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Abstract. To perform all experimental procedures and computational analyses in
accordance with the adopted methodology, the climatic conditions of the Republic of Kazakhstan
were considered as a representative case study. Initially, the design air temperature was determined
with a specified level of statistical reliability. For this purpose, meteorological data obtained from
stations located in proximity to the study area were processed and incorporated into the
calculations.

According to the Superpave methodology, pavement temperature determination is based on
the analysis of climatic variations over a 20-year period. The analysis showed that the average
shaded air temperature during seven consecutive hottest days in a given year is 38.7 °C. It was
established that, for any particular year, there is a 50% probability that the air temperature will be
either higher or lower than this value. Therefore, adopting a summer design temperature of 38.7 °C
alone is inappropriate, since, for example, over a 14-year period, approximately seven years may
experience higher temperatures. Consequently, assuming a normal probability distribution for this
parameter would lead to inaccurate results.

The calculations were carried out using climatic data from the last 20 years, reflecting recent
climate variability affecting asphalt concrete pavements in Kazakhstan. Within the Superpave
framework, test methods for evaluating the rheological behavior and low-temperature resistance of
bituminous binders were described, taking into account both short-term and long-term oxidative
aging. These properties were assessed using the bending beam rheometer (BBR) method. In
addition, the testing requirements and specific characteristics of mineral fillers were considered, and
the methodology for determining the asphalt concrete mixture composition, including the
calculation of the optimum bitumen content, was examined.
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Introduction

Asphalt concrete pavements are a critical component of modern transportation
infrastructure, providing a smooth and durable surface for vehicle movement. However, exposure to
traffic loading, environmental conditions, and oxidative aging can lead to various forms of damage,
including cracking and surface degradation of pavements [1]. In response to these challenges,
researchers and practitioners worldwide have developed and implemented a range of strategies and
technologies aimed at improving the performance and durability of asphalt concrete pavements.

Asphalt (bitumen), as a viscoelastic material, plays a crucial role in the overall durability
and damage resistance of asphalt concrete mixtures. Its rheological properties must be thoroughly
characterized prior to pavement service. Typically, specific grading systems are used to evaluate
and select appropriate asphalt binders. The Superpave performance grading (PG) system was the
first to establish a direct relationship between the physical properties of asphalt binders and their in-
service performance by explicitly accounting for pavement conditions. Conceptually, this approach
represents a significant advancement compared with traditional penetration and viscosity grading
systems. To meet performance requirements, the Superpave PG system introduced new test
methods and specifications [2-5].
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At present, three primary binder evaluation systems are used worldwide: the penetration
grading system, the viscosity grading system, and the Superpave performance grading (PG) system
[6,7]. The penetration and viscosity grading systems rely on penetration and viscosity tests,
respectively, as their principal characterization methods. The penetration test is empirical in nature
and is conducted at a constant temperature of 25 °C. The non-Newtonian behavior of asphalt
binders at this temperature, coupled with variations in shear rate during testing, can influence
penetration test results [8,9]. Unlike penetration depth, viscosity is not an empirical parameter but a
fundamental engineering property. Nevertheless, binders originating from the same source may
exhibit significantly different behaviors after placement in the pavement due to viscosity changes
caused by short-term oxidative aging.

It has been identified that both the penetration and viscosity grading systems share three
major limitations, which can be summarized as follows [10]:

1. Both systems rely heavily on empirical tests, and no direct relationship is established
between the measured physical properties at test temperatures and the actual in-service pavement
performance. Interpretation of test results therefore requires substantial empirical experience.

2. Neither the penetration nor the viscosity grading system accounts for long-term
oxidative aging. Laboratory simulation of long-term aging is essential for evaluating fatigue
cracking and thermal cracking of asphalt concrete pavements after extended service life.

3. Pavement conditions — including temperature, traffic speed, traffic volume, and
pavement structure — are not fully considered, despite their significant influence on pavement
performance.

Superpave technology has been widely adopted in many countries, where it has been
accepted as a standard pavement design system due to its proven advantages and improved
performance compared with earlier design approaches [11]. The successful implementation of
Superpave technology in pavement design and construction practices has resulted in enhanced
durability, increased resistance to rutting and cracking, and overall improvement in pavement
performance [12].

It is important to note that the extent of Superpave implementation varies among countries
depending on local conditions, infrastructure needs, and available resources. Nevertheless, growing
interest and consistently positive research outcomes indicate that Superpave is increasingly
recognized worldwide as a valuable technology for the design and construction of high-performance
pavements [13-15].

Materials and research methods

Two primary mechanisms are involved in the oxidation of bitumen: evaporation of light oily
fractions and oxidation resulting from reactions with atmospheric oxygen. Bitumen binder
undergoes oxidation during mixing at the plant and during pavement construction through both
mechanisms, due to the combined effects of high temperature and air flow. To model this oxidation
process, the Superpave specifications employ the Rolling Thin Film Oven Test (RTFOT).

After completion of asphalt concrete pavement construction, the oxidation process
continues; however, it occurs under ambient service temperatures rather than the elevated
temperatures experienced during production and placement. According to the Superpave
specifications, in-service aging is simulated using the Pressure Aging Vessel (PAV), which is
applied after RTFOT. Thus, following these procedures, the binder can be evaluated in a state
representing oxidation during production, construction, and long-term service conditions.

Rolling Thin Film Oven Test (RTFOT) (AASHTO T240 or ASTM D2872)

The RTFOT method serves two primary purposes. First, it is used to determine the physical
properties of oxidized bitumen binders relevant to subsequent performance. Second, it allows
quantification of the mass loss of volatile components released from the binder during testing. Mass
loss due to volatilization is an indicator of binder oxidation occurring during mixing and
construction. In some cases, an apparent increase in binder mass may be observed during RTFOT
due to oxygen uptake during oxidation. Throughout the RTFOT procedure, the bitumen films are
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continuously exposed to elevated temperatures and a controlled air flow. In certain cases, the rolling
action may promote dispersion of modifiers (e.g., some polymers) within the binder.

An electronically controlled convection oven is required to conduct the RTFOT. The oven is
equipped with a vertically rotating carousel capable of holding flasks containing the material. An air
jet directs air onto each flask when it reaches the lowest position on the rotating platform. Prior to
testing, the oven must be preheated and maintained at 163 °C for up to 16 hours. After the flasks
containing the bitumen are placed inside and the oven door is closed, the thermostat must be
capable of restoring the set temperature within 10 minutes.

For preparation of binders for RTFOT aging, the binder should be heated to a fluid state
without exceeding 150 °C. Each RTFOT flask is then filled with 35 g of binder (0.5 g), as
illustrated in Figure 3.6. According to Superpave requirements, eight flasks are used per test. Two
flasks are designated for determining mass loss, while the remaining six are reserved for subsequent
testing. The two flasks used for mass loss determination must be weighed with an accuracy of 0.001
g prior to testing.

Once the flasks containing the binder are placed on the rotating carousel, the platform is set
to rotate at 15 revolutions per minute. The air flow rate is regulated at 4000 mL/min, and the
samples are maintained under these conditions for 85 minutes.

After aging, the two flasks designated for mass loss measurement are cooled to room
temperature and reweighed with an accuracy of 0.001 g; these samples are then discarded. The
remaining samples are poured into a single container and thoroughly mixed until a homogeneous
binder is obtained. According to AASHTO T240, the aged binder should be gently poured into
another container without scraping; however, this practice remains a subject of discussion in
research. Scraping may be required for binders modified with certain additives to obtain a
representative and sufficient sample volume. The RTFOT-aged binder is subsequently used for
Dynamic Shear Rheometer (DSR) testing, while the remaining material is either transferred into
PAYV containers for long-term aging or stored in equal portions in smaller containers for further
testing.

Results and Discussion

All experimental procedures and computational analyses were conducted in accordance with
the adopted methodology, using the climatic conditions of the Republic of Kazakhstan as a
representative case study. The design air temperature was first established with a defined level of
statistical confidence. For this purpose, meteorological data obtained from stations located near the
study area were processed and incorporated into the calculations.

Within the Superpave framework, pavement temperature estimation is based on an analysis
of climatic variations over a 20-year period. The results indicate that the mean shaded air
temperature during seven consecutive hottest days of a given year is 38.7 °C. It was determined
that, in any given year, there is a 50% probability that the air temperature will exceed or fall below
this value. Therefore, adopting 38.7 °C as the summer design temperature alone is not statistically
justified, as approximately half of the years within a 14-year interval may experience higher
temperatures. Consequently, assuming a normal probability distribution for this parameter may lead
to inaccuracies.

Analysis of the 20-year dataset showed that the standard deviation of air temperature during
the hottest week of the year is 1.71 °C. Based on probability integral tables, a confidence level of
0.9772 corresponds to two standard deviations, which is approximately 98%. Accordingly, the
summer air temperature estimated at a 98% confidence level is calculated as (38.7 °C + 2 x 1.71
°C) = 42.14 °C. This value suggests that such extreme summer conditions are likely to occur
approximately once every 50 years.

The calculations were performed using climatic data from the past 20 years, reflecting recent
climate variability affecting asphalt concrete pavements in Kazakhstan. In accordance with the
Superpave methodology, the rheological behavior and low-temperature performance of bituminous
binders were evaluated considering both short-term and long-term oxidative aging. These properties
were assessed using the bending beam rheometer (BBR) test. Furthermore, the testing requirements
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and specific characteristics of mineral fillers were considered, and the procedure for determining the
asphalt concrete mixture composition, including the calculation of the optimum bitumen content,
was addressed.

The calculations were performed based on climatic data from the past 20 years reflecting
climate change effects on asphalt concrete pavements in Kazakhstan. Within the Superpave
framework, test methods for evaluating the rheological shift and low-temperature resistance of
bituminous binders — considering both short-term and long-term oxidative aging — were described
using the bending beam rheometer (BBR) method. In addition, the testing requirements and specific
characteristics of mineral fillers were taken into account, and the procedure for determining the
complete asphalt concrete mixture composition and calculating the optimum bitumen content was
addressed.

Similarly, using observational data from the same meteorological station, the minimum daily
winter air temperature was processed. In this case, a standard deviation of 3.25 °C was applied to
represent a 98% confidence level. Accordingly, the low air temperature was calculated as (—16.4 °C
—2x3.25°C)=-22.9 °C.

Based on these air temperatures, the predicted pavement surface temperature can be
determined. The calculated summer pavement temperature at a depth of 20 mm below the surface is
expressed by Equation (1):

Tyomm = 0.9545(T,;, — 0.00618Lat? + 0.2289Lat + 42.2) — 17.78 (1)

where T;, is the shaded air temperature (°C), °C; Lat is the latitude in degrees north. In deriving
this equation, a solar radiation absorption coefficient of 0.9, solar transmissivity of 0.81,
atmospheric radiation of 0.7, and a wind speed of 4.5 m/s were assumed.

For the Mangystau Region, the latitude was determined as 42.18°. Using the calculated
summer air temperature of 42.14 °C, the predicted summer pavement temperature was obtained as
Ts0mm = 61,44°C.

According to Canadian researchers, adopting winter pavement temperature equal to air
temperature leads to excessive conservatism; therefore, the following relationship was proposed
(Equation 2):

Toin = 0.856T,; + 1.7 )

Using the minimum one-day air temperature of -22.9 °C, the predicted winter pavement
temperature was calculated as Ty, =-17.9°C.

Binder grades are assigned in 6 °C increments. Accordingly, for the calculated summer
pavement temperature of 61.44 °C, the nearest higher-grade PG 64 was selected, while for the low-
temperature condition, PG —22 was chosen. Thus, for the climatic conditions of the Mangystau
Region, the PG 64-22 binder grade is considered the most appropriate. In both cases, the reliability
exceeds 99%, as rounding to a 6 °C increment provides an additional safety margin. Nevertheless,
the predicted air temperatures should be periodically reassessed by adjusting the confidence level,
and the reliability of the selected binder grade should be discussed after determining the design
pavement temperatures.

In general, when the absolute difference between the design high and low pavement
temperatures exceeds 90 °C, the use of polymer-modified bitumen is recommended instead of
conventional bitumen. Therefore, pavement temperatures must be calculated separately for each
region while accounting for local climatic conditions, as studies indicate that temperatures have
changed significantly over the past 10-20 years. Indeed, widespread reports confirm a clear
warming trend and its substantial impact.

In the PG 64-22 example, the temperature difference is (64 — (—22)) = 86 °C, indicating that
polymer modification is not required. However, for a PG 58-34 grade, the difference would be (58
— (—34)) = 92 °C, implying that binder modification is necessary. According to Figure 4 from the
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recommendations of the Kazakhstan Road Research Institute, approximately 80% of the country’s
territory requires binder modification, i.e., where the temperature difference exceeds 90 °C.
However, the design grades presented in this document were calculated using outdated climatic
data. Considering recent global climate changes, recalculation using updated datasets is strongly
recommended. As a result, regional modification requirements and polymer content percentages
may change. For example, for the Mangystau Region, calculations based on recent climate data
yield a PG 64-22 grade, whereas calculations using data from the past 40 years indicate a PG 64-28
grade, demonstrating a notable discrepancy.

The minimum and maximum pavement temperatures are observed to be -46 °C and 82 °C,
respectively. In fact, in the northern United States, pavement temperatures do not fall below -46 °C,
while average 7-day summer pavement temperatures may reach up to 82 °C in some regions;
however, in most areas, they typically do not exceed 70 °C.

The PG 64-22 binder grade indicates suitability for pavements with a design high
temperature of 64 °C and a design low temperature of -22 °C under moderate to high traffic speeds
(greater than 70 km/h), accommodating approximately 10 million equivalent single axle loads
(ESALs) of 80 kN over the binder’s service life. However, for slow-moving traffic conditions with
average speeds between 20 and 70 km/h (e.g., airport taxiways or intersections), or for pavements
subjected to more than 10 million ESALs per lane, it is recommended to select a binder one grade
(6 °C) higher on the high-temperature side. In the present example, this would require the use of PG
70-22 for the Mangystau Region. If both conditions apply simultaneously, the selection of a two-
grade-higher ‘hot’ binder, such as PG 76-22, is recommended.

The true PG grade of the bitumen will be defined in the following sections. Subsequently, to
investigate the effects of various polymers on the base bitumen, the true PG grade of each binder
used in this study will be determined, and the results of conventional tests and rheological
characteristics will be compared with the requirements for polymer-modified bitumen (PMB).
Determining the true grade of modified PG bitumen prior to quality assessment in accordance with
the national standard RK ST 2534 is critically important. Based on test results obtained using
conventional methods, both before and after short-term aging, the properties of modified binders in
accordance with RK ST 2534 are presented in Tables 1 and 2 for PMB.

Table 1 — Results of mixtures prepared with low-viscosity bitumen

Tests Bl B+BNS B+SBS B+Titan

Penetration (25°C, 100 g, 55) 0.1 mm 83.2 (70-100) | 70.2 (51-70) | 55.1(51-70) 53.4 (35-50)

Softening Point, °C 49.0 (>47) 57.0 (=62) 62.2 (>62) 79.2 (=65)

Flash Point, °C 250 (>230) 280 (=235) 285 (=235) 285 (=240)

Density (25 °C), g/cm? 1.015 1.028 1.031 1.026

(1.0-1.1) (1.0-1.1) (1.0-1.1) (1.0-1.1)

Recovery (25 °C), % - 81.2 (=60) 82.6 (=60) - (=60)

Storage stability:

Softening point differences, °C - 1.4 (25 1.5 (55) 1.2 (25)

Penetration difference, 0.1 mm - 1 1 1

Dynamic shear rtheometer (DSR) (G*/siné>1 66.5

kPa) (>6'4) 77 77.1 80

Limit temperature, (°C) -

Short-term oxidation (RTFOT):

Weight change, % 0.601 <0.5 <0.5 <0.5
<0.6 0.204 0.197 0.156

Softening point change:

Increase, °C 5.5 55 5.5 5.0
(=6) (<6) (<6) (6)

Shrinkage, °C - (25) - (55) - (55) - (55)

Bending beam rheometer (BBR)

Hardness (s<300MPa, m>0.300) 28 22 22 22

Limit temperature, (°C)

After short-term oxidation (DSR) 67 77.4 77.5 81
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(G*/sind>2.2 kPa) (=64)
Limit temperature, (°C)
ﬁ;z.;r RTFOT+PAV (DSR) (G*/5ind<5000 27 26.2 26.1 26.6
Limit temperature, (°C) (<31) (s31) (s31) (<31)
Note — ( )Requirements for the adhesive according to the standard
Table 2 — Mixture results with low viscosity bitumen
Ceinakrap / TyTkpIp TypIiepi B2 B+BNS B+SBS B+Titan
Penetration (25°C, 100 g, 5 s) 0.1 mm 122.3 68.9 63.5 67.8
(100-130) (51-70) (51-70) (35-50)
Softening Point, °C 47.4 (=47) 57.0 (=62) 66.6 (>62) 74.2 (=65)
Flash Point, °C 270 280 285 285
(=230) (=235) (=235) (=240)
Density (25 °C), g/cm? 1.011 1.020 1.021 1.016
(1.0-1.1) (1.0-1.1) (1.0-1.1) (1.0-1.1)
Recovery (25 °C), % - 81.2 (>60) 82.6 (=60) - (=60)
Storage stability:
Softening point differences, °C 1.7 1.7 1.6
. (5) (5) (=5)
Penetration difference, 0.1 mm - 1 1 1
Dynamic shear rheometer (DSR) (G*/sind>1 60 1
kPa) (>6.4) 75 76.2 77
Limit temperature, (°C) -
Short-term oxidation (RTFOT):
Weight change, % 0.603 <0.5 <0.5 <0.5
<0.6 0.210 0.205 0.213
Softening point change:
Increase, °C 5.5 (<6) 5.5 (<6) 5.5 (<6) 5.0 (<6)
Shrinkage, °C - (£5) - (55) - (£5) -(55)
Bending beam rheometer (BBR)
Hardness (s<300MPa, m>0.300) 28 22 22 22
Limit temperature, (°C)
After short-term oxidation (DSR) (G*/sind>2.2 62.4
kPa) (>6.4) 76.1 71.5 78.3
Limit temperature, (°C) -
ﬁ;‘:;r RTFOT+PAV (DSR) (G*/5ind<5000 279 254 6.1 264
Limit temperature, (°C) (S31) (s31) (s31) (s31)
Note — ( )Requirements for the adhesive according to the standard

For sections where the average traffic speed does not exceed 20 km/h or where traffic
movement is very slow, a binder grade two levels higher on the high-temperature side is selected,
i.e., PG 76-22. Accordingly, in regions where the actual design summer pavement temperature
reaches 70 °C, it may be necessary to increase the high-temperature grade by up to 12 °C, as
indicated in the table, resulting in the selection of a PG 82 binder.

Conclusion

As a result of climatic changes observed over the last 20 years prior to 2020 in the
Mangystau Region, the pavement temperature at a depth of 20 mm was determined to correspond to
a PG 64-22 grade, which differs from the temperature values recommended in R RK 218-96-2013.
Considering population growth and the development of transportation systems in the region, it is
evident that the bituminous binders currently recommended must be mandatorily modified to
enhance their performance and durability. Among the three polymers evaluated, Titan 3686
demonstrated superior resistance and was identified as a practical modifier due to its favorable
viscosity characteristics during pavement construction. In contrast, Butonal NS and SBS required
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significantly higher mixing and compaction temperatures, necessitating specialized equipment with
elevated heating capacities for pavement construction operations.

To accurately characterize the properties of bituminous binders and their polymer-modified
counterparts, the Superpave technology was investigated and recognized as an effective and reliable
approach. Furthermore, a comparison between the conventional asphalt concrete mixture design
method currently in use and the Superpave methodology revealed that the traditional approach does
not adequately address several critical performance-related factors. In particular, the Superpave-
based design demonstrated a 16.7% reduction in rut depth, which contributes to extending the
interval between maintenance activities and increases the service life of the pavement by
approximately 20-30%.
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AnaaTrna. bapiblk SKCIEpUMEHTTIK paciMAep MEH €CeNTiK Taijaylap KaObUllaHFaH
omicreMere colikec opbIHAANyhl yiriH Ka3zakcran PecnyOnMKachIHBIH KIMMATTBIK Karqailiapsl
YATUTIK JKaFgad peTiHAe KapacThIpbUIAbL. AJAbIMEH Oenrim Oip CTaTUCTUKAIBIK CEHIMIUIIK
JCHTeHiH/IE eCEeNTIK aya TeMIepaTypachl aHBIKTAIABL. byl MakcaTTa 3epTTey aiiMarblHA KAKbIH
OpHAJNIACKaH METEOPOJIOTUSIIBIK CTAHIMSUIApAaH allblHFAH JIEPeKTep OHJEINIlN, ecenTeyiepre
eHri3inai. Superpave oIicTeMeciHe COMKeC JKOJI JKaObIHBIHBIH Temreparypacsl 20 >KbUIIBIK
KIMMaTTBIK ©3TepicTepAl Taljgay HETi3iHIe aHbIKTanaibl. Tannay HOTKeciHie Oenrimi Oip
KBIIaFBl KaTapblHAH €H BICTBIK JKETI KYH IIIIHJET opTama KeJeHKeAeTl aya TeMieparypacsl 38,7
°C exeHi aHbIKTanabl. COHBIMEH KaTap, Ke3 KeJreH HaKThl KbUIJa aya TeMIEepPaTypachbIHBIH OCHI
MOHHEH KOFapbl HEMece TOMEH 00y BIKTUMAIIBIFEI 50% exeHi Oenritenai. Ockiran OaliIaHBICTHI
kKa3Fpl ecenTik Temrieparypanbl Tek 38,7 °C periHme KaObUigay OpBIHCHI3, ce0ebi, mbicanbl, 14
KBUIIBIK KE3CHJE IaMaMeH JXeTi JKbUiaa OyJl KOPCeTKIIITEeH KOFaphl TeMIepaTypajap OaiKarybl
MyMKiH. COHIBIKTaH OyJ1 mapaMeTp YIIiH KaJbINThl BIKTUMAJIIBIK TapalyblH KaObUigay 97 eMec
HoTmkenepre okenenmi. Ecenteynep Kaszakcran aymarbiHIarbl achaiabTOCTOH JKaOBIHBIHA dcep
eTteTiH coHFbl 20 OKBUIZAFBl KIMMATTBIK JEPEKTEpP HETi3iHAe O KYpri3uigi. Superpave
TYKBIPBIMIAMACHI asChIHIAa OUTYMJIBI OaiJIaHBICTHIPFBIIITAP/IBIH PEOJIOTHSIIBIK KACHETTEPIH KOHE
TOMEH TeMIlepaTypara Te3IMIUIIriH Oarajnayfa apHaJFaH CbIHAK O/ICTEepl, KbICKA Mep3iMJi kKoHE
y3aK Mep3iMJIi TOTBIFY apKbUIbI KapTaloJbl €CKepe OTHIPBIN CHMATTAIABI. Byl Kacuerrep Wiy
apkanblk peometpi (BBR) omicimen anbikTanasl. COHBIMEH KaTap, MUHEPAIAbl TOITHIPFBIIITAPFA
KOMBUIATBIH CBIHAK TalanTapbl MEH OJIapJIblH E€peKIIETIKTepl KapacThIPBUIBIN, ac(albTOeTOH
KOCMACBhIHBIH KYpPaMbIH, OHBIH IlIiHAE€ OWTYMHBIH OHTAWJIbl MOJIIEPIH AaHBIKTAy oJicTeMeci
TaJTaH/IbI.

Tyiiin ce3aep: 6utym, Superpave, peoJIOTHSIIBIK KaCUETTED, KO KYPBIIBICHI.

TEMIIEPATYPA TOPOKHOI'O TOKPBITHUA U PE3YJIBTATDI HCHBITAHUM,
IMTPOBEJAEHHBIX TPAIJUIIUMOHHBIMU METOJAMMU
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AHHOTanus. /[l BBITONMHEHUS BCEX OKCIEPUMEHTAIBHBIX TPOLEAYp U PacUETHBIX
aHAJIM30B B COOTBETCTBUU C TMPHHITOW METOAMKON KIMMaTHYeCKHe YCIoBUS PecmyOmuku
KazaxcTtan ObLIM paccCMOTpPEHBI B KAUECTBE peNpe3eHTaTUBHOTO Ipumepa. Ha mepBom stame Obuta
onpejeneHa pacu€THasi TeMIepaTypa Bo3ayxa ¢ 3aJJaHHbIM YPOBHEM CTaTUCTHYECKON HAIEKHOCTH.
Jnsa storo ObuIM 00paOOTaHBI W HCIOJIB30BAHBI METEOPOJOTHYECKHE JaHHbIE CTaHIMH,
pacToNOKEHHBIX BONMU3M uccienyeMoil Tepputopun. CoriacHo METOJIONIOTHH — Superpave,
ONpEeACICHUE TEeMIIepaTyphl JOPOKHOIO TMOKPBITHS OCHOBAaHO HA AaHAM3€ KIMMATHYECKHUX
Kosnebanuii 3a 20-neTHuil nepuoa. B pe3ynbraTe aHamM3a yCTaHOBIEHO, YTO CPEIHsS TeMIlepaTypa
BO3/lyXa B TEHH B TEUECHHE CEMU MOCIIEIOBATEIBHBIX CaMbIX KapKUX JHEH B TOy cocTaBisier 38,7
°C. Ilpu 3TOM BEpOATHOCTH TOTO, UTO B KOHKPETHOM TOJly TEMIIEpaTypa BO3/JyXa OKaKETCsI BBIILIE
WM HWXKE AaHHOro 3HadeHus, coctaBisier 50%. CnemoBaresibHO, MPUHATHE JIETHEH pacuE€THOU
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TeMmepaTypbl TOJIbKO Ha ypoBHE 38,7 °C sBIsA€TCS HEKOPPEKTHBIM, OCKOIBKY, Hanmpumep, 3a 14-
JIETHUH TepUoJ] NMPUMEPHO B CEMH ToJax MOTYyT HaOmronaThcst 0ojiee BBICOKHE TEMIIEPATYpHI.
Takum o0pa3oM, IomylIeHHE O HOPMaJbHOM pAacCIpeleleHUH TaHHOrO MHapaMeTpa MPHUBOIUT K
HETOYHBIM pe3yJibTaTaM.Pacu€Tsl ObUIM BBIMOTHEHBI ¢ MCTOIH30BAHHUEM KIMMATHYECKHX JTAHHBIX
3a mocienHue 20 JeT, OTpaKalOUIMX COBPEMEHHbIE W3MEHEHHUs KIMMaTa, BIMSIOIIME Ha
acanbToOeTOHHBIE MOKPHITHS B Kazaxcrane. B paMkax xoHuenmuu Superpave OMHCaHbl METOIBI
WCIBITAHUN JJIs1 OLICHKH PEOJIOTUYECKOrO MOBEACHHS U HU3KOTEMIIEPATyPHOU TPEUIMHOCTOMKOCTH
OUTYMHBIX BSKYHIMX C y4€TOM KakK KpaTKOCPOYHOTO, TaK M JOJTOCPOYHOTO OKHCIHTEIHHOTO
CTapeHHs. DTU CBOMCTBA ONMPEISISUINCh METOIOM M3ruOHoro 6amounoro peomerpa (BBR). Kpome
TOr0, OBUIM PAacCMOTPEHBI TPEOOBAaHWS K HCHBITAHUSAM H CHCHH(PHUECKUE XapaKTCPUCTUKU
MUHEpaJbHBIX HAMNOJHHUTENEeH, a TakkKe MpOoaHaTU3UpOBaHa MeETOJIMKa IMoadopa cocTaBa
ac(ambTOOETOHHOM CMeCH, BKIIIOYast pacy€éT ONTUMAIBHOTO COJIEPKaHUS OUTyMa.

KaloueBble ciaoBa: OutyMm, Superpave, peoJOTHYECKHE CBOICTBa, JIOPOXKHOE
CTPOMUTENBCTBO.
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