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NAS RK is pleased to announce that News of NAS RK. Series physico-mathematical 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 chemistry and technologies in the Emerging Sources Citation Index
demonstrates our dedication to providing the most relevant and influential content of chemical
sciences to our community.

KasakcmaH Pecriybnukacbl ¥nmmbiK fbiibiM akademusicbl «KP YFA Xabapnapbl. ®u3uka-
TibIK-MamemamukariblK CepusiCbl» fblfibIMU XXypHaribiHbiH Web of Science-miH xaHanaHfFaH
Hyckacbl Emerging Sources Citation Index-me uHOekcmeryze KabblniOaHfaHbIH Xxabap-
natdsl.  byn uHdekcmeny 6apbicbiHda Clarivate Analytics komnaHusicbl XypHarnldbl o0aH api the
Science Citation Index Expanded, the Social Sciences Citation Index xoeHe the Arts & Humanities
Citation Index-ke Kabbinday moeceneciH kKapacmbipyda. Webof Science 3epmmeywinep, as-
mopsap, 6acnawbiiap MEH MeKemeriepae KOHmeHm mepeHdiei MeH canacbiH ycbiHalbl. KP
¥FA Xabapnapbl. Xumus xeHe mexHonoaus cepusicbl Emerging Sources Citation Index-ke eHyi
6i30iH KoramdacmbIK YWiH eH 63ekmi xoHe 6e0endi XuMusirblK FblfibiMOap 60UbIHWAa KOHMEHMKe
a0arnObifbiMbI30bi 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «Wzeecmuss HAH PK. Cepusi ¢busuko-ma-
memamudeckas» 6bii npuHam 0ns uHOekcupoeaHuss 86 Emerging Sources Citation Index,
obHoeneHHol eepcuu Web of Science. CodepxaHue 8 3amom UHOEKcUuposaHUU Haxodumcs 8
cmaduu paccmompeHus komnaHuel Clarivate Analytics 0nsi OanbHelwea0 NPpUHIMuUS XypHarna 6
the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts & Humanities
Citation Index. Web of Science npednazaem kadecmeo u asybuHy koHmeHma 0ns uccredoesa-
mersel, asmopos, usBamenel u y4dpexdeHul. BkmroueHue Wzeecmuss HAH PK e Emerging
Sources Citation Index OemoHcmpupyem Hawy npueepXxeHHoCmb K Haubosiee akmyarsb-
HOMY U 811usimesibHOMY KOHMeHmMy Mo XUMUYeCKUM Haykam Ot Haweao coobuecmea.



Bac penakrop:

MYTAHOB Faasivmkaiisip MyTaHyibl, TeXHUKa FBUIBIMIAPBIHBIH AOKTOpPBI, mpodeccop, KP ¥FA
akanemuri, KP BFM FK «AknaparTeik ®oHE ecenTey TeXHOJOTHSUIAPbl HHCTUTYThI» 0ac AUPEKTOPBIHBIH
M.a. (Anmartsl, Kazakcran) H=5

Pepakuus ankacel:

KAJIMMOJIIAEB Maxkcar Hypoaginyasl (6ac pemakTopisiH opbIHOAcaphl), (H3HMKa-MareMaTHhKa
FBUIBIMIAPBIHBIH 1OKTOpHI, mpodeccop, KP ¥FA akamemuri, KP BFM FK «AknaparTeik xoHe ecentey
TEXHOJIOTHUSIIAPBl HHCTUTYTHD) 0ac TUPEKTOPBIHBIH KeHecwTici, 3epTxana MeHrepyuici (Anmarsl, Kasakcran)
H=7

BAUT'YHUEKOB Kymanin Kana6aiiyib1 (6ac peqakToOpIbIH OpEIHOACAPH), TEXHUKA FHITBIMAAPHI-
HBIH TOKTOPHI, ipodeccop, KP ¥F A axanemuri, KubepHeTrnka xoHe aKImapaTThIK TEXHOJOTHSIIAP HHCTHTYTHI,
CarnaeB yHuBepcuteTiHiH KonmmanOanbl MexaHWKa j>KOHE WHXKEHepIHik rpaduka kadempachl, (AJIMarThl,
Kazakcran) H=3

BOMYUK Bajibaemap, TeXHHMKAa FhUIBIMIAPBIHBIH JOKTOPHl ((u3nka), JIIOGIMH TEXHOIOTHSIIBIK
yHHBepcuTeTiHiH npodeccops! (JIroomus, [Tonpra) H=23

BOLIKAEB KyanTaii ABra3biyibl, Ph.D. Teopusuisik sxoHe SaponbiK pr3uka kadeapachiHbIH TOTCHTI,
on-®apabu arerHmarsl Kazak yintTeik yHUBepeuTeTi (Anmarsl, Kazakcran) H-10

QUEVEDO Hemando, npodeccop, SapoibIk FeuibiMaap nHCTUTyThl (Mexuko, Mekcuka) H=28

KYCIIIOB Mapar Ag:xkanyjibl, (Qu3HKa-MaTeMaTHKa FbUIBIMIAPBIHBIH JIOKTOPBI, TEOPHSIIBIK KOHE
AaponblK Qu3nka KadeapaceiHblH Tpodeccopsl, an-dapadu  arbiHmarekl Kazak YITTBHIK YHHBEPCHUTETI
(Ammarsr, Kazakcran) H=7

KOBAJIEB Anexcanap MuxaiijioBu4, pu3nka-MaTeMaTuKa FEUTBIMIAPBIHBIH TOKTOPEI, YkpanHa YFA
akagemuri, KonmanOamer MareMaTrKa koHe MexaHnka MHCTUTYTHI (lonenk, Ykpanna) H=5

MUXAJIEBUY Aunekcanap AJieKCaHAPOBHY, TEXHUKA FBUIBIMAAPBIHBIH JOKTOPBI, IMpodeccop,
Benapycy ¥FA akanemuri (Munck, benapycs) H=2

PAMA3AHOB Tinexkkaobr1 Co0uTYIbI, (U3MKa-MaTeMaTUKa FhUIBIMIAPBIHBIH JOKTOPHI, Ipodeccop,
KP ¥YFA axamemwuri, on-®apabu areHmarsl Kazak yJITTBIK YHHUBEPCHUTETIHIH FBHUIBIMHU-MHHOBAIHSIIBIK
KBI3MET JXKOHIHAeTI TpopekTophl, (Anmarsl, Kazakcran) H=26

TAKUBAEB Hypraau KaGarayiabl, ¢usnka-mareMarvka FhUIBIMIAPBIHBIH JOKTOPHI, Ipodeccop,
KP YFA akanemuri, on-®apabu areiHgarsl Kazak ynTreik yauBepcurteti (Anmarsl, Kasakcran) H=5

TUTUHSAHY Hon MuxaiinoBu4, Gusnka-MaTreMaTuka FeUIBIMIapBIHBIH JOKTOPEI, akageMuK, Mongosa
FBUIBIM AKaJIEMUSICBIHBIH MTPE3UICHTI, MosioBa TexHUKAIBIK YHUBepcuTeTi (Kumuues, Monmosa) H=42

XAPHUH CranuciaaB HukonaeBuy, Qusnka-MaTeMaTHKa FBUTBIMIAPBIHBIH JOKTOPHI, mpodeccop, KP
YT A axanemuri, Kazakcran-bpuran rexaukanslk yauepcuteTi (Anmarsl, Kazakcran) H=10

JABJIETOB Ackap EpoyranoBuu, Qu3nka-mareMaTuka FHUIBIMIAPBIHBIH JOKTOPBI, Mpodeccop,
on-®dapabu areinaarsl Kazak ynrTeik yHuBepeuteti (Anmarsl, Kazakcran) H=12

KAJIAHAPA IInerpo, Ph.D (¢dusuka), HaHOoKypbUTBIMABI MaTepHaigapAbl 3€pTTEY HHCTHTYTHIHBIH
npogeccopst (Pum, Uranus) H=26
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IF'maBublii pegakTop:

MYTAHOB TIaaumkaup MyTaHoBUY, JOKTOP TEXHHYECKUX HayK, mpodeccop, akanemuk HAH PK,
1.0. TeHepaJIbHOro aupekTopa «MHcTuTyTa MHQOPMALMOHHBIX U BBIYUCIUTENBHBIX TexHoioruin» KH MOH
PK (Ammvatsr, Kazaxcran) H=5

PenakunmoHHass KoOJJerHs:

KAJIMMOJIJAEB Maxkcar HypaauioBu4, (3aMecTUTENh DIABHOTO PEAAKTOpa), AOKTOP (HU3HKO-
MaTeMaTHYeCKHX Hayk, mpodeccop, akanemuk HAH PK, coBeTHHK reHepanpHOTO mupekropa «HcTHTYTA
WHPOPMAIIMOHHBIX M BBIYMCIMTENBHBIX TexHonormity KH MOH PK, 3aBenmyrommii nmaboparopueit
(Ammarsl, Kazaxcran) H=7

BAUT'YHYEKOB Kymannn JKana6aeBud, (3aMeCTHTENb NIABHOTO PEJaKTOPa), HOKTOP TEXHHUECKHX
Hayk, ipodeccop, akagemuk HAH PK, MaCcTUTYT KNOEpHETHKH 1 WH(GOPMAIIMOHHBIX TEXHOJIOTHH, Kadenpa
MPUKJIaTHON MEXaHUKH U MHKeHEpHOU rpaduku, ynuBepcuteT Carnaesa (Anmarsl, Kazaxcran) H=3

BOMYUK Baabaemap, IOKTOp TeXHHYeCKHX HayK (¢us.-mar), npodeccop JlroGmmHCKOrO
TexHosorndeckoro yuusepcurera (JIroonun, [lonpma) H=23

BOLIKAEB Kyanraii AprassieBu4, goktop Ph.D, npenoaasarenb, 10ueHT Kadeapbl TEOPETUUECKON
U sipepHol (usnkn, Kazaxckuii HalMOHATBHBIN YHUBEpCUTET UM. anlb-Dapadu (Anmarsl, Kazaxcran) H=10

QUEVEDO Hemando, npodeccop, Hanmonanbublii aBToHoMHbIH yHUBepcuTeT Mekcukn (UNAM),
WucTutyT sneprbix Hayk (Mexuko, Mekcuka) H=28

KYCYIIOB Mapar A6:kaHOBHY, JOKTOp (HU3UKO-MAaTeMaTHUECKUX HayK, npodeccop kadeaps
TEOpeTHUYeCKoi U simepHor (pu3mku, Kazaxckuii HallMOHANBHBIA YHUBEpCUTET MM. alb-Dapabu (Anmarsl,
Kazaxcran) H=7

KOBAJIEB Auexcanap MuxaiijioBu4, JOKTOp (PHU3MKO-MaTeMaTHYECKUX Hayk, akaaemMuk HAH
VYkpaunsl, THCTUTYT npuKIagHONW MaTeMaTHK U MexaHuku (oneuk, Ykpauna) H=5

MUXAJIEBUY Ajekcanap AJIeKCAaHAPOBHY, JIOKTOP TEXHHYECKHUX HaAyK, Npodeccop, akalIeMuk
HAH benapycu (Munck, benapycs) H=2

PAMA3AHOB Taexka0y:n CaduToBu4, I10KTOp GU3NKO-MAaTEMaTHIECKUX HayK, IPodeccop, akaIeMUuK
HAH PK, npopekTop 1o Hay4YHO-UHHOBAaLMOHHON NIEATEIbHOCTH, Ka3axckuil HallMOHAJIbHBIN YHUBEPCUTET
M. anb-Gapadu (Anmarsl, Kazaxcran) H=26

TAKUBAEB Hypraau JKa6araeBud4, OKTOp (QU3UKO-MaTEMAaTHYECKUX HAyK, rmpodeccop, akageMuK
HAH PK, Kazaxckuii HallHOHAJIbHBIH YHUBEPCUTET UM. ainb-Dapadu (Anmarsr, Kazaxcran) H=5

TUTUHAHY Hon MuxaiinoBuy, 10KTOp (U3MKO-MATEMaTHYeCKUX HAyK, aKaIeMHUK, HPE3HUICHT
Axanemun Hayk MomnnoBsl, Texandeckuit yausepcuter Momnossl (Kummaes, Mongosa) H=42

XAPUH Cranuciap HukosaeBu4, IOKTOp (PU3MKO-MAaTEMAaTHYECKUX HAyK, Mpodeccop, aKaaeMUK
HAH PK, Ka3zaxcrancko-bpuranckuii TexHuueckuii yauepcutet (Anmarsl, Kazaxcran) H=10

JABJIIETOB Ackap EpOysnanoBu4, 10KTOp (U3MKO-MaTeMaTHUECKUX HayK, npodeccop, Kazaxckuii
HaI[MOHAJIBHBIN YHUBEpCUTET UM. anb-Dapadbu (Anmarel, Kazaxcran) H=12

KAJIAHJIPA IIwetrpo, nokrop ¢uiocodpuu (Ph.D, dusmka), mpodeccop UucTHTyTa 1O M3ydEHUIO
HAaHOCTPYKTYypUPOBaHHBIX MaTepuanoB (Pum, Utamus) H=26
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DATA COLLECTION FOR INTELLECTUAL FORECASTING:
METTHODS AND RESULTS

Abstract: there searchispart of the “Design of an intelligent system to forecast landslides' processes and
their influence on the roads' technical and operational characteristics” project financed by the Ministry of
Education and Science of the Republic of Kazakhstan by AP 09260066 program.

The research goal is in surveying deformed parts of “Almaty-Cosmostation” automobile road nearby
critical slopes to identify in the next phases the causes of pavement degradation and formulate then the
recommendation to prevent such degeneration.

Cracks formation is estimated by visual methods according to PRRK 218-27-2014. The geo-radar research
is made by AB-400 complex.

Main results. Detailed engineering and geological research of deformed parts of “Almaty-Cosmostation”
automobile road nearby critical slopes are provided.The article results with the field researches to formulate
causes of deterioration of the road pavement and formation of longitudinal and transversal cracks on it.

Conclusions: The surface smoothness of the road pavement is partly below the minimum permissible level.
The causes of the “irregular” (unusual) transversal cracks should be associated with slides of the rock masses
and water falling from the rock slopes. Suggested causes of the grading’sslide slopes’erosion are the faint
provision of surface drainage for the road pavement.The unevenness of the pavement on a micro level is
connected to the uncompacted enough asphaltic concrete pavement and other pavement’s layers.The field
researches’ results will be used for training and testing of intellectual models.

Key words: automobileroaddiagnostics, geodynamical processes, landslides, roadpavement, forecasting.

Introduction. Until now, questions of a road destruction due to natural hazards like landslides are
understudied in the field of automobile road management of Kazakhstan. The causes of the longitudinal and
tiny transversal cracks on the researched parts of “Almaty-Cosmostation” automobile road are also of its kind.
Moreover, there is a high risk of spanning the river that is flowing alongside the researched road because of
the sliding slope.

Group of European scientists has analyzed data from 21 national and 8 regional geological agencies in a
period from 2015 till 2017 with the consideration of legislative regulations in the countries. The research results
show that risk of landslides is almost unconsidered in urban planning even in developed European countries,
which leads to economic and more importantly human losses [1].

The outcomes of the landslide in 2013on thetransport net of Austria and the following effect of the disaster
on economics and politics of the country are described in research [2]. As a result, affected region lost out
additional 1 million Euro on a transportation costs and nearly 9-10 million Euros calculated losses on a tourism.
The calculation shows necessity of landslides tracking not only in basic form but also implemented on transport
infrastructure. The similar economic value is in a core of the research from USA [3]. Landslide processes’
impact on the road infrastructure of Oahu Island (Hawaii) are analyzed there.As a result, road parts are grouped
into several categories according to the landslide expectancy (very high, high, acceptable, low and stable).
Thefuzzy model to estimate the life expectancy of automobile roads in Reggio Calabria (Italy) according to
landslide processes’ probability is designed for the similar task in research [4].
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Typhoon rainfalls’ impact on landslide processes nearby automobile roads of Taiwan is researched in article
[5]. Remote sensing data have been a part of the database in the research. The synthetic-aperture radar (SAR)
is used in similar research [6] for the region alongside to the highway in Mexico.

The road pavement’s deterioration caused by landslide processes is forecasted by data from different
sources including distance sensing in article [7].

According to Italian scientists in [8], classical mathematical models of landslide processes are based on
biased data. Each model addresses only part of the key factors, which leads to no uniformity in the results of
landslide’s forecasts of the models. If the key factor used in the model has a significant impact in the exact
region, the resulting forecast is very precise. However, if the main factor is left unconsidered, the result of the
model does not reflect the actual situation.

Therefore, formation and tuning of forecasting models for landslide processes and their impact on roads'
technical and operational characteristics urge for a field research of road pavement’s conditions, thicknesses
of road pavement’s constructional layers, capacities and states of grounds in grading and underlayer base.

Material and methods. The “Almaty-Cosmostation” road passes through mountain gorge in high
mountain area of the Trans-1li Alatau, North Tian Shan. Highest point of the road in a final spot (Cosmostation)
matches 3336 meters above sea level on the Jusali-Kezen passage. The total length of the traffic route from
Al-Farabi Streetuntil Cosmostation is nearly 40 kilometers.

Climate of Almaty region has continental characteristics with unique features of mountains and valleys.
Mid-mountain part has relatively moderate climate, while high-mountain area is known for more severe
climate. The average annual air temperature in submountain regions changes between +7° Cand +9°C,
decreasing in a highland up to -2°C. The air temperature’s amplitude hits up to 30-35 °C. The coldest month is
January with average temperature from -8 up to-16°C. The minimal air temperature hits -42-45°C in
submountain regions, -35-40°C in a highland and down to -20°C in a glacial zone. The warm time is in June
with average temperature from 16 until 28 °C. The evaporability is 10-15 times more than the annual rainfall
sum. Annual rainfall number is up to 800-1000 mm in mountain region, while 70-80% of rainfalls is in spring
and autumn-winter months [9].

The territory of Almaty region is in the V road-climatic zone according to the road-climatic zoning. The
short description of climatic characteristics shows that highland and submountain regions highlyenables the
accumulation of atmospheric humidity as a source of the groundwater.

Geological processes and phenomena. The region is a highly seismic zone with a magnitude from 7 till 9.
Locally typical geological processes are erosions, mudflows, subsidental and deflationary processes, soil
salinization and bogging. Mudflows bring down huge amount of mud and rock materials to the submountain
foreslopes and inclined valleys with heavy increase of water volume in a river. Such disaster wrecks bridges,
roads, power transmission lines and other buildings in unprotected valleys. Erosion phenomena in plain river
valleys mostly reveals as a riverside underwashing, a gullying of the valley’s’ slopes, a formation of plunge
pool nearby bridge arms and land abutments [10, 11]. Last researches of geological structure of the area nearby
the “Almaty-Cosmostation” road has shown that the slope is characterized mostly by development of different
metamorphic, sedimentary and magmatic masses from Pre-Paleozoic and Paleozoic period. Huge
intermountain basins are Mesozoiclayers. Cenozoic layers are mainly in inner and intermountain basins,
erosion valleys and mountain slopes. They are represented by shists, quartzites, rarely by gneisses with marble
and amphibole layers. Contrast tectonic movements led to formmountain ranges and intermountain basins,
where heavy depths of lightly lithified friable fragmental materials was accumulated [12, 13].

Several features characterize rocks on the mountain slopes of the Ili Alatau, where the researched “Almaty
- Cosmostation” road is passing. For the granites of medium and line grain structures compressive resistance
is 150-174 MPa of dry rocks, 146-171 MPa in the water-saturated state and 139-169 MPa after 10 freezing
cycles. While their softening coefficient is 0.94, cold resistance is 0.07-0.16, water absorption — 0.18-0.32 %
[14-16].

The road diagnostics in automobile road industry of Kazakhstan is provided according to [17] and leads to
receive full information about road’s traffic and operational state as well as the difference between road’s
application properties and demands from intensity and composition of a traffic steam.

Preparation to the field research of the specialists of LLP «Institute of Tonosphere»started with request for
the permission from the JSC "NC" Kazavtozhol™. It legitimizes field researches on the “Almaty-
Cosmostation” road in a planned periods including visual estimation of operational conditions of the road
pavement by the road laboratory from L. B. Goncharov Kaz ADI and the geo-radar surveying by the AB-400
complex.

The visual strength assessment is classified into the three-point scale.Aroad sector with visually solid
pavement is classified as | class. Afterwards the pavement should be examined to find deformations that do
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not lead to inadequate strength, but can affect traffic speed. Visual examination led to allocation of separate
sectors with features and defects (repairs, roadway narrowing, local deformations etc.) and land marking of
specific sectors. The researched road is divided into patterns by pavement types’ change, pavement
construction, number of traffic lanes, traffic intensity, ground type on humidity conditions and grading
thickness. Traffic and natural factors deform and deteriorate grading and drainage structures while they are in
service. Thereby a road pavement’s stability is declining. The visual examination of road borders and side
slopes is done in parallel with visual estimation of pavement strength and condition. Information about grading
and drainage structures also is recorded in field notes.

The field research of the “Almaty-Cosmostation” road is done according to [17]. The five test sites with
50-meter length is chosen as objects for more deep examination. Each test site is examined with next methods:

- visual examination of the road pavement and grading;

- the longitudinal and transversal smoothness of the pavement are measured by the 3-meter surveying rod
in three points (beginning, middle, ending);

- the grading’s width is measured;

- the coefficients of longitudinal and transversal adherence are measured by portative device IKSp;

- the hardness index of the road pavement is measured by the hardometer of Beldor N II;

- the thickness of the road pavement is found by the caliper;

- the longitudinal, transversal and diagonal cracks’ lengths are checked by the measuring tape and the
opisometer;

- the geo-radar examination by the AB-400 complex including:checking the thicknesses of constructional
layers in the road pavement and rock layers of grading; measuringthe depths of soft soils under the grading;
detection of defects in the road pavement and grading rocks.

Formulation of the problem. Field data about a road pavement is part of a database necessary for
formation and tuning of forecasting models for landslides processes and their impact on the roads' technical
and operational characteristics.

In such a manner, Slovak scientists showed in research [18] that all the road pavement state forecasting
modelsused worldwide ask for wide spectrum of data. The simple and mostly inaccurate models require data
from road construction, while theadvanced models claim for more information about construction materials,
which is not always available. When it comes to the road pavement in service a road state forecasting calls for
parameters of pavement and grading materials, climatic, traffic load and other operational data. Road
management units usually collect traffic load data, whereas meteorological stations of a country collect
climatic data. The scientists recommend nondestructive testing methods for determination of road pavement’s
actual parameters. One of the main parameters in diagnostics of a road pavement according to [19] is
identification of cracks on a pavement. The specialists from Iran urge to consider such parameter as smoothness
of a road pavement in a road diagnostic in research [20]. While two methods are requested to examine
properties of materials in [21]: a long-term monitoring with a special traffic load simulator (part of a road
pavement is examined in the laboratory) and a field research of a pavement by a mobile hardometer.

Nevertheless, according to the analyzed scientific research including [18-21], three above listed diagnostic
measurements will be enough to form and tune an intelligent system to forecast landslides' processes and their
influence on the roads' technical and operational characteristics for mountainous areas.

During forecasting landslides’ processes and their influence on roads' technical and operational
characteristics for mountainous areas, the scientific group have to address both factor directly affecting
landslide processes and road state’s factors. Meteorological data is in both lists. However, at first it is necessary
to understand which exact weather conditions has to be incorporated. According to [22] landslide state’s factors
has to be:

- usable in mathematical functions;

- estimable and measurable;

- with uneven distribution of data.

Besides that, a parameter can be indirectly connected to the landslide processes through transitionary direct
factors.

In research [23] stated that addressed factors should be not only connected to landslide processes or road
conditions but also accessible. Data accessibility is usual problem for developing countries, where landslide
risk is high for sparsely populated areas and subsequently there are much less meteorological stations for data
collection. Other problem is in time resolution of the data, which is usually accessible only for daily but not
for hourly basis as described in [24].

According to [25] the main group of the preferable factors has to be chosen on the assumption of landslides
triggers. The forecasting result depends on rainfalls data, reviewed period and geographical area’s size in

110



article [26]. The research [27] showed that the most frequently used parameters for studying rainfall’s impact
on landslides are intensity, duration and volume of previous rainfalls. For the researched in [28] region and
registered landslidesa forecasting with daily and 3-, 5-, 10-, 15-, 20- and 30-days values of rainfalls are
examined. The best result for that exact case is 86% accuracy by forecasting with combination of daily rainfall
and 15 days rainfall sum.

An asphalt pavement is widely spread for road constructions because of its smooth jointless surface,
comfort driving and fast laying. The article [29] clears that there are two main load types affecting an asphalt
pavement: a mechanical load, especially by heavy trucks, and a climatic influence from moisture, temperature
and freezing-defrosting cycle.

To conclude all reviewed researches the rainfall level and temperature are chosen for forecasting of
landslides processes, while the solar radiation and sudden temperature changes are considered for forecasting
of a road pavement’s state. That is why http://meteocenter.net/ becomes the main source of historical
meteorological data for the project.

After development, training and testing of an intellectual forecasting system most effective combination of
historic meteorological factors will be specified. In the same manner, the factors less contributing on a
landslide processes and aroads' technical and operational characteristics will be substantiated.

Results and discussion. The results of field research to estimate cracks’ formation on the road pavement.

Visual assessment. The road pavement at the beginning of the automobile road from Al-Farabi Street until
7" kilometers (+800 meters) is in excellent state. There are practically no striking defects. The roadway width
at this interval is varying form 8.5 up to 9 meters. Then it is narrowing to 7.5 meters. The transversal and
longitudinal cracks on the road pavement starts from 8™ kilometer. In addition, tiny holes and moderate crack
network appear. Traffic pretermits from 13" kilometer due to construction works done on a road for 3
kilometers up. The new road that started to operate just in 2021 passes from 16" up to 18" kilometers. The
roadway narrowing to 7.2 meters from 18" kilometer.

The five test sites for 50 meters long (fig. 1) are selected for the field research on the automobile road. First
four test sites have the naked-eye landslide processes on the slopes nearby the road. The fifth site down the
16" kilometer is the reference as it passes through comparatively flat part of the road operating just since 2021.
The yellow lines on fig. 1 show the numbers of geo-radar profiles from the AB-400 complex.

Fig. 1 — A placing of the testing sites’ on a map
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The visual method described in [17] is used for an assessment of the crack formation. Transversal cracks
are classified by their length into 0-1 meters, 1-2 meters etc. Longitudinal cracks are divided into left and right
by the roads axial and then by their net length.

The table 1 demonstrates the field examination results for the road pavement’s defects.

Tablel —The field examination results for the road pavement’s defects

Test- Beginning/ Transversal cracks, length Longitudinal cracks, Crack | Defects found Comments
ingNe ending meters net- by geo-radar
coordinates | 0-1| 1-2| 2-3| 3-4| 4-5| left axial right | work
m|m| m| m| m side side
1 43°04'49"N 6| 3| 1 - - | YIL5] Y169 | Yl12.1 2 decompaction -
76959'09"E/ of an
43°04'49"N underlayer
76°59'06"E
2 43°04'49°N 8| 3| 2 - - ¥8.0 | ¥17.0 | Y13.9 5 - -
76°59'05 'E/
43°04'51"N
76°59'04"E
3 43°%04'51"N 71 6| 3| 2| - X178] Y193| Y74 3 - road grading’s
76958'59 E/ slope erosion
43°0451"N
76°58'57'E
4 43°0502°N | 11| 6| 3| 3| 1| 3348| >33 | Y222 2 decompaction tiny holes
76958'51"E/ of an davg=0.3 m;
43°04'59"N underlayer hath=6,5 cm;
76°58'51"E road grading’s
slope erosion
5 43°04'59"N 51 4 2| 1| 1] Y68 | X181 Y156 2 decompaction tiny holes
7695827 E/ of an davg=0.2m,
43°05'01"N underlayer hath=2,5 cm;
76°58'24"E

The transversal cracks’ formation on the first site have clear specific due to their length. The maximum
length of the transversal cracks is not exceeding 3 meters. It is straightly connected to a low traffic load, as the
traffic flow is less than 150 automobiles a day.

Fig. 2 shows the longitudinal cracks on the first site. The deep axial and diagonal cracks characterize the
road passing territory and the impact of soil sliding. The same kind of cracks can be observed on the other sites
too. Make oneself conspicuous that longitudinal cracks are not alongside the road axis or expected ruts as a
deep heavy line. A variety of tiny crack lines forms an assembled complex of longitudinal cracks. Moreover,
the lines are not on the road axis or ruts.

It is impossible to state that such unconventional longitudinal cracks formed because of technological
faultsor an intensive traffic. Clearly, both factors cannot cause longitudinal cracks showed in fig. 2.

Beside those unforeseen longitudinal cracks, the first testing site has deep transversal cracks and
unevenness as can be observed in fig. 3. These transversal cracks is below the standard for automobile roads
of Kazakhstan[30].The deep transversal and diagonal cracks’ formation is connected to natural phenomena. A
sliding of soil masses from the neighboring rock slopes increases the inner pressure of the road grading which
leads to the transversal cracks of the road pavement.

Fig.2 — The longitudinal cracks on the road pavement

Fig. 3 — The roadunevenness and deep transversal cracks
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The transversal cracks on the fourth testing site have different specific as this site is on a sharp turns and
what is more have a faint provision of a road drainage. Therefore, the grading slope is washing away as shown
in fig. 4. The length of the transversal cracks on this site essentially exceeds the width of the roadway. The
thickness of the road pavement is 5 cm and the transverse slope of the road in the slope’s erosion is 80%. The
geo-radar examination showed here the decompaction of the underlayer.

The fifth testing site is operating since 2021. Despite such a short operational period, the pavement has tiny
longitudinal cracks and up to 5-meter long transversal cracks — fig. 5. The geo-radar examination of the site
showed the decompaction of the underlayer, which matches the holes and cracks on the pavement.

Fig. 4 — The erosion of the grading slope because of a faint Fig. 5 —The tiny cracks and holes on the fifth testing site
provision of the road pavement’s drainage

The field research also includes the measurement of the longitudinal and transversal grading slopes, the
longitudinal and transversal smoothness of the roadway, the adherence coefficients for longitudinal and
transversal displacement and the road pavement’s hardness. The weather during the field research has been set
fair with a temperature between +14-17 °C.

Table 2 shows the measurement results for the roadway smoothness, the adherence coefficients and the
pavement’s hardness.

Table 2 — The technical and operational parameters of the road pavement

Ne | The transversal The road pavement's smoothness by 3- The adherence coefficient The
slope, % meter surveying rod, mm hardness,

longitudinal transversal longitudinal transversal mm

1 72 0-2 0-2 0.75 0.80 3.0
66 0-1 0-3 0.76 0.78 3.5

87 0-7 0-3 0.70 0.77 3.0

2 76 0-3 0-55 0.78 0.79 3.5
30 0-2 0-35 0.74 0.78 5.0

41 0-14 0-30 0.80 0.76 3.2

3 20 0-7 0-8 0.8 0.75 3.5
22 0-9 0-28 0.73 0.80 4.2

82 0-12 0-11 0.73 0.75 4.2

4 22 0-13 0-50 0.70 0.80 5.5
30 0-8 0-27 0.75 0.71 4.5

31 0-9 0-27 0.70 0.75 4.1

5 30 0-3 0-2 0.75 0.80 3.0
22 0-1 0-3 0.76 0.78 3.2

3 0-7 0-3 0.70 0.77 2.8

The minimum permissible level of a clearance for a satisfactory estimation of a pavement’s smoothness
differs: it is less than 10 mm for heavy-duty pavements, less than 11 mm for light-duty pavements and less
than 30 mm for intermediate pavements.The measurements by the 3-meter surveying rod from the table 2
shows that the longitudinal clearance at some sites is 14 mm, while the transversal clearance is 55 mm.

The adherence coefficient of all testing sites is in range between 0.7 and 0.8. That is totally matching the
standard value for a dry asphalt pavement.

Conclusion. Such conclusions are made on the basis of the results from the field research:
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The deformation characteristics of the road pavement is mostly similar for all the testing sites. All the sites
have the tiny transversal cracks and the complex of longitudinal cracks as a variety of tiny ones.The transversal
and longitudinal cracks’ formation is not connected with a traffic as there is no speed limits and the daily traffic
intensity is less than 100-150 units.The “irregular” (unusual) transversal cracks’ formation could be associated
with the impact of the rock masses sliding and the water flow from neighboring slopes. The trigger for the road
grading’s slope erosion is the faint provision of the road drainage. The surface smoothness of the road pavement
at some parts is far below the minimum permissible level. The cause of the unevenness on the road pavement
on a micro level is in the uncompact enough asphaltic concrete pavement and other pavement’s layers.
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SUSATKEPJIIK BOJI’KAYFA APHAJIFAH MAFTJI¥MAT )KUHAY:
OJICTEP MEH HOTHUXEJIEP

AnHoTauus: 0y 3eprrey "KemkiH mporecTepiH KoHe OJapIblH aBTOKOJIK KOJIIAPBIHBIH TEXHUKAJBIK-
9KCIUTyaTalMsJIbIK CUIIATTaMajlapblHa CepiH OOKAMTBIH MHTEIUIEKTYaJbl JKYHeCiH Kypy" TakbpIpbIObIHIA
AP09260066 6armapmamacsr 6otisiaIIa KP BFM KapkbutaHapIpaThIH K00aHbIH 0ip 06:1iMi OOJIBI Ta0bLIa k.
3epmmeyodiy maxcamor " Anmatei—KocMocTannus" aBTOMOOHIIB JKOJBI OTETIH ayAaHAarbl KOIIKiH OOKTepiH
3epPTTCY JKOHE 3UATKEPIIIK MOJCIBICP/I OKBITY OHE aHBIKTAIFaH OY3bUTYJIApIbIH aJlbIH any OOMBIHIIA
YCBIHBIMIIAP 93ipJey YIIiH aBTOMOOWIIBh JKOJIBIHBIH Oy3pUTy ceOenTepiH aHbIKTay Oombim Tabbutamsl. JKom
*aObIHABUIApbIHA KapblKak Ty3imyi [P RK 218-27-2014 colikec Bu3yainbl oficrieH OaraiaH[bl.
I'eopamapisik 3eprrey AB-400 KemeHiMeH Kyprizii.

Hezizei namuocenep. "Anmvatei-KocMocTaHua" aBTOXKOJBI OTETIH ayAaH[a KOIIKiH OeTKeiiHe erkeii-
TErKeWIl WHXEHEPIiK-TeONOTHUIBIK, 3€PTTeY KYPri3iiai. 3epTTeNeTiH Ko *aObIHBIHBIH OeTiHAe OOMIIBIK
KOHE KOJIJICHEH JKapbIKTap/IblH Maiiia 001y cedentepin aHbIKTay OOMBIHINA JaTablK 3epTTeyIep Kyprizii
JKOHE JKOJI TOCEMIHIH OY3bUTy ceOenTepi aHbIKTaI/IbI.

Kopvimuinowinap: keitOip sxepiepe Kol ToceMIepiHiH OeTKi TericTiri MeKTi pykcaT eTiireH JeHreHaeH
acanpl. "CraHmapTrtbl emec" (IoCcTypiii eMec) KeJJeHSH JKapbIKTap/blH maiiia Ooiy cebenrepi Tay
clIeMJIepiHiH BIFBICYBI MEH Tay OaypaiijlapblHaH Cy aFbIHBIHBIH 9cepiMeH OalIaHBICTBI 00IyBl MyMKiH. XKep
TeceMi EHICTepiHiH IalbLTy cebenTepi *KoJl TeceMAepiHeH OeTiH CylaH OKIIayJIaHIbIpy SJCi3 KaMTamachl3
eTiyiMeH OaiinanbicThl. JKaObIH OeTiHe maMalibl Oy3bITyIIap IblH Naiaa 00mysl achanbTOeTOH KaObIHBIHBIH
JKOHE KOJI TOCEMIiHIH 0acka KabaTTapbIHBIH HaIlap THIFBI3AANybIMEH OaiaHbICThI. Jlanaiblk 3epTTeyiepai
HOTHKETIepi 3UATKEPIIiK MOIETbACPAl OKBITY JKoHE OanTay YIIiH KOJIaHbUIAIbI.

Tyiiin ce3aep: aBTOMOOWJIb >KONAAPBIHBIH JAWATHOCTHUKACHI, T€OJMHAMHUKAJBIK IPOLECTEpP, KOIIKiH,
Ookay.
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CBbOP JAHHBIX JJISA UTHTEJVIEKTY AJIBHOI'O ITPOTI'HO3NPOBAHMUA:
METO/JbI U PE3YJIBTATBI

AHHOTaNMA: TAHHOE HCCIIEIOBAHNE SIBISIETCS OAHOM 13 pasnenos Gurancupyemoro MOH PK mpoekra o
nporpamme AP09260066 Ha Temy «Pa3paboTka HHTEIEKTyalIbHOM CUCTEMBI IPOTHO3UPOBAHUS OTIOJI3HEBBIX
MPOLIECCOB U MX BIIMSHUS Ha TEXHUKO-IKCILTYaTAI[HOHHBIC XaPaKTSPUCTUKU aBTOMOOHIIBHBIX JIOPOT B TOPHOM
MECTHOCTI». [[enbio WCCIeIOBAaHUS SBISETCS OOCIIEZIOBaHNE OIIOJI3HEBOTO CKJIOHA B PaiiOHE MPOXOKICHUS
ABTOMOOWMIIFHOU NTOporu «AnMaTei—~KOCMOCTaHIWMS» W BBISIBJICHHE NPUYHH pPa3pyLICHUS aBTOMOOWIHHON
JOpord st 00y4YeHMs] MHTEIUICKTYyalbHBIX MOZEJed Hpa3padOTKUM peKOMEHIAMK MO IMPeJoTBPALICHUI0
BBISIBJIICHHBIX pa3pyiieHnid. T pemmao00pa3oBaHus JOPOKHBIX IIOKPHITHH OIIEHUBAIKMCH BU3YaIbHBIM METOJOM
B cootBetcTBHH ¢ [1P PK 218-27-2014. ['eopamapHoe obcnenoBanue mpoBoauiaock komruiekcom Ab-400.

Ocnosnvie pezyiomamsl. [IpoBefieHO IeTaTbHOE HHKXEHEPHO-TEOJIOTHYECKOe 00CTIeIOBaHNE OTIOI3HEBOTO
CKJIOHa B palioHE MPOXOKACHUS aBToAoporn «Ajnmarsi—-KocMocranmus». [IpoBeneHbl mosneBble
WCCIIETIOBAHUSA TIO OTPEIENICHUI0 TPUYHH TOSBICHUS TTPOAOIHHBIX U MOTEPEYHBIX TPEIINH Ha TIOBEPXHOCTH
MTOKPBITHS MCCIICTyEMOM IOPOTH U BBISBICHBI IPUYHHBI Pa3pYLICHHUS JOPOKHOU OJICHKIbI.

Bui6oowi: TloBepxHOCTHAS pOBHOCTB IOPOXKHBIX IMMOKPHITUI MECTAMU TIPEBBIIIAET PEACITBHO-OTY CTUMBIHA
ypoBeHb.l [prarHaMy OSBIEHNS «HECTAHAAPTHHIX» (HETPATUIIMOHHBIX) TIOTIEPEYHBIX TPEIIUH MOXKET OBITh
CBSI3aHO C BIHMSHHEM CABHTa TOPHBIX MAacCCHBOB M BOJHOTO IMOTOKA C TOPHBIX CKIIOHOB. lIpWymHBI pa3MbIBa
OTKOCOB 3eMJISIHOTO TIOJIOTHA CBSI3aHBI CO CJIA0BIM 00ecIieueHNEeM MTOBEPXHOCTHOT'O BOJOOTBOIa OT JOPOKHBIX
nokpeiThil.[losiBIeHHE MHKpPOHEPOBHOCTEH Ha TIOBEPXHOCTH TIOKPBITHSA CBSI3aHO C HEIOYIUIOTHEHHEM
ac¢hanbTOOETOHHOTO TOKPBITUS U IPYTHX CIOEB AOPOXKHOW ONEXAbl. Pe3ymbTaThl MONEBBIX WCCIICIOBaHUI
OyAyT UCTIONB30BaHbI UIE 00YUYEeHHUS ¥ OTIAIKH MHTEIUICKTYaIbHBIX MOZCIICH.

KiroueBbie ci10Ba: JMAarHoCTHKa aBTOMOOWIIBHBIX JIOPOT, TEOJUHAMUYECKUE MPOIECCHl, OMOI3EHb,
MTPOTHO3UPOBAHUE.
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