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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences 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 geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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COMPARATIVE ANALYSIS OF STANDARD INDICATORS
FOR NANOCARBON ASPHALT CONCRETE
AND OTHER ASPHALT CONCRETES

Abstract. A comparative analysis of the standard indicators for a nanoasphalt concrete of the type B prepared
with the use of a nanocarbon powder and the asphalt concretes of the type B and stone mastic asphalt concretes
(SMA20) with modifiers and without them has been performed in the work. The bitumens of the grades BND
70/100, BND 100/130 and BND 130/200 have been used for preparing of the asphalt concretes. The bitumens of the
grades BND 70/100 and BND 100/130 have been produced by the Pavlodar petrochemical plant, and the bitumen of
the grade BND 130/200 has been manufactured by compounding of the bitumen of the grade BND 100/130 and the
petroleum tar of the same plant in Kazakhstan Highway Research Institute. A nanopowder (150-200 nm) has been
manufactured from a coal rock of the deposit “Saryadyr” of the “Corpoation “ON-Olzha” LLP (Akmola region) by
three-stage size reduction sequentially in a mechanical dispergator (up to 2-3 mm), an aerodynamic mill (up to
20 mem) and a reactor with a rotating electromagnetic field (150-200 nm).

To compare the standard indicators of 13 types of asphalt concretes have been prepared. The standard indicators
of the asphalt concretes have been determined in a laboratory under the standard ST RK 1218-2003. The comparative
analysis has been performed under the following 6 main standard indicators: a compression strength at the
temperature of 50 °C;a compression strength at the temperature of 20 °C;a compression strength at the temperature of
0 °C;the shear resistance (atfriction at the temperature of50 °C);the crack resistance at the temperature of0 °C; the
water saturation.

It is found out that thenanoasphalt concrete under the considered standard indicators can substitute practically
all the main types of the asphalt concretes used in a road construction in many countries of the world and in
Kazakhstan. It has essentially high resistance to the shear, low temperature and fatigue failures, cyclic freezing and
thawing.

Keywords:bitumens, carbon nanopowder, polymers, crumb rubber, asphalt concretes, stone mastic asphalt
concretes, standard indicators.

1. Introduction. An asphalt concrete is one of the main road materials in the world. It is used, as a
rule, for construction of the upper road surfacing layers — a pavement of highways. Therefore, it is exactly
the pavement from the asphalt concrete which sustains the strongest weather-climatic and mechanical
impacts during its full service life. The road asphalt concrete should have a complex of the required
properties to become sufficiently resistant to the above impacts. As the multiyear experience shows the
composition, the technology of preparing and construction of the asphalt concretes are constantly
improved to have all the required properties. At present all over the world it is considered that it is possible
to achieve the considerable increase of the operational characteristics of the road asphalt concretes by the
modification of the bitumens with different polymers.

The works [1-4] show the possibility of the essential increase for the low temperature characteristics
of the road bitumens by their modification with a nanocarbon powder. Based on the electromagnetic
theory [5,6] and the quantum physics [7] a physic-chemical phenomenon has been explained for a group
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chemical composition variation of the bitumen which stipulated the essential variation of the low
temperature characteristics of the bitumen. The work [8] demonstrates the increased characteristics of
ananoasphaltconcrete of the type B prepared with the use of the bitumen with the nanocarbon powder we
obtained before.This article is a continuation of our above works, and it gives the results of the
comparative analysis for the standard indicators of the nanoasphalt concrete of the type B and 12 other
main types of asphalt concrete: 2 asphalt concretes of the type B, 5 asphalt concretes of the type B with
the polymers and a crumb rubber, 5 types of stone mastic asphalt concretes (SMA 20) with polymers and
without them.

2. Materials and methods.

2.1. Bitumens. In this work the road bitumens of three grades (BND 70/100, BND 100/130 and BND
130/200) satisfying the requirements of the standard ST RK 1373-2013 have been used for preparing of
the asphalt concretes of 13 different types including thenanoasphalt concrete of the type B. In this work
the polymers Elvaloy 4170, Calprene 501, Butonal NS 198, SBS L30-01 A and a crumb rubber have been
used as the modifiers. The bitumens modified with the polymers satisfy the requirements of the standard
ST RK 2534-2014. The detailed information about preparing of the bitumens modified with the polymers
one can obtain in the work [9].

The nanopowder (150-200 nm) has been manufactured from a coal rock of the deposit “Saryadyr”
(“Corpoation “ON-Olzha” LLP, Akmola region). First for the purpose of provision a homogeneous
distribution of the nanopowder particles in the bitumen the nanocarbon powder has been dispersed in a
kerosene under the impact of an ultrasound with the frequency of 20 kHz for 5 minutes at a room
temperature. Then the dispersed solution (kerosene+nanopowder) has been added to the bitumen at the
temperature of 160 °Cand constant mixing for 30 minutes.

2.2. Asphalt concretes. For the purpose of the determination of the standard indicators the next
13 types of asphalt concretes have been prepared and tested: a nanoasphalt concrete of the type B,
2 asphalt concretes of the type B, 5 asphalt concretes of the type B with polymers and a crumb rubber,
5 type of the stone mastic asphalt concretes (SMA 20) with the polymers and without them. The data
about the prepared and tested asphalt concretes are given in the Table 1. The asphalt concrete mixes have
been prepared in accordance with the requirements of the following relevant standards:

Data about the tested types of asphalt concretes

Serial Grade of . Content of .
number Type of asphalt concrete bitumen Modifier modifier, % Contracted notation
1 Dense fine-grained, type B BND 70/100 - - B-70-100
2 Dense fine-grained, type B BND 70/100 nanocarbon 2.0 B-70-100+nano
3 Dense fine-grained, type B BND 100/130 - - B-100-130
4 Dense fine-grained, type B BND 100/130 polymer Elvaloy 4170 1.4 B-100-130+Elvaloy
5 Dense fine-grained, type B BND 100/130 | polymer Calprene 501 4.0 B-100-130+Calprene
6 Dense fine-grained, type B BND 100/130 | polymer Butonal NS 198 3.0 B-100-130+Butonal
7 Dense fine-grained, type B BND 100/130 Crumb rubber 10 B-100-130+CR10
8 Dense fine-grained, type B BND 100/130 Crumb rubber 15 B-100-130+CR15
9 Stone mastic asphalt concrete-20 | BND 100/130 - - SMA-100-130
. SMA-130-
10 Stone mastic asphalt concrete-20 | BND 130/200 polymer Elvaloy 4170 1.7 200+Elvaloy
11 Stone mastic asphalt concrete-20 | BND 130/200 olymer Calprene 501 6.0 SMA-130-
P POty P ) 200+Calprene
12 St i halt te-20 | BND 130/200 )\ Butonal NS 198 3.5 SMA-130-
one mastic asphalt concrete- polymer Butona . 200+Butonal
13 Stone mastic asphalt concrete-20 | BND 130/200 | polymer SBSL30-01 A 5.0 SMA-130-200+SBS

The asphalt concretes and thenanoasphalt concrete of the type B—-ST RK 1225-2019; the polymer
asphalt concretes of the type B — ST RK 1223-2019; the asphalt concretes of the type B with the crumb
rubber — ST RK 2028-2010; the stone mastic asphalt concrete (SMA 20) — under GOST 31015-2002; the
stone mastic asphalt concretes (SMA 20) with the polymers — ST RK 2373-2019.
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3. Results and discussion

3.1. Compression strength at the temperature of 50 °C. It is found out in our work [8] that the
strength of the asphalt concrete of the type B with nanocarbon bitumen (content of the carbon nanopowder
is 2%) at compression at the temperature of 50 °C is higher for 29% than the strength of the conventional
asphalt concrete of the type B. Now we can see (figure 1) that the strength of the nanoasphalt concrete of
the type B at 50 °C is higher than the average strength of the stone mastic asphalt concretes nearly for 60%
and not lower than the minimum allowed strength of the polymer asphalt concretes of the type B.

B-70-100 | : : T 1la
B-70-100+nano | 1.5
B-100-130 : : 1
B-100-130+ Elvaloy Ja
B-100-130+ Calprene : : : : 2.6

B-100-130+ Butonal

B-100-130+CR10 | S S 2.1

B-100-130+CR15

SMA-100-130 Em 0.71
|
|

SMA-130-200+ Elvaloy
SMA-130-200+ Calprene 1.29

SMA-130-200+ Butonal NS 1.15
SMA-130-200+SBS IEE— 1.1

0 0.5 1 1.5 2 2.5 3

Compression strength at the temperature
of SO°C, MPa

lower limit

Figure 1 — Compression strength of the asphalt concretes at the temperature of 50°C

3.2. Compression strength at the temperature of 20°C. It is clearly seen (figure 2) that the values
of this indicator for the compared asphalt concretes are varied within narrow limits (3.2-4.1 MPa), i.e. they
havethe similar values. Meanwhile, thenanoasphalt concrete of the type B has the strength (3.5 MPa)
essentially higher than the minimum allowed values for all the compared asphalt concretes. The minimum
allowed value of the compression strength at the temperature of 20°C for the asphalt concretes of the type
B and the stone mastic asphalt concrete without a polymer is equal to 2.5 MPa, and it is equal to 2.8 MPa
for the stone mastic asphalt concretes with the polymers. For example, the nanoasphalt concrete has the
strength at the temperature of 20°C higher than the minimum allowed value for the asphalt concretes of
type B without polymers and for the stone mastic polymer asphalt concretes for 40% and 25%
respectively.

SMA-130.200+ Calprene N SN SUNN{S S <1
SMA-130200+ Butonal N :
MA-130200+555 N :5:

lower limit

| | |
- B-70-100 | 32
2 I I I
3
E B-70-100+nano 35
a | | |
E B-100-130 35
2 | | |
S =
S E SMA-100-130 13
=
i | | |
ﬁ]y SMA-130-200+ Elvaloy | 3.7s
22 | | |
£%
=
=]
=
e
-+
=
E
=]
&)

Figure 2 — Compression strength of the asphalt concretes at the temperature of 20°C
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3.3. Compression strength at the temperature of 0 °C. It is found out in our work [8] that the
strength at 0°Cfor the nanoasphalt concrete of the type B is nearly 2 times (44%) lower than for the
conventional asphalt concrete of the type B. Now we can see (figure 3) that the nanoasphalt concrete
reigns supreme under this indicator — its strength at 0°C is nearly 2 times (more exactly 1.91 times) lower
than the average strength of other compared asphalt concretes.

B-70-100 # 6.3
B-70-100+nano # 315
100150 S ——
B-100-130+ Elvaloy # 7.
B-100-130+ Calprene | |6.8
B-100-130+ Butonal # 7.7
B-100-130+CR10 # 1.6
B-100-130+CR15 % 72

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14

temperature of 0 °C, MPa

Compression strength at the

upper limit
Figure 3 — Compression strength of the asphalt concretes at the temperature of 0°C

3.4. Shear resistance. It is found out in our work [8] that the nanoasphalt concrete of the type B has
the shear resistance for 43% higher than for the conventional asphalt concrete of the type B. And now it is
clearly seen (figure 4) that under this indicator the nanoasphalt concrete is one of the best among the
compared ones: its shear resistance is more for 48%, 25% and 2.04 times compared with the conventional
asphalt concretes of the type B, the asphalt concretes of the type B with the polymers and the stone mastic
asphalt concretes with the polymers and without them.

B-70-100 =gy
B-70-100+nano 0.6
B-100-130 D 039
B-100-130+ Elvaloy N s S S S 0/53
B-100-130+ Calprene | 040
B-100-130+ Butonal - N (.47
B-100-130+CR10 S S S S S S S S s 0.6
B-100-130+(Rl5 e s |
SMA-100-130 S — 022
SMA-130-200+ Elvaloy 1 032
SMA-130-200+ Calprene 035

SMA-130-200+ Butonal I (.29

SMA-130-200+5BS 0.29

Shear resistance, MPa

0 005 01 015 02 025 03 035 04 045 05 055 0.6 0.65

lower limit

Figure 4 — Shear resistance of the asphalt concretes (at friction at the temperature of 50°C)

3.5. Crack resistance at the temperature of 0°C. It is seen from the figure 5 that the nanoasphalt
concrete of the type B has the crack resistance considerably lower than the maximum allowed values for
all the considered types of the asphalt concretes. This fact indicates that the nanoasphalt concrete
according to the considered standard indicator can substitute practically all the main types of the asphalt
concretes used in a road construction in many countries of the world including Kazakhstan.
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B-70-100 | , : : 14 |
B-70-100+nano 4.5
B-100-130 : : : —4s
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B-100-130+ Calprene | : : : I 1 48

B-100-130+ Butonal I 1.3

B-100-130+CR10 |50 s s S
B-100-130+CR15 I as] 15
SMA-100-130 s 3.2
SMA-130-200+ Elvaloy 43
SMA-130-200+ Calprene | S S S
SMA-130-200+ Butonal IE—— 3.4
SMA-130-200+SBS I S 4.2 7

0 1 2 3 4 5 6 7

lower limit
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Figure 5. Crack resistance of the asphalt concretes at the temperature of 0°C

3.6. Water saturation. It has been found out in our work [8] that the water saturation for the
nanoasphalt concrete of the type B is for18% less than for the conventional asphalt concrete of the type B.
And now it is seen (figure 6) that except for the asphalt concrete of the type B with the polymerCalprene
the nanoasphalt concrete of the type Bis among those types of the asphalt concrete which have the least
values of the water saturation (2.5-2.8%). It is also should be mentioned that the water saturation of the
nanoasphalt concrete is lower than the maximum allowed values for all the considered types of the asphalt
concrete.

B-70-100 | 3.4

B-70-100+nano 185

B-100-130 : : : : | 3.4
B-100-130+ Elvaloy # 25
B-100-130+ Calprene : : : | 22
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SMA-130-200+ Butonal 4.1

SMA-130-200+SBS |

0 0.5 1 1.5 2 25 3 35 4 4.5

lower limit
upper limit

Figure 6 — Water saturation of the asphalt concretes

Conclusion. 1. The nanoasphalt concrete according to the considered standard indicators can
substitute practically all the main types of the asphalt concretes used in a road construction in many
countries of the world and in Kazakhstan.
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2. The nanoasphalt concrete has the compression strength at the temperature of 0° Con average nearly
2 times higher than other types of the asphalt concretes, i.e. it has essentially high low temperature and
fatigue strengths.

3. The nanoasphalt concrete proved to be the most shear resistant among the considered types of the
asphalt concretes: its shear resistance is more for 25-204 % than for other asphalt concretes.

4. The nanoasphalt concrete is among the group of the asphalt concretes with the least water
saturation values, i.e. after appropriate additional tests it may prove to be one of the most frost resistant
types of the asphalt concretes.

M. K. Kypbinos', B. B. Tearaes’, A. A. Kaasi6aii’, C. O. Pocer’, E. 1. BMipﬁaeB2

l«,/:[. B. Cokonbckuit aTblHAAFbI )KaHApMaii, KaTaau3
JKOHE AeKTpoxuMust HHCTUTYTE AK, Anmartsl, Kazakcran;
2<<KaSaKCTaH JKOJI FRUTBIMHU-3epTTey HHCTUTYTE AK, Anmatsr, Kazakcras;
Kanabpus yHusepcurerti, Perne, Mramus

HAHOKOMIPTEK ACOPAJBTBETOH MEH BACKA ACOAJIBTBETOHIAPIBIH
CTAHJAPTTBIK KOPCETKIIITEPIH CAJIBICTBIPMAJIBI TAJLJTAY

AnHoTanus. J)KyMpICTa HAHOKOMIPTEK YHTaFbl Heri3iHme naiibiaaainrad b tunti HaHoachanbTOeTOH, MOAHpH-
KaTOpMeEH JKoHe OHChI3 b THNTI achanbTOETOH KOHE INAFbLI TaC-MAaCTUKAIBIK ac(halbTOSTOHIAAPIBIH CTaHIAPTTHIK
KOPCETKILITEPiH calbICTHIPMAIIBI TaJIay KacasraH. AcdanbroeTonaap sl aaiibinaayra MXXKb 70/100, MXKB 100/130
sxoHe MXKDB 130/200 mapkans! Outymuap naipanansurasl. MOKB 70/100 sxene MXKB 100/130 mapkansl 6utymaap
[MaBnonap MmyHai-xumus 3aybiTeiHga, an MXKB 130/200 mapkansl Outymbl KazakcraH Kool FBUIBIMH-3€PTTEY
uactutyTeiHAa MOKB 100/130 Mapkamsl OMTYM MEH COJI 3aYBITTHIH TyIPOHBIH apajlacThIPy HETi3iHAE allbIHIBI.
Hanoynrak (150-200 am) «OH-Omxa» XXUIC-uiH (AxMona 00mbicel) «Capaasipy» KEHOPHBIHBIH KOMIpP JKBIHBICHIH
MeXaHUKaNBIK aucnepraropaa (2-3 MM-re IeiiH), a’poAWHAMHKANBIK nuipmeHne (20 MKM-re [eifiH) koHe
alfHaIIMAaJTBI JIEKTP-MarHUTTIK OPICTi peakTopa YIICAThUIBI Ti30eKTell YHTaKTay KOJIBIMEH aJIbIH/IBL.

CranmapTThIK KOPCETKIIITEPIiH CaNBICTHIPY YIIiH acGanbTOeTOHHBIH 13 Typi AaWbIHIABII, CBIHAKTAH OTKI3UII.
3eprxanazna KP CT 1218-2003 crannaptsl OoiibiHIIa achanbTOETOHAAPIBIH CTAHAAPTTHIK KOPCETKIIITEP] aHbIKTaN-
Jbl. CanbICThIpMAalIbl Tajlay Kejleci 6 Heri3ri CTaHAapTThIK KepceTKimTep OoiibiHia xacaiasl: 50°C Temneparypa-
narsl ceIry Oepikriri; 20°C Temmeparypanarsl ceiry Oepiktiri; 0°C TemiiepaTypaiarsl ChIFy OepiKTiri; BIFBICYFa TYPaK-
ThUTHIK (50°C Temmepartypanaarsl iiricy Ooifprama); 0°C TemiepaTypaaarsl )KapbUTyFa TYPaKThUIBIK; CyFa KaHBIFY.

KapacThIpslirad CTaHIaPTTHIK KOPCETKIIITEp OOHBIHIIIA HaHOAC()ATPTOCTOHHBIH 9JICMHIH KOITEIeH eJAepiH/Ie
xoHe Kazakcrannia o KypbUIbICHIHA KOJIAHBUIATHIH ac(hanbTOeTOHIapIbIH 0apiibIK HEri3ri TYpiepiH aiMacTbipa
aNaTBHIHIBIFBl aHBIKTANABI. OHBIH BIFBICYFa, TOMEHIT TEMIIEpaTypaJIbIK JKOHE IIapuiay Oy3bUIBICBIHA, LUKIIIK TOHY
MEH €pyre TYPaKTbUIBIFbI AU TapIIbIKTal )KOFaphl.

Tyiiin ce3zaep: OuTymMIap, KeMipTeK HaHOYHTAFbl, IOJMMEPIIEp, PE3CHKE YHTAFbl, acaabTOeTOHAAp, IaFbul
Tac-MacTHUKAIBIK ac(haibTOETOHIap, CTAHAAPTTHIK KOPCETKIITED.
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l“I/IHCTI/ITyT TOIUINBA, KaTanu3a u anexkrpoxumun uM. Jl. B. Cokonbckoro”, Anmarsl, Kazaxcran;
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CPABHMTEJIbHBIN AHAJIN3 CTAHJAPTHBIX IOKA3ATEJENR
HAHOYTJIEPOJHOI'O ACOPAJBTOBETOHA N IPYTUX ACPAJIIBTOBETOHOB

AnHoTanusi. B HacTosmell paboTe BBHINOJIHEH CPaBHUTEIBHBIA aHAIN3 CTaHAAPTHBIX NOKa3zaTeleld HaHoac-
(haspTOOETOHA THNA B, MPUTOTOBIIEHHOTO € NUCMIOIB30BaHHEM HAHOYTJIEPOJHOIO HOPOIIKa M ac(halbTOOETOHOB THIIA
b n mebenouno-mactnuHbx acanprodberonoB (ILIMAC-20) ¢ MmomudpukatopamMu u 6e3 HUX. [ MPUTOTOBICHUS
acarbTo0ETOHOB HCIONB30BaNNCh OuTymMbl Mmapok BHJI 70/100, BH/] 100/130 uw BH 130/200. butymsr Mmapok
BHJT 70/100 u BH/ 100/130 6butn nipon3sBeneHs! [1aBiogapckum HeTEXMMUUECKUM 3aBOJIOB, a Outym Mapku bH/]
130/200 6bu1 MOJy4eH myTeM KommayHaupoBanusi outyma mapku BHJI 100/130 u ryapoHa u3 Toro e 3aBoja B
KazaxcTaHckoM MOpOKHOM HaydHO-HCCIIETOBaTeIbCKOM HHCTHTyTe. Hamomopomrok (150-200 mM) momydeH u3
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yrospHOU mopoabl MectopoxkaeHus «Caporagsipy TOO «Kopnoparus «OH-Omxa» (AKMOTHHCKAs 00J1acTh) ITyTeM
TPEXCTAJUHHOTO W3MENBUYCHHS TIOCIEAOBATEIFHO B MEXaHHIECKOM JHcIiepraTope (10 2-3 MM), a9poAnHAMHYECKON
MenpHUIE (10 20 MKM) B peakTope C BpamaronMcs SJIeKTPOMarHuTHBIM moneM (150-200 Hm).

Jliis cpaBHEHHS CTaHIAAPTHBIX ITOKa3aTesiell ObLIM MPUTOTOBJICHBI W MCIBITaHbl 13 BUIOB achanbrodeToHOB. B
naboparopun no cranmapty CT PK 1218-2003 Obutn onpeneneHbl cTaHIapTHbIE MOKa3arenu acdanbroOeTOHOB.
CpaBHHUTEIBHBIN aHAJIH3 OBII BHIIOIHEH 110 CIEAYIOUINM 6 OCHOBHBIM CTaHIAPTHBIM ITOKA3aTeJsIM: MIPOYHOCTH MPH
cxatuy npu Temmneparype 50 °C; npodHOCTh npH ckaTuu npu temneparype 20 °C; mpouHOCTh NpU CXKATUH NPHU
temnepatype 0 °C; cIBUrOyCTOWYHBOCTH (110 cueruieHuio npu temmeparype S50 °C); TpeuMHOCTOHKOCTh IPU TEMIIe-
patype 0 °C; BoioHaCHIIIICHHE.

YcraHOBIEHO, YTO HaHOAac(haJbTOOETOH MO PAaCCMOTPEHHBIM CTAaHJIAPTHBIM IIOKa3aTeNlsiM MOXKET 3aMEHHThb
MIPAaKTHYECKH BCE OCHOBHBIC BHIBI ac(paibTOOETOHOB, IPUMEHSEMBIX B JOPO’KHOM CTPOUTENHCTBE BO MHOTHX CTpa-
Hax mupa u B Kazaxcrane. OH UMeET CYIIECTBEHHO BBICOKYIO YCTOWYHMBOCTBH K CIIBUTY, HU3KOTEMIIEPATYpPHOMY U
YCTaJIOCTHOMY Pa3pyIICHHIO, IIUKINIECKOMY 3aMOPaKUBAHHUIO U OTTAHBAHUIO.

KiaroueBbie c10Ba: OUTYMBI, YITIEPOAHBIA HAHOIIOPOIIOK, ITOJMMEPHI, PE3MHOBAs KPOIIKa, ac(harbToOSTOHBI,
me0eHOYHO-MaCTHYHBIE ac(haTbTOOCTOHBI, CTAHAAPTHEIEC TOKA3aTEIH.
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