superplasticizer in an amount of 0.8% and
0.1% additive povitrezahoplyuyuchu, no bundle of the concrete mix. The density index of a concrete
mixture characterizes the frost resistance of cement concrete; its increase leads to an increase in the
frost resistance of concrete. The data of Table 3 indicate that the developed composition of a concrete
mixture with a complex additive is characterized by a high average density of 2488 kg/m® in
comparison with the reference composition (average density 2413 kg/m®).

Introduced air-entraining additive creates and stabilizes during the mixing of concrete a
significant number of very small bubbles that play the role of dampers in the development of stress, are
in the case of freezing water. The amount of air entrained concrete of the test composition was 4.8%
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(Table. 3), which is two times more than concrete without additives. A similar picture is observed in
the determination of water absorption. Cement-concrete without additives is characterized by a large
water absorption by mass (2.8%) than with a modified complex additive (2.2%).

It was experimentally established that the introduction of a modified additive increases the
compressive strength of concrete by 16.7% and the concrete class from B30 to B35. The main
indicator of the mechanical properties of road concrete is the tensile strength at bending. A significant
effect of increasing the strength of concrete on bending is achieved with the use of polycarboxylate
additives. Test results show that this figure for concrete with a complex additive modifier is above
concrete without additives and 21.6% is 5.1 MPa.

One of the important operational indicators of road cement concrete is wear resistance, which is
affected by the structure and composition of the upper layer of the coating. In this connection, the
process of erasing cement concrete samples after the frost resistance test was investigated. It is
established (Table 3) that the introduction of a complex additive modifier reduces by 42.8% the
abrasion of concrete (from 0.71 g/cm? to 0.33 g/cm?) as a result of a reduction in W/C and the creation
of a fine-porous dense structure of cement stone.

The value of the permeability of concrete was evaluated by the depth of penetration of water
under pressure (standard EN 12390-8). It depends on the volume and distribution of macropores in the
concrete. According to Table 3, the penetration depth of the water in the test cement without additives
is 50 mm, and when it is used — 38 mm. Thus, the developed composition of road cement concrete can
be considered waterproof.

Conclusions. The use of a complex additive based on a superplasticizer and aeration modifier
can reduce up to 32% of the mixing water, while obtaining mixtures of high viability, and also
develop compositions of a modified concrete mixture and create economic cement concrete with
improved technological and operational properties that provide increased strength and durability of
the road surface .Used modifying complex additive has no delayed action on the hardening of
concrete mixtures, and road concrete with 0,4-0,8% additive shows a high early strength (3 days)
16,5-22,7 MPa so, and brand strength (28 days ) — 37.4-49.5 MPa.

Economic efficiency, achieved from the introduction of a modifying complex additive, can be
realized both in the production of road coatings from cement concrete, and in their operation.
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Ooecvra depoircasna akademisi 0yOi6HUYMBA MA ApXimexKmypu

AHoranisa. CraTTI0O NOPUCBIYEHO MPOOJEMi TMOMIMIIEHHS  eKCIUTyaTalllifHO-TeXHIYHUX
XapaKTePUCTUK JOPOKHBOTO MOKPUTTS: MIABUIIEHHS HOrO MIITHOCTI 1 JOBrOBIYHOCTI. 3MiHa YMOB
eKCIUTyaTalii Jopir MPOTATOM OCTaHHIX JECATWIITh 3YMOBWJIO HEOOXIIHICTh MiJBHUILECHHS
JOBrOBIYHOCTI HIAPIiB JOPOKHBOTO OAATY 3 IIeMEHTOOeTOHy. Po3mmpenHs OyniBHHIITBA >KOPCTKUX
JIOPOKHIX OJATIB J03BOJHUTH €()EKTHBHO BHUPIMIMTH NpOOJIeMy MiABUIICHHS Mpare31aTHoCTi 1
JOBrOBIYHOCTI aBTOJOPIT, a Ui LBOTO HEOOXIJHO PO3POOUTH IIEMEHTHI OCTOHH 3 MOJIMIICHUMH
TEXHOJOTIYHUMU Ta eKCIUTyaTallliHUMU BJIACTHUBOCTSAMH, 1O SKHUX BIIHOCSTBCS, 30KpeMa, i
[IEMEHTOOETOHU 3 KOMIJIEKCHUMH J100aBKaMH.

VY mpoteci MpoBeJICHHSI eKCIEPUMEHTY LIEMEHTOOETOHH OTPHMYBAIM 3 MAJIOPYyXOMHX (Ocajka
KOHYCY 2-3 CM) 1 BUCOKOPYXOMHX (0caika KOHycy 16-18 cM) OeTOHHUX CyMiIliel pi3HUX CKJIAJIIB 5K 3
nobaBkoro MozudikaTopa, Tak 1 6e3 Hei. Po3risiHyTo muTaHHS pO3pOOKH CKIIa/iB OETOHHUX CyMILIEH 1
LIEMEHTOOETOHa MOJU(IKOBAaHUX KOMIUIEKCHOIO J100aBKOIO  MMOJIKapOOKCHJIATHOTO TUMY 1
JOCIIKEHHST 1X TEXHOJOTIYHUX 1 eKcIulyaTauiiHux BiactuBocTeil. IlokazaHo, 1m0 3acTocyBaHHs
MOJM(IKOBaHOT KOMILJIEKCHOI J00aBKM J/03BOJIAE CKOpOTUTH 10 20% BOAM A 3aMillyBaHHS,
OTPUMYBATH CYMIllll BHCOKOi JIOBFOBIYHOCTI, 110 3HW)KYE BUTpATH HA YKJIAQJaHHS Ta YIIUIbHEHHS
O0eroHHoi cymimi. JlocmigkyBaHi OETOHHI CyMIIIl XapaKTEPU3YIOTHCS BHCOKOIO UYTJIMBICTIO
PEOJIOTTYHUX BJIACTUBOCTEH 10 3MIHU BOJIOBMICTY.

Pe3ynbraT nOCHiAKeHb BIUIMBY 100aBKM Mojudikaropa Ha (i3MKO-MEXaHIYHI MOKa3HUKH
LIEMEHTOOETOHa B pI3HI TEpMIHM TBEPHAIHHSA, T[OKa3ylTh, IO po3pobieHi MoaudikoBaHi
[IEMEHTOOETOHM MAalOTh BHUCOKY paHHIO MilHICTh (3 100HM), a TakoX Mapo4yHy MiLHICTh (28 ni0).
CrBopeHni ekoHoMIuH1 6eTonu kiacy B30-B35 3 miasuieHoro minHicTio. OTpruMaHi 10poKHI 6eTOHU
XapaKTepU3yIOThCS TMOJINIIEHUMH TEXHOJIOITYHUMHU BJIACTUBOCTSAMHU (pO3LIapyBaHHS, HIUIBHICTS,
BOJIOTIOTTIMHAHHS)  O€TOHHOT  CyMmimli 1 eKCIUTyaTallliHUMK  TOKa3HMKaMud  (MILHICTb,
BOJIOHENPOHHUKHICTh, MOPO30CTIHKICTh, CTUPAHHS ) LIEMEHTOOETOHA.

KurouoBi cjioBa: 6eToHHa CyMilll, 1IeMEHTOOETOH, KOMIUIEKCHA J00aBKa, MIlIHICTh, IOPOKHE
MOKPUTTSL.
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Ooecckas 2cocyoapcmeenHas akademusi CmpoumeibCmed U apxXumexKmypol

AnHoTanusi. CraTbsl MOCBSIIEHA MPOOJEME YIYUIIEHUs SKCIUTyaTallMOHHO-TEXHUYECKUX
XapaKTEPUCTHUK JOPOKHOTO MOKPBITUS: MOBBIIMIEHUS €r0 MPOYHOCTU U JIOJATroBeuHOCTH. M3MeHeHue
YCIIOBHI IKCIUTyaTallid AOPOT B TEUCHHE TOCICIHHUX JECATHICTUH OOYCIOBHIO HEOOXOAMMOCTH
MOBBIIICHUSI JTOJTOBEYHOCTH CJOEB JIOPOXKHBIX ONEXKI W3 leMeHToOeToHa. Pacmmpenue
CTPOUTENIBCTBA )KECTKUX JIOPOKHBIX OJIXK]] MO3BOIHT 3()(HEKTUBHO PEIIUTH MPOOIeMy TOBBIIICHHS
pabOTOCIIOCOOHOCTH ¥ JOJTOBEYHOCTH aBTOJOPOr, a s 3TOro HeoOXOAMMO pa3paboTarh
LIEMEHTHBIE OETOHBI C YJIY4IIEHHBIMU TEXHOJOIMUECKUMH M 3KCIUTyaTallMOHHBIMU CBOMCTBaMH, K
KOTOPBIM OTHOCSITCSI, B YAaCTHOCTH, ¥ LIEMEHTOOETOHBI ¢ KOMIIJIEKCHBIMH JI00aBKaMH.

B mpormecce mpoBeneHHs SKCIEPUMEHTa LEMEHTOOETOHBI TOMYyYald M3 MaJlOTOJBHKHBIX
(ocagka koHyca 2-3 cM) U BBICOKONOJBIKHBIX (Ocazka KoHycal6-18 cM) OeTOHHBIX cMecei
Pa3NIMYHBIX COCTaBOB Kak ¢ /J00aBKOM Moau¢pukaTopa, Tak U 0e3 Hee. PaccMOTpeHBI BOIPOCHI
pa3paboOTKHU COCTaBOB OETOHHBIX CMeced U IIEMEHTOOeTOHa MOJAU(UIMPOBAHHBIX KOMIUIEKCHOM
N00aBKOW  MOJMKApOOKCHJIATHOIO  THUMA M HCCIENOBAaHUS  UX  TEXHOJIOTMYECKHX U
AKCIUTyaTallMOHHbIX CcBOMCTB. [loka3aHo, YTO NpUMEHEHHE MOAU(PUIMPOBAHHON KOMIUIEKCHON
no0aBKM TO3BOJsieT CoKpatuTh 10 20% BOABI 3aTBOpPEHUs, IOMy4aThb CMECH BBICOKOM
JOJTOBEYHOCTH, YTO CHIDKAECT PacXo/Ibl HA YKIIAJIKY M YIUIOTHEHHE OeTOHHOM cMecH. Mccnenyembie
OETOHHBIE CMECH XapaKTepU3YIOTCS BBICOKOW YYBCTBUTEIBHOCTHIO PEOJOIMUYECKMX CBOUCTB K
M3MEHEHMIO BOJIOCOAEP KaHUS.

PesynbpraThl nccieoBaHuM BIUSHMUA J00aBKM MOIUGHUKATOpa Ha (U3MKO-MEXaHHUYECKHE
MOKa3aTeny IIeMEHTOOETOHa B pa3Hble CPOKM TBEPIEHHS, ITOKa3bIBAIOT, YTO pa3paboTaHHBIC
MOU(UIIMPOBAHHBIE 1IEMEHTOOETOHBI UMEIOT BBICOKYIO PAaHHIOI IMPOYHOCTH (3 CYTOK), a Takxke
Mapo4yHyro HOpo4yHocTh (28 cyrok). Co3nmaHbl skKoHOMHMueckue OeroHsl kiacca B30-B35 ¢
MOBBIIIEHHONW NMPOYHOCThIO. IlomyyeHHblEe AOpOXKHBIE OETOHBI XapaKTEPU3YIOTCS YIy4IIEHHBIMU
TEXHOJIOTHYECKUMHU CBOMCTBaMU (pacciioeHue, MIOTHOCTh, BOJOIOIJIONIEHHE) OETOHHOW cMecu U
HKCIUTYaTallMOHHBIMU IOKa3aTeasiMH  (MPOYHOCTb, BOJOHENPOHHMLIAEMOCTb, MOPO30CTOHKOCTH,
CTHpaHue) IeMEHTOOeTOHA.
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