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2 Clarivate

Analytics

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 Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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MAIN STANDARD INDICATORS
OF POLYMER ASPHALT CONCRETES

Abstract. The main indicators of 29 types of asphalt and polymer asphalt concretes prepared with the use of
neat bitumens of 2 grades and 7 types of polymer bitumens have been determined and comparatively analyzed in the
work. The bitumens of grades BND 100/130 and BND 130/200 produced by the Pavlodar petrochemical plant have
been selected for preparation of the asphalt concretes, polymer bitumens and polymer asphalt concretes. 7 types of
the polymers (Elvaloy 4170, Elvaloy AM, Kraton D 1192A, Calprene 501, SBS L 30-01 A, KUMHO KTR, Butonal
NS 198) have been selected for the modification of the bitumens. Short procedure has been represented for the
preparation of the polymer bitumens. 29 types of the asphalt and the polymer asphalt concretes have been prepared
with the use of the above bitumens and polymer bitumens (asphalt concrete of type A - 7, asphalt concrete of type
B - 15, stone mastic asphalt concrete SMA-15 - 1, stone mastic asphalt concrete SMA-20 - 6).

The following main indicators of quality have been determined for the asphalt concretes and polymer asphalt
concretes by testing in relevant laboratory devices: 1) rut depth at the temperature of 60 °C after 10 000 passages of
the wheel (ST RK EN 12697-22-2012); 2) tensile strength at the temperature of -30 °C (pr. EN 12697-46-2012);
3) compression strength at the temperature of 50 °C (ST RK 1218-2003); 4) water saturation (ST RK 1218-2003).

It is found out that the modification of the bitumens with the polymers increases essentially the main standard
indicators of the asphalt concretes: rutting resistance, strength at high temperatures and low temperatures, resistance
to the cyclic freezing and thawing (frost resistance). The reactive polymers Elvaloy 4170 and Elvaloy AM are the
most efficient among the used ones.

Key words: Bitumens, polymers, asphalt concretes, polymer asphalt concretes, standard indicators.

1. Introduction. At present in Kazakhstan, as well as in many countries of the world, quality of road
bitumens and asphalt concretes is evaluated separately in accordance with the requirements of the current
standard and technical base [1, 2]. Meanwhile, it is important to bear in mind that an asphalt concrete
rather than a bitumen is a final material used in a road structure. The bitumen is one of the components of
the asphalt concrete. However, preliminary evaluation of quality of the bitumen and other used materials
facilitated essentially the design of the optimal composition of the asphalt concrete — a final product.

It follows from the above that the problem of efficiency for the use of bitumens and polymers should
be finally solved only after determination and analysis of the indicators of quality for the relevant asphalt
concretes and polymer asphalt concretes.

This work determines and analyzes comparatively the main standard indicators of 29 types of the
asphalt concretes and polymer asphalt concretes prepared with the use of neat bitumens of 2 grades and
7 types of polymer bitumens.

— 194 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 1. 2021

2. Materials

2.1. Bitumens. The bitumens of grades BND 100/130 and BND 130/200 produced by the Pavlodar
petrochemical plant have been selected for preparation of asphalt concretes, polymer bitumens and
polymer asphalt concretes. The indicators of quality for these bitumens satisfy the requirements of the
standard ST RK 1373-2013 [1].

2.2. Polymers. 7 types of polymer compositions belonging to two different groups have been
selected for modification of bitumens (table 1).

Table 1 — Polymer compositions

Description Group Producer Country
Elvaloy 4170 .
Elvaloy AM Elastomeric copolymer Dow Corporate USA
Kraton D 1192A Linear block copolymer USA Headquarters USA
Calprene 501 Linear block copolymer Dynasol Group USA
SBS L 30-01 A Linear block copolymer SIBUR Russia
KUMHO KTR Linear block copolymer E;gho Petrochemical Co. South Korea
Butonal NS 198 Cation water dispersion BASF Trading Company Germany
copolymer GmbH

2.3. Polymer bitumen preparation. Preparation of polymer bitumens with the use of the neat
bitumens produced by the plants has been performed in the laboratory of Kazakhstan Highway Research
Institute (KazdorNII). Mixer of model IKAEUROSTAR 20 DIGITAL has been used for this purpose the
paddle of which is rotating with the constant rate of 2000 rotations per minute.

The preparation of the polymer bitumens has been performed in the following technological order:

1) neat bitumen was heated up to the temperature of 175-180 °C in the mixer;

2) an amount of polymer selected before was added gradually and regularly into a heated neat
bitumen;

3) the mixture of bitumen and polymer has been mixed in a continuous manner and regularly for
2 hours.

As for the polymers Elvaloy 4170 and Elvaloy AM, the obtained homogeneous mix of the bitumen
and the polymer for the following 12 hours has been at the constant temperature of 175-180 °C for
complete carrying-out of chemical reactions between components of the bitumen and the polymers of
grade Elvaloy.

The indicators of quality for the prepared polymer bitumens satisfy the requirements of the standard
ST RK 2534-2014 [4].

2.4. Polymer asphalt concretes. 29 types of the asphalt concrete and polymer asphalt concrete
(asphalt concrete of type A — 7, asphalt concrete of type B — 15, stone mastic asphalt concrete SMA-15 — 1,
stone mastic asphalt concrete SMA-20 - 6) have been prepared with the use of the above bitumens and
polymer bitumens. The data regarding the prepared and tested asphalt concretes and polymer asphalt
concretes are represented in table 2.

The indicators of quality for the prepared asphalt concretes and polymer asphalt concretes satisfy the
requirements of the standards ST RK 1225-2019 [2], ST RK 1223-2019 [4], GOST 31015-2002 [5] and
ST RK 2373-2019 [6].
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Table 2 — Data regarding the prepared and tested asphalt concretes and polymer asphalt concretes

Type of Bitumen grade Description Amot.mt Contracted notation
No asphalt . of modifier,
of modifier o
concrete %
1 BND 100/130 - - PNHZ_100-130_B
2 BND 100/130 Elvaloy 4170 1.4 PNHZ_100-130_B+Elvaloyl
3 BND 100/130 Elvaloy AM 2.0 PNHZ 100-130_B +Elvaloy2
4 BND 100/130 Kraton 4.0 PNHZ 100-130_B +Kraton
5 BND 100/130 Calprene 501 4.0 PNHZ 100-130 B +Calprene
6 BND 100/130 Butonal NS 198 3.0 PNHZ_100-130_B +Butonal
7 Asphalt BND 100/130 SBSL 30-01 A 3.0 PNHZ 100-130_B +SBS
8 concrete BND 100/130 KUMHO KTP 3.0 PNHZ_100-130_B +KUMHOI
fine-grained
9 type B BND 100/130 KUMHO KTP 6.0 PNHZ_100-130_B +KUMHO?2
10 BND 130/200 Elvaloy 4170 1.8 PNHZ_130-200_B +Elvaloyl
11 BND 130/200 Elvaloy AM 2.2 PNHZ 130-200_B +Elvaloy2
12 BND 130/200 Kraton 6.0 PNHZ 130-200_ B +Kraton
13 BND 130/200 Calprene 501 6.0 PNHZ 130-200 B +Calprene
14 BND 130/200 Butonal NS 198 3.5 PNHZ_130-200_B ~+Butonal
15 BND 130/200 SBSL 30-01 A 5.0 PNHZ 130-200_B +SBS
16 BND 100/130 - - PNHZ _100-130_A
17 BND 130/200 Elvaloy 4170 1.6 PNHZ_130-200_A +Elvaloyl
18 Asphalt BND 130/200 Elvaloy AM 22 PNHZ_ 130-200_A +Elvaloy2
19 concrete BND 130/200 Kraton 4.0 PNHZ_130-200_A+Kraton
fine-grained
20 type A BND 130/200 Calprene 501 5.0 PNHZ 130-200_A+Calprene
21 BND 130/200 Butonal NS 198 3.5 PNHZ_130-200_A +Butonal
22 BND 130/200 SBSL 30-01 A 4.0 PNHZ_130-200_A +SBS
Asphalt
23 | conerete BND 100/130 - - PNHZ_100-130_SMA15
stone mastic - -
SMA-15
24 BND 100/130 - - PNHZ_100-130_SMA20
25 Asohalt BND 130/200 Elvaloy 4170 1.7 PNHZ_130-200_SMA20+Elvaloy1
spha
26 concrete BND 130/200 Calprene 501 5.0 PNHZ 130-200_SMAZ20+Calprene
27 | stone mastic BND 130/200 SBSL 30-01 A 5.0 PNHZ_130-200 SMA20+SBS
SMA-20
28 BND 130/200 Butonal NS 198 3.5 PNHZ_130-200_SMA20+Butonal
29 BND 130/200 Kraton 5.0 PNHZ_130-200_SMA20+Kraton
3.Methods

determine the most resistant ones to the rutting among them.

3.1. Rut depth at the temperature of 60 °C after 10 000 wheel passages. It is determined under the
standard ST RK EN 12697-22-2012 [7] in the device ‘Hamburg wheel”. It characterizes the resistance of
asphalt concretes to the rutting in a hot season of the year at the frequent repeated passages of heavy
trucks. The less the rut size is the more resistant this type of the asphalt concrete is considered to be.
Comparison of the rut sizes obtained for a number of the asphalt concretes gives an opportunity to

3.2. Tensile strength at the temperature of -30 °C. This indicator is determined under the standard
pr. EN 12697-46-2012 [8] and it characterizes the strength of asphalt concretes at low temperatures. In
other words, this indicator gives an opportunity to perform the comparative evaluation for the resistance to

the low temperature cracking in asphalt concrete pavements in cold regions.
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3.3. Compression strength at the temperature of 50 °C. This indicator is determined under the
standard ST RK 1218-2003 [9] and it characterizes the strength of asphalt concretes at high temperatures.

3.4. Water saturation. It is determined under the standard ST RK 1218-2003 [9]. It is considered
that the asphalt concretes with the lower value of water saturation are more resistant to the cyclic freezing
and thawing.

4. Results and discussion

4.1. Rut depth at the temperature of 60 °C after 10 000 wheel passages. It is clearly seen from
Figure 1 that, as a rule, non-modified (neat) bitumens are the weakest resistant to rutting. Modification of
bitumens decreases essentially the size of the rut. Big (by several times) increase of the rutting resistance
for the asphalt concretes occurs in cases of bitumen modifications with the polymers Elvaloy 4170 and
Elvaloy AM. For example, the decrease of the rut size for the asphalt concretes with the polymers Elvaloy
4170 and Elvaloy AM for the asphalt concretes of types A and B was by 3-5 and 2-3 times respectively.
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Figure 1 — Rut depth on the asphalt concrete samples at 60 °C after 10 000 wheel passages
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4.2. Tensile strength at the temperature of -30 °C. As it is seen from figure 2, the modification of
the bitumens with the polymers increases its low temperature strength. Meanwhile, the asphalt concretes
with the polymers Elvaloy 4170, Elvaloy AM and KUMHO (3%) have the largest effect. For example, the
strength of the asphalt concrete of type B with the bitumen of grade BND 130/200 and the polymer
Elvaloy AM has been increased by 2.09 times compared with the conventional asphalt concrete of type B
with the bitumen of grade BND 100/130. And the strength increase of the asphalt concrete of type B with
the bitumen of grade BND 100/130 with this polymer has been 1.73 times. The addition of the polymer
KUMHO (3%) into the bitumen of grade BND 100/130 specified the increase of the low temperature
strength for the asphalt concrete of type B by 1.84 times.
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Figure 2 — Tensile strength of the asphalt concretes at the temperature of -30 °C

4.3. Compression strength at the temperature of 50 °C. It is found out that the modification of the
bitumens with the polymers increases essentially the high temperature (at +50°C) compression strength of
the asphalt concretes as well (figure 3). The polymers Elvaloy 4170, Elvaloy AM, Calprene 501 and
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KUMHO (6 %) have proved to be the most efficient for the asphalt concretes of type B, and Elvaloy
4170 and Elvaloy AM proved to be the most efficient for the asphalt concretes of type A. The strength
increases for the asphalt concretes of types A and B, the stone mastic asphalt concretes were 47.5- 96.7 %,
44.9-88.4 % and 60.6-97.2 % respectively.
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Figure 3 — Compression strength of the asphalt concretes at the temperature of 50 °C

4.4. Water saturation. Test results have shown (figure 4) water saturation of the asphalt concretes is
essentially improved practically in all the considered cases for the modification of the bitumens.
Meanwhile, as it is seen, some differences occur depending on the type of the asphalt concrete. For
example, the water saturation decreases for the asphalt concretes of types B and A, stone mastic asphalt
concrete SMA-20 were 1.3-2.3; 1.14-1.32 and 1.39-2.13 times.
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Figure 4 — Water saturation of the asphalt concretes

Conclusion. Based on the results of the comparative analysis for the main standard indicators of the
tested asphalt concretes and polymer asphalt concretes one can draw the following conclusions:

1. The modification of the bitumens with the polymers increases essentially the main standard
indicators of the asphalt concretes: rutting resistance, strength at high and low temperatures, resistance to
cyclic freezing and thawing (frost resistance).

2. The reactive polymers Elvaloy 4170 and Elvaloy AM are the most efficient among the used ones.
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M. K. Kypoinos', b. B. Tearaes?, E. JI. Omip6aen?

1«J1. B. COKONbCKUI aThIHAAFBI XKaHapMaii, KaTalu3 JKoHE dIEKTPOXUMHs HHCTUTYThDy AK, Anmartel, Kazakcran;
2«Ka3aKcTaH 50J1 FhUILIMU-3€pTTeY MHCTUTYTh AK, Anmartsl, Kasakcran,

NOJIMMEPACOPAJTBTOBETOHJAPJABIH HETT3T'I CTAHJAPTTBIK KOPCETKILHITEPI

AnHoTtanusi. by >xymbicta 2 Mapkaibl Taza OUTYM KOHE MOJMMEPOMTYMAAPIBIH 7 TYPIH KOJNJaHa OTBIPHII
nIaiprHAanrad achanbTOeTOHIap MeH moinMepachanbTodeToHaapAbIH 29 TYpiHIH HETI3ri CTaHIAPTTHIK KOPCETKIII-
Tepi aHBIKTAJIIBI XKOHE CANBICTBIPMAIIBI TYPAE TalIAaHIbl. AchaabTOeTOHAAp, MOIMMEPOUTYMAAP KIHE MOIUMepac-
(anprOeTOHMAp A naiibiHAay yuriH [laBromgap mynaii-xumus 3aysiteiaaa (IIMX3) ernipinrer MXXbB 100/130 xone
MXB 130/200 mapkansl outymaap tappanipl. Tapnanran outrymaapasiy cana kepcerkimrepi KP CT 1373-2013
CTaHAAPTBHIHBIH TalaNTapblH KaHAFaTTaHAbIPaAbl. buTymusl momupukanusuiay YOIiH HOJIMMepnepniH 7 Typi
tanganasl (Elvaloy 4170, Elvaloy AM, Kraton D 1192A, Calprene 501, SBS L 30-01 A, KUMHO KTR, Butonal NS
198). 3eprxaHaiblK JKardaiaa MOJUMEPOUTYMIApAbl MAMbIHAAYIBIH KbICKAIIA OJicTEMeci KeTipuIreH. ATtairaH
OuTyMIap MeH MOJUMEPOUTYMIApbl KOJJAaHy apKbUIbl achanbTOCTOH MeH mouMepachaibToOeTOHHBIH 29 Typi
(A Tunri acansréeron - 7, b Tunti acdanbroeToH - 15, mareu1 TacTel MacTHKAIBIK achanbToeTon [IIMA-15 - 1,
IIaFBUT TaCThl MAaCTHKAIBIK acanproeron IIIMA-20 - 6) naiibiHanasl. AcdanbTOeTOHAap MEH MoJuMepacdaibTo-
6eronnap camacsiHbH kepcetkimrepi KP CT 1225-2019, KP CT 1223-2019, MEMCT 31015-2002, KP CT 2373-
2019 cTanmapTTapbIHBIH TaJanTapblH KaHAFaTTaHIBIPAIbL.

TuicTi 3epTXaHANBIK KOHABIPFBUIAPIA CHIHAY apKbUIBI acanbTOCTOHHAp MEH moiuMepacarbToOeToHaap
CcamachIHBIH MBIHAIAl HeTisri kepceTkimTepi anbIKTanasl: 1) 60 °C temmeparypama morranakTsiH 10 000 per xypin
oTyiHeH KeifiH maiina 6omnran copantsiy Teperairi (KP CT EN 12697-22-2012); 2) -30 °C Temneparypana CO3bLIy-
narel 6epikTik (pr. EN 12697-46-2012); 3) 50 °C Temneparypana coiryaarst oepikrik (KP CT 1218-2003); 4) cymen
kauprry (KP CT 1218-2003).

Butympaapas! nonuMepiaepMer Moaudukanpsiay achanbTOeTOHAAP/IbIH HETi3r CTaHAAPTTHIK KOPCETKIIITEPIiH
€/19yip apTTBHIpaThIHBI aHBIKTAJIABI: copanTapra Te3IMILTIK, )KOFapbl )KOHE TOMEH TemIlepaTypanapiarbl OepiKTiK,
LIUKIIIK TOHY JKOHE epyre Te3iMalmiK (as3ra Te3iMuiinik). Ilaipanansuiranaapisiy innnae ed tuimaici - Elvaloy
4170 xone Elvaloy AM peakTHBTIK onuMepIiepi.

Tyiiin ce3nep: burympmap, mommmeprnep, acdanbroOeToHIap, MoauMepachaibTo0eToOHaap, CTaHAAPTTHIK
KOpCETKIlITep.

M. K. Kypunos!, b. b. Texnraes?, E. /I. Amup6aes’

“UnctutyT Tormmea, katannsa u snekrpoxumun uM. J{. B. Cokonbsekoro”, Anvarsl, Kasaxcran;
2¢Ka3axCTaHCKUH JOPOKHBIN HAyIHO-MCCIIENOBATENBCKUM HHCTUTYT , AnMatsl, Kaszaxcran

OCHOBHBIE CTAHIAPTHBIE IIOKA3ATEJIN IOJIMMEPAC®AJTBTOBETOHOB

AnHotanusi. B HacTosimeit pabore onpezneneHsl ¥ CpaBHUTEIBHO NTPOaHAIN3UPOBAHBl OCHOBHBIE CTAHIApTHbIE
nokasaTenu 29-1 BUJOB ac(aibTOOETOHOB U MTOJMMEPac(aIbTOOETOHOB, IPUTOTOBICHHBIX C IPUMEHEHHEM YHCTHIX
OMTYMOB 2-X MapoK H 7-M BHAOB MOJUMEpOUTYMOB. JIisi MPHUTOTOBICHHUS ac(ambTOOETOHOB, TOTHUMEPOUTYMOB U
nmoruMepacanbTo0eToHOB Obutn BBIOpaHel OuTymbel Mapok BHJ 100/130 m BHJ 130/200, mpowusBemeHHEBIE
[MaBnomapckum HeTexmmudecknm 3aBonoM (ITHX3). [TokazaTenn kadecTBa BRIOpAHHBIX OMTYMOB YAOBIETBOPSIOT
tpeboBanusm crannapra CT PK 1373-2013. [lns moauduimpoBanus OMTYMOB ObUIM BbIOpaHbI 7 BUAOB HOJIMMEPOB
(Elvaloy 4170, Elvaloy AM, Kraton D 1192A, Calprene 501, SBS L 30-01 A, KUMHO KTR, Butonal NS 198).
W3noxeHa KpaTKas METOIMKA IIPUTOTOBICHUS OJIMMEPOUTYMOB B JIaGOPaTOPHBIX yCioBUAX. C MPUMEHEHHEM yKa-
3aHHBIX OUTYMOB U MOJMMEPOUTYMOB OBLIO NPUTOTOBIIEHO 29 BHIOB achayibToOETOHA U MojuMepacdaibroOeToHa
(acdanproberon Tumna A — 7, acdanbToderon Tuma b — 15, mebenouno-mMacTuuHbIH achansrodeTon IIIMA-15 — 1,
nie0eHOYHO-MacTHUHbIH acdanbTobeTon IIIMA-20 — 6). Iloka3zarenu kadectBa ac(aibTOOCTOHOB U IOJIHMEpAC-
(hapTOOETOHOB ynoBIEeTBOPSIOT TpeboBanusm crannaproB CT PK CT PK 1225-2019, CT PK 1223-2019, TOCT
31015-2002, CT PK 2373-2019.

[Iyrem ucnblTaHWs B COOTBETCTBYIOIIMX JIAOOPaTOPHBIX YCTAHOBKAX OBUIM OIpENENICHbI CIEAyIOIHe
OCHOBHBIE TTOKa3aTeln KadecTBa ac(hanpTo0eTOHOB M moiuMepachanpTodeToHoB: 1) riryOnHa KOJeH Ipu TeMIiepa-
type 60 °C mocne 10 000 mpoxomos komneca (CT PK EN 12697-22-2012); 2) mpodHOCTh IPH PACTSIKEHUN TIPH TEM-
nepatype -30 °C (pr. EN 12697-46-2012); 3) npounocTs nipu cxxatun npu temreparype 50 °C (CT PK 1218-2003);
4) Bogonaceimenue (CT PK 1218-2003).
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YcraHoBiIeHO, 4TO MOAW(HKAIMSA OUTYMOB IOJMMEpaMU CYLIECTBEHHO MOBBILIAET OCHOBHBIE CTAaHIAPTHBIE
noka3zareny ac(anabToOSTOHOB: KOJIeeyCTOHYMBOCTh, IPOYHOCTH IIPU BBICOKHX W HHU3KUX TEeMIIEpaTypax, yCTOH4H-
BOCTh K IIMKJIMYECKAM 3aMOPAKUBAHUSIM W OTTaUBAaHHAM (MOPO30CTONWKOCTB). Cpely HCMOIb30BaHHBIX Hauboee
3 QEeKTUBHBIMH SABIISIOTCS peakTuBHBIE onuMepsl Elvaloy 4170 u Elvaloy AM.

KoioueBble c10Ba: OGuTyMbl, IOJIMMEPHI, achanbToOTOHBI, ToauMepachaabToOETOHbI, CTaHIapTHBIE TIOKa3aTeH.
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