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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 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 LOW TEMPERATURE RESISTANCE
FOR NANOCARBON AND OTHER BITUMENS

Abstract. A comparative analysis of the low temperature resistance for a nanocarbon bitumen and other 30 neat
and modified bitumens has been performed in the work. The stiffness at the temperatures of -24°C, -30°C and -36°C
under technical system Superpave has been accepted as an indicator of low temperature resistance of the bitumens.
The stiffness of the bitumens has been determined on a bending beam rheometer (standard ASTM D 6648-08).
Before testing the bitumens have been subjected to the double artificial aging: short-term aging — under standard
AASHTO T 240-13 and long-term aging — under standard ASTM D 6521-08.

The nanocarbon bitumen has been prepared in the laboratory of the Kazakhstan Highway Research Institute
(KazdorNII) with the use of a road bitumen of the grade BND 70/100 produced by the Pavlodar petrochemical plant
(PNHZ) and a nanocarbon powder (2% by weight) manufactured from a coal rock of the deposit “Saryadyr”
“Corporation “ON-Olzha” LLP, Akmola region, Kazakhstan). The nanocarbon powder (150-200 nm) has been
manufactured by three-stage size reduction of the coal rock: I — a mechanical dispergator (up to 2-3 mm), II — an
aerodynamic mill (up to 20 mem), II1 — a reactor with a rotating electromagnetic field.

The neat bitumens of the grades BND 50/70, BND 70/100, BND 100/130 have been produced by the plants of
Kazakhstan and Russia; they satisfy the requirements of the standard ST RK 1373-2013. The modified bitumens
have been prepared in the laboratory of KazdorNII with the use of the neat bitumens, 7 types of the polymers, crumb
rubber and polyphosphoric acid and they satisfy the requirements of the standard ST RK 2534-2014.

It has been determined that the nanocarbon bitumen is one of the most resistant at the low temperatures: -24°C,
-30°C and -36°C.

Key words: bitumens, nanocarbon powder, polymers, bending beam rheometer, stiffness.

1. Introduction. It is known that the climate of Kazakhstan is a sharp continental one, and to provide
a reliable operation of highways with the asphalt concrete pavements in such climatic conditions it is
required to improve both high temperature and low temperature characteristics of the road bitumens [1-5].
One of the widely used methods for the increase of operational characteristics of the road bitumens is their
modification with the polymer additives [1-3, 6-8]. The works [9-12] show an efficient alternative method
for the essential increase of the low temperature characteristics of the road bitumens — their modification
with nanocarbon powder manufactured from the local coal rock. The increase of the low temperature
resistance of the nanocarbon bitumen has been explained on the basis of electromagnetic theory [13,14]
and quantum physics [15]. The works [16,17] demonstrate the increased standard characteristics of a
nanoasphalt concrete of the type B prepared with the use of the nanocarbon bitumen in comparison with
the main types of the road asphalt concretes used in the world.

This article is a continuation of our works mentioned above and it contains the results of the
comparative analysis for the low temperature resistance of the nanocarbon bitumen and other 30 neat and
modified bitumens.
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2. Materials and methods

2.1. Bitumens. 11 neat and 10 modified bitumens which satisfy the requirements of the standards ST
RK 1373-2013 and ST RK 2534-2014 have been accepted for the research. Data regarding the tested
bitumens and their abbreviations are represented in table 1. More detailed information about bitumens and
their modification one can obtain in the works [7,18].

Data regarding the tests of the neat and the modified bitumens

Serial Name Grade Name of a Amount of a Abbreviation
Ne of a plant of a bitumen modifier modifier, %
1 BND 70/100 - - PNHZ_70-100
2 BND 70/100 nanocarbon 2.0 PNHZ_70-100+ nano
3 BND 100/130 - - PNHZ_100-130
4 BND 100/130 Elvaloy 4170 1.4 PNHZ_100-130+ Elvaloy1
5 BND 100/130 Elvaloy AM 2.0 PNHZ 100-130+ Elvaloy2
6 . BND 100/130 Kraton 4.0 PNHZ 100-130+ Kraton
Pavlodar petrochemical =
7 plant (Pavlodar city, BND 100/130 Calprene 501 4.0 PNHZ_100-130+ Calprene
Kazakhstan)
8 BND 100/130 | Butonal NS 198 3.0 PNHZ_100-130+ Butonal
9 BND 100/130 | SBS (L 30-01 A) 3.0 PNHZ_100-130 + SBS
10 BND 100/130 KUMHO KTP 3.0 PNHZ 100-130+ KUMHO3
11 BND 100/130 KUMHO KTP 6.0 PNHZ 100-130+ KUMHO6
12 BND 100/130 Crumb rubber 10 PNHZ_100-130+ PK10
13 BH/I 100/130 Crumb rubber 15 PNHZ_100-130+ PK15
14 BND 50/70 - - CB_50-70
Caspi Bitum
15 (Aktau city, Kazakhstan) BND 707100 _ _ CB_70-100
16 BND 100/130 - - CB_100-130
17 | Asfaltobeton-1 BND 70/100 - - ABI_70-100
18 | (Almaty city, Kazakhstan) | BND 100/130 - - AB1_100-130
Omsk petroleum processing
19 plant (Omsk city, Russia) BND 70/100 - - ONPZ_70-100
20 (Ufa '01ty, Bashkortostan, BND 50/70 3 3 SU 50-70
Russia) -
21 BND 70/100 - - GPN_70-100
22 BND 100/130 - - GPN_100-130
23 BND 100/130 Elvaloy 4170 1.4 GPN_100-130+ Elvaloy
24 | Gazpromneft-Bitum BND 100/130 Kraton 45 GPN_100-130+ Kraton
Kazakhstan
25 | (Shymkent city, BND 100/130 Calprene 501 4.5 GPN_100-130+ Calprene
26 | Kazakhstan) BND 100/130 | Butonal NS 198 3.5 GPN_100-130+ Butonal
27 BND 100/130 | SBS (L 30-01 A) 3.0 GPN_100-130+ SBS
Elvaloy 4170 1.3
28 BND 100/130 PPA 0.02 GPN_100-130+ Elvaloy+PPA
29 BND 100/130 | Calprene 501 4.0 GPN_100-130+ Calprene+PPA
. PPA 0.02
Gazpromneft-Bitum
Kazakhstan Butonal NS 198 3.0
30 (Shymkent city, BND 100/130 PPA 0.02 GPN_100-130+ Butonal+PPA
Kazakhstan) Kraton 40
31 BND 100/130 PPA 002 GPN_100-130+ Kraton+PPA




ISSN 2224-5278 Series of Geology and Technical Sciences. 5. 2020

2.2. Nanocarbon powder. A nanocarbon powder (150-200 nm) has been manufactured from a coal
rock of the deposit “Saryadyr” (“Corporation “ON-Olzha” LLP, Akmola region, Kazakhstan) by three-
stage size reduction. More detailed information about manufacturing the nanocarbon powder and
nanocarbon bitumen is given in the works [9,12].

2.3. Bending beam rheometer. The stiffness determined on a bending beam rheometer (BBR)
under the standard ASTM D 5548-08 has been accepted as the characteristics of the low temperature
resistance of the bitumens. Before testing the bitumens have been subjected to the double artificial aging:
short-term aging — under the standard AASHTO T 240-13 and long-term aging — under the standard
ASTM D 6521-08.

3. Results and discussion. Figures 1-3 represent the bar graphs for the stiffness values of the
bitumens at the temperatures of -24°C, -30°C and -36°C. The stiffness values of the bitumens have been
determined on BBR at the load duration of 60 seconds as it is required by the Technical system Superpave
[4,5]. As it is known, under the Technical system Superpave the maximum permitted value for the
stiffness of the bitumens at the low temperatures should not exceed 300 MPa.

PNHZ_T0-100 | 7 105.6

PNHZ_70-100+nao |55 .5
PNHZ_100-130) |[Ss s ———— 18{f 5
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Figure 1 — Stiffness of the bitumens at the temperature of -24°C
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All the tested bitumens have the stiffness considerably lower than 300 MPa at the temperature of -
24°C (figure 1). The prevailing part of the bitumens has the stiffness lower than 100 MPa. The nanocarbon
bitumen (the bitumen of the grade BND 70/100+nanocarbon) is practically the most resistant one.

Three neat bitumens (Ufa bitumen and Aktau bitumen of the grade BND 50/70 and Pavlodar bitumen
of the grade 100/130) are not resistant at the temperature of -30°C (figure 2). Other bitumens except for
Shymkent neat bitumen of the grade BND 70/100 and Pavlodar bitumen of the grade BND
100/130+Elvaloy 4170 have the stiffness lower than 200 MPa. The nanocarbon bitumen (S=152.8 MPa) is
among the most resistant ones.

PNHZ_70-100
PNHZ_70-100+nano
PNHZ_100-130
PNHZ_100-130+ Elvaloyl
PNHZ_100-130+Elvaloy2
PNHZ_100-130+ Kraton
PNHZ_100-130+ Calprene

PNHZ_100-130+Butonzl  |e—— 110 2
PNHZ_100-13(+5BS |ss—— | 5] 9
PNHZ_100-130+ EUMHO3 |js— 1278
PNHZ_100-130+ KUMHOS | —— 1466

PNHZ 100-130+PE10
PNHZ 100-130+PH]) s 195 4

O30T | ] 5 |)
CB_70-100 | — 1570
CB_100-130 |—— 1193

AB1_70-100 : 193.0
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ONPZ_70-100 poesmss s eatusisanmnosesn 153 1

sSU_50-70 # 3295
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I

GPN_100-130+ Ezaton 1359

GPN_100-130+ Calprene e — 124
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GPN_100-130+ Kraton+PPA s ———— 153.9
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=
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Figure 2 — Stiffness of the bitumens at the temperature of -30°C

21 bitumens from the tested ones do not satisfy the requirements at the temperature of -36°C (figure 3).
Not only the neat bitumens, but also some modified bitumens are included into the number. 5 bitumens
included into the number (Aktau bitumen, Omsk bitumen and Shymkent bitumen of the grade BND
70/100, Shymkent bitumen of the grade BND 100/130 and the same bitumen modified with the polymer
Butonal) have shown the stiffness higher than 400 MPa and 2 more bitumens (the neat bitumens of the
grade BND 50/70 of the Ufa plant and Aktau plant) have the stiffness higher than 550 MPa. And at this
low temperature the nanocarbon bitumen is one of the most resistant.

— 92 ——
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Figure 3 — Stiffness of the bitumens at the temperature of -36 °C

Conclusion. The results of the comparative analysis for the stiffness of a nanocarbon bitumen and
other 30 neat and modified bitumens at the temperatures of -24°C, -30°C and -36°C have shown that the
nanocarbon bitumen is one of the most resistant at all the considered temperatures.

M. K. )K¥pl>lﬂonl, B. B. Tearae?, A. A. Kaasi6aii’, C. O. Pocen %, E. . BMipﬁaeB2

'«J1.B. COKOIbCKHMIT aThIHIAFbI KAHAPMAi, KATAIN3 HKOHE HIEKTPOXHMHs HHCTHTYTh AK, Anvarsr, Kasakcran;
2«Ka3aKCTaH JKOJI FRUTBIMHU-3epTTey HHCTUTYTEY AK, Anmatsr, Kazakcras;
*Kanabpus yauBepcuteTi, Penne, Mramus,

HAHOKOMIPTEK ’KOHE BACKA BUTYMJAP/JbIH TOMEHI'T TEMITEPATYPAJIBIK
OPHBIKTBLIBIFBIH CAJIBICTBIPMAJIBI TAJIJIAY

AnHoTanus. Makaiaga HAHOKOMIPTEK OMTYMHBIH jkoHe 0acka 30 Tasa jxoHe Moau(UKaNUsIaHFaH OUTYMHBIH
TOMEHI1 TEMIIEpaTypallbiK OPHBIKTHUIBIFBIHA CANBICTRIPMANIBI TaJJay JKACaJFaH. BUTyMIapAblH TOMEHTI TemIie-
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paTypaiblK OpPHBIKTBUIBIFBIHBIH KOPCETKIII peTiHae Superpave TeXHUKAIBIK Kykeci 6oiipiama -24 °C, -30 °C xoHe
-36 °C TemmepaTypaiarbl KaTTBUIBIK KaObUimaHabl. butymmapneiH KatTeuielrbl ASTM D 6648-08 cranmapThr
OotiprHIIa Himirin Oimikti peomerpae (BBR) arpikranapr. CeiHakTaH OYpBIH OUTYMOap €Ki CaThUIBI JKaCcaHABI €CKipy-
ned (AASHTO T240-13 cranpaptel OoitbiHIAa KbicKa Mep3imie eckipyzaeH jxone ASTM D 6521-08 cranmapts
OGOHBIHIIIA Y3aKMEP3iIMIi €CKipy) OTTi.

Hanoxemiprex Omrym Kazakcran >xon FpUIBIMH-3epTTeY HWHCTHTYTHIHBIH (Kaszxonb3M) 3eprxanaceiHga
[MaBnonap myHaii-xumust 3aybiTbl (IIMX3) engipren MXKb 70/100 mapkaist sx01 OuTyMbIH jxoHe «Capbliaablpy KeH
opubiablH («OH-Omxka» kopnopauusice» XKIIC, Axmona oGnbickl, KasakcTan) kemip Tay KbIHBICHIHAH aJIbIHFaH
HAHOKOMIPTEK YHTarblH MaiifanaHy Herisiniae maWbiHganapl. Hanoxemiptek yHTarbl (150-200 mMM) kemip Tay
JKBIHBICBIH YII CATBUIBI YHTAKTay oJiCiMeH aybIHABL: | MexaHuKaibIK qucnepratop (2-3 mm-re peiin); Il aspomu-
HaMUKaJIBIK quipMeH (2-3 mM-Te neifin); 111 aliHanma MarauT epicti peakTop.

MXB 50/70, MXXB 70/100, M>XB 100/130 mapkainsl taza outymaap Kaszakcran men Peceli 3aywiTTapblHIa
ermipinai xone KP CT 1373-2013 cTanmapTHIHBIH TaJanTapblH KaHAaFaTTaHIBIpaabl. MoaudukanusuianFal OuTyM-
nmap Kazxonb3U 3eprxanaceiHma Ta3a OMTyMmapnbl, 7 TYpJi MOTUMEPHi, Pe3eHKE YHTAKTHIH XoHE moiudochop
KBIIKBUIBIH Taiinanany Herizinae gaibrHnangs! xoHe KP CT 2534-2014 cranmapTeIHBIH TallalTapblH KaHAFaTTaH-
JIBIPATIbIL.

Makaiazia OpbIHIAIFaH CalbICTBIPMAIIb Talay HOTHXKECIHIE TOMEHIETIep aHBIKTAIIbL:

1) -24 °C temnepatypaa 6apibIK CBIHAKTaH ©TKeH OnTymMaapasiH KatTeutbirbl 300 MIla-nan ongexaiina xxora-
pul. Butymmapasiy ken Gediriniy KatTeuibirbl 100 MIla-nan temen. Hanokemiprek outym (MXKB 70/100 mapkas
OMTYM+HaHOYHTAK) PaKTHKAJIbIK TYPFbIIAH aca TYPaKThl €KEHJIITT aHBIKTaJI/IbI.

2) -30 °C Ttemneparypana ym taza ourym (MXXB 50/700 mapkansr ¥Yda xoHe akray Outymuaps! xxaHe MXKb
100/130 mapkansr [laBnomap O6utymser) Typaktsl emec. llIbpmvkenttiH MXKB 70/100 mapkansl Taza OUTYyMBI MEH
[MaBnonapnein Elvaloy 4170 momumepi xocsutran MJKB 100/130 mapkanbsl OuTymblHaH Oacka OMTyMIapabIH
KatTeUtbFbl 200 MIla-man temen. Hanokemiptek Omtym (S=152,8 MIla) aca TypakTsl OMTyMIOapAbIH KaTapblHa
JKaTasIbl.

3) -36 °C temmnepaTypana CBIHAKTaH ©TKEH OUTyMaapapiH 2 1 -1 KOMBUIATHIH TaJanTapasl KaHaFaTTaHIbIPManiIbl.
Oumnap/pIH KaTapblHIa TeK Ta3a OMTyMaap FaHa eMec, MoanbuKauusuianran outymuap na 6ap. OnapasiH 5-eyi (Ak-
tayapiH, OMObIHBIH koHe [lIsiMkenTTiH MXKB 70/100 mapkanstl 6utymaapsl, [lsivkenttin MXKB 100/130 mapkaiisi
outymsl xxone Butonal monuMepimen moandukanusiianran ocbl outym) 400 MIla-nan skorapbl KaTTBUIBIK KOPCETTI
xoHe Tarbl 2-iHiH (Yda xone Akray 3aybitTapbinbiy MXKB 50/70 mapkansl Outymuapsr) KaTTeuibrsl 550 MIla-nan
xorapbl. OCbl TOMEHII TeMmIeparypaja Ja HAaHOKeMIpTeK OMTYyMbI aca TYPaKThl OWUTyMIApAbIH Oipi eKeHHIri
ANKBIHJAJIJIBI.

CoHbIMEH, HAHOKOMIPTEK OUTYMBI MEH JJIeMJIE >KOJI KYPBUIBICHIHA MaliaanaHbuiaThiH 0acka na 30 Taza jkoHe
Moudukanmsuianrad outymaapasiy -24 °C, -30 °C xone -36 °C TemmepaTypaiaplarbl KaTTBUIBIFBIH CaJIbICTBIP-
MaJlbl TaJliay HAHOKOMIPTEK OMTYMBIHBIH OapliblK KapacThIPBUIFAH TeMIIEpaTypaiarbl aca TYPaKThl OMTyMIapablH
0ipi eKeHITiH KOPCETTi.

Tyiiin ce3nep: OUTyMIap, HAHOKOMIPTEK YHTAFHI, IIOIUMEPIIEP, HUITII OUTIKTI peoMeTp, KATTHUIBIK.

M. K. Kypunor', B. B. Tearaes’, A. A. Kaapi6aii’, C. O. Pocen *, E. JI. AMup6aes”

l“I/IHCTMTyT TOIUIMBA, KaTanu3a u snexkrpoxumun uM. J[. B. Cokonbckoro”, Anmarsl, Kazaxcran;
2“Ka3axCTaHCKUI JIOPO>KHBIN HAYYHO-UCCIIEIOBATELCKUNA HHCTUTYT , AniMaThl, KazaxcTan;
3YHI/IBep(:I/ITeT Kanabpuwn, Perne, Utamms

CPABHUTEJBLHBIN AHAJIN3 HU3KOTEMITEPATYPHOM YCTONYNBOCTHU
HAHOYIJIEPOJHOI'O M IPYTUX BUTYMOB

AnHoranus. B Hactosmieit paboTe BBHITIOTHEH CPaBHHUTENBHBIA aHAIH3 HU3KOTEMIIEPATypHOU YCTOHYMBOCTH
HaHOYTJIEPOAHOro OuTyMa M Apyrux 30 4HUCTBIX M MOAM(HUIMPOBBIHHBIX OMTYMOB. B KadecTBe mokasaTens HU3KO-
TeMIepaTypHOH YCTOWYMBOCTH OWTYMOB IpPHHATA XECTKOCTh mpH Temmeparypax -24 °C, -30 °C u -36 °C mo
TEXHUYIECKOH cucteme Superpave. JKecTKocTs OUTYMOB OIpe/ielieHa Ha peoMeTpe ¢ m3rudbaeMoi O6aikon (cTaHmapT
ASTM D 6648-08). Ilepen ucnbpiTaHueM OMTYMBI OBUTH IOJIBEPIKEHBI JBOMHOMY HCKYCCTBEHHOMY CTapeHHIO:
KpaTKoBpeMeHHOMY - o ctanaapTy AASHTO T 240-13 u anutensHoMy - 1o ctannapty ASTM D 6521-08.

Hanoyrnepoanelii OutTyM ObUI NpHUrOTOBNIEH B Jaboparopun Ka3zaXCTaHCKOTO IOPOKHOTO Hay4YyHO-HCCIie-
nosatenbekoro naeruryta (KaznopHWI) ¢ ncnons3osanmem nopoxxnoro 6utyma mapku BH/L 70/100, mpous-BeneH-
Horo IlaBrnonapckum HedTexumuueckuM 3aBogoM (ITHX3), u Hanoyriaepognoro nopomka (2% o mMacce), HOIy4YeH-
HOH M3 yroiibHO# maposl MmectoposkaeHus «Capsiansip» (TOO «Kopnoparms «OH-Omxka», AkMonnHCKas 001acTb,

— g4 ——
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Kazaxcran). Hanoyrneponssnii mopomok (150-200 HM) monydeH ImyTeM TPEeXCTaIuHHOTO W3MENbUCHHS YTOIBHOM
nmaponsl: | - Mexanudeckuit aucnieprarop (zo 2-3 mm), I - aspoguramudeckas menpaAIA (0 20 MiM), 1T - peakTop
C BPAIAFOIIIMCS] MATHUTHBIM TTOJIEM.

Yucteie outymsl mapoxk bHJI 50/70, BH/I 70/100, BH/ 100/130 6butn npou3BesieHs! 3aBogamu KazaxcraHa u
Poccun, ynoenerBopsitor TpeboBanusm crangapra CT PK 1373-2013. MoauduuupoBanHble OUTYMbI ObUIN
npurotoBieHs! B naboparopun KazgopHWU ¢ ucnons3oBaHreM YUCTHIX OUTYMOB, 7 BUAOB ITOJMMEPOB, PE3NHOBOI
KPOIIKK 1 oM ochOPHOH KUCTIOTHI M YIOBIETBOPsItOT TpeboBanusm cranaapra CT PK 2534-2014.

B pesyinbTarte BHIIOJHEHHOTO CPABHUTEIBHOTO aHaIM3a ObUIO YCTaHOBJIECHO, YTO:

1) IIpu Temneparype -24 °C Bce UCHBITaHHbIE OUTYMBI UMEIOT JKECTKOCTb, 3HaunTeabHO HMke 300 MIla.
[Tpeobnanatomas yacTe OuTYMOB nMeeT xectkocTh Hipke 100 MIla. Hanoyrneponusiii 6urym (6utym mapku BHJJ
70/100+Han0oyTIIEpO.N) SBISAETCS IPAKTUIECKH CAMBIM yCTOHYNBBIM.

2) IIpu Temneparype -30 °C tpu uucteix outyma (Ydumcknit u Axrayckuid outymsl mapku BHJL 50/70 u
[MaBnomapckmit 6utym mapku BHJ[ 100/130) He ycroitunBsl. OcTanbHbIe OUTYMBI, 32 HCKITIOYeHHEM [1IpIMKeHTCKOTO
gucroro Outyma mapku BHJ] 70/100 u IlaBmomapckoro Omrtyma mapku BHJ[ 100/130+Elvaloy 4170, umerot
s)kectkocTh Hke 200 MITa. Hanoyrneponrsiid 6utym (S=152,8 MIla) oTHOCHTCS K UHCITy HanOoIee YCTOHIHUBEIX.

3) IIpu Temneparype -36 °C 21 6GuTyM U3 HCIBITAHHBIX HE YJOBJIECTBOPSIOT MPEABIBIIEMbIM TpeOoBaHusIM. B nx
YHCIIe HE TOJNBKO YHCTHIe, HO M HEKOTOphIe MOAN(HUIIMPOBAHHBIE ONTYMBI. 5 U3 HUX (AkTayckmid, Omckuii 1 LIpIMKeHT-
ckuit outymsr mapku BHJ[ 70/100, Illeivkentckuit 6utym mapku BHJI 100/130 u stor xe Outym, momudu-
LMPOBaHHbIH mojuMepoM Butonal) nmokazamu sxectkocts Bbime 400 MIla u eme 2 (uuctble 6utymbl mapku bHJJ
50/70 Ydumckoro u AKTaycKoro 3aBoJI0B) UMEIOT xecTKocTh Bbimie 550 MIla. U npu 3T0it HU3KOW Temmneparype
HAHOYTJIEPOAHBIN OUTYM SIBISETCS OJJHUM U3 CAMBIX YCTOWYNBBIX.

Takum 00pazoM, CpaBHUTENIFHBIA aHAIN3 KECTKOCTH HAHOYTJIEPOJHOTO OuTyMa u pyrux 30 YMCTBHIX M MOJH-
(unMpoBaHHBIX OMTYMOB, IPUMEHIEMBIX B IOPO’KHOM CTPOUTENILCTBE BO MHOTHX CTpaHaX MHpA, IIPH TeMIlepaTypax
-24 °C, -30 °C u -36 °C moka3any, 4TO HAHOYTJICPOIHBI OUTYM SIBISIETCS OMHUM W3 HaWOOJIee yCTOWYHMBBIX IPH
BCEX PACCMOTPEHHBIX HU3KUX TEMIIEPaTypax.

KaioueBble ciioBa: OUTYMBI, HAaHOYTJIEPOAHBIA TIOPOIIOK, ITOJIMMEPHI, PEOMETp C HU3rubaeMoil OaKoi,
AKECTKOCTb.
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