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Abstract. This paper examines the problem of heavy construction vehicle traffic during daytime
hours in Astana, Kazakhstan, and its multi-dimensional negative effects on road infrastructure,
ecology, and traffic safety. The study aims to provide a technical, economic, and legal justification
for introducing a daytime movement restriction (07:00-20:00) for heavy construction vehicles
over 15 tonnes via road sign 3.4, enforced through the existing Automated Fixed Violation
Recording (AFVR) system. Methods applied include comparative and systems analysis, technical-
economic assessment, regulatory analysis, and international benchmarking. Using the AASHTO
fourth-power law, the study establishes that actual rear-axle loads of overloaded dump trucks (up
to 36 t vs. the 16 t standard) produce destructive pavement impacts equivalent to 25,600 passenger
cars per trip. A comparative review of 63 world cities confirms that Astana is the only CIS capital
lacking a systematic daytime restriction on heavy construction vehicles. The proposed 'road sign
3.4 + AFVR' model requires a one-time investment of 2545 million KZT and is projected to
generate an annual economic benefit of 8—15 billion KZT through reduced road repair expenditure,
lower accident rates, and the elimination of corruption risks.

Keywords: heavy construction vehicles, vehicle overloading, road sign 3.4, AFVR, road
infrastructure, Astana, traffic restriction.

Introduction

Urban growth in rapidly developing cities is inseparably linked to rising construction
volumes and intensifying freight flows. Astana, the capital of Kazakhstan, has experienced
sustained residential, commercial, and infrastructure construction growth: its population is
expanding, the city footprint is widening, and construction activity continues to increase. Yet the
existing transport infrastructure is placed under severe stress by overloaded heavy vehicles —
principally dump trucks, concrete mixers, and mobile cranes — operating throughout the daytime
hours.

According to the transport inspection authority of the Republic of Kazakhstan, the actual
rear-axle load of a fully laden four-axle dump truck reaches 36 tonnes against a permissible value
of 16 tonnes [1]. Computing the destructive pavement impact by the AASHTO fourth-power law
yields an equivalent of approximately 25,600 standard passenger car axle loads per single trip [10,
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11]. Compounding this, only 6.8% of Kazakhstan's road network is rated to withstand axle loads
exceeding 10 tonnes [19].

The problem is further exacerbated by the absence of any systematic mechanism for
restricting heavy construction vehicle traffic during daytime hours in Astana. An international
benchmarking study of 63 world cities and capitals demonstrated that every examined city applies
some form of heavy vehicle regulation [20]. Astana is effectively the only exception among CIS
and Central Asian capitals, making this a pressing policy gap.

Earlier, the City Maslikhat of Astana had regulated heavy vehicle movements through
Decision No. 145/18-III of 26 May 2005, which established daytime movement rules for freight
and specialised vehicles between 08:00 and 22:00. That act was subsequently repealed, leaving no
replacement regulatory mechanism despite the city having grown substantially since.

The aim of this study is to provide a comprehensive technical, economic, and legal
justification for introducing a temporary daytime movement restriction on heavy construction
vehicles in Astana. The specific objectives are: (1) to quantify the technical impact of overloaded
vehicles on pavement; (2) to assess the economic damage at city and national level; (3) to
benchmark international practice; (4) to substantiate the 'road sign 3.4 + AFVR' enforcement
model; and (5) to evaluate its cost-effectiveness.

Methodology

The methodological framework combines comparative and systems analysis, technical-
economic assessment, regulatory analysis, and international benchmarking. Pavement destructive
impact was quantified using the AASHTO equivalent single-axle load (ESAL) formula [10]:

ESAL = (PA/ PB)*

where PA — actual axle load (tonnes); PB — standard axle load (16 t); ESAL — equivalent
single-axle load factor.

Economic damage from overloading was estimated using a Russian infrastructure-damage
methodology with a unit damage cost of 195 KZT-t/km, applied to a fleet of approximately 30,000
heavy dump trucks with an average annual mileage of 30,000 km and mean overload of 4 tonnes
[19]. A second estimate based on full life-cycle pavement costs yielded a higher aggregate figure
of approximately 142 billion KZT per year.

The international benchmarking covered 63 cities across six continents, drawing on official
sources including Transport for London Annual Reports [6], Roads and Transport Authority Dubai
[14], the Integrated Transport Centre Abu Dhabi [15], Moscow City Transport Department [18],
and country-level regulatory databases [16, 17]. Cost-benefit analysis was based on projected
reductions in road maintenance expenditure, AFVR fine revenues, accident savings, and ecological
externalities.

Results and discussion

Technical Impact of Heavy Construction Vehicles on Pavement

The principal driver of accelerated pavement deterioration is the rear-axle load of overloaded
four-axle dump trucks. At full load their rear axle carries 36 tonnes — more than double the
permissible 16-tonne standard — generating destructive pavement impacts equivalent to

5


https://doi.org/10.71031/

Qazaq Highway Science and Innovation, 2026, N2, DOI: https://doi.org/10.71031/

approximately 25,600 standard passenger car axle loads per trip (Table 1). Even moderately
overloaded concrete mixers produce impacts of 5,060—-12,400 equivalent axle loads, orders of
magnitude above design thresholds [1, 10].

Table 1 — Technical impact of overloaded construction vehicles on road pavement

. Permitted Actual Rear axle De-structlve
Vehicle type mass. ¢ mass. £ Overload load. ¢ impact
’ ’ ’ (AASHTO)
3-axle dump
26 40 14 t (+54%) 29 ~10,600%

truck
4-axle d

axte cutip 32 60 28 t (+88%) 36 ~25,600x
truck
3-axle
concrete 26 32 7t (+27%) 24 =5,060x
mixer
4-axle
concrete 32 45 13t (+41%) 30 ~12,400%
mixer
Mobile crane

2 1 +199 24, ~

25t (3-axle) 6 3 5t (+19%) 6 5,570x%
Mobil

obre crane 32 38.6 6.6 t (+21%) 25.6 ~6,560x

50 t (4-axle)

The most intense wear occurs at intersections, braking zones, gradients, and arterial entry
roads where dynamic loads peak. Astana's sharply continental climate — with frequent freeze-
thaw cycles and large temperature swings — amplifies structural damage, accelerating the
formation of rutting, cracking, and longitudinal settlement [1]. International research indicates that
heavy goods vehicles account for up to 40% of urban CO- transport emissions and up to 50% of
local NOx emissions [3, 5, 12]. In high-HGV-flow zones, PM2.5 concentrations can exceed WHO
guidelines by three to five times [12, 13].

Scale of Economic Damage

Applying the infrastructure-damage methodology, the estimated total annual road damage
attributable to heavy vehicle overloading across the Republic of Kazakhstan is approximately 117
billion KZT (Russian methodology) to 142 billion KZT (pavement life-cycle methodology) [19].
Heavy freight traffic increases aggregate road wear by roughly 42%, directly compressing inter-
repair intervals and elevating maintenance budgets.

The current mobile-patrol enforcement model covers only 5-10% of actual heavy-vehicle
flows [19]. Selective inspections involving direct contact between inspectors and drivers create
conditions for informal settlement of overload violations. According to the Kazakhstan transport
inspection analytics, this corruption channel amounts to approximately 2 billion KZT per year
(~USD 5 million) [19].
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At the city level, 30—40% of Astana's pavement maintenance costs are attributable to heavy
construction vehicle damage. Considering that the city's road-repair budget runs to several tens of
billions of KZT annually, even a partial reduction in heavy vehicle daytime flows carries
substantial fiscal implications.

International Benchmarking

The comparative study encompassing 63 cities on six continents shows that 100% of
examined cities apply at least one form of systematic heavy vehicle regulation (Table 2).
Mechanisms range from Low Emission Zones (LEZ) and Zero Emission Zones (ZEZ) to time-
window bans, ring-road permit schemes, and automated ANPR enforcement [ 14-20].

Table 2 — Regional coverage of heavy vehicle movement restrictions (63 cities)

Typical ti
Region Coverage (%) Predominant model ?fplca tme
window
LEZ/ZEZ + dayti
Western Europe 100% (16/16) " WHIE 2477 or 08:00-20:00

Daytime ban (ring-

o 0009 - ~
CIS (excl. Astana) 100% (8/8) road zones) 06:00-22:00 (=15 h)
06:00-10:00 &
. o ] .
Middle East 100% (5/5) Peak-hour restriction 15:00-22:00
. Peak + daytime 07:00-11:00 &
0
South & SE Asia 100% (10/10) mode 16:00-22:00
East Asia 100% (4/4) Daytime / 24/7 06:00-23:00
Africa 100% (4/4) Daytime mode 06:00-21:00
Daytime / peak
Latin America 100% (6/6) aytime / pea 05:30-21:00
mode
N. America / Route-based +
meried 100% (6/6) oute-base 07:00-19:00
Oceania seasonal
Central Asia 100% (5/5) Daytime mode 07:00-22:00
Reactive .
Astana (current 0% (0/1) enforcement No sy.fstfamatlc
status) restriction
(patrols)

Among CIS capitals alone: Moscow applies a 16-hour ban (06:00-22:00) enforced through
a 100% ANPR 'freight framework'; Saint Petersburg and Minsk operate 07:00-22:00 restrictions;
Baku and Thilisi enforce 08:00-20:00 bans [ 18]. Dubai's Roads and Transport Authority maintains
a 16-hour restriction on major roads (06:00-22:00) with ANPR cameras [14]. The proposed Astana
window of 07:00-20:00 (13 hours) is notably more lenient than most comparators, preserving an
11-hour overnight logistics window.

The effectiveness of systematic restrictions is empirically documented. London's
introduction of the Direct Vision Standard reduced fatal HGV accidents by 67% [6]. Beijing's 17-
hour ban within the 4th Ring Road achieved a 52% reduction in PM2.5 attributed to heavy
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vehicles. Addis Ababa's daytime restriction for all vehicles over 3.5 t reduced peak congestion by
40% [20].

Legal Enforcement Mechanism: Road Sign 3.4 and the AFVR System

The proposed model centres on road sign 3.4 ‘No entry for goods vehicles’, supplemented
by time-of-operation plate 8.5.4 specifying the 07:00-20:00 restriction window, installed at
primary arterial entry corridors into Astana [9]. The critical advantage is integration with the
Automated Fixed Violation Recording (AFVR) system already operational throughout the city —
no new camera infrastructure is required.

Operational sequence: AFVR cameras continuously monitor traffic flows; upon detecting a
heavy vehicle in violation, the system automatically captures photo and video evidence, records
GPS coordinates, vehicle registration number, and precise timestamp; the software then cross-
references the vehicle against the MIA of the Republic of Kazakhstan databases, determines
vehicle category and permissible mass, and auto-generates an administrative violation notice
dispatched via eGov and MIA information systems — without any inspector involvement [7, 8].

Under the Code of Administrative Offences of the Republic of Kazakhstan, the fine for
violating road sign 3.4 for medium and large enterprises ranges from 150 to 200 Monthly
Calculation Indices (MCI) per recorded violation [7]. Systematic violations (three or more
recorded episodes) may trigger administrative suspension of the organisation’s activities. The
automated model eliminates the corruption channel inherent in mobile patrol enforcement,
recorded at approximately 2 billion KZT per year.

Exceptions provisions are built into the model: emergency services, municipal utility
vehicles, and vehicles executing critical construction operations under special akim permits may
be exempted via additional sign plate 8.6 ‘Except for...’. This preserves operational flexibility
while maintaining the integrity of the restriction.

Cost-Benefit Analysis and Implementation Plan

Implementation costs are estimated at 2545 million KZT in total one-time expenditure:
road sign fabrication and installation at arterial entry points — 15-25 M KZT; regulatory-legal
support (ordinance drafting, legal review, inter-agency approvals) — 2-5 M KZT; information
campaign (SMS notifications to freight operators, official portal publications, industry
consultations) — 815 M KZT. No capital expenditure on AFVR hardware is required.

Table 3 — Comparison of mobile patrol enforcement vs. ‘Road Sign 3.4 + AFVR’ model

Indicator Mobile patrol enforcement Road Sigs;si.e‘:n-l_ AFVR
Violator coverage 5-10% of traffic flow ~100% (automated)
Operating mode Selective, daytime only 24/7, continuous
Corruption risk ~2 bn KZT/year Effectively eliminated
Implementation cost Ongoing (high) 25-45 M KZT (one-time)
Annual budget benefit Not quantified 8.3-15.2 bn KZT
Payback period N/A Less than 1 week
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Photo/video + GPS +

Evidence base Inspector’s report .
timestamp

The projected annual economic benefit is 8.3—15.2 billion KZT, structured as follows:
reduction in pothole and capital road repair costs — 3.4—6.7 bn KZT; extended pavement inter-
repair intervals (2—4 years shift) — 2.0-4.0 bn KZT; AFVR fine revenues — 0.5-1.5 bn KZT;
accident reduction savings — 0.27-0.54 bn KZT; ecological damage reduction — 0.20—0.40 bn
KZT; anti-corruption savings — ~2.0 bn KZT. The payback period on implementation costs is less
than one week, driven by AFVR fine collection from the first month of operation.

Implementation is planned in four sequential stages: Stage I (months 0—2) — ordinance
development, route mapping, and AFVR system configuration; Stage II (months 2—5) — sign
installation, advisory-mode enforcement, and industry notification campaign; Stage III (month 5
onward) — full automated enforcement with administrative penalty issuance, reorientation of
mobile patrols to nighttime weight control; Stage IV (month 12) — comprehensive evaluation of
pavement wear, accident statistics, budget impact, and violation trends, followed by potential
scale-up to Almaty, Shymkent, and other high-construction-activity cities.

Within the first 90 days of full enforcement, a 30% reduction in daytime heavy construction
vehicle trips is projected, based on analogous results from comparable CIS cities following
restriction introduction [18, 20].

Conclusion

This study demonstrates that the unrestricted daytime operation of heavy construction
vehicles in Astana constitutes a systemic risk to road infrastructure, public ecology, traffic safety,
and municipal finances. Actual axle loads from overloaded dump trucks exceed normative values
by more than two-fold, generating pavement damage — by the AASHTO fourth-power law —
orders of magnitude beyond design specifications.

The international benchmarking of 63 world cities confirms that Astana is the only CIS
capital without a permanent daytime restriction on heavy construction vehicles. All comparators
— including cities with similar climatic profiles (Ottawa's spring load restrictions), comparable
development intensity, and post-Soviet administrative structures — apply at least equivalent, and
frequently stricter, measures.

The proposed 'road sign 3.4 + AFVR' model is technically sound, economically viable,
legally implementable, and socially beneficial. Its defining advantages are: (1) minimal one-time
investment of 2545 M KZT; (2) near-100% automated enforcement coverage; (3) elimination of
corruption risks worth ~2 bn KZT annually; (4) projected annual net benefit of 8—15 bn KZT; and
(5) payback within the first week of operation. The 11-hour overnight logistics window (20:00—
07:00) ensures construction supply chains remain viable.

The findings support the preparation of an Astana City Maslikhat ordinance establishing the
temporary daytime restriction and are transferable to other high-growth Kazakhstan cities
including Almaty, Shymkent, and regional centres. Future research should evaluate the long-term
pavement condition response to reduced heavy vehicle loads using continuous road condition
monitoring data, and assess the effectiveness of exception-permit systems in minimising
construction disruption.
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AcTaHa KaJachbIHIA aybIP KYPbLIbIC APHAiibl TEXHUKACBIHBIH KO3FAJIBICHIH peTTey:
YaKbITIIA HIEKTeYJIepi eHIi3y1iH TeXHUKAJIBIK-DKOHOMHUKAJBIK Herizaemeci

AHHoTaums. Makanajga ActaHa KalachlHJaFbl ayblp KYpPhUIbIC apHaibl TEXHUKACBIHBIH KYHII3T1
YaKBITTA JKOJI KYPYl MOCeIECi, OHBIH KO0JI HH(PPaKYPBUIBIMBIHA, SKOJIOTHSIIBIK JKaF JaiFa )KoHe KO
Kaylinci3airine kemeHai Tepic ocepi Kapacteipbiiansl. AASHTO TtepTiHmi mopekerni 3aHbl
OolibIHIIIA ecenTeyep )KYKTEIreH caMmocBaigap apTKbl ocine 36 T HopMaTuBTeH (16 T) acaTbIHBIH
)koHe Oip peiic ymriH 25 600 >xeHim aBTOMOOWJIBre Oanamanbl 3USHABI BIKMNAT YKACAWTHIHBIH
pacraiinbpl. 63 Kananslk ToXipuOeHi 3epTTey ActaHanblH TMJI-naFsl xKyHeni MEeKTeyci3 JKalFbl3
acTaHa €KeHIH Janenaeni. ¥ ChlHbUIaThIH Mojens — 3.4 xon 6enrici + XKKAX — 25-45 mnn
TeHre Oip JKONFbI IIBIFBIHMEH 8—15 MIpA TEHre >KbUIABIK SKOHOMHUKAIBIK THIMALIIK Oepyi
OoipKaHya.

Tyitin ce3nep: ayvip Kypwiivic mexHukacwl, apmuix xcykmey, 3.4 ocon oencici, KKAXK, ocon
ungpaxypulivimul, Acmana, K032aavlcmsl uleKkmey.

PerynupoBanue 1BHKEHHS TSKEI0N CTPOUTENBHOM CIIETEXHUKH B ropoje AcTraHa:
TEXHUKO0-IKOHOMHYECKOe 000CHOBAHNE BBECHUSI BPEMEHHbIX OIPaHUYeHHU I

AHHoTaumsi. B cratee paccmarpuBaercss mnpoOieMa JABWKEHHS TSKEIOW CTPOUTENHbHOM
CHELTEXHUKU B JHEBHOE BpeMs B AcTaHe M €€ KOMIUIEKCHOE HETaTMBHOE BO3JEHCTBHE Ha
JIOPOKHYI0 MH(PACTPYKTYpy, IKOJIOTHIO M 0O€30MacHOCTh JOPOKHOTO JBMkeHus. Ha ocHoBe
3akoHa ueTBEpTON creneHn AASHTO ycraHoBieHO, 4TO (haKTHUECKHE OCEBbIE Harpys3Ku
neperpy>kKeHHbIXx camocBayioB (10 36 T mpu HopMe 16 T) GOpMHUPYIOT pa3pylIMTEIbHOE
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BO3JICHCTBHE, PKBUBaJIeHTHOE 25 600 JErkoBBIX aBTOMOOWIICH 3a oauH peiic. CpaBHUTEIbHBIN
aHanu3 63 ropoJoB MUpa MOJITBEPKIACT, UTO AcCTaHa SIBJsIETCA eIMHCTBeHHOM cronunein CHIT
6e3 cuctemHoro orpannyenus. llpeanoxennas moaens «3Hak 3.4 + ACOID» tpebyer 2545 min
TEHIe €JUHOBPEMEHHBIX 3aTpaT M OOECIIEYHBAET €XKETOIHBIA 3KOHOMUYEeCKHi 3ddexr B 8—15
MJIpJ] TEHTE.

KutoueBble cioBa: msaoicénas cmpoumenvHas CneymextHuka, nepezpys, 00pO’CHbIl 3HAK 3.4,
ACDII, ooposcnas ungpacmpykmypa, Acmana, oepanuyeHue 0BUNCEHUSL.

Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions
of the Creative Commons Attribution (CC BY NC) licence (https://creativecommons.org/licenses/by-nc/4.0/).
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KA3AKCTAHHBIH IIYFBLT KOHTUHEHTAJIJIbI KJIUMMATBI KAFTAHBIHIA
ABTOMOBMNIb KOJIIAPDI KABBIH/IAPBIHBIH MEP3IMIHEH BYPbIH TO3YbI
KOHE OJIAPAbI KAUTA ’KOHAEYAIH 3AMAHAYU CTPATETI'USAJIAPBI

Ia6ayauna T.M.!, Canapi6aii C. 1.5~

'A3amammuix KYpulIbIC HCoHE KOpULa2aH opmatul Kopaay gaxyiememi, UHacenepnix sicone
yughprvlk vLrvimoap mexkmedi, Hazapbaes Ynusepcumemi, Acmana, Kasaxcman Pecnyonuxacuol

*KoppecnonneHt aBrop: saken.sandybay@alumni.nu.edu.kz

AngaTtna.  ABTOMOOWJIb  JKONZAphl ~ MEMIJIEKET  DKOHOMHKACHI ~ MEH  QJIEYMETTIK
UHQPaKYpbUIBIMBIHBIH ~ Tiperi, anaiiga Ka3akcTaHHBIH IIYFBIT  KOHTHHEHTAJIbl KIMMAThl
JKaFJAUbIH/IA JKOJT JKAOBIHIAPHI JKOOAIBIK KhI3MET MEP3IMiHE KETICH TO3yFa YIIbIpaiabl. by
3epTTEyiH MaKcaThl, TEMIIEPaTypallblK, BUIFAJIJBIK JKOHE KOJIKTIK (aKTOpiapiblH OCEepiHEH
TYBIHIAUTBIH TO3y TYpJIEpiH kyieney, HazapbaeB YHUBEpCUTETI ayMarbIHIAFBI >KaObIHIAPIbI
JlaNlaNbIK acHanThIK Oaranay, )KoHe aliMaKThIK epeKIIeNiKTep il €CKepe OThIPHII, KaiTa KeHIeyAiH
THIMJII CTpaTeTUsUIapbIH Heri3aey. KYMBICTBIH FRUIBIMH-TTPAKTUKAIIBIK MaHBI3IbLIBIFBI OTAH IBIK
HopMatuBTik 6aza (KP CT, MEMCT) men xansikapansik Toxipudeni (AASHTO, PCI, IRI)
yiutecTipin, >XaObIHIBI JAMATHOCTUKAJIAYJIBIH KOHE KaIMblHA KENTIPYIiH KemeHIl TOCUIiH
yCbIHybIHIa. Onicteme 2022-2025 xbuiaparsl FEUTBIMU €HOEKTEpre CalbICThIpMaIIbl TANAAY IbI,
JlaNajablK MHCTPYMEHTaJ bl Oaranayabl (HUBEIUp, OJIIEYyill acranTtap, 4 HbICaH) KOHE apHailbl
TO3y KOO(PPUIIUEHTIH CaHIBIK ecenTeyi KaMTuIpl. CONTYCTIK aiiMakTa OOMIBIK jKOHE KOJICHEH
JKapbIKTap, OHTYCTIKTE IUIMTaNapAblH Kucaiobl 0ackiM; HY aymarblHBIH AananblK Oakbliaybl
JKapBIKTAp/IbIH K€H TapaJifaHbIH, IOHTeJIeK ONBIKTapbIHBIH HOPMATHBTIK LIETIHEH acMalThIHbIH
(8,4 mm) pactanpl. Kaiita ennenren [19T-nen mogudukanusinanrad 6utym (3% KOHIIEHTpaIus)
JKaOBIHHBIH KapbhIKKa TO3IMAUTITIH 42%-Fa NeliH apTThIpaabl. AJBIHFAH HOTHXKENEp CAIKbIH
pecaiiknunar, [IMb jkxoHe reocHMHTETHKAaHBI OIPIKTIPETIH alMAaKTBIK OeHIMIEeNreH XoeHJIey
HIeNTiM/IepiHe MPAaKTUKAIBIK HeTi3 Oepei.

Tyiiinai ce3aep: aBTOMOOMIIb JKOJIbI, 5KOJI AKAObIHBIHBIH TO3Ybl, IIYFbIJI KOHTUHEHTANIbl KIUMAT,
JlaNanblK acHanThIK Oaranay, CalKblH PECAMKIIMHT, MOJIMMEpPMEH MOAM(UKALUAIAHFaH OUTYM,
TFEOCHHTETHKAIBIK MaTepHUaaap

Kipicne
ABTOMOOUIIB KOJITAPHI €IA1H KOJIIK-JIOTUCTHKAIBIK )KYHEeCiHIH Heri31H Kypaiiibl )koHEe OHBIH
SKOHOMHUKAJIBIK 9Pl QJIEYMETTIK JaMyblHa TikeJded bIKman eresi. JKom >kaObIHBIHBIH carmachl
TOMEHJETEH/Ie  KOJIK  IIBIFBIHJIAPbl  apThIll, amaTTBUIBIK  JIEHTedl  KeTepuiedi,  ai
MH(PaKypbUIBIMBIK >k00anapAblH KYHbI )KOCHap/1aH ackln keTei [ 1]. Aymarbl KeH api A&KoJI xKeicl
y3ak Kazakcran ymin Oyl Mocene epekiie e3eKTi: )ka0bIHAap IbIH Mep3iMiHEeH OYpBIH TO3YbI KbLI
CallbIHFBI KOHJICY LIBIFBIHAPBIH €CeJIell, KeiHIH TYPAKThI )KYMBIC iCTeyiHEe Keepri KeATipeIl.
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Moacenenin O6actel ce0ebi, 0y emiMI3IiH IIYFbUT KOHTHHEHTAIIbI KiauMaThl. CONTYCTIK
eHipyiepae Kpicta aya Temieparypacsl —40 °C-ka neifin Tycim, jka3/a >KOFapbUIaiiibl; OHTYCTIK
aliMakTapna >kaObIHHBIH OeTki Temmeparypacbkl 45 °C-taH acampl. MyHAall TemrmeparypaibIK
amMumMtyaa acanbTOETOH MEH IIEMEHTOSTOH XKaObIHAapaa CO3bUTy KEpHEYJepiH TyIbIpca,
MY37aTy-epiTy LUKIJapbl TONBIPAK HETi31HIH TYpaKChbI3laHyblHA k0 amajsl [2]. KnumarTeik
EpEeKIIeTIKTep eCKepUIMel eCKipreH OIICTEPMEH >KOOallaHFaH KOJIap TEXHUKAJIBIK KBI3MET
KOPCETYyTre KOJaichI3 OOJIBIN MmIbIFaabl [3].

TakbIpBINTHI 3epPTTEYTe OTAHIBIK XKOHE MIETEIIK FaabIMIap eneymi yiec KocTol. b. Tenraes
neH opinrectepi Kazakcran xonaapelHIaFbl TeMIepaTypa MEH bUIFaJIbIH TapalyblH, My3JaTy-
epiTy MpoIecTepiHiH MEXaHM3MIH TEpPeH 3epPTTel, CONTYCTIK aiMakTa KaObIHHBIH HETI3T1
OY3BUTYBI KOJIJCHEH JKOHE OOMIIBIK KapbIKTap ekeHiH kopcetTi [1]. JI. CakaHOB OHTYCTIK ©HIpACTI
[IEMEHTOCTOH J>KAOBIHIAPJBIH AOKCTPEMAAbl BICTHIK KIMMAT JKaFJalbIHIA TUIATATaPBIHBIH
KHCAIObIH SKCIIEPUMEHTANIIBI Typae Aanenaeni [3]. A.OnibaeBa moauMep:ai-MoaupuKaIusIIay bl
KOCTaJIap/IbIH TOMEH COPTTHI OMTYMHBIH KapTaloFa TO3IMIUTITIH apTThIPAThIHBIH HeTi3aeAl [4], an
K. IlaxmoB nen K. Xadwu3 Tonbipak Heri3iHiH MY3/1aHybl MEH €pYiH €CKepy KaXeTTirlH atar oTTi
[2]. Aumaiima  allMakTBIK  KIUMATTBIK  EpeKIIeTiKTepre  OeWiMIenreH, MaTepHalIIbl
Moau(UKaIMsIIayAbl, CaJKbIH PECAKIMHITI OHE TE€OCHMHTETUKAHBI OIPIKTIpETIH KEeHIeHl
KOHJICY CTPATETHUSICHI KETKUIIKTI JKylierneHOereH — OYJI OChI )KYMBICTA TOJITHIPBUIATHIH FHUTBIMH
OJIKBUIBIK.

3eprreyniH MakcaThl — Ka3akCTaHHBIH IIYFbII KOHTUHEHTANIbl KIMMAThI KaF1ail bIHJaF bl
KOJ KaOBIHIAPBIHBIH TO3Y TYpPJIEPiH aliMaKTHIK TYprbiaa xkykeney, HasapbaeB YHuBepcureri
ayMarbIH/IaFbl HAKTHI OY3bUTYJIap/ibl ANalbIK aclanThIK Oaranay HOTH)KEIepiMEH JoJIeliey )KOHe
KP CT, MEMCT, AASHTO cranmapTrapblHa CYWEHE OTBIPBIN, KaiTa XOHACYAIH THIMII
CTpaTerusuIapblH HeTi3zey.

ojicreMe

3eprrey omictemeci eki Herisri OmoktaH Typansl: (1) FeUTBIME omeOuerTepre Kykeni
canpICThIpMalnbl Tanaay xkoHe (2) HazapGaeB VYuuBepcuteri (HY) aymarbiHmarsl JanaibiK
acrmanThIK Oaranay.

bipinmi 6mox asceiHaa 2021-2025 xbuiiap apajiblFbIHAAFBl ©3€KTI €HOeKTepre Moy
xacanbl. Contyctik Kaszakcran (kapThliail KaTThl )KaObIHAApP) MEH OHTYCTIK OHIp (LIeMEHTOETOH
*aOblHIap) canblcThIpblInbl. OfFaH  Koca, OJ KaObIHAAphl OY3BUTYBIHBIH KJIMMATTBIK
(dakTopiapra TOYENAUTINT MEH MaTepUaAbIK MHHOBAIUSIAPIBIH THIMIUTIT] TalaH/bl.

Exinmi 6ok — nanansik 6aranay — HY aymareianarst 4 Hpican bl (CypeT 1) KaMThIbI:
Nel — aBT0OYyC asnaamacel, Ne2 — Kaban6aii bateip kemeci sxarbiHaH 6acThl Kipebepic, Ne3 —
3, 5, 7-6noktap aynacelHAarbl aBTOTypak, Ned — TypaH HaHFbUIBI KarblHaH aylna. baramay
IpoIielypachl K€3eH-Ke3eHIMEH OpPBbIHAAIIbI:

(a) HpIcaHABl BHU3yalasl Tekcepy >koHe Oy3buty TypiepiH AASHTO/LTPP xikremeci
OOMBIHILIA COMKECTEHIPY;

(0) meHrenex oMbIKTapbIHBIH TepeHAIriH (2, l3) HuUBeIHMp koHE OJIIICYII ChI3FBIIT aPKbLIbI
op6ip 5 MeTp caiibIH euey;

(B) >KapBIKTapIbIH €H1 MEH Y3bIHJIBIFbIH OJIIIEY;

(r) nepexrepai >kaObIHHBIH kai-Kyii unaekci (PCI) MeH XasiblKapajblK TETICTIK MHAEKCI
(IRI) TypreicbiHaH eHzey [2], [5].

JKaObIHHBIH KalIbl TO3y JCHTEWIH CaHABIK Oarajay YIIiH Oy3bUTyJapblH ayJaHbl MEH
AYBIPJIBIFBIH €CKEPETiH TO3y KO (UIIMEHT] YChIHBIIIbL:

Kinosy = (X A4i - wi)/ Ascarnvi (1)

MYHJAFBL: Koz — MKaOBIHHBIH >KalnbulaHFaH To3y Koadduuuenti (0-1); A; — i-1mi Oy3buty
TYPIHIH ayJlaHbl, M%; W; — COJI OY3bUTYy TYPIHIH aybIPJBIK CAIMaKThIK KO3 uiueHTi (temex — 0,3;
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oprama — 0,6; xorapbl — 1,0); Aycams — TEKCEPUITEH >KAOBIHHBIH JKaJMbl ayAaHbl, M2
Koadduument MoHi 1-re jxakbIHIaFaH CalibIH TOCEMENIEPIHIH TO3Y AIPEKECi dKOFaphl O0IAIbI.

HoaTum:kesiep xoHe TANKbLIAY

Aiumakmuoi manoay: Conmycmik yxcane Oymycmik Kazaxcman

Kyprizinren rannay Kazakcras sxongapbiHa TOH OY3bUTYJIAP.IbIH KEH CIICKTPIH aiKbIHA IbI:
JIOHTEJICK OUBIKTAphl, OOMIIBIK KOHE KOJJICHEH >KapbIKTap, MIApIIAy >KapbIKTAphI, IMIYHKBIpIAp,
OJIOKTBIK JKapbIKTap JKOHE KbUIThIpaFaH arperartap. by3purynapibiH Tapaiybl MEH aybIPJIbIFbI
aliMaKTBIK KJIMMATKA TIKEJEH Toyeln i 0ok MBIKTEL. Herisri canaslk kepceTkimrep 1-kectene
KUHAKTAJIFaH.

Kecrte 1 — XKon sxaObiHIapBIHBIH TO3Y KOPCETKIIITEpi

. . HopmaTtus | AybIpJbIK
To3y (0y3bL1y) TYPI AlMaK / HbICaH Ou111eHreH MOH weri emreiii
Kennenen >xapbikrap Conryctik KP, km o
(canb) 457-496 821 xapbIK Korapel
. Conryctik KP, km
Bboiinblk xkapbikrap (caHbl) 457-496 75 xapbIK — Opramma
BIIOKTBIK JKapbIKTap Conrycrik KP 19-310 a2 o ToMen
(aymak) yJackeci
I[eHren§K OMBIKTApbI ConTycTik KP 2.5-18.7 M <20 mm Oprama
(TepeHIiK) yJackeci
Z[eHrengK OUBIKTaphI HY aymarsl, 8.4 MM <20 mu YKakcer
(TepeH/iK) asigama
KenneneH xaphbik (eHi) HY aymarsi, 3,0cm <19 mm* Opramma
Kipebepic ’ -
Onrycrik KP, o o
[Inuranapabig KUCarobl 5eTOmH sKaGLH Oerki t° > 45 °C — Korapsel
.. Contyctik —
Mysnany TepeHiri Onrycrix KP 270 — 60 cm — —

* AASHTO/LTPP sicikmemeci 60UbIHUA HCAPBIK eHIHIY OpMAULA AYbIPAbIK ULe2l.

Conryctik Kazakcranna (TenrtaeB 3eprrereH «ExatepuHOypr—AaMarb» OarbITHIHBIH
yuackecinae) 457-496-1mb1 kumomMeTpiep apainbiFbiHaa 821 KesieHeH koHe 75 OOMIBIK sKapbIK
TIpKENITeH — Oyl TemmeparypanblK LMKIAApAbIH OackiM ocepiH KepceTeni. bBioKThIK
JKapbIKTapIbIH *Kaimsl ayaanbl 3500 m? yuackene 19-nan 310 m2-re AeiiH aybITKBIIBL; TOHTEIIEK
oifbIKTapel 2,5-18,7 MM apanbifblHa, HOPMATHUBTIK 20 MM IIeriHe >YbIK OOJFaHABIKTaH
OakpuTay bl KaKeT eteni [1].

Omnrycrik Kazakcranna Gactel mpobiieMa — I[EMEHTOETOH IUIMTaJapIblH TEPMUSIIBIK
negopmanusicel. betki Temmneparypa 45 °C-tan ackaHja mmTanapaa 1updepeHanibl KeHeo
MEH BUTFaJ )KOFATYbl OPBIH aJIbIM, OJIApIbIH KUCAIOBl MEH KUEKTEPIHIH Oypairysl OaliKamaabl; Oy
HNOPTIAHALEMEHTTIH MHHEpaJIbl KypaMblH KaTaH OakpliayIblH OonMaybIMeH kymiededi [3].
My3nany TepenAiriHig en OoiibiHma conryctikreri 260270 cm-neH onrycrikTeri 60—70 cm-re
JeiiH e3repyl )kobaay Ke3iHae alMaKThIK TOCUIIIH KaXETTIrH ailKbIHaai b [2].

Ha3zapoaee Ynueepcumemi aymazoinoazel 0anaivlK 3epmmey

HY aymarpl Opranbsik Kazakcranna opHagacKaHbIMEH, KIMMaThl CONTYCTIK OHIpre yKcac:
kaHTapaa —20 °C-ka nelin cysIThin, muaaeae +26 °C-ra neiin Kpi3aapl. 3epTTey OaphichiHaa 4
HbIcaH Oo¥ibIHIIA acnanThIK Oaranay >xyprizinai (Cyper 1).
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Cypet 1 — HY aymMarbIHaFbl 1aajblK 3epTTE€y HbICAHAAPBIHBIH OpHAJIACY CXEMAachl

Nel Hpican — ABTOOYC asii11aMachl

Asnnama aymarblHIa €Kl Typyl Oy3bULy aHBIKTQIJbl: JOHIEJICK OWBIKTaphl >KOHE
xbuITBIparan arperarrap (Cyper 2). Ayblp aBTOOyCTapAblH YHEMi TOKTAaybl MEH TEeXKemyi
*aObIH/Ja TUIACTUKAIIBIK Aedopmarus Ty apipajibl. OWBIKTapAbIH TEPEHITT HUBEIUP apKbUIbl 5 M
caifbIH eyIeHi (2-kecte).

A NeTr &'y fida

Cyper 2. XbuiTblparas arperarrap

Kecte 2 — ABTOOYC asnmaMachiHAaFbl JOHTEIEK ONBIKTAPBIHBIH TEPEHJIIT1

CoJ KaK
. OH kaK J6HTeJIeK
Oaey HykTeci JOHTeJIeK KOJIbI, Eckeprty
KO0JIbL, 13, MM
M2, MM
0OMm 9 10
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Co sxeak OH kaK JeHrejeK
Ouey HykTeci JAOHIeJIeK KO0JIbI, M ARAK AOH Eckeprty
JK0JbI, 3, MM
M2, MM

S5Mm 9 15

10 m 7 12

I5m 2 12

20 m 4 15

Opramra 6,2 10,6 K To3y = 0,42 (>xakchl)

1 (meHrenexTep apachlHAAFEl TepeHIIK) = 0 MM fen anbiaabl. OpTaia TepeHIiK:
Dot = (M2 + A3) /2 — D1 =(6,2 + 10,6) / 2 — 0 = 8,4 mm (2)

AASHTO nopmartuBtepi OoiibiHma 5—10 MM apanbIKTarbl OMBIK <GKAKChI» JKal-KyWre
coiikec KeJeni; Kyprizyuiiepre aitapaslkraid acep turizoeiiai. To3y koaddunuenti K to3zy =
0,42, sFHU HBICAH TPOQPIIAKTHKAIBIK OaKbUIAyJbl KAKET ETETiH <OKaKCh» caHaTTa. beTTiH
KBUITBIpAYbl OpTalla AeHrehje OaralaHfpl; TaWbIll KETYIIH alJbIH aly VIIH KYKa BICTBIK
acanpTOeTon (HMA) KabaTelH Tecey »oHE arperarrapblH YHKENiC KaCHeTTEepiH KaKcapTy
YCBIHBLIABIL.

Cyper 3. CoJ xoHE OH KaK JOHTeNeK kKOl TEPSHIIT1

Ne2 npican — Kaban6aii barbip kemeci :xarbIiHaH KipeOepic

Heican eki yuackere GemniHl. YHUBEPCUTETTIH Kipebepic Oeirine xoiabH eHine TeH (12
M) K6JIIeHEH >KapblK aHBIKTAJbI; KAPBIKTHIH OpTalla eHi 5 enmey Hykrecinae 3 cM 6omnabl. EHi
30 mm-nieH acatbiH kapblk AASHTO/LTPP GoiibiHina «KoFapbh» aybIpIIbIK JOpEkKECiHE KaTabl.
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Cebebi — AcTaHaHBIH NIYFBIT KOHTHHEHTAJBl KJIMMATBIHIA MKOJI JKa3/la KEHEHIr, KhIcTa
TapTBUTYBL: CO3BLTY KEPHEY1 )KaOBIHHBIH OETKI KOJIeHEH >KapbLIybIHA aJbIN KEeNe/i.

TG SN

Cypert 4. KenaeHeH *kapblK ®KoHE OYPBIILITHIK KapbIKIIAK

ABTOK6IIIK Kipebepic KMbUIBICBIH/IA OYPBIIITHIK *KapbIKIIak Oaiikanael. blkruman cedenrepi
— KOJI TIOJIOTHOCKHIHBIH OipKEJKi TericTeaMeyi, COHaii-aK aybIp )KYKTEMEHI MIbIAal alMaiThIH
Heri3 OeH iprerac KaOaTTapbIHbIH Hallap ThIFbI3NANybl. JKeHey 1apachl peTiHjie KapbIKTapabl
MacTHKa HEMece SMOKCH/TI KOCIIaMEH THIFbI3/Iay ’KOHE HETI3/1H OCpIKTITiH apTTHIPY YCHIHBLIAIBI.

Ne3 Hpican — ABTOTYpAK (3, S, 7-0/10KTap ayJackl)

3epTTeNreH HbICAHIAP/IBIH IMIIHACTI €H KYPJCIi JKaliChI3 kKarqail OChbl HbICAHIA TIPKEII.
JKabbn Getinne OipHeme 0y3buTy TYpi Oip Mesrinae Oaiikanasl. bacsim Oy3bity — eHi 3—5 cm-re
JIEH1H J)KEeTKeH KOJJICHEH JKaphIKTap (ayBIPJIBIK JEHTeHi dKOFaphl, Ke3JeCy KHUIIr oTe KOFaphl).
BoiinpIk skapbIKIIakTap a TipKeni (aybIpiablK IeHTreli opTalia, )Kuiliri cupek). bymapaan 6acka
nrapriayaad OOJIFaH )KapbIKTap MEH ITYHKBIPJIAP aHBIKTAIIBI (AYBIPIIBIK ISHTCH1 dKOFAPHI, XKULTITI
MUHHMAJIJIBI).

HIyHKbIpIap MEH MIapiiay *apbIKTapbIHBIH Olp Me3riiae Ke3jecyi — Heri3 KaOaThIHbIH
JKETKITIKCI3/IIT, )Ka0BIH KaTBIHABIFBIHBIH KEMICTIr KOHE CYJIBIH CIHY MOCEJIECIHCH TYBIHIaNIbI.
Tozy koadduuuenti (1) popmynacs! GOHBIHIIA €ceNTeNAl: OpPTa aybIPIABIKTAFbI OOMIIBIK KapbIKTap
w = 0,6, )KOFapbl aybIpJbIKTaFbl KOJJAeHEH kapblkrap w = 1,0, mapmay xapsikrapel w = 1,0.
Heicanna »xaObIHHBIH Kannbl To3y kKoddduuuenti K to3y = 0,72 Gonabl, Oy opTa nopexeni
TO3Y/bI KOHE KEIICH]II XKOHJCY/IIH KKETTITTH KepceTedi. Y CHIHBUIATHIH Iapa: >KapbhIKTapabl
TBIFBI3JIAY, KabaTTacTeipy (overlay), aj HIYHKBIpIap OpHBIH/IA — JKalMai )kaMay *KYMBICTaphbl.
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Cyper 5. KenjeHeH xoHe OOUIBIK KapbIKTaP

Cyper 6. XKonaplH mapiiaybiHa OaiIaHbICThI )KapbIKTap MEH IIYHKbIpJIAp

Ne4 npican — TypaH JaHFBLIBI )KaFBIHAH ayJia

Ne4 mpican HY aymarbIHBIH OaThIC )KaFbIH]Ia OpHATIACKaH. byt skep e e Heri3ri Oy3buty Typi
— TeMIepaTypaiblK HUKIAapIaH TybIHIANTHIH KeJieHeH xapbikTap. Kantapaa —20 °C, mringene
+26 °C TtemmeparypasiblK aMIUIUTYAAachl KOJa JKbUIJAAM KEHEIO-)KUBIPBLTY JTHHAMHKACHIH
TyabIpansl. 4 enmiey HYKTECiHAE JKapbhIKTapAblH eHi 6—19 mwm apanbirbinga 6omaer — LTPP
HYCKaYJIBIFbI OOMBIHIIIA «OpTaIiay aybIpJIbIK JeHreline coiikec. CoHmaii-ak 0ipiri->kapbiM OOMITBIK
JKapBIKTap Ja TipKeIIi.

Xenney mrapacel peTiHIe JKapbIKTapAbl ac(aabT MAaCTHKACBIMEH TOJTHIPY JKOHE jKamay
(patching) eH THIM/I1, IIBIFBIH TUIMI TOCLT OOJBIT TAOBLTAIBI.
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Cyper 8. BolBIK NEH KeJIIeHEH JKapbIKTap

Kenpaey crparerusijiapbl MeH MaTepHAIABIK IemIiMaep

Hananeik Oakpuiay HOTHIXKENEpl OapiblK 4 HBICAHAA TEMIEPaTypalblK KapbIKTapIbIH
0achIMIBIFBIH pacTajgbl — Oy TelTaeBThIH COJTYCTIK aiiMaKKa apHaJFaH TYKbIPhIMIapbIMEH
TONBIK YHAecemi [1]. Bapnblk Oy3puTyNmapiablH TYNKI ce6edi — CTaHIapTThl OUTYMHBIH
TEMIIepaTypara >KOFaphbl CE3IMTAIIBIFbL: JKa3/1a KYMCAPBII JehopMallusIaHa Ibl, KbICTa ChIHFBIII

20


https://doi.org/10.71031/

Qazaq Highway Science and Innovation, 2026, N2, DOI: https://doi.org/10.71031/

6o xapeiiaabpl. COHABIKTAH 3€pTTEYAIH MaTepHAIBIK O6Jiri OChl MOCEJCeHI IIeneTiH
WHHOBAIVSUIBIK MICTTiMIEpTre OarbITTaNIbL.

Kaiita ennenren [I9T mmacrturimen moaudukanusuianrad Outymasl tangay (Cyper 1)
OHTaiIbl KOHIIEHTpanus 3% eKeHiH KopceTTi: KbIcy OepikTiri 31%-ra, pirbicyra kenepri 34%-ra,
aJl TOMEH TeMIlepaTypaiarbl xKapblkka Te3imaunik 42%-ra apraas [4]. byn KazakcTaHHBIH CybIK
KIIUMAThl YIIiH IIENTyIIi MaHBI3bl, OUTKEHI JJI TeMIIepaTypaNIbIK KaphIKTap XKaObIHHBIH 0ac
Oy3bUTybl OonbIn TaObUTanbl. XUMHSUIBIK Moauduxatopiap OutymHelH RTFOT kaprarob
Ke31HJIET1 €Hy MOHIH CaKTarl, )KaObIHHBIH KbI3MET €Ty MEP3iMiH Y3apTalbl.

= Kpicy GepikTiri
s biFsiCyFa kepeprl
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MapbiKKa Tesimainixk
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-
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o

=
W
o
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(moaundukauuanaHbaraxd = 100%)
—
N
o

90 -
0% 1% 2% 3%
(Moand. (oHTanNBI)
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Kanta eqaenred M3T NNacTUridiy, KOHUEHTPaLWUACs!

Cypert 9 — PecallkiuHT o/MiCiHIH THIMIUTIT: KaliTa eHaenreH [19T KOHIIEeHTpausICBIHBIH KaObIH
KacueTTepiHe acepi

AJBIHFAH HOTHMIKEJIepre CyWeHe OTBIPBIN, YII CTpaTeTUsiHbl OIpIKTIPETIH KeIeHl TACLI
yewiabiIanel. Contyctik eHipae (HY aymarsl KiMMaThIHA YKCAC) — TEMIEPATYPaIIBbIK KapPBIKKA
te3imal [IMBb MeH reocMHTETHKalbIK I'e0TOpJiap; OHTYCTIK ©HipJe — OETOH IUIMTaNap/blH
TEPMUSUTBIK TYPAKTBUIBIFBIHA JKOHE TOPTIAHIIEMEHTTIH MHHEpalIIbl KYpaMblH OakplIayra
OaceIMABIK Oepy; ai opTaiia To3y AeHreiinaeri Heicannapaa (HY aymarsr Nel, Ne4) — cankpin
pPECalKIMHT apKBUIBI €CKi KaObIHIBI OPHBIHAA KalTa eHJey, MaTepHall IIBIFBIHBIH koHEe CO:
OHIMIH a3aiTy.

KopbIThIHABI

JKyprisinren 3eprrey KazakcTaHHBIH MIYFBUT KOHTHHEHTAIIBI KITMMATHI JKaFIalbIHIa HKOJ
*KaOBIHAAPBIHBIH TO3Y 3aHABUIBIKTAPBIH aMaKTHIK TYPFBIAA Kyienern, HazapOaeB YHuBepcureri
ayMarbIHJaFbl JanalblK OakpuiaynapmeH gonenaeni. ConaTycTik eHipae OackiM Oy3pLayiap —
TEMIEPaTypasblK [MUKIIAPIAH TYBIHAAUTHIH KOJICHEH XOHE OOWMIBIK KapbIKTap, al OHTYCTIK
OHIpJIe — IKCTPEMAIIIBI BICTHIKTAH OOJIATHIH [IEMEHTOCTOH ILTUTAIAP/IBIH KUCAFOBI AHBIKTAJIJIBL.
HY aymarsingarel 4 HbICaH/Ia )KYPTi3UINeH aclanThIK Oaranay/a >KapbIKTapAblH KEH TapaFaHbl
pacTaiipl; JOHTENeK OWBIKTAphIHBIH TepeHairi (8,4 MM) HOPMATHBTIK INEriHEH acIajbl.
ABToTYpaK aitmarsl (Ne3 HbIcaH) eH aysIp aii-kyhae 6onaer: K To3y = 0,72, kemeH i xoHaey i
Ka)KeT €TETIH AEHIEN.

¥YcpiHpuFan To3y Ko3dduumenti (1) kaObIHHBIH >Kail-KyHiH OOBEKTHUBTI CaHJBIK
OaranmayaplH OipbIHFall eymeMi peTiHAe nakpamaneuia anaapl. Kaita enmenren [19T-men
MomuduKanysiianFad  outym (3%  KOHLEHTpalMs) TOMEH TeMIeparypagarbl JKapblKKa
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TO3IMAUTIKTI 42%-Fa JEeWiH apTTHIPATHIHBI KOHJIEY IIBIFBIHBIH a3alTyAbIH HAKTHI YKOJIBI OOJIBII
TaObLIAIBL.

bomamak 3eprreynepae MoaudHKaIMSUIAHFAH — KOCMAjlap MEH TI€OCHHTETHUKAJIBIK
HICIIMICPIIH HAKThl AKCIUTYaTalUsUTBIK JKaFaalJarel y3aK Mep3iMJli MOHUTOPUHTIH KYPri3y,
TO3y KO3(PQOUIUCHTIHIH CAJIMAKTBIK MapaMeTpJepiH OTaHIBIK KIUMATTBIK JIEPEKTepre CyheHe
JIOIIZICY JKOHE op alMaKKa apHAJIFaH TUNTIK JKOHJEY PErJIaMeHTTEPIH d3ipiiey YChIHBUIAIBI.
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MPEXJAEBPEMEHHBIN N3HOC JJOPOKHBIX IOKPHITHUI B YCJOBHUAX PE3KO
KOHTUHEHTAJIBHOT'O KNIMMATA KA3AXCTAHA 1 COBPEMEHHBIE
CTPATEI'NM UX PEMOHTA

Ta6ayauna T. M.!, Canawi6aii C. .17

! hakymbTeT TpaXkIaHCKOTO CTPOUTENLCTBA M OXPAHBI OKPYIKAIOMIEH CPe/ibl, IKOJIA HHKEHEPHBIX
u nudposbix Hayk, HazapbaeB YHuBepcuret, Acrana, Pecmyonuka Kazaxcran

* ABtop-Koppecnonaent: saken.sandybay@alumni.nu.edu.kz

AHHOTanus. ABTOMOOWIbHBIE JOPOTHU SIBJISIOTCS ONOPOM SKOHOMHUKH U  COIMAJIbHOU
UHQPACTPYKTYpbl TOCYIapcTBa, OJHAKO B YCIOBMAX pE3KO KOHTHMHEHTAJIBHOIO KJIMMAaTa
Ka3zaxcrana 1Opo>KHOE MOKpBITHE IOJABEPIraeTcs M3HOCY A0 JOCTH)KEHHS IPOEKTHOIO CpOKa
ciyx0bl. llenpto fmaHHOrO HCClENOBaHUS  SIBISETCS CHUCTEMaTH3allMs BUAOB H3HOCA,
BO3HHUKAIOIIMX IOJl BO3JCHCTBHEM TEMIIEPATYPHBIX, BIAXHBIX U TPAHCHOPTHHIX (HAKTOPOB,
nojeBas UHCTpyYMEHTaJbHAsl OLEHKa HOKpBITUH Ha Teppuropun HazapbaeB YHuBepcurera U
o0ocHoBaHME () (PEKTUBHBIX CTPATETUH PEKOHCTPYKIIUH C YUETOM PETHOHATIBHBIX 0COOEHHOCTEH.
HayuHo-npakTHueckass 3Ha4MMOCTb PabOThl 3aKJIIOYAETCs B COIVIACOBAHUM OTEYECTBEHHOM
HopMatuBHOi 6a3pl (CT PK, I'OCT) u mexnynapoanoro omeita (AASHTO, PCI, IRI) u
IIPEIOCTABIEHUN KOMIUIEKCHOIO IIOAXOJa K JUAarHOCTMKE M BOCCTAHOBIICHUIO IIOKPBITHUS.
Metoauka BKJIIOYAET CPABHHUTEIBHBIM aHanW3 HaydyHbIX pabor 2022-2025 rr., MOJEBYIO
UHCTPYMEHTAJIbHYIO  OLIEHKY (HMBENUp, H3MEpUTeNbHble MNpuOOpel, 4 o00beKkTa) U
KOJIMYECTBEHHBIN pacyueT CIeUalbHOT0 Kod(duImenTa n3Hoca. B ceBepHoii 30He npeodiaaaoT
IpPO/OJIbHBIE M TIONEpEYHble TPEIIMHbl, Ha ore-KkpuBu3Ha uT; IloneBoe HabmoneHME
tepputopun HY mnoaTBepausio IIHMPOKOE paclpoOCTpaHEHHWE TPEUIMH, HE IPEBBIIIAIOIINX
HOPMATUBHBIM mpeAen Kpyriablx npoemoB (8,4 wmm). burym, MoauduuupoBaHHbIN
nepepadbotanubiM 19T (konuenTpauus 3%), yBeIUUMBAET CBETOCTONKOCTD MOKPBITUS 10 42%.
ITosrydyeHHBIE pe3ynbTaThl NAlOT MPAKTUYECKYIO OCHOBY JUISl PErMOHAJIBHBIX aJalTHPOBAaHHBIX
pELICHUI IO PEMOHTY, COYETAIOIINX XOJOAHBIN pecalkiunr, [IMb u reocuHTeTHKY.

KiawueBble cioBa: aBTOMOOWJIBHAs —JIOpora, M3HOC JIOPOXKHOTO  TOKPBITHS, Pe3KO
KOHTHHEHTAJbHBIA KJIMMAT, 10J1€Basi HHCTPYMEHTaJIbHAs OLIEHKA, XOJIOAHbIN PECAUKIINHT, OUTYM,
MOJIU(HUIMPOBAHHBINA MOJTUMEPOM, FTEOCHHTETHUYECKUE MaTEPUaIIbI

PREMATURE DETERIORATION OF ROAD PAVEMENTS UNDER THE SHARPLY
CONTINENTAL CLIMATE OF KAZAKHSTAN AND MODERN STRATEGIES FOR
THEIR REHABILITATION

Gabdulina T. M. !, Sandybay S. D. I~

!Civil and Environmental Engineering Department, School of Engineering and Digital Sciences,
Nazarbayev University, Astana, Republic of Kazakhstan
* Corresponding author: saken.sandybay(@alumni.nu.edu.kz

Abstract. Highways are the backbone of the economy and social infrastructure of the state, but in
the conditions of the extreme continental climate of Kazakhstan, road surfaces are subject to wear
and tear before reaching the project service life. The purpose of this study is to systematize the
types of wear caused by temperature, moisture and transport factors, to conduct an instrumental
field assessment of coatings on the territory of Nazarbayev University, and to justify effective
reconstruction strategies taking into account regional characteristics. The scientific and practical
significance of the work lies in the combination of the domestic regulatory framework (St RK,
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GOST) and international experience (AASHTO, PCI, IRI) to provide an integrated approach to
the diagnosis and restoration of coatings. The methodology includes a comparative analysis of
scientific papers for 2022-2025, a field instrumental assessment (leveling, measuring instruments,
4 objects) and a quantitative calculation of a special wear coefficient. In the northern zone,
longitudinal and transverse cracks predominate, in the southern zone, the curvature of the plates.
Field control of the NU territory confirmed that cracks are widespread, do not exceed the
regulatory limits of wheel grooves (8.4 mm). Bitumen modified with recycled PET (3%
concentration) increases the light resistance of the coating to 42%. The results obtained provide a
practical basis for regionally adapted repair solutions that combine cold resiling, PMB and
geosynthetics.

Keywords: highway, road surface wear, emergency continental climate, field instrumental
assessment, cold recycling, polymer-modified bitumen, geosynthetic materials.

Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions
of the Creative Commons Attribution (CC BY NC) licence (https://creativecommons.org/licenses/by-nc/4.0/).
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HAYYHBIE TIOAXOAbI U METOABI INTAHUPOBAHUSA CETH
BEJIOCUIIEJHBIX JOPOKEK B YCJIOBUAX PAZBUBAIOIIIUXCA I'OPOJOB

A. M. Kapabaes', A. A. Hopmyxammagos'

'"TalIkeHTCKUI rocyAapCTBEHHBINM TPAHCIIOPTHBIN YHUBEPCUTET, I'. TallIKEHT,
PecryOnmka Y30ekuctan

*Koppecnonnent-aBtop: ab.karabayev(@gmail.com

AHHOTanusl. B ycioBusix yckopeHHOM ypOaHM3allMM M pOCTa aBTOMOOMJIM3ALMU B
Pa3BHUBAIOIIMUXCS TOPOJIAX BO3PACTAIOT IPOOIEMBI TPAHCIIOPTHON MEPETPYKEHHOCTH, YXYAILICHUS
9KOJIOIMYECKON CUTyallud M CHW)KEHHMsI KauyecTBa TOpoACKoi cpenbl. B 3Toil cBsi3um pasButue
BEJIOCUTICAHON WHMPACTPYKTYphl paccMaTpuBaeTCsl KaK OAMH W3 MPUOPUTETHHIX AIIEMEHTOB
yCTOMUYMBON ropoackoil MoouiabHOCTH. OpHako 3((EeKTUBHOCTH BHEIPEHUS BEJIOCUIIEIHOTO
TPaHCIIOPTa BO MHOTOM OIPEACISETCS HAyYHO OOOCHOBAHHBIM IUIAHUPOBAHUEM CETHU
BEJIOCUIIETHBIX JOPOXKEK.

]_IGJH)IO IIaHHOﬁ CTaTbu SABJIICTCA CHUCTEMaTuU3allusa U CpaBHI/ITCJIBHBIf/i AHAJIN3 HAy4YHBIX
HOAXO0B U METOJOB IUIAHUPOBAHUS CETHU BEJIOCHUIIEAHBIX JIOPOKEK C Y4YETOM crenupuKu
pa3BUBAIOMIUXCS TOPOIOB. B paboTe paccMOTpeHbl HOPMATUBHO-TUIAHUPOBOYHEIE, TPAHCIIOPTHO-
Mozenupyomue, mnpocrpaHcTBeHHble (GIS-ocHOBaHHBIE), COLMATbHBIC, 3KOJOTHYECKHUE U
HSKOHOMMUYECKHE METOJbl (OPMHUPOBAHUS BeJdocHUNEeOHBIX ceTeil. Ocoboe BHUMaHME YIEIEHO
OLIEHKE UX MPUMEHUMOCTH B YCIOBHSIX OTPaHUYEHHBIX PECYPCOB, Ae(UIINTa UCXOIHBIX JaHHBIX
U pparMeHTapHOM rOpoJCKON 3aCTPOUKH.

Pe3ynbrarhl uccneoBaHus MMOKa3bIBAIOT, YTO HanOojblIel 3pPEeKTHBHOCTBIO 00a1at0T
KOM6I/IHI/IpOBaHHI)I€ noaxoAanbl, OCHOBAaHHBIC Ha HWHTCTrpallid HOPMATHBHBIX Tp€6OBaHHﬁ,
IPOCTPAHCTBEHHOIO aHAJIN3a, OLIEHKU OE30MacHOCTH JIBUKEHUS M COLMAIBbHO-IKOJIOIMYECKUX
kputepueB. [lomyueHHble BBIBOJBI MOTYT OBITH HCIIOJIB30BAaHbI NPHU pa3pabOTKe cTpaTeruit
pasBUTHs BeNOCUNETHOW HMH(PAcTpyKTypsl M (OPMHPOBAHUU YCTOMUMBBIX TPAHCIOPTHBIX
CUCTEM B Pa3BHUBAIOIINXCS TOpoax.

KiroueBble cioBa: BejocunenHas HH(pacTpyKTypa, BeJIOCHUIEIHBIE JOPOXKKH,
TPaHCIOPTHOE IJIAaHUPOBAaHUE, YCTOMYMBOE Pa3BUTHE, TOPOACKasi MOOMIIBHOCTb, Pa3BUBAIOLIUECS
ropoza.

1. BBenenne

BrIcTphIe TeMITbl ypOaHU3aIUK U POCT YPOBHS aBTOMOOMIIU3AIINH SBISIFOTCS XapaKTepHOU
O0COOCHHOCTHIO pa3BUBArOIIMXCS TopomoB XXI Beka. YBeTMYEHHWE YHUCICHHOCTH JIMYHOTO
aBTOTPAHCIIOPTA MPUBOAUT K XPOHUUYECKON TEPETPYKEHHOCTH YIMYHO-IOPOKHON CETH, POCTY
BBIOPOCOB 3arps3HSIONINX BEIIECTB, MOBBIIICHUIO YPOBHS IIyMa U YXYAIIEHUIO 3KOJIOTUYECKOTO
COCTOSIHHSI TOpOJICKO¥M cpensl [7], [8]. MHOroYncCIeHHBIE WCCIENOBAaHUS TOATBEPKIAIOT, YTO
TPaJAUIIMOHHBIE MEPBI TPAHCTIOPTHOTO MJIAHUPOBAHMSI, OPUECHTHUPOBAHHBIE TPEUMYIIIECTBEHHO Ha
pacumpeHre Mpoe3Kel YacTH W MPOIYCKHOM CIMOCOOHOCTH Maructpalieid, He 00ecrneuynBaroT
YCTONYHMBOTO PELICHUS TaHHBIX IPOOJIEM B IOIITOCPOYHOMN TepcrekTuBe [7].

B 5TuxX ycnoBusSX BENOCHNEIHBIH TPAHCTIOPT pacCMaTPUBAETCS KaK OAWMH M3 HamOojee
3¢ GEKTUBHBIX U JOCTYITHBIX HHCTPYMEHTOB YCTOWYHBOM TOpoIcKoi MOOMIbHOCTH. Ero pa3Butue
CroCcOOCTBYET CHIDKCHHIO TPAHCTIOPTHOM Harpy3KH, COKpaimeHnut0 BEIOPOocoB CO:2, MOBHIIIEHUIO
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(U3UYECKOM aKTUBHOCTH HACEJICHUS 1 YIIYUIIICHUIO KaueCTBa ropojIcKoi cpensl [2], [6], [10], [14].
[To nanubiM BecemupHoii opranu3aiu 34paBooXpaHeHusl, PETYIsPHOE UCTIOIb30BaHNE aKTUBHBIX
BUJIOB TIEPEABMKECHNUS, BKIIIOYasl BEJIOCHUIIE, OKAa3bIBAET MOJOKHUTEIbHOE BIMSHUE HA 3/I0POBbHE
HACEJICHUsI M CHUXKAET COLMAJIbHO-DKOHOMHUYECKUE H3ICPKKH, CBA3aHHBIC C 3a00JIEBaHUSIMH,
00yCIJIOBJICHHBIMH MaJIONIOIBMXKHBIM 00pa3oM xu3uu [10], [14].

HecmoTps Ha o4yeBHIIHBIE TPEUMYIIECTBA, PA3BUTHE BEIOCUIICTHONW MH(PPACTPYKTYpHI B
Pa3BUBAIOIIMXCS TOPOJaX CTAIKUBACTCS C PAJIOM CUCTEMHBIX OrpaHuuYeHuil. Bo MHOTHX citydasix
BEJIOCUIIETHBIC JIOPOXKKM TPOCKTUPYIOTCS (parMeHTapHO, 0e3 (opMupoBaHHsS CBS3HOW U
HENPEPHIBHONW CETH, YTO CYUIECTBEHHO CHI)KA€T HMX TPAHCIOPTHYIO M (PYHKIHMOHAIBHYIO
apdextuBHOCTE [1], [5]. OTCyTCTBHE KOMIUIEKCHOTO MOIXOJa K TUTAHUPOBAHUIO TMPHUBOAHUT K
HU3KOMY YpOBHIO HCIOJIB30BaHUS CYIIECTBYIOIIEH UHOPACTPYKTYpbl U (QOPMHPOBAHHIO
HEraTUBHOI'O BOCIIPUATHSI BEJIOCUIIE/IA KAK [TOJIHOLIEHHOI'O BUa FOPOACKOI0 TPAHCIIOPTa.

AHanu3 Hay4dHbIX MyONMKalMi MOKA3bIBAeT, YTO 3HAYMTEIbHAs YacTh UCCIIEIOBAaHUN B
00JIacTH MJIAHUPOBAHUS BEJIOCUIICAHON HH(PPACTPYKTYPHI OPHEHTUPOBAHA HA YCIOBUS Pa3BUTHIX
CTpaH, XapaKTEePHU3YIOLIUXCS BBHICOKMM YPOBHEM HMHCTUTYIIMOHAIBHOM 3pEIOCTH, HAIUYHEM
JIETATU3UPOBAHHBIX TPAHCHIOPTHBIX JAHHBIX M YCTOWYMBBIMU TPAIULMSIMU HEMOTOPU30BAHHOM
MooOmwibHOCTH [8], [24]. B TO ke BpeMs B pa3BUBAIOIIMXCS TOpOJAax TMPOIECC BHEIPEHUS
BEJIOCUIIEHBIX CEeTel OCHIOXKHSAETCS Je(UUUTOM HCXOIHBIX JaHHBIX, OrPAaHUYCHHBIMU
(UHAHCOBBIMU peCypcaMu, CMEIIAHHBIM XapaKTepOM TPAHCIOPTHBIX TOTOKOB U (hparMeHTapHON
ropojickoit 3actporikoit [9], [11], [18]. DTO CcylecTBEeHHO OTpaHUYUBAET MPSIMOE MPUMEHEHUE
CYIIECTBYIOIIUX METOOIOTUYECKUX MOAX0A0B 0€3 yueTa JTOKAIbHOHN crieln(puKu.

B cBf3M ¢ W3NOKEHHBIM OCOOYIO AaKTyaJIbHOCTH IPHOOpPETaeT CUCTEMAaTH3alus |
KPUTHYECKUIN aHalIU3 HAayYHBIX IOJIXOJ0B M METOAOB IUIAHUPOBAHUS CETHU BEIOCHIIETHBIX
JIOPOKEK C aKLEHTOM Ha YCJOBMs pa3BUBAIOLIUXCSA ropofoB. Llenbio JaHHON cTaThu sABIsSETCS
0000111eHe HOPMATHBHO-TNIAHUPOBOUHBIX, TPAHCIIOPTHO-MOJICTHPYIOIIUX, MPOCTPAHCTBEHHBIX
(GIS-ocHOBaHHBIX), COLMANBHBIX, SKOJOTHUYECKUX W IKOHOMHUYECKHX METOIOB (OPMUPOBAHUS
BEJIOCUIIEIIHBIX CETeH, a TaKkKe OI[EHKA UX MPUMEHUMOCTH B YCIOBHIX OIPAaHUYECHHBIX PECYPCOB
Y BBICOKOW JTUHAMMKHU TOPOJICKOTO PA3BUTHSI.

2. O030p HAYYHBIX NOAX0A0B K IVIAHUPOBAHUIO CETH BEJOCHUIICTHBIX JOPOKEK

Hayunble uccnenoBaHusi B 00JacTH IJIAHUPOBAHUS BEJIOCUIEIHON HHOPaCTPyKTypbl
dbopMUpPOBANIKCH MOITAMHO U OTPAXKAIOT IBOJIOIUIO TMPEACTABICHUN O pPONM BEIOCHIeNa B
TOPOZICKON TpaHCIOPTHOW cucteMe. PaHHMe paOoThl ObLIM OPUEHTHPOBAHBI IPEUMYIIECTBEHHO
Ha HOPMaTUBHO-IJIAHUPOBOYHBIE M T€OMETPUUYECKHE ACHEKThl MPOSKTUPOBAHUS BEJIOCUIIETHBIX
JIOPO’KEK, BKJIIOUasi TpeOOBaHUS K IIMPUHE MPOE3KEeW 4acTu, pajuycaM MOBOPOTOB, YCIOBUSIM
BUJUMOCTH M dJieMeHTaM obOecrneueHus Oe3zomacHoctd [3], [4]. JlaHHBIA TOAXO0J IMO3BOJISIT
CO3/1aBaTh MHHHMMAJIBHO JIONYCTHUMbIE YCJOBMSI JUISl JIB)KEHHUS BEJIOCHIIEIUCTOB, OJHAKO
paccMaTpuBall BEJIOCHIIETHYI0 HHQPPACTPYKTYpy KaK HM3OJUPOBAHHBIA JJIEMEHT YIMYHO-
JIOPOKHOM ceTu, 0e3 yuera ee CEeTeBOM CBI3HOCTH M peajIbHOro TPAHCIIOPTHOTO CIpPOCa.

C pa3BuTHEM KOHLEMIUN YCTOWYMBOMH TOPOJACKONM MOOMIBHOCTH U TEPEXOIOM K
MHTETPUPOBAaHHOMY TPAaHCIOPTHOMY IUIAHUPOBAHUIO HAay4yHbIH (DOKYC CMECTHJICS B CTOPOHY
dbopMupoOBaHUs CBSI3HBIX M HEMPEPHIBHBIX BeNOCUIIEAHBIX ceTeil. B paborax R. Pucher u J.
Buehler noka3ano, 4To BBICOKUI ypOBEHb MCIOJIb30BAHMS BEJIOCHUIEA JOCTUTAETCA HE 3a CUeT
OTJICJIbHBIX BEJIOCHUIEAHBIX JOPOXKEK, a MPU HAJIMYUM IUIOTHOM, JOTMYECKH CBS3aHHOM U
WepapXWyeCcK OpPTraHW30BaHHOW cetn MapmpyToB [8], [24]. AmHanoruyHbie BBIBOIBI
npeacTaBieHsl B uccienosanuax L. Harms u M. Kansen, rie noguepkuBaeTcs 3Ha4€HUE CETEBOTO
s dexTa 1 TeppUTOPUATHLHON HEMPEPHIBHOCTU BEIOCUTIEAHON HHPPACTPYKTYPHI [5].

3HAUYUTEIBHOE PA3BUTHUE MOTYUYUIN TPAHCIIOPTHO-MOIETUPYIOIINE TOIX0/1bI, OCHOBAHHBIE
Ha aHaJIM3€ MAaTpUll «IPOUCXOXKJCHHE—HA3HAUEHUE», CLIEHAPHOM MOJEIMPOBAHUM M OLIEHKE
nepepacnpeesieHus: Moe3A0K Mex1y Buaamu Tpancrnopta [6], [15], [24]. Yka3zaHHble MeTOABI
MO3BOJISIOT KOJIMYECTBEHHO 000CHOBBIBATh IPUOPUTETHOCTD PA3BUTHSI OTIEIbHBIX MapUIPyTOB U
OLIEHUBATh COLIMAIBHO-DKOHOMUYECKYI0 3((PEKTUBHOCTh HWHBECTULUN B  BEJIIOCHIIECAHYIO
uHppacTpykTypy. OHAKO B YCIOBHUSIX Pa3BUBAIOLINXCS TOPOJOB UX MPAKTUYECKOE MPUMEHEHUE
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4acTO OrpPaHMYEHO Je(PUIIMTOM JOCTOBEPHBIX CTATUCTUYECKUX JaHHBIX W BBICOKOH aonei
HedopMabHBIX iepeaBrkenuit [9], [11].

B »sToit CBSA3M MMPOKOE pacnpoCTpaHEHUE NOJY4YWIM MpocTpaHcTBeHHble U GIS-
OCHOBaHHbIE TIOAXOAbl, OPHUEHTUPOBAHHBIE HAa aHAJINW3 TEPPUTOPUAIBHON JOCTYIHOCTH,
MJIOTHOCTH 3aCTPOMKHU, pacIpenesieHuss HaceleHus U oO0bekToB mpuTsbkenus [8], [9], [18].
Hcnonb30BaHue reoMH(POPMAIIIOHHBIX CUCTEM IO3BOJISCT BBISBIISATH Pa3pPbIBBI B BEJIOCUIICIHON
cetd, GOpMHpOBATh MEPAPXUIO MAPIIPYTOB M pa3padaThiBaTh MO3TAMHBIC CLEHAPUU PA3BUTHS
UHPpPacTpyKTyphl. Psn wuccnemoBanmii ykaswiBaetr, uto GIS-meTtonbl sBIsitoTCS HamOosee
aJanTUPyeMbIMU JUIS Pa3BUBAIOIIMXCA TOPOAOB, TOCKOJIBKY JOMYCKalOT HCIIONIb30BAHUE
arperupoBaHHBIX U AJBTEPHATUBHBIX UCTOYHUKOB JaHHbBIX [11], [18].

OTtnenpHOE HamMpaBiICHHE MCCIIEJOBAHUN CBA3aHO C ydyeToM (haKTOpOB O€30MacHOCTU U
KoMbopTa IBMKEHUS BenmocureauctoB. B paborax R. Marqués m V. Hernandez-Herrador
JI0Ka3aHO, YTO CYOBEKTUBHOE BOCHPUSITHE O€30MaCHOCTH OKa3bIBAET CYIIECTBEHHOE BIUSHUE HA
BbIOOp MapuipyTa M HMHTEHCUBHOCTb BEJIOCHIIEIHOTO JBUKEHMS, 3a4acTyl0 IIPEBOCXOAS IO
3HAYUMOCTH (aKTOPhl paccTOSHUSA W BpeMeHu B myTH [13]. JlaHHBIE BBIBOABI UMEIOT OCOOYIO
aKTYyaJbHOCTb JJI Pa3BUBAIOLIUXCS TOPOJOB, XapaKTEPU3YIOIIUXCS BBICOKOH MHTEHCUBHOCTHIO
CMEIIaHHOTO JIBYKEHUS U OTPAHUYECHHBIM YIUYHBIM IPOCTPAHCTBOM.

B mocnennue roapl HaOMIOmaeTcs POCT HMHTEPEca K HKOJIOTMYECKHMM W COIHAIBHO-
OpPUEHTUPOBAHHBIM IMMOAXO/IaM IJIAHUPOBAHUS BeJIOCUIIeTHOW UHPpacTpyKTypsl. MccnenoBanus
BceMmupHoil opranu3anyy 31paBooXpaHeHuss U EBpOneicKoOro areHTCcTBa o OKpy Karolleu cpene
MOATBEPXKIAIOT, YTO HHTErpallds BEJIIOCHUIEAHBIX JIOPOXKEK C JJIeMEHTaMU 3eJICHOMN
MHQPACTPYKTypbl CHOCOOCTBYET CHIDKEHHUIO 3arpsi3HEHUs BO3[yXa, CMATYeHHIO 3Pdekra
TOPOZACKOTO TEIJIOBOTO OCTPOBA M YIYULICHUIO MCHUXO3MOIIMOHATBLHOTO COCTOSHUSI HacelleHUs
[10], [12], [17], [22], [25]. ComuuanbHO-OPUEHTUPOBAHHBIE HCCICAOBAHUS AaKIEHTUPYIOT
BHHUMaHHUE Ha BOMPOCaX TPAHCIOPTHOM JOCTYIMHOCTH U CHPaBEUIMBOCTH, OCOOCHHO B pailoHax
HU3KUM ypoBHEM j10xo10B [11], [18].

O06001IeHre HayyHBIX MyONUKAIMK TMOKa3bIBAeT, YTO B COBPEMEHHBIX HCCIIEOBAHUAX
npeobaasaloT KOMOMHUPOBAHHBIE IO/XO/bI, COYETAIOLIME HOPMATHUBHO-IUIAHWPOBOYHBIE,
IIPOCTPAHCTBEHHBIE, TPAHCIIOPTHO-MOAEIUPYIOLUIME U COLUAIBHO-IKOJIOTHUECKHE METOABI [8],
[12], [24]. Ux npuMeHEeHHE MO3BOJISET YUYUTHIBATh MHOTO(AKTOPHBIN XapakTep (HOopMHUPOBAHUS
BEJIOCHUIIEHBIX CETEW M aJalTUPOBaTh NPOEKTHBIE DPELIECHUS K YCIOBUSAM pPa3BUBAIOLIUXCS
rOpoZIB € OrpaHMYEHHBIMH pecypcamu. PacnpeneneHue HayyHBIX MCCIEAOBaHUN IO
IPUMEHSIEMBIM METOAAM IUIAHUPOBAHUS CETU BEJIOCHUIIEAHBIX JOPOXKEK IIPEICTaBICHO Ha
“pucynke 17
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PI/IcyHOK 1. Pacnpeuenenne HAY4YHBbIX HMCCJIeI0BaHMI 0 MeTOAaM JIAHUHPOBAHUSA CETH
BCJIOCUIICIHBIX TOPOKEK

3. MeToabl NJIAHUPOBAHUS CETH BEJOCHIIEIHBIX IOPOKEK

CoBpeMeHHbIE METOIbl TUIAHMPOBAHUSI CETU BEIIOCUMEIHBIX JOPOKEK MPEICTABISIOT
c0o00M COBOKYMHOCTh B3aUMOJOIOIHSIONMX HHCTPYMEHTOB, HAIPABICHHBIX Ha oOecleyeHue
(bYHKIMOHATBHON CBSI3HOCTH, 0€30MAaCHOCTU M YCTOMUYMBOCTH BENOCHUIIETHON MHPPACTPYKTYPHI.
B HayuHo#1 muTeparype naHHbIe METOIBI TU(D(HEPESHITUPYIOTCS TI0 YPOBHIO TPEOYEMBIX HCXOTHBIX
JTAHHBIX, MacIITa0y MIPUMEHEHHUS U CTETICHU aJalTUPYEMOCTH K JIOKATbHBIM YCIOBHUSM, YTO UMEET
MPUHIIMITAATIEHOE 3HAYCHHE JIJIS1 PA3BUBAIOIIUXCS TOPOJIOB.

3.1. HopMaTuBHO-IIIaHUPOBOUHBIE METObI

HopmaruBHO-I1aHUPOBOYHBIE METO/IBI OCHOBBIBAIOTCSI Ha IPUMEHEHUH HAIIMOHAJIBHBIX U
MEXIYHAPOIHBIX CTAaHAAPTOB MPOEKTUPOBAHUS BEJIOCHUINETHOW HHQPPACTPYKTYPHI, TAaKHX Kak
pexomenaann NACTO u Transport for London [3], [4]. laHHBIE JOKYMEHTBHI pETJIaMEHTUPYIOT
TeOMETPUYECKHE TapaMeTpbl  BEIOCUIEAHBIX JOPOXKEK, TpeOoBaHUS K  pa3felieHUIo
TPAHCIIOPTHBIX MOTOKOB, OPTaHU3AIMU TIEPECEUCHUI U 3JIEMEHTaM BU3yaJIbHOM HaBUTauH. VX
KITFOUEBBIM MMPEUMYIIECTBOM SIBISIETCSI BOCIIPOU3BOIMMOCTH MMPOEKTHBIX PEIICHH 1 00ecieueHre
0a30BoOro ypoBHs 0€30MaCHOCTU JBUKECHHUS.

B 10 ke Bpemst ucciieqoBaHus TOKa3bIBAIOT, YTO HOPMATUBHBIE METO/IbI B U30JIMPOBAHHOM
BUJe He o0ecnednBaloT (QopMHupoBaHHE (QYHKIIMOHAIBHO CBS3HOM BEJIOCUIIETHOW CETH,
MOCKOJIBKY HE YYHUTBIBAIOT IPOCTPAHCTBEHHOE pACIpPENEIeHUe TPaHCIOPTHOIO cIlpoca U
COIIMAIbHO-9KOHOMHUYECKYIO CTPYKTypy ropoga [l1]. B ycnoBusax pa3BHUBaIOMIMXCS TOPOIOB
MpUMEHEHNE HOPMATUBHBIX TPEOOBaHMWI 0€3 ajanTalliy K JOKATHPHOMY YIUYHOMY MPOQIIIO U
peKMMaM JIBIDKEHUST MOXET TMPUBOIUTh K KOH(PIUKTAM MEXKIY YYaCTHHUKAMHU TOPOKHOTO
JIBIDKEHUS U CHIDKEHUIO MPOTTYCKHON CITIOCOOHOCTH YITHII.

3.2. TpaHCIOPTHO-MOJEIUPYIOLINE METOBI

TpaHCIOPTHO-MOIETUPYIONINE METO/IbI HAMPABIIEHBI HA KOJTMYECTBEHHYIO OIIEHKY CTIpoca
Ha BEJIOCUTICHBIE MOE3IKU U aHallu3 BIUSHUS Pa3BUTHs BEIOCHNETIHOW MH(PACTPYKTYphl Ha
CTPYKTYpY TOPOJCKHX TEpeNBIXKEeHHI. B HaydHBIX paboTax MIMPOKO HCIOJIB3YOTCS MaTpPHIIBI
(IPOUCXOXKJICHUE—HA3HAYEHUE»,  CIIEHApHOE  MOACIMPOBAHUE U MYJIBTUMOAAIbHbBIC
TpaHcropTHbIe Mojenu [6], [15], [24]. [Ipenmy1iiecTBOM TaHHBIX METOJIOB SIBJIIETCSI BOBMOXKHOCTD
OIICHKH JIOJITOCPOYHBIX A(h(HEKTOB 1 000CHOBAHUSI MHBECTUIIMOHHBIX PEIICHUH.

Opnako JuIsi pa3BUBAIOIIUXCS TOPOJOB XapaKTEPHBI OTPAHUYCHHS, CBS3aHHBIE C
HEOCTAaTKOM HAJICKHBIX CTAaTHCTUYECKHUX JAHHBIX, BBICOKOHN H0Jei HeQOpMalbHBIX MOE3M0K U
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OBICTPBIMH TEMITAMH W3MEHEHHSI TOpONICKON CcTpyKTyphI [9], [11]. B pesynbrare TpancrnopTHOe
MOZIETTUPOBAHNE B IaHHBIX YCIOBHUSX Yallle MPUMEHSETCS Ha CTPATerHueckoM ypOBHE U TpedyeT
MHTETPAIIH C YIPOIIEHHBIMU TPOCTPAHCTBEHHBIMU U SKCIIEPTHBIMU METO/IaMHU.

3.3. IIpoctpancrBennbie U GIS-ocHOBaHHBIE METO/BI

[IpocTpaHcTBeHHBIE METOABI, OCHOBAaHHBIE HA MCIIOJIB30BAHUU T'€OMH(OPMAIIMOHHBIX
CUCTEM, OPHUEHTHPOBAHbl Ha AaHAJIU3 TEPPUTOPUATBLHOW JIOCTYNHOCTH, IUIOTHOCTH 3aCTpPOMKH,
pacmipeneneHus HaceleHusl 1 00bekToB puTsDKeHus [8], [9], [18]. JlaHHBIE TOAX0ABI TO3BOJISIOT
BBISBIISITh TIPOCTPAHCTBEHHBIC DPA3phIBBI B BEJIOCUINETHOW CeTH, (HOpMHUpPOBATH HEPAPXUIO
MapIIPyTOB U OLIEHUBAThH MOTEHIMAIBHBII CIPOC Ha OCHOBE MPOCTPAHCTBEHHBIX MHIUKATOPOB.

C nayunoii Touku 3penus GIS-ocHoBaHHBIE METO/IBI 00J1a1AI0T BBICOKOH aJJallTUBHOCTHIO
U JIONYCKAIOT HCIIOJIb30BAaHUE arperupoOBaHHBIX M MPOKCU-AAHHBIX, YTO JEJaeT UX OCOOCHHO
peleBaHTHBIMU JUIsl YCIOBUM pasBuBaromuxcs ropoaos [11], [18]. Bmecte ¢ Tem wux
OTpaHHYEHUEM SIBJSETCS HEOOXOAMMOCTh KOPPEKTHOTO BBIOOpa HWHAMKATOPOB U BECOBBIX
KO3((UIIMEHTOB, TTOCKOJIBKY Ype3MepHasi YIPOLUIEHHOCTh MPOCTPAHCTBEHHBIX MOJEIECH MOXET
MCKaXaTh peasibHbIC MOBEJACHYECKHE MAaTTePHbI BEIOCUIIETUCTOB.

3.4. Metozpl, OpUEHTHPOBAHHBIEC Ha OE30MACHOCTh U KOM(MOPT

MeTtonpl, OpPHEHTHUpPOBAHHBIE Ha OLIEHKY 0€30MacHOCTH H KomdopTa ABMKEHUS
BEJIOCUIIEMCTOB, OCHOBBIBAIOTCS Ha aHAJIN3€ KOH(IUKTHOCTH TPAHCIOPTHBIX MMOTOKOB, YPOBHS
TPAHCIIOPTHOI'O cTpecca U KadecTBa ropojckoit cpeast [10], [13]. Dmnupuueckue uccieqoBaHus
MOATBEP)KIAIOT, YTO CYOBEKTUBHOE BOCIIPHUATHE OE30ITACHOCTH OKa3bIBaeT 3HAYMMOE BIMSHUE Ha
BBIOOpP MapIipyTa ¥ TOTOBHOCTh HACEIEHUS UCIIOJIb30BaTh BEJIOCHUIIE] B IOBCETHEBHBIX MOE3/AKaX
[13].

J171s pa3BUBAIOLIUXCS TOPOIOB IaHHBIE METObl HUMEIOT IPUOPUTETHOE 3HAUCHUE B CBSI3U C
BBICOKOM HMHTEHCHBHOCTBIO CMEIIAHHOTO JIBWKEHHSI U OrPaHUYEHHBIMH BO3MOXKHOCTSIMU
buznyeckoro paszeneHus MOTOKOB. BmecTe ¢ TeM HayyHasi AUCKYCCHUSl YKa3bIBaeT HA CIOKHOCTD
KOJIMYECTBEHHOM OLIEHKU CYOBEKTUBHBIX (PAKTOPOB, UTO TPeOyeT KOMOMHUPOBAHUS OOBEKTHBHBIX
rokaszaresei u conuonoruyeckux onpocos [10], [11].

3.5. DKOJIOTrHYECKHE U COLMATBHO-D)KOHOMUYECKHE METOIBI

DKOJIOTUYECKU OPUEHTUPOBAHHBIE METOJbI IJIAHUPOBAHMS IPEAINONAaraloT UHTETPaLUIo
BEJIOCUTICAHON MHPPACTPYKTYPHI C JIEMEHTAMU 3€JICHOU TOPOJICKOM CpeJibl, BKIIOUast INHEHHbBIC
3eNeHbIe KopuIophl U OydepHsbie 30861 [ 1], [12], [22], [23]. MccnenoBaHus MOKa3bIBAIOT, YTO TaKKe
pelieHns CcrnocoOCTBYIOT CHIKEHMIO KOHILEHTPALUK 3arpsi3HSAIOLIUX BELIECTB, CMSITYEHUIO
3¢ deKTa ropoJICKOro TEIIOBOTO OCTPOBA M MOBBIIMIEHUIO OOIEro ypoBHS KoMdopTa ropoackoi
cpens! [10], [17], [25].

ConunanbHO-35KOHOMUYECKHE  TOAXOABI  HANpaBJIE€Hbl HAa  OLIEHKY  JIOCTYIHOCTH
BEJIOCUTIETHOW UHPPACTPYKTYPHI AJIsl pa3IMUYHBIX COLMAIbHBIX IPYII U aHAJIN3 SKOHOMUYECKON
a¢ddexktuBHOCTH MHBecTuimil [15], [16], [18]. B ycrnoBusix pa3BHBArOMIUXCS TOPOJOB JaHHBIC
METO/Ibl MO3BOJIAIOT YYMUTHIBaTh BOIPOCHI TPAHCIIOPTHOM CIPaBEAJIMBOCTH M ONTHMHU3UPOBATH
pacnpeneseHue OrpaHUYEeHHBIX PECYPCOB.

O600mménHas CTPyKTypa M B3aMMOCBSI3b METOJIOB IUIAHUPOBAHUSI CETH BEJIOCHUIICIHBIX
JIOPOKEK B YCIOBUSIX Pa3BUBAIOINXCS FOPOAOB IIPEACTABIECHBI HA “pUCYHKE 2.

Pl/lcyHOK 2. KOHHCHTyaJ’ILHafI CXeMa IVIAHMPOBAHUSA CETH BCJIOCUIICAHBIX JOPOKEK B YCJI0OBUAX
Pa3sBUBAOIIMXCH TOPOa0B

IIpome:kyTOUHBI HAy4YHBI BBIBOJ 1O pasaeiay 3
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AHanu3 METO/I0B TUIAHUPOBAHMS CETH BEJTOCHUIIETHBIX JOPOKEK MOKA3bIBAET, UYTO HU OJIMH
U3 PACCMOTPEHHBIX TMOAXOJOB HE SBISETCS YHUBEpPCAIbHBIM. Hambonpllylo HaydyHyH U
MPAKTUYECKYI0 I[IEHHOCTh TMPEACTaBISIOT KOMOWHUPOBAHHBIE METOJOJIOTUYECKHUE CXEMBI,
aJanTUPOBAHHBIE K YPOBHIO JIOCTYNHBIX JAHHBIX, WHCTUTYIUOHAIbHBIM YCJIOBUSIM U
MIPOCTPAHCTBEHHOW CTPYKTYpE pa3BUBArOIIMXCs ropoaoB [8], [12], [24].

4. CpaBHUTE/IbHBIH AHAJHU3 HAYYHBIX UCCJIET0BAHUI

CpaBHUTENBHBIM aHANM3 HAy4YHBIX MCCIEJOBAaHUN B O0ONACTH IUIAHUPOBAHUS CETH
BEJIOCUIIEIHBIX JOPOXKEK IO3BOJIIET BBIABUTH HE TOJBKO PA3IUYUs MEXIY HPUMEHSEMbIMU
METOJaMH, HO M MX OTHOCUTENIbHYIO 3()()EeKTUBHOCTH B YCIOBHAX Pa3BHBAIOLIMXCS TOpoaoB. B
OTIMYME OT OIMCATENBHOrO 0030pa, CPaBHUTEIbHBIA IOAXOA OPHEHTUPOBAH HA OLIEHKY
IPUMEHUMOCTH METOAOB C YYETOM PECYPCHBIX, MHCTUTYLHOHAJIBHBIX WU IPOCTPAHCTBEHHBIX
OTpaHUYEHUH, XapaKTEPHBIX JAJISl JAHHBIX TOPOIOB.

AHnanu3 myOnauKanui MOKa3bIBACT, YTO B MCCIIEOBAHUSX, BBIMOIHEHHBIX JUISI PA3BHTHIX
rOpOZOB, MPeo0agaloT KOMIUIEKCHBIE METOIOJOTUYECKHUE CXEMbl, OCHOBAaHHbIE HAa COYETAHUU
TPAHCIIOPTHOIO MOZEIMPOBAaHUsS, NPOCTPAHCTBEHHOI'O aHaINW3a M COLUAIbHO-IKOHOMHYECKOU
ouenku [8], [12], [24]. Hannple moaxoisl 00eCIEUMBAIOT BBICOKUN ypOBEHb TOYHOCTH U
IIPOrHOCTUYECKON HAEKHOCTH, OHAKO TPEOYIOT 3HAYUTEIbHBIX 00ObEMOB MCXOIHBIX JAHHBIX U
Pa3BUTOM CUCTEMBI TPAHCTIOPTHOTO MOHUTOPHHTA.

B T0 %€ BpeMs B pa3BUBAIOLIMXCS rOPOAaxX HAyYHbIE UCCIIEA0BAaHNUS Yallle OPUEHTUPOBAHBI
Ha TI09TaNHbIe U a/IalITUBHBIE METO/IbI IUTAHUPOBAHHSI, TO3BOJISIOIINE JOCTUTAaTh MAKCUMATBHOTO
sapdexra npu orpaHuueHHBIX pecypeax [9], [11], [18]. B Takux ycioBusix NpHOPUTET OTAAECTCS
GIS-ocHoBaHHBIM MeTOAAM, aHATU3y TOCTYIMHOCTH U OI[EHKE 0€30MaCHOCTH JIBUKECHHSI, KOTOPbIE
JIOTIYCKAIOT UCIIOJIb30BaHUE arperupOBaHHbIX JaHHBIX U 3KCIIEPTHBIX OLIEHOK 0€3 CyIIeCTBEHHOU
MOTEPH AHATTUTHUYECKOI LIEeHHOCTH.

Ocoboe BHHMMaHHWE B HAyyHOW JIMTEpaType YIENSETCS COOTHOIIEHHUIO HOPMAaTHBHO-
IUTAHUPOBOYHBIX M AHATUTUYECKUX METONoB. lMccrmemoBaHus MOKa3bIBAIOT, YTO MPUMEHEHHUE
IPOEKTHBIX CTaHAApTOB 0€3 yuyeTa MPOCTPAHCTBEHHOTO M COLMAIBHOIO KOHTEKCTA MPUBOIAUT K
dopmupoBaHuio (HOpMaILHO KOPPEKTHOH, HO (PyHKIIMOHAIBHO HEAI(P(PEKTUBHOIN BeIOCHIIETHON
unppactpykrypsr [3], [4], [11]. HampotuB, wuHTerpamusi HOPMATHBHBIX TpeOOBaHHUI C
IOPOCTPAHCTBEHHBIM AHAJIM30M U OLEHKOM I10JIb30BaTelIbCKOTO BOCIPHUATHS MO3BOJISIET
CYIIIECTBEHHO MOBBICUTH YPOBEHb MCIOIB30BaHUS Besocureanou cetu [8], [13].

CpaBHeHue TPaHCIOPTHO-MOAEIUPYIOLINX u GIS-ocHOBaHHBIX MIOJXOJ0B
CBUJIETEIBLCTBYET O TOM, UTO NIEpBbIE 001a/1at0T 00JIe€ BHICOKMM IPOrHOCTUYECKUM ITOTEHIIUATIOM,
TOrJJa KaK BTOpPbIE OTIMYAOTCS OOJbIIEeH THOKOCTHIO M aJalTHPYEMOCTbIO K YCIOBHUSAM
pasBuBarommxcsi roponos [6], [9], [18]. Ha npakTuke 310 00yCIOBIMBAET 11€7€CO00PA3ZHOCTh UX
KOMOMHUPOBAaHHOTO IMpHUMeHeHMs, npu KoTopoMm GIS-aHanu3 ucnonpiyercss sl MEPBHYHOTO
0oTOOpa TPUOPUTETHBIX KOPHUJIOPOB, a TPAHCIOPTHOE MOAEIUPOBAHHWE — I YTOUHEHUs
CTPaTErMYeCKUX PEUICHHH.

Pe3ynbprarel CpaBHUTEIBHOIO aHajdW3a METOJOB IUIAHWPOBAHUSA CETH BEJIOCHUIIEIHBIX
JIOPOXKEK, OOOOIEHHBIE IO KIIOUEBBIM KPHUTEpHsM, MpenacTaBieHbl B Tabmume 1. Tabnuma
JEMOHCTPUPYET, UYTO HauOOJbLIEH YHHUBEPCATbHOCTHIO M MPAKTHUYECKOM MPUMEHUMOCTHIO
00/1aal0T  KOMOMHMPOBAaHHBIE MOAXOMABI, COYETAIOIIME MPOCTPAHCTBEHHBIE, COLUAIBHO-
HKOJIOTMYECKHE U SKOHOMHUYECKHE METObl IPU YMEPEHHBIX TPEOOBAHUAX K UCXOAHBIM JAHHBIM.

JUis HamISITHOTO COTOCTABJIEHUS! HAyYHBIX IMOJXOAOB M METOJOB IUIAHUPOBAHUS CETH
BEJIOCUIIEIHBIX JOPOXKEK B YCJIOBUSAX pa3BUBAIOIIMXCS TOpoAoB B Tabmuue 1 mpeacraBiieH
CPaBHHUTEIbHBIN aHAH3.

Tabnuima 1 — CpaBHUTEIBHBIN aHAIM3 METOIOB TUIAHUPOBAHUS CETH BEIOCUTICTHBIX
JIOPOXKEK
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Meton OcHoBHBIE IpenmymecrBa | OrpannveHus IIpumennmocTts B
Ne TVIAHHPOBAHMUS HHCTPYMEHTBI Pa3BUBAIOLINXCS
ropoaax
HopmaTusHo- IIpoexTHbIE IIpoctoTa He obecnieunBaer Bricokas npu
1 | mIaHUPOBOYHBIH HOPMBEI, BHEJIPEHMS, CBSI3HOCTB CETH aJlanTayy K
CTaH/aPTHI 6azoBast MECTHBIM YCIIOBUSIM
(NACTO, TfL) 0e30MacHOCTh [3], [4], [11]
I'eomerpuueckuit ITapameTpsl BricTpas Hrnopupyert cipoc Cpenuss
2 Yo, peanu3ays
MIOTICPEYHBIE
npodun
TpancnopTtHO- OD-mMaTpurst IIporro3 cpoca, | TpeOyer manubix U | OrpanndeHHas [6],
3 | Mozenmupyrouuit (origin— o0ocHOBaHME pecypcoB [24]
destination), MHBECTHUITHI
CIIEHapHOE
MOJICJIMPOBaHUE
GIS-ocHOBaHHBIN [IpocTpaHcTBEHH Bricokas Tpebyet Bricokas [8], [9],
4 bIif aHAIN3, TOYHOCTb, I (POBBIX TaHHBIX [18]
JOCTYIHOCTb BU3YyAIHM3ALHS
Bbe3onacHocth u MNunexcel Pocr CnoXHOCTh Ouens BoicoKas [10],
5 | xomdopr cTpecca, WCII0JIb30BaHUS OLICHKH [13]
KOH()JIMKTHOCTh BEJIOCETH
OKOIOTHYeCKUH OzeneHexHmue, ViyuiieHue Jomn. uaBecTuIUM Bricokas [1], [12],
6 KIMMAaTHIeCKAH | MHKpPOKINMATa [22]
aHAIH3
CornmanpHO- JocTymHOCTB, TpancnoptHas CH0XHOCTB Ouens BeIcoKast [11],
7 | OpHEHTUPOBAHHBIA | equity-aHam3 CIPABEIIMBOCTh H3MEpeHUH [18]
Komb6unupoBannsiii | GIS + momenn + MakcumainpHas CII0)KHOCTB Hawnboiee
8 COII-DKO 3¢ (EeKTHBHOCTD peanu3am TIePCIICKTHUBHEIH [§],
KPUTCPHH [12], [24]

CpaBHuTeNbHAs OLEHKA MPUMEHUMOCTH Pa3IMYHBIX METOJIOB IJIAHUPOBAHUS CETU
BEJIOCUTICHBIX JOPOKEK B YCIOBHUSIX Pa3BUBAIOIIMXCS TOPOJOB MPECTaBICHA Ha “pUCyHKe 3.
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Pl/lcyHOK 3. HpHMeHHMOCTb METOA0B IVIAHUPOBAHUSA CETH BEJIOCUIICAHBIX JOPOKEK B
Ppa3BUBAKOIINXCHA ropoaax

5. BoIBOABI

IIpoBenénHbIi 0030p W CpPaBHUTEIBbHBIN aHAIW3 HAyYHBIX IOAXOAOB M METOJOB

IUTAHUPOBAHUS CETH BEIOCUIEIHBIX JOPOXKEK MMO3BOJIMIIN BBIIBUTH KIIFOUYEBBIE 3aKOHOMEPHOCTH
Pa3BUTHSI BEJIOCUIIEIHON MHPPACTPYKTYphl B YCIOBHAX Pa3BUBAIOIIMXCS TOpOJOB. Pe3ynbrars
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UCCIICIOBAHUS TOATBEPXKAAIOT, 4TO 3()P(HEKTUBHOCTH BHEAPEHUS BEIOCUIIETHOIO TPAaHCIOPTa
ONpEAEAETCS HE OTACIbHBIMU IPOEKTHBIMM pPEIICHUSMH, A CUCTEMHBIM U aJalTHBHBIM
XapaKTepoM IIaHUPOBAHUS BEJIOCUIIEHOM ceTH.

VYCTaHOBIEHO, YTO  HOPMAaTUBHO-IUIAHUPOBOYHBIE M TI'€OMETPUYECKUE  METOJbI
obecrnieunBaroT 0a30BbI ypOBEHb 0€30MACHOCTU U BOCHPOM3BOJUMOCTH MPOEKTHBIX PELICHHH,
OJJHAKO B M30JIMPOBAHHOM BHJIE HE IMO3BOJSAIOT Cc(HopMUpoBaTh (YHKIMOHAIBHO CBSI3HYIO U
BOCTPEOOBAHHYIO BEJIOCHUIIEJHYIO CeTh. VX ImpuUMEHEeHue B Pa3BHBAIOLIUXCS Tropoiax Tpedyer
00s13aTeIbHOM  aJanTalid K JIOKAJIBHBIM YAMYHBIM HPOQWIAM, pPEXUMaM JBHKCHUS U
IPOCTPAHCTBEHHBIM OTPAHUYEHUSIM.

AHanu3  TPaHCIOPTHO-MOJAEIMPYIOIIMX  IMOAXOJOB  IOKa3al  UX  BBICOKYIO
IPOTHOCTUYECKYIO LIEHHOCTh IPU OLIEHKE JO0NTOCPOYHBIX 3(h()EKTOB pa3BUTUS BENOCUIIETHON
UHPaCTPyKTyphl. BMecTe ¢ TeM B yCloBHsIX Je(UIMTA JOCTOBEPHBIX TAHHBIX M BBICOKOH 10JIU
He(OpMaIbHBIX MEPEIBUKEHUI JaHHbIE METO/bl 00Jalal0T OrPaHUYEHHONW MPUMEHUMOCTBIO U
TpeOyIOT UHTETpanuu ¢ 0ojee THOKUMU MPOCTPAHCTBEHHBIMH U AKCIIEPTHBIMU MHCTPYMEHTAMHU.

IIpoctpancTBennble u GIS-ocHOBaHHBIE METOIBI MPOJEMOHCTPUPOBAINM HAMOOJBIIYIO
aJanTUPyeMOCTh K YCJOBHSM pa3BUBAIOIIMXCS TOpPOJOB. BO3MOXHOCTH HCIOJB30BaHUS
arperupoBaHHbIX U  AJbTEPHATHBHBIX HCTOYHMKOB JAHHBIX JenaeT HX 3((HEeKTUBHBIM
MHCTPYMEHTOM BBISIBJICHUS! IPUOPUTETHBIX BEJIOCUIIEAHBIX KOPUIOPOB M IMPOCTPAHCTBEHHBIX
pa3pbiBOB B ceTu. OHAKO KOPPEKTHOCTh PE3YyJIbTaTOB HANpPSAMYIO 3aBUCUT OT OOOCHOBAHHOIO
BbIOOPA MHIMKATOPOB U MIAPaMETPOB IPOCTPAHCTBEHHOI'O aHAJIN3A.

Mertoapl, OpPHEHTUPOBaHHbIE Ha 0€30MacCHOCTh M KOMGOPT JBUXKEHHUS, a TaKKe
HKOJIOTUYECKHE U COLUAIBHO-IKOHOMUYECKHE MOAXOAbI, 001aJal0T BEICOKOW 3HaUMMOCTBIO IS
Pa3BUBAIOILUXCS TOPOIOB, XapAKTEPU3YIOLIMXCS CMELIAHHBIM JABH)KEHHEM, BHICOKOH MJIOTHOCTBIO
3aCTPOMKM M COLMAJIbHONW HEOIHOPOJHOCTHbIO. YUeT JAaHHBIX (PAKTOPOB IO3BOJIIET HE TOJBKO
HOBBICUTh YPOBEHb HCIIOJIb30BaHUs BEJIIOCUINIEAHON MHPPACTPYKTyphbl, HO U obecrieduTsh Oonee
CIIPaBEIMBOE PACIIPEIEIICHUE TPAHCIOPTHBIX IPEUMYIIECTB MEXKAY Pa3IMYHBIMU COLUATBHBIMU
rpynnamu.

KitoueBbIM BBIBOJJOM HACTOSIIIIETO MCCIENOBAaHUS SIBJISETCS MOJOKEHHE O TOM, 4YTO
HanOoJbIIyI0 3(P(PEKTUBHOCTD JEMOHCTPUPYIOT KOMOMHUPOBAHHBIE MOAXO/bI K MJIaHUPOBAHUIO
CEeTH BEJIOCHUIIEIHBIX JOpPOKEK, OCHOBaHHbIE HAa MHTETPallMd HOPMATHUBHBIX TpeOOBaHUM,
IPOCTPAHCTBEHHOIO aHAJINM3a, OLEHKH 0€30MacHOCTH M COLUAIbHO-IKOJIOTUYECKUX KPUTEPHUEB.
IMeHHO Takue MEeTOJOJIOTMYECKUE CXEMbl IMO3BOJIIOT YUHUTHIBAaTh PECYpPCHBbIE OTpaHHuYEHUS,
UHCTUTYLMOHAJbHbIE OCOOCHHOCTM W JWHAMHYHBIA XapakTep pa3BUTHUS pPa3BUBAIOILUXCS
TOPOJIOB.

[Tomy4yeHHble  pe3ynbTaTbl MOTYT OBbITh  HCIOJB30BaHbl ~ OpraHaMH  MECTHOTO
caMOyTpaBJIeHUs], TPAJOCTPOUTENIMU U TPAHCIOPTHBIMU IUIAHUPOBIIMKAMU IPH pazpaboTKe
CTpaTeruil pa3BUTHUs BEJIOCUIIEIHOW MH(PACTPYKTYPBI, @ TAKXKe CIYKUTh HAy4YHONH OCHOBOM ISt
JaNbHEWIINX MPUKIAJHBIX MCCIEOBAaHUM, HaNpaBICHHBIX HAa (OPMHUPOBAHUE YCTOMUMBBIX U
WHKJIIO3UBHBIX TOPOJCKUX TPAHCIIOPTHBIX CUCTEM.
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KondaukT uHTEpecoB: ABTOPHI 3asBIAIOT 00 OTCYTCTBHM KOH(IMKTA HHTEPECOB.

HUcnonb3oBanue nckyccrBeHHoro uuresiekra (MH): npu nonroroke cratbun MU He
MCIIOJIb30BAJICS.

FBLIIBIMU TOCLUIIEP MEH JTJAMYIIIBI KAJAJAP KAF JAUBIHIA
BEJIOXKOJIJAP KEJIICIH )KOCITAPJIAY 9ICTEPI

A. M. Kapabaes', A. A. Hopmyxammaaos'
'TamkeHT MEMJIEKETTIK KOJIiK YyHUBEPCHUTET], TallIKeHT K., ©30ekcTan Pecybnukacs
*Xat xayanTsl aBTOp: ab.karabayev(@gmail.com

Anpnarna. KapkeiHabl ypOaHaty jKoHE TaMyIIbl KaJlaaapaarbl aBTOKOJIIK CAHBIHBIH apTYhI
JKaFJaUbIH]IA KOJIIK KENTEeNICl, SKOJOTHSIIBIK axyasIblH Hallapiiaybl )KOHE KaJIAIbIK OPTaHBIH
CartachbIHbIH TOMEH/ICY1 CHSKTBI Maceesep o3eKTi 6oyaa. OcbiFan 0aiIaHbICThI BEIOCHIIET
WH(PaKYPBUIBIMBIH JAMBITY TYPAKThI KATAIBIK YTKBIPIBIKTHIH 0ACHIM OaFbITTapBIHBIH O1pi
peTiH/e KapacThIpbUIaibl. AJlaiiia BeJoCUIe ] KOJIriH THIM/II €HT13y KoOiHe BeTOCHIIE T
YKOJIIaphI JKENICIH FBUIBIMU HET13]1e JKOocTapiiayra OaiiylaHbICTHI.

Ochl MakaJaHbIH MaKCaThl — JAMYIIBI KaJTaJlapIblH €PEKIICITIKTEPIH €CKePE OTHIPHII, BEITOCUTIC]T
JKOJIIAPHI XKENMICIH KOCTIapiIayAblH FHUIBIMHU TOCUIAEP] MEH 9IICTEPIH KYHeTey xKoHe
CaJIbICTBIpMaJIbl Tajiay Oouibin Ta0buIaAbl. JKyMbICTa BEIOCUIIE JKETUIEPIH KalIbIITaCThIPYAbIH
HOPMaTHUBTIK-)KOCTIapJay, KOJIIKTIK MOJeNb/ey, KeHICTIKTIK (GIS-Heri3ineri), aneyMerTikK,
IKOJIOTHSITBIK JKOHE SKOHOMHUKAIIBIK 9/1icTepi KapacTeipsutrad. [llekreym pecypcrap, 6acTamkbl
JEPEKTEPAIH KETKITIKCI3IT1 )KOHE KaTaJIbIK KYPBUIBICTBIH (PparMEHTTIK CHIIAThI YKaFIalblHIa
aTaJFaH dICTEP/l KOJIJTaHy MYMKIHJIIKTEpIHE epeKIlie Ha3ap aydapbUIFaH.

3epTTey HOTHKeJIepl HOPMATHBTIK TaJlalTapAbl, KEHICTIKTIK TaJIay/abl, KO3FAIBIC KAYINCI3ITiH
Oarasiay/ipl ’KOHE QJIEYMETTIK-3KOJOTHSIIBIK eJeMaepAl OipiKTipeTiH KeleH/ 1l TOCIIAEpIiH eH
YKOFapbl THIMJIUTIKKE € €KEHIH KOPCETTI. AJIBIHFaH KOPHITHIH/BLIAP BETOCUTIE
UHQPAKYPbUIBIMBIH JAMBITY CTpaTerHsUIapbIH 31pJiey e jKOHe JaMyIIbl Kalanapaa TYPaKThl
KOJIIK JKYyHesepiH KalblITacThIpya MaijanaHbulybl MyMKIH.

Tyiiinai ce3aep: Benocunen MHPPaKypbUIbIMBL, BEIIOCUIIE XKOJIAPbl, KOMIKTIK jKOCTapiay,
TYPAaKThI 1aMy, KaJlaJblK YTKBIPJIBIK, JaMYIIbl Kajanap.

SCIENTIFIC APPROACHES AND METHODS FOR PLANNING BICYCLE PATH
NETWORKS IN DEVELOPING CITIES

A. M. Karabayev', A. A. Normukhammadov’
'"Tashkent State Transport University, Tashkent, Republic of Uzbekistan
*Corresponding author: ab.karabayev(@gmail.com
Abstract. Rapid urbanization and increasing motorization in developing cities have led to
growing challenges such as traffic congestion, environmental degradation, and declining urban

living quality. In this context, the development of bicycle infrastructure is considered one of the
key components of sustainable urban mobility. However, the successful implementation of
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cycling as a mode of transport largely depends on scientifically based planning of bicycle path
networks.

The purpose of this paper is to systematize and comparatively analyze scientific approaches and
methods for planning bicycle path networks while considering the specific characteristics of
developing cities. The study examines regulatory and planning approaches, transport modeling
methods, spatial (GIS-based) analysis, as well as social, environmental, and economic methods
for designing bicycle networks. Particular attention is paid to evaluating their applicability under
conditions of limited resources, insufficient baseline data, and fragmented urban development.

The results indicate that integrated approaches combining regulatory requirements, spatial
analysis, traffic safety assessment, and socio-environmental criteria provide the highest
effectiveness. The findings can be applied in developing strategies for bicycle infrastructure and
creating sustainable urban transport systems in developing cities.

Keywords: bicycle infrastructure, bicycle paths, transport planning, sustainable development,
urban mobility, developing cities.

Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions
of the Creative Commons Attribution (CC BY NC) licence (https://creativecommons.org/licenses/by-nc/4.0/).
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COBEPIHEHCTBOBAHUE CUCTEMbI JIUAT'HOCTUKHU U MOHUTOPHUHI'A
MOCTOBBIX COOPY KEHUM PECIIYBJINKH KA3BAXCTAH HA OCHOBE
AJAIITAIOUU ONIBITA KUTAUCKOHU HAPOJAHOU PECITYBJIUKHU

Myxamberkananes K.K.!, Canapitaii C.11.>", Kum A.U.3, Arasos T. B.*
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AHHOTanusl. POCT TpaH3UTHBIX TPY30HOTOKOB IO MEKIYHAPOJHBIM TPaHCIOPTHBIM
KOPUJIOpaM M CTapeHUE I1apKa MCKYCCTBEHHBIX COOPYKEHUH AaKTyalIu3UpYIOT 3a1ady
MOJIEpHHU3ALMU CUCTEMBI TUarHocTuku MoctoB PecnyOnuku Kazaxcran. Llens uccienoBanust —
CPAaBHMTEIBHBIM aHAJIN3 HOPMAaTUBHO-TEXHUYECKUX M TEXHOJIOTMUECKUX NoaxonoB Kuraiickoi
Hapomnoii PecryOnuku k 00CIeI0BaHIIO 1 MOHHTOPHHTY aBTOJOPOKHBIX MOCTOB U pa3paboTka
IIPEIUIOKEHUH 110 UX alaliTalluy K KIMMaTUYECKUM M DKCIUTyaTallMOHHBIM ycioBusaM KazaxcraHa.
MeTo/10JI0TUYECKYI0 OCHOBY COCTaBUJIM HAaTypHblE TEXHMYECKHE HaOIIOJEHUSI MOCTOBBIX
coopykeHUil arnomepanuu JenbTel JKemuyxHoil peku (r. I'yanwkoy, mait 2026 r.) u
COTOCTaBUTENIbHBIN aHaAIN3 MATH KUTAHCKUX HOPMAaTUBHO-TEXHUYECKUX JIOKYMEHTOB, BKIIIOUas
JTG/T 5214-2022 u GDJT 002-09-2025 [9] ¢ melicTByromeit HopMaTHUBHOM 0a3oil PecryGunku
Kazaxcran. YcTaHOBI€HO, 4YTO KIIIOYEBBIMH 3JEMEHTAMHU KHUTAMCKOW MOJAENU SBISIOTCS
JIByXYpPOBHEBOE KaTErOpUPOBAHUE MOCTOB, PErJIaMEHTHPOBAHHOE IMPHUMEHEHHE OeCTMIOTHBIX
JIeTaTeIbHBIX allapaToB U KOHLUENIUS «00JIErY€eHHOTr0» MOHUTOPHHTA TUIIOBBIX COOPYKEHUN Ha
OCHOBE MPOCTPAHCTBEHHO-BPEMEHHBIX OONbIIMX JaHHBIX. (OOOCHOBaHa NPUMEHHMOCTb
YKa3aHHbIX MOJXOJOB IpPH YCIOBUM MX aJanTallMl K pPEe3KO KOHTHHEHTAJIbHOMY KIIUMaTy,
MIaBOJIKOBBIM M JIEJOBBIM BO3JEHCTBUSIM M CTPYKTYpE TPaHCIOPTHBIX Harpy3ok KaszaxcraHa.
[IpakTuyeckast 3Ha4MMOCTb COCTOUT B C(HOPMUPOBAHHBIX NMPEAJIOKEHUAX JJIS TUIaHa pa3paboTKu
HOPMAaTHUBHO-TEXHUYECKUX JNOKyMeHTOB Ha 2027 rox.

KioueBbie cj10Ba: MOCTOBBIE COOpPYXEHHUs, OOCIEeTOBAaHWE MOCTOB, MOHHTOPUHT
TEXHUYECKOTO COCTOSTHHsI, OECHWIOTHBIE JieTaTelIbHbIe —ammaparbl, OOJbIINE JaHHBIE,
HOPMAaTHUBHO-TEXHUYECKHE JOKYMEHTBI, PE3KO KOHTUHEHTAIbHBIN KIMMAT.

BBenenune

HckyccTBeHHBIE COOPY)KEHUS ABISIOTCS HanOoJjiee OTBETCTBEHHBIMU U KalHMTaJIO0EMKUMHU
3JIeMEHTaMU aBTOMOOMJIBHBIX JOPOT: OTKa3 MOCTa, B OTJIMYUE OT JIOKAJHLHOTO pa3pylIEeHUs
JIOPOKHOM OJEXKIbl, NPUBOJUT K JJIMTEIBHOMY pa3pblBy TPAHCIOPTHOM CBA3M U CO3Ja€T
HEINOCPEICTBEHHYIO YIpo3y *HU3HU y4acTHUKOB BMkeHus. /s PecnyOnuku Kazaxcran 3amgaua
o0ecrieyeHUss HAJEKHOCTH MOCTOBOTO TIapka mpuoOperaeTr oco0yi0 OCTpPOTY B CHIY
COBOKYITHOCTH (pakTOpoB. Bo-mepBbIX, 3HaYUTeNbHAas 4YacTb OJKCIUIyaTHPYEMbIX MOCTOB
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noctpoeHa B 1960—-1980-e roasl mo HOpMaMm NPOECKTUPOBAHMS, HE YUUTHIBABIIIMM COBPEMEHHBIC
OCEBbI€ HAIPy3KU U MHTEHCUBHOCTb JIBMKEHHS. BO-BTOPBIX, pa3BUTHE TPAH3UTHOTO MOTEHIMAIA
CTpaHbl B paMKax MEXIyHapoJIHOro kopuaopa «3amagHas EBpona — 3anagueiii Kutait» u
CONPSHKEHUS C MHUIIMATUBOM « OJIMH MOSIC — OJIMH ITYTh)» COMPOBOXKIAETCS YCTOMUYUBBIM POCTOM
JIOJIA TSKEJIOTO IPY30BOr0 TPAHCIOPTA. B-TpeThbuX, pe3K0 KOHTMHEHTAIbHBIN KIMMAT C TOJOBOU
aMIUIMTyI0i Temneparyp, agocturaromeid 80 °C u  Oonee, MHOTOKpAaTHBIMU IUKIAMHU
3aMOpaXMBaHUS-OTTAaUBAHMS, MOPO3HBIM IIyYEHHEM TPYHTOB, BECEHHHUMHU NaBOJAKAMU U
aenoxoaoM (OPMHUpPYET KOMIUIEKC BO3JEHCTBHN, YCKOPSIOUIMX JETPaJalldio  HECyIIUX
KOHCTPYKLHUH, 1e()OpMallMOHHBIX IIIBOB U OMOPHBIX YacTEH.

TpamunuoHHas MPaKTUKa BU3YaTbHBIX 00CIEIOBAaHUH, BBITOIHIEMBIX C IEPHOIUIHOCTHIO,
YCTaHOBJICHHOW HOPMATHBHBIMU JOKYMEHTaMH, HE BcCerja o0ecleuynBaeT CBOEBPEMEHHOE
BBISIBIICHHE OIACHBIX IPOIECCOB JIErpajiallii, 0COOCHHO Ha TPYAHOAOCTYIHBIX JJIEMEHTAX —
HIKHUX MOBEPXHOCTSAX IMPOJIETHBIX CTPOCHUW, PUTENISX OIOp, 30HaX CONpsKeHUs. MupoBoi
OTIBIT IGMOHCTPUPYET NEPEX0]] K MHCTPYMEHTATLHO-IIU(PPOBOM MapaurMe TUarHOCTUKH, SIPOM
KOTOpOM BBICTyIaT OecrniuiioTHbIe JieTaTenbHble anmnapartbl (BIIJIA) ¢ aBToMaTH3MpOBaHHBIM
pacnio3HaBaHUEM J1€()EKTOB U CTAllMOHAPHBIE CUCTEMbl MOHUTOPUHIA TEXHUYECKOTO COCTOSHUS
(Structural Health Monitoring, SHM) [1-4].

B nayunoit nmureparype nociennux yer npumeHenne BIUIA mms obGcnemoBanus MOCTOB
pPacCMOTPEHO JIOCTaTOYHO MOJPOOHO: CHUCTEMATU3UPOBAHBI TEXHOJOTMH OECKOHTAKTHOMN
BU3YaJIbHOW M MH(PAKPACHOW CHEMKH M TPeOOBaHUS K MOJETHHIM Hapamerpam [ 1], BBITOTHEHO
sTanioHHoe coroctasienue 3pdextuBnoctu bITJIA u TpaagUIIMOHHOTO OCMOTpPA MPU BBISIBICHUU
YCTAJIOCTHBIX TPEIIMH CTaJIbHBIX MOCTOB [2], MPEAI0KEHbI OAX0bl K aBTOMATHU3aLMH ITOJIHOTO
[IUKJIA «ChbeMKa — TPEXMEpPHasi pEKOHCTPYKIUS — pacro3HaBaHue Je(peKTOB — OTYETHOCTHY [3].
B obnact cTanmoHapHOrO MOHUTOPHHTA pa3pabOTaHBl METOAMYECKHE OCHOBBI MOCTPOCHHS
cuctem SHM [4, 5] 11 aaroput™Mbl JOATOCPOYHON OLEHKHU COCTOSIHHS KeJIe300€TOHHBIX MOCTOB Ha
OCHOBE HEHWPOCETEBBIX MOJIEICH IO JaHHBIM MHOTOJIETHUX HaOmoneHui [6]. IlpusnanHbIM
JUAEPOM MPAKTUYECKOTO BHEAPEHUs OTUX TexHojorui ssiusercs Kuraiickas Haponnas
Pecniybnuka, skcmtyarupyromas ceiiie 1,1 MJIH aBTOJOPOKHBIX MOCTOB U C(OPMHUPOBABIIAS
LEHTPAIM30BaHHYIO CHCTEMY KOHTpOJIs ux Oe3omacHocTH [7]. BMecTe ¢ TeM B oTeduecTBEHHOM
JTUTEpPAType OTCYTCTBYET CHUCTEMHBIH aHAJIU3 TMPUMEHUMOCTH KHUTAaWCKOW HOPMaTHUBHO-
TEXHUUYECKON MOJENU TUAarHOCTHKU MOCTOB K ycioBusiM KazaxcraHa; uMeromiuecs: myOIuKaiuu
paccMaTpuBalOT MPEUMYLIECTBEHHO OTAENbHbIE TEXHOJOTMM BHE HUX HOPMAaTHUBHOIO H
OpPTaHU3aI[MIOHHOTO KOHTEKCTa. DTUM OIpeAeNsieTCs HayYHasi HOBU3HA HACTOAIIEH paOoThI.

[lenb nccnenoBaHuss — Ha OCHOBE MarepuanoB TexHudeckoil muccuu B KHP (20-26 mas
2026 r.) W aHanM3a TMOJYYEHHOM KHUTAaWCKONH HOPMATHUBHON JOKYMEHTAI[MH BBHISBUTH
OpraHM3al[MOHHbIE, TEXHOJOTMYECKUE W HOPMATHBHBIE pELIEHUs B o0JacTh 0OCIIeOBaHUS U
MOHHMTOPHHTAa MOCTOB, MpUTOJHBIE K ananrtanuu B Pecnybnuke Kaszaxcran, u copmupoBaTth
MPEVIOKEHUST U BKJIIOYCHHUS B TUIAH Pa3paOOTKU HOPMATHBHO-TEXHUYECKUX JIOKYMEHTOB
(HTH) ma 2027 roa. Ocoboe BHUMaHUE yjaeneHO yueTy crneuuduueckux s Kaszaxcrana
(aKTOpOB: IKCTPEMATBHBIX TEMIIEPATYPHBIX MEPEMaa0B, MABOJKOBHIX U JIETOBBIX BO3JACHCTBUH,
MOPO3HOTO MYYEHUs TPYHTOB U BBICOKOU J10IM CBEPXHOPMATUBHBIX IPY30BbIX HATPY30K.

Metoaosorust

HccnenoBaHue BBINOJHEHO B YETHIPE 3Tama C MCIOJIb30BAaHUEM KOMILIEKCa METOOB
CPaBHUTEILHOIO HOPMATUBHOT'O aHAJIM3a M HATYPHOT'O TEXHUUYECKOTO HAOIIOIeHUS.

Ha nepBom sTane B xo/ie TexHUUeCKON Muccud B T. ['yanuxoy (mpoBunuus ['yannyn, KHP,
20-26 wmas 2026 r.) mo mpurmamenuto Central Fortune Creation Technology Group Co
BBITIOJTHEHBI HATYPHbIE HAOII0JEHUSI MOCTOBBIX COOPY>KEHUI arjioMepanuu AeabThl JKeMuyKHON
peku, Bkirovast MocThl [IlyHbn3, Xalicuns, JInae u Jlocu, a Takske MHOTOYPOBHEBYIO ICTAKaIHYIO
ceTh ropoyia. UKCUPOBAINCH KOHCTPYKTUBHBIE peleHUs 1e(hOpMallMOHHBIX IBOB, OapbepHBIX
OTpaX/IeHUH, IIyMO3ALIUTHBIX SKPaHOB, OpPraHU3aLUs JIBUKEHUS U (PaKTHUECKOE TPAHCIIOPTHO-
HKCIUTYaTalMOHHOE COCTOSIHME coopykeHuid. HabmoeHuss mpoBOAMIMCH B pa3IM4HOE BpeMs
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CYTOK, B TOM YHCJI€ B 4aChl TMKOBOI HAarpy3KH, 4TO MO3BOJINJIO OLEHUTH paboTy COOpPYKEHUM MpU
MaKCUMaJdbHOW WHTCHCUBHOCTH JBWXKEHHS (IO OIEHKaM, B TMpeAeNax arioMeparuu
OJIHOBPEMEHHO HaxouTcs nopsiaka 30—35 MITH TpaHCIIOPTHBIX CPEJICTB).

OOBexThl HaTYpHBIX HaOmoaeHnit: mocthl Llynpnd, Xaticunab u Jlune (r. 'yanwkoy, KHP, mait 2026

T.)

Ha BTOpOM 3Tane BBINOJHEH aHAIM3 MATH HOPMAaTUBHO-TEXHUYECKUX HokymeHToB KHP,
MOJIyYEHHBIX MO WTOTaM MHUCCHUH: TEXHHYECKOTO perjaMeHTa 0 HaTypHBbIM HCHBITAaHUSM U
KOHTPOJIIO IKCILTyaTUpyeMbIX aBTOMOOMIBHBIX MOCTOB JTG/T 5214-2022; TeXHHUYECKOTO
PYKOBOJICTBA MO MpUMEHEHUI0 MajoBbICOTHBIX BIIJIA miist mHCHIEeKIMM aBTOMOOMIIBHBIX MOCTOB;
PYKOBOJICTBA 10 TPHUMEHEHHIO IPOCTPAHCTBEHHO-BPEMEHHBIX OOJBIIMX JAaHHBIX JUIA
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MOHHMTOPHUHTA KOHCTPYKUUH OOJBIIMX U MPOTSKEHHBIX aBTOMOOMIIBHBIX MOCTOB; PyKOBOJICTBA 10
TEXHOJIOTUM MOHUTOPHUHIA KOHCTPYKIIMIA aBTOMOOMIIBHBIX MOCTOB IpoBuHIMHU ['yanmyn GDJT
002-09-2025; orueta 00 HMHCHEKIMH C HCIOJb30BAaHUEM MHOTO(DYHKIIMOHAIBHOW CHCTEMBI
aHanmu3a JOpor. AHaiM3 BBIIOJHJICS IO €IUHOM cxeme: 00JacTh NPUMEHEHHUs, OOBEKT
HOPMUPOBAHHUSA,  KIIOYEBbIE  TEXHHUYECKHME  TpeOOoBaHMs,  CTENEHb  aBTOMAaTHU3AalIUU,
OpraHU3aIlMOHHAS] MOJIEIb IPUMEHEHUSI.

Ha TperbeM »Tame mpoBeleH COMOCTaBUTENIbHBIN aHalU3 KHUTAMCKOW MOJAETH C
JNEHCTBYIOIIEH HOPMAaTHBHOM M OpraHu3alMoHHON 0a3oii PecnyOnmku Kazaxcran, Bkitouas
3akon PecnyOimku Kazaxcran «OO0 apXUTEKTYpHOH, TPagOCTPOUTEIBHOM M CTPOUTEIIBHOU
nestenbHOCTH B PecmyOnmuke Kaszaxcram» [8], crpouTenbHble HOPMBI U CBOJABI TPaBUII
PecnyOonmnku Kazaxcran mo npoexktupoBaHuio U dkciutyaTanuu MoctoB u Tpyo (CH PK/CII PK),
rOCy/apCTBEHHBIC CTaHAAPTHI B OO0JIACTH JMATHOCTHKH aBTOMOOWIIBHBIX JOPOT, a TakKke
NEHCTBYIOIIMNA TOPSAIOK MAaclOpTU3alUd  HCKYCCTBEHHBIX coopykeHud. ComocraBieHue
BBITIOJHSUIOCH 110 KPUTEPHSIM: OpPraHU3allMOHHAS MOJIENh W KaTerOPUPOBAHHE OOBEKTOB;
NEePUOANYHOCTh M BUABI OOCJENOBaHUI; NPUMEHSEMbI HHCTpyMEHTapHil; TpeOoBaHMsS K
KBTM(DUKAIIMK UCTIOTHUTEICH; (hopMa IIPEICTaBICHHS PE3YJIbTATOB.

Ha uerBepTOM »dTame oIlleHEHa MPUMEHHUMOCTh BBISBICHHBIX PEUICHHH K YCIOBHUSM
Kazaxcrana mo wyerplpeM rpymmaM (HakTOpOB: KIMMATHYECKHE (pacdyeTHas MHUHUMAaIbHas
temriepatypa 10 MuHyc 40 °C u Huxe, rogosas ammnTyia 10 80-90 °C, uukIbl 3aMOpaKMuBaHUSI-
OTTauBaHUs, TOJIOJICTHO-U3MOPO3EBhIE SIBJIICHUS, BETPOBbIE OrpaHuyeHus s mosnetoB BITJIA);
TUAPOJIOTHYECKUE (BECEHHUE MaBOAKH, JIEA0XO0]I, TOJIMBIB OIIOP); SKCILTyaTallMOHHbIE (CTPYKTYpa
W HWHTCHCHUBHOCTh JIBWIKEHHUS, CBEPXHOPMATHUBHBIE HArpy3kd B TI€PUOJ  MAaCCOBBIX
CEJIbCKOXO03SUCTBEHHBIX MEePEBO30K); HOPMAaTHUBHO-TIPAaBOBBIC (coBMeCTUMOCTD c
3akoHoaTeNnbCTBOM PecyOnmukn Kazaxcran 00 MCHOIb30BaHUHU BO3AYIIHOTO MPOCTPAHCTBA H O
pazpelieHusiXx U yBenomiieHusx). [lo pesdynbratam oneHkd cHOPMUPOBAHBI MPEATOKEHUS IS
rtana pazpadorku HT/ Ha 2027 rox.

Pe3yabTaTsl U 00CyKICHUE

Macmrad u crpykrypa mocroBoro napka KHP. Oco0eHHOCTH KUTaliCKOM CHUCTEMBI
JUArHOCTHKU MOCTOB HEBO3MOXHO pacCMaTpuBaTh BHE MacliliTada U apXUTEKTYpbl HAIMOHATIbHON
TpaHCIOPTHOM ceTu. B coorBercTBuuM ¢ «llmaHOM HalMOHAIBHOW KOMIUIEKCHON TPEXMEPHOMU
TpaHcnopTHOH cetn» Ha nepuof 2021-2035 rr. B KHP popmupyercst onopHslii kKapkac U3 mecTu
IJIAaBHBIX OCEH, CEMH KOPUAOPOB U BOCBMH IPOXO0JI0B 00IIel NPpOTKEHHOCTHIO0 0K0s1o 700 ThIC.
KM, a KIIFOYEBBIMH IIOJIFOCAMU» OIPEAEIICHBI YETHIPE arjOMEpaliy, BKIKOYas paioH «boJbmoro
3anuBa» ['yanayH — CsiHran — AOMAHb, IIEGHTPOM KOTOPOTO BBICTYMAeT I'. ['yaHuk0oy — 0OBEKT
Hacrosiiet muccuu [10]. iMeHHO BhICOKasi MHHTEHCUBHOCTh CBSI3€H MEXy STUMHU TOJIOCAMU U
KpaiiHe pa3HooOpa3HbIil penbed (peku, Tophl, yienbs) 00yCIOBUIN CTPOUTENsCTBO 1,2—1,3 MitH
MOCTOBBIX COOPY>KEHHUH, U3 KOTOpbIX OKoyio 1,1 MiH — aBTOjOpoOkHBbIe. OO00MmEHHas cxeMa
Tpa"cniopTHoii cetu KHP ¢ BblieneHMEM OCHOBHBIX, BEPTUKAJIBHBIX W TOPU30HTAJIBHBIX
KOPHJIOPOB U TUIIOB y3JIOB IIPUBE/IEHA HA PUCYHKE 2.
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TOPHU30HTAJIbHBIE KOPUAOPHI; OCHOBHBIE, MPUOPEKHBIE U IIOTPAHUYHBIC Y3IIbI)

Cas3p ¢ TpancnopTHoil cucremoii PecnyOsmmkn Kazaxcran. [IpuHuunuanbHO BaxHO,
YTO 3alaJHOE KPbUIO KUTANCKOM CETH BBIXOJIUT Ha IOIPAHUYHBIN y3en XOoproc, yepes3 KOTOpbIi
IPOXOJUT TPAHCKOHTHHEHTAJIbHBIN Kopuaop «3anannas EBpona — 3amagusiii Kuraity. OGmas
NPOTSKEHHOCTh KOPUJ0pA COCTABIISIET OKOJIO 8 445 KM, U3 HUX Ka3aXCTaHCKUN ydacTok — 2 787
KM; OrpaHu4HbIN nepexoa Xoproc / «Hyp >xosbl» B HOTHOM 00bEMe BBEAEH B HKCIUTyaTaIUIO B
2018 romy, a cam MapupyT cBsi3biBaeT HopT JIssHbIOHBraH Ha nobepexbe JKénroro mops c
€BpOIEHCKON 4YacTbl0 KOHTHHEHTA, COKpamlas BpeMs [OCTaBKM TIpy3oB B Espomy c
npuOIM3UTENBbHO 45 cyToK MOpcKuM IyTéM Jo nopsanaka 11 cyrok [11]. Tem cambiM MOCTOBOI
NapK, SKCIUTyaTHUPYEMbI HAa KUTAMCKOM Y4YacTKE KOPHJOpPA, M HMCKYCCTBEHHBIE COOPYKEHHS
Ka3aXCTaHCKOTO yyacTKa (pakTU4ecKHu paboTaloT B €AMHON TPAH3UTHON CUCTEME M UCIBITHIBAIOT
COIIOCTABUMBIE IO MPHUPOJE (XOTS M pa3IUYHble MO KIMMATHYECKOMY KOHTEKCTY) Ipy30BbIE
Harpy3ku. JTO JONOJHUTEIBHO OOOCHOBBIBAET 11€JI€CO00PA3HOCTh FAPMOHU3ALUU MOAXO0I0B K
JUArHOCTHKE M1 MOHUTOPUHTY MOCTOB JIBYX CTPaH.

Opranun3annoHHas MoJe/Ib KOHTPOoJist 0e3onacHocTu MocToB B KHP. YcranoBneno, 4ro
B KHP, skcrumyarupyromeit 1,2—1,3 MIH MOCTOBBIX coopykeHHH (M3 HuUX okono 1,1 muH —
aBTOJIOPOKHBIE), JEHUCTBYET >KECTKO LIEHTPAJM30BaHHAs [IBYXypPOBHEBas CHCTEMa KOHTPOJIS.
['opoackue ¥ pervoHanbHbIE MOCTBI  OOCHENYIOTCS  OKCHEPTHBIMH  OpraHU3alUsSMU,
cepTUHUIMPOBaHHBIMU MunuctepctBoM Tpancnopta KHP Ha mpaBo mpoBeneHus miaHoBOro,
MEePUOIUYECKOTO M CIEeNUaIbHOTO TexHu4Yeckoro ocMoTpa (Routine, Periodic and Special
Inspections) B COOTBETCTBUY € HAI[MOHAIBHBIMU cTaHaapTamu cepuu JTG (B wactHoctu, JTG H11
JUIsL  aBTOAOPOXHBIX MocToB). OOcneaoBaHMe KpPYNMHEWIIMX W HauOojieeé OTBETCTBEHHBIX
COOPYKEHMH 3aKpEIIEHO 3a CIENNATN3UPOBAHHOM IOCYJapCTBEHHOM CTPYKTYpOoii — MOCTOBBIM
6ropo (China Railway Major Bridge Engineering Group, MBEC), pacnonararomeit
COOCTBEHHBIMH Hay4YHO-HMCCJIEOBATEICKUMU HHCTUTYTAMH W HCHbITaTelbHOM Oa3oi. Takas
MoJieJIb 00€CTeYMBAEeT BBISBICHHE YCTAJOCTHBIX M JIErPaJallMOHHBIX MPOIECCOB 3a0JT0 10
JOCTHXEHUS UMH KpUTHdeckoro ypoBHs. i KazaxcraHa npUHIMIINAIBHO 3HAYMMBIM SIBIISETCS
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cam moxaxon auddepeHnuanu: 3aKperyieHHe CIIOKHBIX M YHUKaIbHBIX COOpPY)KEHHWH 3a
CHEIUAM3UPOBAaHHOW  HAYYHOW  OpraHu3alMeil Mmpu  JOMyCKe  CepTHUHUIMPOBAHHBIX
(JIMIIEH3UPOBAHHBIX ) OPraHU3alMK K MAaCCOBBIM THUITOBBIM OOBEKTaM.

T ——

MmuoroypoBHeBast (3D) scrakagHas ceTb arnomepanuu 1eabThl JKeMuayXKHOH pekn

KoHcTpykTHBHO-TEXHOJIOTH4YecKue Ha0io1eHusi. HaTypHble HaOMI0IeHUS BBISBHIIIN PSIJT
pemeHHﬁ, HCMMOCPCACTBCHHO BJIHAIOMHNX HA AOJTOBCYHOCTH U TPAHCIIOPTHO-OKCIINTYyaTallMOHHBIC
MOKa3aTeIH coopykeHuil. JledopMaIimoHHbIE BBl BHITTOIHAIOTCS C IPUMEHEHHUEM KaueCTBEHHBIX
pe3UHOBBIX JeMIihepoB U GuOPOOETOHA B 30HE OKAWMIICHHSI; BRIBEJACHHUE 30HBI CTHIKA «B HOJIb)
obOecrieunBaeTcs BBICOKOTOYHBIM HHBEIMpOBaHHWEM. B pesynbpTare mpu Mpoes3ie Mo IBaM
OTCYTCTBYIOT yJapHBIC BO3JCUCTBUSA, HE 3a(DUKCHPOBAHO CIICIOB M3HOCA 30HBI OKAWMIICHWS;
CHI)KAIOTCSI JAMHAMHUYECKHWE Harpy3KH Ha TMPOJETHOE CTPOEHUE, HM3HOC XOJOBOM dYacTu
TPAHCIIOPTHBIX CPEJCTB M YPOBEHb AKYCTHYECKOTO 3arps3HCHHS MPHICTAIONICH 3aCTPONKH.
BapwepHble orpaxkaeHus NpeuMyliecTBeHHO OeToHHbIe THMa «Hbro-J[kepcu»; Ha ydacTkax
MOBBIIIEHHOTO  pUCKa TOBepX OETOHHOro OJIOKa yCTaHABIMBAETCS JOMOJHHUTEIHHOE
METAIIITMYECKOE OTpak/IeHNE, TOBBIIIAIOIIEE YACPIKUBAIOIIYIO CIOCOOHOCTH MPH Hae3/e TSHKEIbIX
rpy30BbIX aBToMoOwmiIed. Illymo3amuTHble SKpaHbl MOHTHUPYIOTCSI HENOCPEICTBEHHO Ha
OCTOHHBIC OTPaXKICHUS; HA OTACIBHBIX COOPYXEHUAX (MOCT Jlocw) mpHUMEHEHBI MOJHOCTHIO
3aKpBITHIE AKPAaHbI MOJYKpyryioro cedenus. [IpsMoi mepeHoc naHHbIX pemenuii B Kazaxcran
TpeOyeT TpPOBEpPKM MaTEpHaloB HAa MOPO30CTOMKOCTh (BKIIOYAs CTOMKOCTh PE3UHOBBIX
nemriepoB u ¢GubOpoOETOHA K MHOTOKPATHBIM ITUKJIAM 3aMOPaXUBAHUS-OTTaUBAHUS |
BO3/ICHICTBUIO MPOTHUBOTOIOJIEIHBIX MAaTEPHANIOB), YTO JOJKHO CTaTh MPEAMETOM OTAEThHBIX
71a00PaTOPHBIX U ONBITHO-TIOJEBBIX UCCIEAOBAHUM.
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Baprepnbie orpaxaenus tuna «Hero-Ixepcu»: a) TunoBoe; 6) ¢ JOMOJHUTENBHBIM METAITIMYECKUM
OTpaKJIeHHEM

Hedopmaronsslii moB oTKpeITOro THmna (r. ['yanwkoy)
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[lymo3aiuTHbEIC SKpaHbl: a) 3KpaHbl Ha 0APbEPHOM OTPaXKIECHUH; 0) TIOJIHOCTBIO 3aKPBITHIA IKpaH

AHaau3

HOPMATHBHO-TEXHUYECCKHUX

mocrta Jlocu

JAOKYMEHTOB

KHP. PesynbTarsl

CTPYKTYPHUPOBAHHOT'O aHAJIM3a [10JyY€HHOH HOPMaTUBHOM JOKYMEHTAllUH [TPUBEICHBI B TaOIM1IE

1.

Tab6muna 1. HopmarusHo-TexHndeckue qokyMenTsl KHP B 00macTi 1MarHOCTUKM MOCTOB U TIOTEHITHAI
nx agantanuy B PecriyOnuke Kazaxcran

JdoxkymeHT

O0beKT HOpMUPOBAHMS H
KJII0YeBbIe MOJI0KEeHUS

IMorennmnan axantanuu B PK

JTG/T 5214-2022.
TexHu4ecKkuil pernaMmeHT
10 HATYPHBIM
UCIBITAHUAM U KOHTPOIIIO
JKCIUTyaTUPYEMBIX
ABTOMOOMIIBHBIX MOCTOB

PernamenTtupyer ciaydan
NPUMEHEHUS] KOHKPETHBIX
UHCTPYMEHTAJIbHBIX METOJIOB,
HOPSIOK UX HACTPOWKHU M TIPH3HAKU
OTIACHBIX MPOLIECCOB JETpaanum;
(aKTHUECKH SBISETCS
MPaKTUYECKUM ITOCOOUEM T10
00ce10BaHHIO

Beicokwmii. ['apmonn3anus ¢
JIEUCTBYIOILIUM TOPAJIKOM
o0creoBaHMif; OCHOBA periiaMeHTa
HATYPHBIX (CTATHYECKUX U
JMMHAMUYECKHX ) UCTIHITAHUN MOCTOB
PK

Texauyeckoe
PYKOBOJICTBO IO
MPUMEHEHUIO
MaJoBBICOTHRIX BITJTA
JIUIS. MHCTIEKIUN
aBTOMOOMIILHBEIX MOCTOB

IlepeBoaut npumenenue BIUIA u3
9KCIIEPUMEHTAIBHON MPAKTUKH B
periaMeHTUPOBAHHBIH
aBTOMATHU3UPOBAHHBIN
TEXHOJIOTUYECKUH MPOIECC C
MPUMEHEHUEM HCKYCCTBEHHOTO
WHTEIUICKTA; YCTAHABIIUBACT
TpeOOBaHUSI K MOJIETHBIM 3a/IaHUSIM,
0e30MmacHOCTH U 00pabOTKe JaHHBIX

Bricokwuii. Tpebyercs yBsizka ¢
3akoHOaTenscTBOM PK 00
WCTIOJIb30BaHUU BO3YLITHOTO
MPOCTPAHCTBA U OTPAaHUYCHUSMH 110
BETPOBBIM U TEMIIEPATYPHBIM
YCJIOBUSIM II0JIETOB
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PykoBoncTso o
IPUMEHEHUIO
IPOCTPAHCTBEHHO-
BpPEMEHHBIX OOJIBIINX
JAHHBIX JUII MOHUTOPUHTA
OOMBLINX U IPOTAKECHHBIX
MOCTOB

Jlenut naHHbBIC MOHUTOPUHTA HA
KaTeTOPHUH «IIPUIHHAY (HATPY3KH,
cpena) U «CIeACTBHEY (OTKITHK
KOHCTPYKITUH); aJITOPUTMBI
MAaIIIHHHOTO O0YYCHHS
COIOCTABJISIOT UX U TIPU BBIXOJIE
OTKITHKA 32 HOPMY aBTOMATHUECKU
(hopMUPYIOT IIpeANrcaHue Ha
BHEOYepeIHOe 00CTyKHUBaHUE

Cpenunti/Beicokuii. [IpumeHnM 11t
BHEKJIacCHBIX MOcTOB PK; TpeOyer
co3aHus HeHTpa 00pabOTKU TaHHBIX
W MHTETpanuu ¢ 6a30it
MaCIOPTH3AIMH UCKYCCTBEHHBIX
COOPYKEHHI

GDJT 002-09-2025.
PykoBoacTso no
TEXHOJIOTMH MOHUTOpPHHTA
KOHCTPYKLUH
ABTOMOOMJIBHBIX MOCTOB
IpoBUHIMM ['yannyH

Konnenmus «o0JieraeHHOro»
(MaTo3aTpaTHOT0) MOHUTOPHHTA
TUTIOBBIX MOCTOB: 3aI[UTA OT
Hau0o0JIee YaCThIX PUIHH
0o0pyIIeHwiI — TOIMBIBA OTIOP
MaBOJIKaMH, HaBaja CyJI0B, Mpoe3a
HCJICTAJIbHBIX CBCPXTAKECIIBIX
TPAHCHOPTHBIX CPE/ICTB

Beicokuii. IIpsiMo oTBeuaeT puckam
PK: Becennmne maBoaku, JICIOXO0/I,
CBEpXHOPMATUBHBIE HATPY3KH;
SKOHOMUYECKU PeaIn3yeM s
MaccOBOI'0 MOCTOBOTO MapKa

OtueT 00 MHCIIEKIIUH C
UCIIOJIb30BaHHEM
MHOTO(YHKIIHOHATEHON
CHCTEMBI aHAJIN3a JOPOT

HckimoueHne «9eroBe4ecKoro
(hakTopa»: BMECTO BU3YyaIbHOMH
oleHKH Gopmupyercst nudposast
KapTa, B KOTOPOil pOBHOCTb U
KOJICHHOCTH IPOCYNTAHBI JIa3ePHBIM
CKaHMPOBAHUEM C CAHTHMETPOBBIM
I1aroM

Cpenuuit. Conpsiraercsi ¢
JEUCTBYIOLIEH TPAKTUKON
nuarsoctuku gpopor PK
NepeABMKHBIMH JTA00PAaTOPHUIMHU;
MPUMEHUM K TIOKPBITASM MOCTOBOTO
MOJIOTHA

ComnocrasJieHue ¢ geiicTByouel npakTukoil Pecmyosmmkn Kazaxcran. CpaBHUTENbHBIN
aHaJ M3 ToKa3al, 4To AcicTByromas B Kazaxcrane cucrema onmupaercsl MPEeUMYIECTBEHHO Ha
NepUOANYECKHE BH3YyaJdbHbIE W HWHCTPYMEHTANbHBIE OOCIEAOBaHUA C MacmopTU3aluen
COOp}I)KCHI/II\/JI, TOoraa Kak CTaHHOHapHBIfI MOHI/ITOPI/IHF HpI/IMCHfleTCﬂ B CAUHUYHBIX cnyqaﬂx, a
npumenenue BIIJIA He wuMeeT cHenMamu3MpPOBAHHOTO HOPMATHUBHOTO PETYIHPOBAHHS B
JTOpoxkHOM oTpacin. O000IIEHHOE COOCTaBICHNUE MTPUBEICHO B TabIuUIIE 2.

Tabmuma 2. ConocraBnenue cuctem auarHoctuku MmoctoB KHP u Pecniy6nmku Kazaxcran

IIpuznak KHP Pecny0iuka Kazaxcran

JIByXypOBHEBOE: THIIOBBIE MOCTBI —

cepTu(UIMpPOBaHHBIE OPTaHU3AINY; EnunbIi mopsok o0cnenoBaHmii;
Kareropuposanwue OTBETCTBEHHBIE — g hepeHranus 1mo cloKHOCTH
00BEKTOB CTEeIHATN3UPOBAHHOE COOpYKEHHI HOPMATHBHO HE

rocyaapctBeHHOe MocToBoe 0ropo 3aKperieHa

(MBEC)

PeFHaMeHTI/IpOBaHO OTACIIBHBIM

. | Dnu3onuyeckoe, B MHUIIMATHBHOM

PYKOBOJACTBOM; aBTOMAaTU3UPOBAHHBIN <
IIpumenenue BITJIA TIOPSIAKE; OTPACIEBON PETIIAMEHT

npouecc ¢ UM-pacno3naBanneM

OTCYTCTBYET
nedeKToB
ITomaomacmtabubt SHM mytst
N . | EMuHIYHBIC TUIIOTHBIE CHCTEMBIL;
CTaI_H/IOHapHBH/I BHEKJIACCHBIX MOCTOB, «O0IErYeHHBIN
KOHIIEMINAS 00JIErYeHHOr0
MOHHUTOPUHT MOHHTOPUHT JJIsl MACCOBBIX TUTIOBBIX
N MOHUTOPHHIA HE BHEAPEHA

COOpYKEHHI

IIpocTpaHCTBEHHO-BPEMEHHBIE basbl JaHHBIX TACTIOPTU3ALINHY;

0OJIbIIINE TaHHBIC, MOJICIb KIIPUYHHA EIICHUsI O PEMOHTE MPUHUMAIOTCS T10
O06paboTka JaHHBIX > MOA P P p p

— CJIEICTBUE», aBTOMAaTHYECKHE pe3yJbTaTaM MepruoIuIecKuX

MIpeAnCcaHus Ha 00CITy )KBaHNE obcrnenoBaHmit
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EnvHbIl TEXHUYECKUH periaMeHT IIpoBoasTCS O OTAEIBHBIM
Hatypnsie JTG/T 5214-2022 ¢ npuBs3Koi IIporpaMMam; eINHbIA
WCTIBITAaHUS WHCTPYMEHTApHs K MPU3HAKaM aKTyaJIM3UPOBAHHBIA PETIIAMEHT

JeTpagaIiu TpedyeT pa3zpaboTku

AjanTanus K KIAMATHYECKMM M JKCIUIyaTallMOHHBIM yciaoBusam Ka3zaxcrana.
[lepeHoC KHTaWCKUX pemieHUd TpeOyeT ydeTa NPUHIUIHAIBHBIX pa3Iuddil  yCIOBUN
skcrutyartaruu. [lpoBunims ['yaHayH xapaktepusyercs CyOTpPONHMYECKHMM KJIMMaToM 0Oe3
YCTOWYMBBIX OTPULIATENIBHBIX TeMIepaTyp, Torga Kak Juisi OOJbIIeld YacTH TEeppUTOPUU
Ka3zaxcrana pacueTHple MUHMMaJIbHbIE Temueparypbl gocturatoT MuHyc 40 °C u Hmke npu
rogoBoi ammumatyae no 80-90 °C. Dro ompexpenser cieayromue TpeOOBaHMs K aanTalldu:
JAaTYUKU W KOHTPOJUIEPHl CHCTEM MOHUTOPUHIA JOJDKHBI COXPaHITb METPOJIOTHYECKHE
XapaKTePUCTHKHU B PACHIMPEHHOM TeMIIEpaTypHOM JIMana3oHe, a aAITOPUTMbI HHTEPIPETAIIUN —
OTJEIIATh CE30HHBIE TeMIepaTypHble aedopMaiu (pacKpbITHE LIBOB, NMEPEMEIICHUS OMOPHBIX
yacTeil) OT IerpaJallMOHHBIX MPOIleccoB; ojeTHbIE periaMeHThl BITJIA momkHbl ycTaHaBIUBATh
OTpaHMYEHUsl 0 TEMIIepaTrype, BETpy U OOJIEIEHEHUIO, XapaKTEpHbIM MJis CTENHON 30HBI;
Marepuanbl AehOPMAIIMOHHBIX IIIBOB (pe3nHOBBIC AemIdepnl, (GuOpoOETOH OKaWMIICHHUS )
MOJJIEKAT MPOBEPKE HA MOPO30CTOMKOCTh M CTOMKOCTh K IPOTHMBOTOJIOJIEIHBIM pEarcHTaMm.
OpnnoBpemeHHO KoHuemnuusi obnerdeHHoro monutopunra GDJT 002-09-2025 opuentupoBaHa
MMEHHO Ha T€ YIpo3bl, KOTOpPbIE CTAaTUCTUYECKH 3HAuMMbl A KazaxcraHa: MmoaMbIB Omop
MaBOJKaMH (aKTyalIbHOCTh MOJATBEPKICHA MACIITAOHBIMH MaBOJKAMU MOCIEAHUX JIET), JIEJOBbIE
BO3JCHCTBUS M TPOE3]] CBEPXHOPMATHUBHBIX TPAHCIOPTHBIX CPEIACTB, 4YTO JIEJAeT €€
MPUOPUTETHOM [Tl aJanTalluH.

Ipennoxenuss nasa mniaana paspadorku HTJ na 2027 roa. Ilo pesynbraram
uccienoBanus cHOPMHUPOBAHBI CIHENYIONINEe NpeIokeHus: 1) pa3paboTka METOIUYECKHX
peKoMeHIanui (peKoMeHAAINi M0 MPUMEHEHHI0) 1o ucmnoyib3oBanuto BIIJIA nipu o6cnenoBanun
MOCTOBBIX COOPYXXEHHUH, TapMOHU3UPOBAHHBIX C KUTAHCKUM TEXHUYECKUM PYKOBOJICTBOM U
3akoHoAaTenbcTBOM PecryOnuku Kazaxcran o0 Mcnonb30BaHUM BO3AYIIHOTO IPOCTPAHCTBA; 2)
pa3paboTka PYKOBOJAILIETO JOKYMEHTa IO OOJEr4yeHHOMY MOHHUTOPHHIY THIIOBBIX MOCTOB C
IPUOPUTETHBIM KOHTPOJIEM MOAMBIBA OIOpP, JIEAOBBIX BO3JEUCTBUM M CBEPXHOPMATHUBHBIX
HArpy30K; 3) aKTyalu3alus perjaMeHTa HaTYpPHBIX UCTIBITAHUN U HHCTPYMEHTAIBHOTO KOHTPOJIS
AKCIUTyaTUPYEMBIX MOCTOB C Y4eToM CTpykTypel u mnonoxenuid JTG/T 5214-2022; 4)
dopMHpoBaHHE TEXHMYECKMX TpeOoBaHMM K oTpacieBod miaTgopme oOpabOTKH JaHHBIX
MOHMTOPHMHTA N0 MOJENHU «IPUYMHA — CIIEACTBUE» C MHTETpaleil B AEHCTBYIOLIYIO CUCTEMY
NacropTU3alMi aBTOMOOUIIBHBIX JOPOT; 5) BBIOJHEHHUE ONBITHO-3KCIIEPUMEHTAIBHBIX padoT Mo
OLICHKE  MOPO3OCTOMKOCTM  KOHCTPYKTHBHBIX  pEIIeHUH  AepOpPMAllMOHHBIX  ILIBOB,
anpoOupoBanHbix B KHP. IlepeuncrienHble 1OKyMEHTHI IieecooOpa3HO pa3pabaThiBaTh CO
ccoiikamMu Ha nedctBytome CH PK/CIT PK mo moctam u Tpyb6am M MeXrocyJapCTBEHHbIE
crangaptel ('OCT) B oOnactu JMAarHOCTHKH, C YTOYHEHHEM UHIEKCoB 1o Eaunomy
rocy/1apCTBEHHOMY (POHTy HOPMATHBHO-TEXHUYECKUX JOKYMeHTOB PecnyOinku Kazaxcras.

[TosmydyeHHBbIE pe3ysbTaThl COTNACYIOTCSI C MHUPOBBIMU TEHACHLMSAMH aBTOMaTH3aLUU
obcnmenoBanuit [1-3] w pas3BuTus cucTeM MOHHUTOpHHTA [4—6], OAHAKO, B OTJIMYHE OT
OONBIIMHCTBA MyOJIMKAIMKA, pacCMaTPUBAIOMIMX TEXHOJOTHH H30JMPOBAHHO, B HACTOSIIEH
paboTe OHU MPOaHATU3UPOBAHBI B €IMHCTBE C HOPMAaTUBHON U OPraHU3aIllMOHHOM MOJEIbIO, YTO
o0ecreynBaeT MPaKTHUYECKYIO PEaTM3yeMOCTh MpeiokeHui. OrpaHMueHHEeM HCCIe0BaHUS
ABIIIETCS. KAaYeCTBEHHBIH XapaKTep CONOCTABUTEIBHOIO aHaiM3a: KOJIWYECTBEHHAsl OIEHKa
HKOHOMHYECKOH 3(h(HEeKTUBHOCTH 00JIET4eHHOr0 MOHUTOPHUHIA NMPUMEHUTENBHO K MOCTOBOMY
napky Kazaxcrana tpedyeT oT/IeIbHOI0 TEXHUKO-3KOHOMHYECKOT0 UCCIIeI0BaHUS Ha MUJIOTHBIX
00BEKTaX.

3akiaouyeHue
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1. BbIsSBIEHBI KIIOYEBBIE 3JEMEHTBHI KUTAaHCKOM cHCTEMBbl oOecreueHHsi 0e30IacHOCTH
MOCTOBOT'O TapKa: ABYXYPOBHEBOE KaTerOpupoBaHHE OOBEKTOB € 3aKPEIJICHUEM OTBETCTBEHHBIX
COOpPYKEHHMI 32 CHeUUATN3UPOBAHHON TOCYIapCTBEHHOM HAyYHOM CTPYKTYpOW; HOPMAaTHUBHO
pernameHTHpoBanHoe npuMenenue BITJIA ¢ aBTOMaTH3MpPOBaHHBIM pacIiO3HABAaHHEM JIE(PEKTOB;
KOHIENIUs 00JerYeHHOro MOHUTOPHHIA THUIIOBBIX MOCTOB; 00OpabOTKa JAaHHBIX MO MOJAEIU
«TpPUYMHA — CIIEACTBUE)» C aBTOMATHYECKUM (pOpMUpPOBAaHUEM MPEAIHCAHUI HAa 00CITy)KUBaHHE.

2. YcTaHOBIEHO, YTO HauOONBIIMM HOTEHIuanoM aaanrtanuu B Pecny6nuke Kazaxcran
001aJafoT TEXHUYECKHH persiaMeHT HaTypHbIX ucnbitanuii JTG/T 5214-2022, pyKOBOJACTBO 1O
npumeHenuto BITJIA u konnenmus obnerdennoro Monuropuara GDJT 002-09-2025, mockoabKy
NIOCJIEAHSISI OPUEHTUPOBAHA Ha YIPO3bl, CTATUCTUYECKH 3HaUMMBble [ Ka3axcraHa: oAMbIB 01IOp
MIaBOJIKAMH, JIEJIOBBIE BO3/ICUCTBUS U CBEPXHOPMATUBHBIEC HAIPY3KHU.

3. OGocHOBaHbBI YCIOBHUS aJalTallid: PacIIMpPEHUE TEMIEPaTypHOIO Juana3oHa paboThI
U3MEPUTENILHOTO 000PYI0BaHMsl, KOPPEKTUPOBKA aJITOPUTMOB HHTEPIIPETALIMU JAHHBIX C YYETOM
CE30HHBIX TEeMIIEPATypPHBIX JehopMallHii, yCTAHOBICHHE KIMMAaTHYECKIX OTPAHUYCHUH TIOJIETOB
BITJIA, mpoBepka MOpO30CTORKOCTH MaTepUaIoB 1e(hOpMaIMOHHBIX IITBOB.

4. Jlopo)kHbIM oOpraHaM M Hay4HbIM opraHuzauusMm Pecnyomuku  Kaszaxcran
pPEKOMEHIyeTCs: BKJIIOYUTh B IutaH pa3pabotku HTJ Ha 2027 rox maTh NpeasiosKEHHBIX
JOKYMEHTOB; pEaJIn30BaTh MWJIOTHBIM MNPOEKT OOJEr4YeHHOr0 MOHHTOPHHTA Ha JIBYX-TPEX
TUTIOBBIX MOCTaX B IaBOJKOOIMACHBIX paiOHaX; BBIMNOJIHUTH OMBITHYIO ampobaruio BITJIA-
o0cieoBaHUSI Ha BHEKJIACCHOM MOCTY C COIIOCTAaBJIIEHUEM pE3YyJbTaTOB C TPaJWLIMOHHBIM
ocMoTpoM. JlanpHeiine wuccieAoBaHus LeraecooOpa3HO HalpaBUTh HAa KOJHMYECTBEHHYIO
TEXHUKO-3KOHOMHMYECKYIO OLIEHKY 00JIEr'Y€HHOr0O MOHUTOPHUHIA U Ha Pa3pabOTKy OT€YECTBEHHBIX
ITOPUTMOB pacro3HaBaHUs 1e(eKTOB, OOyUEeHHBIX Ha AeeKTaxX, XapaKTEepHBIX IS KJIMMaTa
Kaszaxcrana.
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Nudopmanus 06 aBTopax (Ha 3 si3bIKax):

Braan aBropoB: Cannpibaii C.JI. — KOHIEMIIUS, METOIOJIOTHs, COOp MaHHBIX (TEXHHYECKas
muccus B KHP), ananus, untepnperanus, Hanvcanue, peJakTHPOBaHUE.
AraBoB T.b. — cOop ¥ aHanM3 HOPMATHBHO-TEXHUYECKOW JIOKYMEHTALUU, HW3yYeHHE

MEXYHAPOJHOTO OIbITA, CPAaBHUTEIbHBIA aHAJIW3 CTAHJAPTOB, CUCTEMAaTH3allMs JaHHbIX,
y4acTHe B PEIAKTHPOBAHUU TEKCTA.

Kum A.M. — cOop naHHbIX M mojeBble paboThl (TexHuueckas Mmuccus B KHP), ananus
MEXIYHApOJHOTO  OIbITa, aHAIW3 HOPMATUBHO-TEXHUYECKOW  0a3bl, KOHCTPYKTHBHO-
TEXHOJIOTUYECKHE HAOIOICHHSI, HATMCaHNe YePHOBHKA, PEIAKTHPOBAHNE U PELIEH3UPOBAHHUE. .
Kongaukr mHTEpecoB: ABTOPHI 3asBISIOT 00 OTCYTCTBMM KOH(QUIHMKTa WHTepecoB. [loe3nka
ocymiectBiieHa mo mnpuriamenuio Central Fortune Creation Technology Group Co;
NpUIJIANIAIoNIas CTOPOHA HE yYacTBOBala B aHAIM3€ JAHHBIX, (POPMYIMPOBAHUHM BBIBOJIOB U
MOJTOTOBKE PYKOIIHCH.

KBITAM XAJIBIK PECITYBJIMKACBIHBIH TOKIPUBECIH BEMIM/IEY HETI3IH/E
KA3AKCTAH PECIYBJIMKACBIHBIH KOIIIP KYPBLIBICTAPBIH
JUATHOCTHKAJIAY KOHE MOHUTOPUHI TEY KYWECTH )KETLIIIPY
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AnHoTanus. XamplKapaiblK KK JaJ1i31epl OOWbIHINA TPAH3UTTIK KYK aFbIHIapPBIHBIH 6CY1
KOHE >KacaHIIbl KYpBUIBICTap TapkKiHiH To3ybl Kazakcran PecmyOnukachiHBIH Keripiep/il
JMUATHOCTHKANIAY XKYWECIH >KaHFBIPTY MIHJIETIH ©3€KTi eTedi. 3epTreyaiH makcatbl — KpITaii
XanblKk PecrmyOnMKachIHBIH aBTOXOJ KOIIpJIEPiH TEKCEpy MEH MOHHUTOPHHITEYTE KATHICTHI
HOPMATUBTIK-TEXHUKANIBIK JKOHE TEXHOJOTHSAJIBIK TOCUINEPIH CaJbICTBIPMAJIbl Taljay >KoHE
onapapl KazakcTaHHBIH KIUMATTHIK JKOHE MaiifanaHy >KarnaiiapblHa OeHiMIey >KeHIHJAEr]
YCBIHBICTAp/IbI d3ipiiey. OicHaMaibIK Heri3l ['yanuxoy KanaceiHaarsl (2026 k. MaMbIp) KeIip
KYpBUIBICTAPbIH HATYypaJIbIK TeXHUKaNBIK Oakpuiay >koHe JTG/T 5214-2022 nen GDJT 002-09-
2025 Koca anfaHna, Oec KBITAJIBIK HOPMAaTHMBTIK-TEXHMKAJBIK KykaTThl Ka3zakcran
PecryOnmukachIHBIH KOJITAQHBICTaFbl HOPMATHBTIK 0a3aChIMEH CAJBICTBIPMAIIBI TAIAy KYpPaJlbl.
KpITaii MoJeniHiH HETi3ri 3JEeMEeHTTEepi: KemipiepAl eKi JEHrelll caHaTTay, YIIKBIIICHI3 YIITY
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anmaparTapblH PErjJaMeHTTENTreH KOJIJaHy JKOHE KEHICTIKTIK-YaKbITTBIK YJIKEH JIepeKTep
HETI31HJEr1 YITUIK KYPBUIBICTAPABIH «KECHUIIETUINeH» MOHUTOPHHIT TYXKBIPHIMIaMachl €KeHi
AHBIKTABI. ATallFaH TOCULIEPAIH KYPT KOHTUHEHTTIK KJIMMAaTKa, Cy TaCKbIHBI MEH MY3 XKypici
oceprepine xkoHe KazakCTaHHBIH KOJIK )KYKTeMeNepiHiH KYPbhUIBIMbIHA OCHIMICITEeH JKaFaanaa
KOJIJIaHbLTY Bl Herizaensi. [IpakTukanbik MaHbI3ABUIBIFEI — 2027 KblIFa apHAIFaH HOPMATUBTIK-
TEXHUKAIBIK KY)KaTTap/Ibl 93ipJiey KOCIAphIHA KABINTACTHIPBIIFAH YCHIHBICTA.

Tyiitin ce31ep: Kemip KYPBUIBICTAphI, KOIMIpJepal TeKCepy, TEeXHUKAIBIK >Kal-KyH
MOHHTOPHHTI, VIIKBIIICHI3 YIIy ammaparTapbl, YIKEH JAEepPEeKTep, HOPMATHUBTIK-TEXHUKAIBIK
KyXKarTap, KYpT KOHTUHEHTTIK KJIMMaT.

IMPROVEMENT OF THE BRIDGE DIAGNOSTICS AND MONITORING SYSTEM OF
THE REPUBLIC OF KAZAKHSTAN BASED ON THE ADAPTATION OF THE
EXPERIENCE OF THE PEOPLE'S REPUBLIC OF CHINA
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Abstract. The growth of transit freight flows along international transport corridors and the
ageing of the stock of engineering structures make the modernization of the bridge diagnostics
system of the Republic of Kazakhstan an urgent task. The aim of this study is a comparative
analysis of the regulatory, technical and technological approaches of the People's Republic of
China to the inspection and monitoring of highway bridges, and the development of proposals for
their adaptation to the climatic and operational conditions of Kazakhstan. The methodology
combines field technical observations of bridge structures in the Pearl River Delta agglomeration
(Guangzhou, May 2026) with a comparative analysis of five Chinese normative documents,
including JTG/T 5214-2022 and GDJT 002-09-2025, against the current regulatory framework of
Kazakhstan. It was established that the key elements of the Chinese model are two-level bridge
categorization, regulated application of unmanned aerial vehicles, and the concept of lightweight
monitoring of typical structures based on spatio-temporal big data. The applicability of these
approaches is substantiated subject to their adaptation to the sharply continental climate, flood and
ice impacts, and the traffic load structure of Kazakhstan. The practical significance lies in the
proposals formulated for the 2027 plan for the development of normative and technical documents.

Keywords: bridge structures, bridge inspection, structural health monitoring, unmanned
aerial vehicles, big data, normative and technical documents, sharply continental climate.
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Abstract. The construction of ceramic road surfaces in residential complexes , private
residential buildings and other socially significant facilities will lead to environmental and
economic efficiency. For a comfortable life of residents, a special role is played by solving the
problems of their improvement. In addition, one of the most important tasks is the improvement
of sidewalks, courtyards and playgrounds, as well as the territories of squares, alleys and parks,
which require a large amount of road-building materials. Currently, concrete pavers of various
configurations and asphalt concrete are used to solve these problems. However, as practice shows,
during the operation of these paths, their destruction is often observed.

An important technological stage in the production of ceramic materials is the preliminary
preparation of raw materials, which requires significant energy and resources. As a result of
research by scientists of modern technology for the production of ceramic tiles using the dry and
wet method, it was found that in the process of preparing raw materials, a lot of energy and water
is spent, and therefore is expensive both from an economic and environmental point of view.
Scientists have proposed alternative methods for preparing raw materials, which significantly
reduce energy and water.

Keywords: Clay, ceramic road surfaces, Shagan clay, physico-mechanical properties, local
raw materials.

Introduction

The production of ceramic materials uses the highest accepted medium-melting clay , loam
and yellowish soils [1,2], siltstones , algerites and fast-melting shales.

The use of these raw materials and products and the technology of their production allow us
to create ceramic materials. Many effective ways to prepare products and mold them have been
able to influence their properties.

These studies and experiments were made by mixing vogran slag as an auxiliary additive
with clay in ceramic materials [3,4]. As a result of the study,the unsuitability in the production of
products decreased by 50% in drying works, as a result of which it was possible to obtain products
of the brand of ceramic bricks from 75 to 120 brands. And in the process of 10000¢ burning, Quartz
in the heated body decreases and vollastonites increase.

The high heat retention and inability of clay to withstand shrinkage is very high compared
to other ceramics, as silica or mullite compounds of minerals are found in it. But when using clay
in the production of refractory ceramic bricks, it pursued the goal of reducing its high thermal
conductivity [4].
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Kazakhstan researcher-scientist Saibulatova S. zh. the author, referring to her research, noted
that dynamic sedimentation consists of two periods: determining the smoking period and
corresponding to the amount of water given in the composition, and simple periodic sedimentation,
which depends on the release of water vapor in the gaseous state [5].

The research involved making ceramic bricks using three different soils. The main structure
of the soil is composed (by 80% mass fraction) of mineral. Its mineralogical composition consists
mainly of clay minerals, quartz and carbonates, as well as other very small minerals. In this
project, raw materials were studied and collected as a basis, and then dried in a drying oven at
105\degc, and then, as usual, laboratory work began. The products are placed in a hermetically
sealed container for 24 hours,protected from air flow, in a state of rest, hemogenization of moisture
content of the product, that is, uniformity. After the product is crushed and shaped, continuous
dewatering works are carried out and dried in a laboratory dryer oven at 105\degc, after drying in
an electric oven with an average heating of 1.4 C/min to 610\degc, then continuous long-term
annealing to the temperature of the last task by increasing 2.5\degc per minute to 900\degc,
950\degc and 1000\degc [6].

Ceramic products are the most durable, environmentally friendly materials that provide
extended comfort, creating a climate of comfortable temperature and humidity for the
environment. However, a serious problem in the production of these products is the use of low -
grade raw materials with high sensitivity to drying by conducting research and experiments in
production. In this regard, there is a need to develop multicomponent compositions and
technologies for ceramic products using regional mineral raw materials and industrial waste.

For the production of construction ceramics, low-melting clays, loams and clays, clay,
siltstones and low-melting shales are widely used.

The use of these types of raw materials in the production of Wall ceramics made it possible
to create multicomponent compositions of ceramic masses, in particular, due to the introduction
of additives regulating the properties of forming sands and the properties of the finished product,
as well as a change in the technology of preparing raw materials [7,8,9].

It is important to note that in the process of overcoming barriers, it is influenced by many
factors related to the cited research, which makes it extremely important for scientists to review
the research data.

The practical and theoretical principles of creating the structure of construction ceramics at
the stage of shaping, drying and firing are thoroughly studied and are based on the results of
ceramic masses, the basis of which is clay raw materials. However, in the development of effective
technologies for making ceramic products, non-traditional natural raw materials and, in addition,
production waste with special properties are increasingly used [10]. Therefore, it is necessary to
conduct additional research, taking into account the properties and specific features of the raw
materials under consideration.

When creating resource-saving and energy-saving technologies of ceramic products, the use
of multicomponent raw materials began to be paid more and more, which increased interest in
terms of obtaining products with the necessary properties. However, for the selection of rational
methods at the stage of preparation of raw materials used in the practical implementation of
research results, an integrated scientific approach is required.

When choosing the method of forming ceramic masses for the production of ceramics in
construction, the semi-dry pressing method has received its due recognition in recent years, which
opens up wide opportunities for the use of non-plastic raw materials, including industrial waste ,
full automation of technological processes, integration of drying and firing processes, obtaining
products with clear surfaces and accurate geometric dimensions.

Methodology

In some properties and granulometric composition, The Rock approaches closed loams. As
a rule, the holes do not contain sand particles larger than 0.25 mm in size, however, this rock
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contains most of the large dust (0.05-0.01 mm). Its content usually reaches 60-70%. The Rock is
distinguished by weak layering, micro-aggregation, high water permeability. Loess-carbonate
rocks. In dry areas, they can be salted and contain gypsum particles.

Ceramic materials used for production in the production of products must comply with the
current regulatory and technical documents for the production of these materials, as well as
technical documentation and obtain from the characteristics of the products being removed from
this. My problem is to improve the properties of Chagan loam by adding additives to its properties.
Therefore, the study of its basic mineral composition is an important case.

Raw materials containing the mineral Al,Os3 belong to the acidic raw material type. And he,
in turn, is considered to have a low firing temperature. And raw materials containing Fe>O; are
considered to be of high quality (Table 1).

Table 1 . Share of chemical minerals of Shagan loam of West Kazakhstan region

Oxygen contacts, drunk.%
Raw material name | Slalolol & « ol ol O]l ol g
Q = Q < o0 8 Q\, S o @) g N =
ol s S|l o » o o 2
Shagan on clay o ] i N I 0 IS I B S R
- | & ol IV N e =

In the course of differential and thermal analysis, 120 °C loses its external water due to
internal conditions. At 280°C, organic minerals burn out.

To create a ceramic composition for the system Loess —like loam-Chagan field in clay,
bentonite clay was pre - dried at a temperature of 90-100 °C to a constant weight. The dried clay
was ground to a certain surface area of 1000-1200 cm2 / G in a laboratory ball mill. Grinding was
also carried out on glass powder.

The course of research was made by saturating clay - bentonite powder with water.

To create a ceramic composition for the system, use Loess-like loam and

made from bentonite powder clay and glass crusher. Clay and bentonite powders were then
dried and crushed and prepared. We mix the dry mixture, that is, glass powder for loam and
bentonite clay in a ratio of 80-85:5-10:5-10 in a ball mill and saturate the mixed mixture with
water. The resulting ceramic mass is brought to a moisture content of 20-30%.

Cylinder samples (5x5x5 CM) were formed by semi-dry vibropressing from the studied
mineral compositions of raw materials mixtures. Pressing pressure 10 MPA. After that, AZA-
sensitive drying of the molded product was carried out, and annealing was carried out in furnaces
with an exposure of 8-10 hours at the appropriate temperature. The temperature speed was carried
out at a speed of 100 degrees per hour.

For the research work, the characteristics of the most important operational features of the
emerging ceramics that occur during heat treatment were selected, such as fire shrinkage, general
strength during compression and bending, general average density, material water absorption.
Table 2 shows the physical and mechanical properties of heat-treated material or ceramic samples
at different temperatures.

Table 2. Physical and mechanical properties of ceramic samples loam-bentonite-glass
powder

Burn  [Burner shrinkage|  Average Strength, MPa Water
temperature, , % density, absorption,

to pressure \ to bend
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e r/em’ %
900 0,05-0,01 1740 9,4-10,1 1,62-1,8 18,42
1000 0,10-0,12 1784 11,0-11,5 2,1-2.4 16,43
1100 0,13-0,16 1790 11,6-12,05 2,3-2.5 15,24

Thermal processing of samples was carried out according to the effective optimal
composition of raw material compositions-85% bentonite clay, bentonite powder with an
admixture of 10% bentonite and 5% glass powder were used.

The introduction of bentonite in powder form leads to the formation of stress in the process
of drying raw materials due to the difference in water consumption and moisture supply, as well
as the swelling of loam and bentonite. The difference in the linear dimensions of the samples is
35%.

The raw mixture is then molded by semi-dry vibropressing. The pressing pressure is 10-15
MPA. Due to the high sensitivity to drying, cast products were dried in conditions of complete
drying, protected from gusts of air, wind. The dried product was fired in a muffle oven from 100
°Cto 1100 ° C. The rate of temperature rise is 1.5-2 ° C per minute.

Preparation of samples in the form of cubes with a wall size of 5x5x5 CM was carried out
by pressing the mixture from raw materials. The moisture content of the mass was 20% of the
mass of dry components, the pressure was 10 - 15 MPA.

The maximum firing temperature was up to 1000 degrees Celsius with a rise rate of 2.5
degrees per minute.

Testing work was carried out on 3 ceramic components of the cylinder-shaped product in
question. The main requirement is to increase the binding capacity of Chagan loam, and to some
extent to increase its physical and mechanical properties. In these samples, small explosions
occurred, although the degrees of explosion were not clearly known in each mixture. In order to
avoid these obstacles, I studied its differences during the main drying process.

The first thing I did was mold Shagan clay without additives (Figure 1). I compared the
results obtained from it with products with added additives.

Figure 1. Ceramic samples in drying condition

With regard to changes in the average density and water absorption in the systems under
consideration, there is a decrease in water absorption and an increase in the average density in both
ceramic compositions (Figure 2). However, in the clay-bentonite powder system, water absorption
decreases from 21.7% to 19.6%. The loam system contains 15% to 20% bentonite and glass
powder. In the clay-bentonite powder system, the average density increases from 1.65 to 1.83 g/
cm3. When used in the form of glass powder from 1.75 to 1.9 g / cm3, it is administered in the
form of glass powder. The data obtained clearly show that all the studied properties were
significantly improved with the introduction of bentonite—glass in the form of water saturation.
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Figure 2. view of road surfaces that have undergone annealing

When applying ceramic compositions in the range of 900-1000°c, there is a significant
increase in strength indicators, and the maximum strength in the specified temperature range was
achieved by a ceramic composition with a suspension and is 9.4-12.5 MPA. This powder is 9%
more than the composition with bentonite.

Results and Discussion

For the main production of ceramic products, the main sources of raw materials are required:
clay, kaolin, loam, clay shale.

Loams are a mixture of large volumes of sand and mixed silt, as well as clay with the
minerals calcium carbonate and water and bound iron oxide. The main main features of particles ,
1.e. minerals

by nature, loams from the level of > 0.015 mm are divided into thick and surface thin, and
according to the significance of the production of clay particles, they are divided into heavy and
light-weight loams. Loams are the predominant types of relative clay particles (up to 50% -33.3%),
in which there is a lot of rock (Figure 3). This is the case when ceramic materials are of particular
importance in determining the most important characteristics of materials for construction
production water aluminosilicate is a complex compound. Their properties: bonding, ductility,
calcined raw materials vary according to their mechanical strength.

Loams are characterized by minerals with very small particle sizes, no more than 18
micrometers, and have dimensions of more than 2 micrometers. The natural construction of the
parts the mineral sum of the ceramic maker must be at least 1.5 microns and in the range from
10% to 40-55%.
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The chemical composition of raw clay materials for the production of bricks and stones
varies depending on the location, time of formation: A1203+TiO2 — 8-28%; CaO — 0.5-25%; Si02
—45-80%; Fe203 — 2-8%; MgO — 0-4%; R20 — 0.3 — 5%, the share of other minerals-3-6%.

Granule-shaped (granular) composition — an intermediate size ratio of particles of different
sizes and fractions, expressed as a percentage by mass fraction. The granule-shaped composition
is characterized by the size of loamy fractions (less than 0.004 mm), dusty particles (0.004-0.14
mm) and fine sand(0.14-5 mm). The ratio between these fractions uniquely determines such
properties in materials as bonding shrinkage, ductility, and susceptibility to drying.

Figure 3.microstructure of the Shagan loam of the WKO, with different magnifications.
a-Magnification 100 times ; b-magnification 500 times;
c-magnification 1000 times; d-magnification 2000 times

An increase in the amount of clay substance gives the loam a significantly higher plasticity
and resistance to rapid crushing in water, but, on the contrary, increases the overall and air
shrinkage and increases the sensitivity to drying. Clay plasticity refers to the fact that clay
materials, under the influence of a force acting from the outside, take on different shapes, without
breaking its integrity, and do not return to their elastic place after this force is obtained. The
deformation that occurs in this case is characterized by the breaking of bonds between some atoms
and the formation of new ones.

A comprehensive and comparative analysis of microstructure, change and distribution,
basic silicate-forming chemical elements in ceramic masses the introduction of bentonite powders
with a high surface area (1200-1500 ¢m2/G) indicates a significant General change in the
morphology of the microstructure of the ceramic composition of loams-bentonites. Confirmation
of'this is electronic images made at different magnifications of a ceramic composition of pure loam
and modified bentonite clay (Figure 4).

Figure 4.microstructure of the composition of loam-bentonite-glass powder.
a) increased by 100 times; b) increased by 5000 times
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Microscopic studies were carried out under the image electron microscope JSM-6490lv.
INCA Energy 350 is equipped with an energy-saving micro-filter system and a device for studying
the texture and micro-radiation of HKL Basic polycrystals and crystals.

Conclusion

Based on the results of the methods of studying physico-mechanical and chemical-
mineralogical indicators and characteristics of the obtained raw materials, it was proposed to create
an effective technology for obtaining high-quality ceramic road surfaces by semi-dry
vibropression according to a number of research methods, thanks to the raw material composition,
research and experiments made by adding additives of bentonite clay and glass powder to Chagan
Loess loam.

It was proved that it is possible to increase the physical and mechanical properties of loess-
like loams by adding additives to them by converting them.it was also proposed to mix them in
powder form in a ball mill in 3 different ratios to choose a rational method of introducing the
mixture into the composition of the ceramic mass.

It was found that a ceramic composition based on Loess-like loam helps to improve the
formation properties due to the addition of bentonite clay as an additive. And the addition of glass
to it allowed it to increase its individual physical properties.

A significant difference was found between the processes of forming the structure in
comparison with pure loam and modified ceramic compositions. In the ceramic composition
modified by bentonite clays, ceramic fragments of chemical elements such as Si, Al, Na, K
increase due to the chemical composition of bentonite clay. This can be seen to have a positive
effect on the overall stable formation of the crystalline phases of albite and anorthite as
strengthening minerals in the ceramic fracture microstructure that determines the production of
road surfaces. Loess-like indicates that Clay is enriched with chemical elements. The resulting
ceramic product is distinguished by high strength, frost resistance and good water-absorbing
properties.

The technology of roadbed ceramics based on bentonite clay and glass powder mixtures and
modified Loess-like loams is developed, according to which it introduces dry-state mixing
technology, which greatly simplifies the manufacturing process of high plastic ceramics and
guarantees the improvement of high plasticity during molding , reducing the shrinkage indicator
during drying and firing stage gives a significant relief to the production progress of the product.
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Ca3zabl MUKI3aTHI HeTi3iHAe KePpaMHUKAJIBIK K0/ TOCEM/IEPiHIH KYPaMbIH KIHe OHAIpY
TEXHOJIOTHSICHIH OHTAWJIAHBIPY

https://orcid.org/0000-0003-3198-2150 AOCOB Kap>Kay6aI7I 1’

https://orcid.org/0000-0002-3586-7128 II[ipiCOB BEKC¥HT3H 2,*

1«)KaHn'p XaH aTblHAarbl baTeic Kasakcran arpapAblk-TexHnkaAaslk yHusepcureTi» KeAK,
Opaz k., Kazakcran
2 Batbic KaszaxcraH MHHOBaIIMAABIK-TEXHOAOTUAABIK YHIBepcuTeTi, Opaa K., Kasaxcran
*KoppecnonaeHT aBTop: beksultan.idirisov@mail.ru

Anpnarna. KepaMuKaIbIK )K0JI TOCEMEPiH TYPFBIH Y KEIIEHACPIHIIE , )KEKE TYPFBIH YiJIep/e
XKoHe 0acka J1a 9JIeyMETTIK MaHbI3bl Oap HBICAHIAP/bl CaTy SKOJOTHSIIBIK KOHE SKOHOMHUKAJIBIK
JKarblHaH J1a THIMJIUTIKKE oKeneni. TYpFhIHAAP/IBIH JKaiIbl eMip CYpyl YIIIH OJap/bl )KaKcapTy
MOCeJIeTIepiH ISy epekie pei arkapanbl. COHBIMEH Karap, MaHbI3Abl MIHACTTEpPAiH Oipi
TpPOTyapiap/pl, ilIKI ayjiasap MEH OHbIH allaHJapblH, COHJAH-aK KONTEreH KOJ-KYPbUIbIC
MaTepHaIapBIHBIH KOIT MOJIIIEPiH KAXKET €TETiH alanaap, ajuiesiap MeH casOaKTap ayMaKTapblH
abaTtTanaplpy OoJsbin TaObuTanbl. Ka3zipri yakeiTra Oy1 mpoOseManapapl Iy YIIiH dp TYpJi
KOH(HUTYpaIHsIaFbl ’KoHE achanbT OETOHABI OETOH ToceMelnep KOMAaHbUIaaAbl. Anaiiia, Toxipuode
KOPCETKEH ICH, OCBI JKOJIIap/Ibl MaiaaaHy Ke3iHe oJap bl Oy3bLTybI KU1 OaiiKaiapl.

Kepamukanplk marepuaniap OHIIPICIHIH MaHBI3ABI TEXHOJOTHSUIBIK KEe3€HI MIMKI3aTThI
JIbIH-aJIa JalbIHIay OOJIbIN TaObUIaIbl, OYJI alTapibIKTall SHEPrHs MEH PecypcTapbl Tallam
ereni. Kyprak skoHe IBIMKBUT 9ICTiI KOJ/IaHA OTBIPHII, KEPAMHUKAIBIK TUIMTKATAPAbI OHIIPYIiH
3aMaHayd TEXHOJIOTHSCHIH FaJbIMAAPIBIH 3€pTTEYJIepl HOTIIKECIHIE NIMKI3aTThl JalbIHIAY
OapbICBIHA KOII SHEPTUSI MEH CY JKYMCAIAThIH/BIFBI, JEMEK YKOHOMHKAJIBIK KOHE IKOJIOTHSIIBIK
TYPFBIIaH Ja KbIMOAT €KCHIIT aHBIKTaNIbl. FanbiMaap MMKi3aTThl JalbIHIAYBIH Oajlamaiibl
O/IiCTEPiH YCHIH/IBI, OYJI PHEPTUS MEH CYJIbl AUTAPIIBIKTal TOMEHACTE/II.

Tyiiinai ce3nep: Ca3, kepamuKkainblK >xoin Tecemaepi, lllaran ca3narbl, Qu3MKa-
MEXaHUKAaJIbIK KaCUeT, )KePriIiKTI IIUKI3aT.

OnTuMu3anus coOCTaBa M TEXHOJOTHH MPOU3BOJACTBA KEPAMHUYIECCKUX NOPOKHBIX
l'[OKprTI/Iﬁ Ha OCHOBC I''IMHUCTOI'O ChIPbHA

https://orcid.org/0000-0003-3198-2150 ,Z',OCOB Kap>1<ay6a171 1 ,

https://orcid.org/0000-0002-3586-7128 HI[I/IpI/ICOB BeKch'lTaH 2,*

13amaano-Kaszaxcrauckuii arpapHO-TeXHIYECKIil yHuBepcuTeT umen JKaurup xaHa , T. Ypaabck,
Kasaxcran
2 3artagno-KasaxcTaHCKMil MHHOBAI[IOHHO-TEXHOAOTMYECKIIT YHUBEpCUTeT, T. Ypaabck, Kasaxcran
*KoppecnoHaeHT aBTop: beksultan.idirisov@mail.ru

AnHoTanusA. CTpOUTENIBCTBO KEPAMUYECKOIO IOPOKHOT'O ITOJIOTHA B JKUJIBIX KOMIUIEKCAX,
WHAUBUAYAIbHBIX JKUJBIX JOMax M JPYTUX COLHUAIbHO 3HAYUMBIX OOBEKTax MPUBOJUT K
MOBBIIIEHUIO JKOJIOTUYECKOM U 3KoHOMHYeckod s dexktuBHOCcTH. OcCo0yr0 posb  Ams
KOM(pOPTHOTO NPOKUBAHMS JKUTEJIEH UrpaeT pelieHre BOMpocoB ux yiyuiieHus. Kpome Toro,
OJTHOW M3 BaXKHBIX 33]1au SBJSIETCS OJIAaroyCTpOCTBO TPOTYyapoB, BHYTPEHHUX JIBOPOB M IETCKUX
IUIOIA/IOK, a TAK)KE TEPPUTOPHI TUIOIIAI0K, ajlyIel U MapKOB, TPEOYIOUIMX O0JIBIIOr0 KOJIHYECTBA
JIOPOXKHO-CTPOUTENFHBIX MaTepuajoB. B HacTosiiee BpeMs Ui peUIeHHs 3TUX Hpobiem
UCIIONIB3YIOTCS O€TOHHblE OpycuaTKu pa3iauyHoi KoHurypauuu u achanbToOETOHHbBIE
nokpbITUsA. OIHAKO NpPaKTHKa IIOKAa3blBAE€T, 4YTO IIPU HCHOJB30BAHUU HTHX IYyTEH YacTo
HaOJIIOaeTCs MX HAPYIIICHHE.
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BayKHBIM TEXHOJIOTHYECKUM 3TAllOM IPOU3BOACTBA KEPAMUYECKUX MATEPUAIIOB SABIIACTCS
npeBapuTeNbHas MOJArOTOBKA CHIPbS, YTO TpeOyeT 3HAUMTENbHBIX YHEPro3aTpaT u pecypcos. B
pe3yJIbTaTe HUCCIEIOBAHUM YYEHBIX COBPEMEHHOM TEXHOJIOTMHM IIPOM3BOJCTBA KEPaMHYECKOU
IUIUTKH C HCIOJIb30BAHUEM CYXOTO U BJIQXKHOT'O METOAA OBLIO YCTaHOBJIICHO, YTO B IIPOIECCE
IOATOTOBKU CBIPbs PAcXOAyeTCsl MHOIO JHEPrMd M BOJIbl, & 3HAYUT, U DKOHOMHYECKU U
JKOJIOTUYECKH JOPOro. YUeHbIe NPEUIOKUIN aJbTEPHATUBHBIE METOABI IIOATOTOBKH CHIPbs, YTO
3HAYUTENIBHO CHU3WIIO MOTPEOICHUE SHEPTUU U BOJIBI.

KaroueBble cioBa: [nmna, kepamuyeckas Opycyarka, YaraHckass riuHa, (QHU3UKO-
MEXaHUYECKUE CBOMCTBA, MECTHOE CBIPBE.

Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions
of the Creative Commons Attribution (CC BY NC) licence (https://creativecommons.org/licenses/by-nc/4.0/).
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BJIMSTHUE AKTUBUPOBAHHOWM CYXOH 30J1bI HA ®U3HKO-
MEXAHUYECKHUE CBOMCTBA ACPAJBTOBETOHHBIX CMECEN

[Mupmaes J[.K.'*, Cmarynosa M.K.!
40 "KazoopHUHU", Acmana, Pecnybauxa Kazaxcman

*Asrop xoppecnonaent: Tptk2025@gmail.com

AHHOTanusA. B crarbe NpeacTaBieHbl pe3ysIbTaThl SKCIEPUMEHTAIBHBIX UCCIEA0BAHUM 110
OLIEHKE BJIMSHUS aKTUBHPOBAHHOW CYXOH 30JIbl, MCIIOJIB3yEMOM B KauyecTBE YaCTUYHOM 3aMEHbI
MHUHEPAJIBHOTO TOPOIIKA, Ha (PU3MKO-MEXaHWYECKHE CBOMCTBA IUIOTHBIX ac(haabToOeTOHHBIX
cMmeceil. MccnenoBanus npoBOAMIIUCH B cOOTBeTCTBUU ¢ TpeboBanusmu CT PK 1225-2019 u CT
PK 1218. beutn momoOpaHbl COCTaBBl MEIKO3EpHHUCTHIX ac¢anbTodeToHoB TUIOB A U b,
KPYITHO3EpHHUCTOTO ac(hanbTo0eToHa U IIe0€HOUHO-MAaCTUYHOTO ac(aibTo0EeTOHA C TPUMEHEHHEM
AKTUBHUPOBAHHOM 30bl. BbINOHEHA OLIEHKAa IPOYHOCTHBIX XapaKTEPUCTUK, BOJOCTOMKOCTH,
TPELIMHOCTOMKOCTH, CIBUTOYCTOMUMBOCTU U yCTOWYMBOCTH K KoJieeoOpa3oBanuto. [lonydyeHnsle
pe3yabpTarhl NOKa3aiH, YTO MPUMEHEHHE aKTUBUPOBAHHOW CYXOH 30Jbl MO3BOJSET 00€CIEeUUTh
HOpPMAaTHBHbIE (PU3UKO-MEXaHUUYECKUE XapaKTEPUCTUKHU ac()aabTOOETOHHBIX CMeceil U OBBICUTH
UX CONPOTHBIICHHE BO3ACHCTBUIO BBICOKMX Temrieparyp. Hambomee sddexkruBHBIM OKazancs
cocras ¢ conepxkanueM 60 % cyxol 3056l OT MacChl MUHEPAJILHOTO TIOPOIIKA.

KuroueBblie ciaoBa: acdanbroOeTOH, aKTUBHpOBaHHas 301a, cyXas 30Jla, MHUHEpaJbHbIN
HOPOUIOK, JIOPOXKHOE CTPOUTEIBCTBO, (PU3UKO-MEXaHUUYECKUE CBOMCTBA, OPOKHBIE MOKPBITHSA,
KoJiIeeo0pa30BaHue, BOJOCTONKOCTb.

BBenenne

CoBpeMeHHOE JOPOKHOE CTPOUTENHCTBO OPUEHTHPOBAHO HA MOBBIIIEHUE JJOJITOBEYHOCTH
JOPOXKHBIX TOKPBITUM MHpHU OAHOBPEMEHHOM CHHKEHUH Ce€0eCTOMMOCTH IPOU3BOJCTBA
ac(aabTOOETOHHBIX CMECEH M paclIMpeHUH NMPUMEHEHHUS] BTOPUYHBIX MHHEPATIbHBIX PECYPCOB.
OpHMM M3 NEpCHEKTUBHBIX HANpaBICHUM SABISAETCS HCIOJIb30BAHME 30JIbI-YHOCA TEIUIOBBIX
ANIEKTPOCTAHIIUN MTOCIIE COOTBETCTBYIOIIEH aKTHBAIIMM B KAY€CTBE MUHEPAJILHOTO HAIIOJTHUTEIIS.

AKTUBUpOBaHHas cyxas 30jla oOlajaeT pa3BUTOM YIENbHON IMOBEPXHOCTHIO, BBICOKOM
JUCIEPCHOCTBIO U CIOCOOHOCTBIO  B3aMMOJIEHCTBOBaTb C OWTYMHBIM BSDKYIIUM, 4YTO
CHOCOOCTBYET YNYYIIEHUIO CTPYKTYphl acansroberoHa. Kpome TOro, MCmoiab30BaHUE 30JIbI
MO3BOJIIET CHU3UTh 00BEM MPOMBILIUIEHHBIX OTXOJ0B, HAMPABISEMbIX B OTBaJIbl, U YMEHBIINUTH
HKOJIOTMYECKYIO Harpys3Ky.

[{enbto HacToALIEH PabOTHI ABJISETCS NCCIEIOBAHKE BIUSHIS aKTUBUPOBAHHON CYXOM 30J1bI
Ha (U3UKO-MEXaHWYECKHE CBOICTBa ac(anbTOOETOHHBIX CMeCel paslW4YHbIX THUIOB U
orpezieNIeHUE ONTUMAIBHOTO COIEP KaHUS 30J1bl B COCTaBE MUHEPAILHOTO IMOPOIIKA.

MeTtoaoorus

1.1 Metoanka npoBeaeHUs MCCIEI0BAHUH
B xone uccnenoBaHuil NIaHUPOBAIOCH PEIINTh CIEAYIOIINE 3a/1a4u:
- mof00path cMecH, orevatomie Tpedboanusm CT PK 1225;
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- omnpenenuTh (U3UKO- MEXaHWYECKHE TOKAa3aTeIM MEJIKO3EPHUCTHIX ac(haabTOOCTOHOB

tunoB A u b mapku I

- OICHUTD BIIUSAHUC aKTHBHPOBaHHOfI 30JIbI B COCTAaBC aC(l)aJ'IBTO6eTOHa.

duznko-MmexaHn4eCcKue

XapaKTCpUCTUKHU

acanprobeToHa  C

HCIIOJIb30BAHUEM

AKTUBUPOBAHHOM 30161 onpeaesuinck cornacHo CT PK 1218.
Jist  mpurotoBiieHUsT acPaIbTOOCTOHHBIX CMECEH MPHHSITH CICAYIONINE HCXOIHBIC

Marcpualibl:

- me0eHb U3 IUIOTHBIX TOPHBIX opo Gp. 10-20 u 5-10 MM, Kapbep «»;
- IECOK U3 0TCEBOB JipobneHus mebHs ¢p. 0-5 Mmm kapbepa «BonronoHoBkay;

- outym mapku BHJI 70/100, TOO «CIT«CaspiBitumy;

- aare3uoHHas 100aBKa «AMI0pY;

- AKTUBUPOBAaHHas 30J1a.

Tadauua 1 — @Pu3dnko-MexaHNYeCKHe CBOMCTBA HCXOHOT0 OUTYyMa MapKH
BH/I 70/100, TOO «CII «Caspi Bitum»

HanmenoBanue H/I Ha MeTOomBI Hopwma o HJI dakTuyecKue
nokasaresnein WCIIBITAHUHN pe3yJIbTaThl

| 2 3 4
['myOvHa IPOHUKAHUS UIIIBI, MM
pu Temneparype 25 °C CT PK 1226 71-100 77,0
Temmneparypa pa3MAr4eHus 1o Kojiabily CT PK 1227 HE HUXKE
u mapy, °C 47 47,8
PactsxuMocTs, ipu Temneparype HE MEHee
25°C, cm CT PK 1374 75 80
Temneparypa xpynkoctu no dpaacy, CT PK 1229 HE BbIILIE
°C -20°C -20

Tabauna 2 — OU3nKo-MeXxaHuYecKre CBOMCTBA KAMEHHBIX MAaTEPUAJIOB

HanmMeHnoBanue nokasarenein Hopma nmo HJT PakTUYECKHUE PE3YIIBTAThI
¢p. 10-20 mm ¢p. 5-10 MM

HpoOumMocTs:
- moTepst Macchl, % Cg. 10 go 12 BKiIOU. 9,7 10,2
- Mapka 1200 1200 1200
HcrupaemMocCTs:
- moTepst Macchl, %o Cs. 15 10 25 BKIL 18 20
- Mapka n2 n2 n2
CozxepxaHue  UITIOBUAHBIX U ¢B.10 1o 15 Bk 13,5 12,8
JeUIaIHbIX 3€peH, %o JI15 JI15 JI15

Tadauua 3 — XapakTepuCTHKH MeCKa U3 0TCeBa AP00JeHUus 1edHsI

HanmenoBanue nokazarenei

Hopma mo HJT

dakTHYeCKUe PE3YJIbTATELL

Coneprkanue 3epeH %, Melbue,
MM:

-5,0

-2,5

- 1,25

- 0,63

-0,315

-0,16

- 0,071

HE HOPMHPYETCS

95,2
70,8
42,8
26,6
15,6
8,8
34
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CoznepkaHue TIMHUCTBIX YacCTHII,
ompeensieMoe METO/IOM
HaOyxanus, %

ue 6oiee 0,5 0,44

Tabauna 4 — XapakTepucTUKH «AKTHBHPOBAHHOM 30/1bD)

No HaumenoBanue nokasareneit Hopma o H/J dakTU4YeCcKue
(MII-3) pe3yJIbTaThl
1. | 3epHoBoii cocTaB, % Mo Macce, HE MEHEe
Mensue 1,25 MM 95 100
» » 0,315 80 99,98
» » 0,071 60 90,48
2. | I'mapodobuOCTH I'uppodobubrii/ I'uppodobubIit
He ruapodoOHbIit
3. | Ilopucrocts, % 38-45 39
4. | Baaxunoctb, % 1o macce, He Ooyee 2,5 0,7
5. | ITokazarenb OUTYMOEMKOCTH, T, HE OoJee, 80 75
L.

W3 ananmu3a pe3yibTaToB CIEAYET, YTO MCXOJHBIE MaTepHalibl COOTBETCTBYIOT TPEOOBAHUSIM:
mebenp - CT PK 1284, mecok u3 orceBa apooOmenus mebHs - [OCT 31424, mopomiok
MuHepanbHbIid aktuBrpoBanHbid - CT PK 1276, 6urym BH/L 70/100 - CT PK 1373.

[IpocessHpl M TPOAHATU3UPOBAHBI 3E€PHOBBIE COCTaBbl KaMEHHBIX MaTepUalIOB U MOCTPOCHBI
rpaduKy KPUBBIX IPOXOIOB JUIS CIEAYIOMINX ac(arbTo0eTOHOB:

1) Acdanproberon menko3epHucThiii Tuna A, mapku I, B coorBerctBun ¢ CT PK 1225,
(pucyHok 1);

2) Acdansroberon menko3epHuctoii THma b, mapku I, B coorBerctBuu ¢ CT PK 1225,
(pucyHok 2);

3) AcdanbTo0eTOH KpyIHO3EpHUCTHIN, MIIOTHBIN, Tuna b, mapku I, B coorBercTBun ¢ CT PK
1225, (pucyHok 3);

4) [I{ebenouno- macTuuHbIi acdansrodbeToH — 20, B coorBercTBUU ¢ OCT 31015, (prcyHoK
4).

1000

90,0

80,0

=
=]

=]

@
©
©

3epHOBON cocTan, % no macce
w
2
=

——yacs
sl (22X PESEA OPISDSE CHETE

SeSuH#I NDEZER TPON0LS CWECH

20 15 10 5 25

125 0,53

Pamep TYEEK CHT, MM
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Pucynok 1. I'paduk KprBO# rpaHyIOMETPUYECKOTO COCTaBa MOJ00paHHOM
MEJIKO3EPHUCTOH acanbToOeTOHHOM cMecH Tuna A Mapku [

Jis ucnbITaHuS MeJIKO3epHUCTOi acdaibTo0eToOHHOM cMecn Tuma A mMapku I, Obun
HNPUHAT CIIEeIYIONIN COCTaB MUHEPaJIbHON YacTu:

— mebenn Gp. 10-20 mm «BonrogonoBkay — 26%

— mebens Pp. 5-10 mm «BonrogonoBka» — 25%

— orceB apobneHus medHs ¢p. 0-5 MM kapsep «BonrogonoBkay — 43%

— aKTUBUpPOBaHHas 30i51a — 6%

— aare3noHHas no6aBka «Amaop» — 0,3%

— 6utym 70/100 — 5,0%.

20,0 —— Ve
=il e NPEAEN NPONCEA CMETk

80,0 BECKSMA TRESEN DRCNOSE TNECH

% no macce

w
=)
©

FCPHORONM cOCTaN,
I

w
1=
(=]

=
o
=
n
Joa
o
wn

25 1,25 0,63 D315 Dis 0071
PIESMEP FUESK THT, MM
Pucynok 2. Ipaduk KpuBOH TIpaHyJIOMETPUYECKOIO  cOCTaBa  IOJ0OpaHHOM
MeJIKO3epHHCTOM acanbTodeToHHOM cvmecu Tuna b mapku 1

B cBoto ouepens A1 HCHIBITaHUS MEJIKO3EpHUCTOM acanbroOeTOHHOM cMecH THIa b Mapku
I, npuHsuM caenyromui COCTaB MUHEPAIILHON YacTH:

— mebens ¢p. 10-20 mm «Bonrogonoska» — 20%

— mebens ¢p. 5-10 mm «Bonrogonoska» — 30%

— oTceB Jipobnenus mebHs ¢p. 0-5 mm kapbep «BonrononoBka» —45%

— aKTHBHpOBaHHas 3011a — 6%

— aare3noHHas no6aBka «Amaop» — 0,3%

— outym 70/100 — 5,0%.
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120,0
=== CMECh
100,0 === HiKHWA NPEAEN NPOXOA3 CMECH

\_ o= BEPXHHIA NPEAEN NPOX0AE CMECH

80,0

% no macce

60,0

3epHOBO# COCTaB,

40,0

20,0

* 20 15 10 5 25 1,25 0,63 0,315 0,16 0,071
pa3mep AYEEK CUT, MM
Pucynok 3. I'paduk kpuBOii rpaHyIOMETPUUECKOTO COCTaBa MOA0OpPaHHOMN
KPYITHO3EpHHUCTON acanbToO0eTOHHOU cMecH Tuna b
Jlns ucnpiTaHuss KpynHo3epHucrtoii acanbroderonHoi cvmecu tuna b mapku I, Obin
IIPUHAT CJIEYIOUN COCTaB MUHEPAIbHON YaCTHU:
— mebens Gp. 20-40 mm «Bonrogonoska» — 33%
— mebens ¢p. 10-20 mm «Bonrogonoska» — 10%
— mebenb Gp. 5-10 mm «BonrogonoBka» — 15%
— otceB npobnenus mebHs ¢p. 0-5 mm kapbep «BonromonoBka» — 37%
— aKTUBUpOBaHHas 301a — 5%
— aJre3MoOHHast Jo0aBKa «A
maop» — 0,3%
—o6utym 70/100 — 5,0%.

120,0

=t CMECH
100,0 === HiKHUIA NPEAEN NPOXOAA CMECH
\ e BEPXHUI NPEAEN NPOXOAE CMECH

% no macce

60,0

3epHOBO#M COCTasB,

40,0

0,0
20 15 10 5 25 1,25 0,63 0,315 0,16 0,071

pasmep A4EEK CUT, MM
Pucynok 4. I'paduk kpuBoil rpaHyIOMETPUUECKOTO COCTaBa, MOA00paHHON IeOEHOUHO
MacTu4yHoro acansroderona 20.
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Jns ucneiTaHus 1e0€HOYHO- MAacTHYHOro acdgaabroderona — 20, ObLT TPHHAT
CJIENYIOIINN COCTaB MUHEPAIILHON YacTH:

— mebens Gp. 10-20 mm «Bonrogonoska» — 62%

— mebenn Gp. 5-10 mm «BonromonoBka» — 13%

— orceB apobaenus medHs gp. 0-5 mm kaprep «Bonrogonoska» — 14%

— aKTUBUpOBaHHas 301a — 11%

— aare3noHHas 1o6aBka « Ammop» — 0,3%

— crabunusupytromas godaska — 0,4%

— 6utym 70/100 — 5,0%.

2.2 lIpuroroBJjieHne achaabT00ETOHHBIX CMeCeH.

BBenenue anre3noHHoN 100aBKM B OMTYM MPOU3BOJIMIOCH MO CIEAYIONMIEH TEXHOJIOTHH:
6utym HarpeBanu 110 150 °C, 3aTeM BBOJIMIIN pPacu€THOE KOJIMUYECTBO aare3noHHou qooasku (0,3%
OT Maccel OuTyMa), nepememinBainy B Teuenue 10-15 muH.

[IpuroroBinenue acdanbTOOCTOHHBIX CMECEH IMPOU3BOJIMUIOCH ITyTEM B3BEIIMBAHUS
pacyeTHOrO KOJMYECTBA UCXOAHBIX MAaTepUaIOB, HarpeBa KAMEHHBIX MAaTEPHAIOB B CYIIUIHLHOM
mkady 10 TpeOyemoi TeMIiepatrypbl, epeMeliiBaHus B JIa0OpaTOPHON JIOMACTHOW MeIlajke,
BBEJICHUS MHUHEPAJIHHOIO MOpOIIKa W OWUTyMa C aare3noHHOW moOaBkoil. [lepememmBanue
OCYHIECTBIISIOCH 10 JOCTH)KEHHS BHU3YaJIbHOM OJIHOPOAHOCTH. Temmeparypa TroOTOBOI
acdanpTo0eTOHHOM cMecH cocrasisuia 150-155°C.

Pe3yabTaTsl U 00CyKICHUE

[Tokazarenu COIIOCTABUTEJIbHBIX aHaJIM30B (bU3MKO-MEXaHUUYECKUX CBOWCTB
acganbTobeToHHBIX cMecell Tuna «b» ¢ mpumenennem «Cyxoii 301b1» U 0e3 Hee MPUBEIEHBI B
Tabsuie 1.

HaumenoBanue TpedoBanus CMmech Nel Cmecp Ne2 Cmecp Ne3
NMoKa3aTeJis CT PK 1225

CpenHsig mIoTHOCTb, r/em? He nHopm. 2,44 2,41 2,40
Bononaceienue, % 1,5-4,0 1,5 1,7 1,9
CHBUTOyCTOMYHUBOCTL  TIO
K03 uLeHTy 0,83 0,95 0,95 0,97
BHYTPEHHETO TpPEHHs, HE
MEHee
CIBUTrOyCTOWYHUBOCTH  TIO
CLEIUICHUIO IIpU  CJHIBUTE, 0,36 0,37 0,36 0,36
MllIa, He MmeHee
[Ipegen mnpouyHocTH TpH
temriepatype 50 °C, Mlla, 1,2 1,55 1,65 2,01
HE MEHEe
[Ipenen mpounocTy npu
temneparype 20 °C, Mlla, 2,2 3,9 3,5 5,15
HE MEHEe
Bonocroiikocts, %, HE 0,80 0,87 0,86 0,83
MEeHee
[Ipenen npounocTu npu
temriepatype 0 °C, Mlla, He 13 7,78 8,58 9,2
Oonee
TpemnHoCTONKOCTh o
npeieny  MNPOYHOCTH  Ha
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pacTsDKEHUE IIpU  packoJle, 3,5 4,23 5,03 5,0
MIla 7,0
He menee
He Gonee

Y CTOMYHUBOCTH K
KoJieeoOpa3oBaHMIO, MM, HE 6,0 5,7 6,0 6,0
Ooiee

Ha ocHoBanuu TabmuIisl 6 MOXKHO CIIENaTh CIEIYIONIIE BEIBOIBI:

Cpennsist noTHOCTh: [IOTHOCTH BCeX cMecel HaXoauTces B auanaszone 2,40-2,44 r/em>.

Bopnonaceimenue: Bee cMecu cooTBeTCTBYIOT TpeboBanusm crangapra (1,5-4,0%). Cmech
Nel umeer munumansHOe BotoHachIeHue (1,5%), 4To roBOPUT O XOPOLIei BOTOCTOMKOCTH, B TO
BpeMs kak cmecu No2 1 No3 HEMHOTO BBIIIE, HO TAKXKE HAXOJATCS B IOMYCTUMBIX Ipeiesiax.

CnBUrOyCcTOMYUBOCTD MO KO3 (GULKMEHTY BHYTpEHHEro TpeHus: Bce cmecu mpeBbIIIaoT
MUHHUMAaJIbHO fomyctumoe 3HadeHue 0,83. Cmech No3 umeer HauBbicinii mokasarens (0,97), uto
03HAYAET JMYUIIYI0 YCTOMYMBOCTD K CIBUTOBBIM JIe(hOpMaIusiM.

CnBUrOoyCTOMYMBOCTH IO CLEIUIEHUIO TIpu caBure: Bce cMecH COOTBETCTBYIOT
MuHuUManbHOMy TpeboBanuio 0,36 MIla. Cmecr Nel wumeer mnokaszarens (0,37), d9TO
CBUJICTEIILCTBYET O JIyUIlIeH CLETHON CIIOCOOHOCTH.

[Ipenen mpounoctu npu temmneparype 50 °C: Bce cMecu MoOKa3bIBalOT BHICOKHE 3HAYCHUS
npouHocTu npu Temmeparype S0 °C. Cmecy Ne3 umeer Hanbonbimii mpenen npoynoctu (2,01
MIla), 94TO rOBOPUT O JIy4lliell YCTOMYUBOCTH K BBICOKUM TEMIIEpaTypam.

[Ipenen mnpounoctu mpu Temneparype 20 °C: 3HaueHUs 3HAUYUTETBHO IPEBBIMIAIOT
TpeOyembliit MuHUMYM 2,2 MIla. MoxkHO Bblienuth cMech Ne3 (5,15 MIla), uto cBUETENBCTBYET
0 HaWJIy4llIel IPOYHOCTH IPU ITOH TEMIIeparype.

Bonocroiikocts: Bee cmecu cootBercTByroT TpeGoBanusim (He meHee 0,80). Cmech Nel
uMeeT HauBbicui mokaszarens (0,87), 4To ykas3plBaeT Ha JIYUYIIyI0 BOIOCTOMKOCTh CpEIu
NpPEeACTaBICHHBIX 00Pa3LOB.

[Ipenen mpounoctu npu temneparype 0 °C: Bce cMecn MMEOT 3HAYUTENIHHO MEHBIIHE
3HAYEeHMsI, YeM MaKCHUMallbHO JomycTuMoe 3HadeHue (13 MIla). D1o 3Ha4HT TO, YTO CMECH UMEIOT
XOPOIIYIO0 YCTOWYUBOCTD MPU HU3KUX TEMIIEpaTypax.

TpemmHocTOMKOCTE: IloKa3arenu TPEMMHOCTOMKOCTH BCEX CMECEM HaxomsaTcs B
JIOTTYCTUMOM JMara3oHe. DTO TOBOPUT O JIydIllel CTOMKOCTH K 00pa30BaHUIO TPELIUH.

Cpennsisi tnyouna xomeu: Cmecu No2 u Ne3 oOnmagaroT MeHbIIEH YCTOWYMBOCTBIO K
00pa3oBaHUIO KOJIEH.

OU3NKO-MEXaHUYECKHUE CBOMCTBA MEIKO3EPHUCTOTO MIOTHOTO acanbroberoHa tuma «by
mapku II, B kotopom ucnonsizoBanock 40% munepaabHoro mopomka u 60% «cyxoit 3076 ¢
comepxkanuem Outyma 5,3%, MO CpaBHEHHIO C HCIOJNB30BAHHEM B Ka4eCTBE MHHEPaIHHOTO
3anonauTens 50/50 MUHEpaIbHOTO MOPOIIKA U «CYyXOW 30JIb1» COOTBETCTBEHHO, MO MOKa3aTesIM
npezena npounoctu npu Temmneparype 20 °C u 50 °C nokaszanu Haubosee BBICOKHE Pe3yJIbTaThl.

BbBIBO/IbI

PaboTa BbINIOIHEHA C LIEIbI0 M0A00pa ONTUMAIBHOIO COCTaBa MEIKO3EPHUCTOTO MIIOTHOTO
acdanproberona tuna «by mapku I, c npumenennem «Cyxoi 30J1bD».

AcdanpTobeTon ¢ «Cyxol 305101» UMEET HEMHOI'O MEHBIIYIO IUIOTHOCTD 110 CPABHEHHIO C
KOHTPOJILHOM CMechlo, Tak Kak «Cyxas 3051a» uMeeT 0oJjiee HU3KYIO INIOTHOCTh MO CPABHEHUIO C
MUHEPATBbHBIMU HAMlOJHUTEIISIMH.

Cmecu ¢ «Cyxoil 30510i1» TOKa3bIBalOT HEOOJBIIOE YBETUYEHUE BOJIOHACBHIIICHUS IO
CPaBHEHHMIO C KOHTPOJBHOM CMECBIO. DTO CBSI3aHO C TE€M, YTO 30J1a MOXET UMEET HMOPHUCTYIO
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CTPYKTYpYy U He sBisgercs rufpodoOHOil, B CBA3M C ITUM CMECh MOTJIOLUIAET HEMHOIO OOJIbIIe
BJIATH.

AcdanprobeToHbl € colep:kaHueM cyxoil 3oibl B koimumuectBe 40 um 60 % wmacchbl
MUHEPAITHLHOTO MOPOIIKA, 10 (U3UKO-MEXAaHHUECKUM IMOKA3aTeNIsIM COOTBETCTBYIOT TPEOOBaHUSAM
CT PK 1225-2019 na mapky II.

PanmonanbHoe conepxkanue «Cyxoil 305b» HEOOXOOUMO MOAOUPATh B 3aBUCUMOCTH OT
MPUMEHSIEMOTr0 MUHEPaJIbHOTO MaTepuaia U OUTyMa, a TaKKe XapaKTepUCTUK KOHKPETHOTO BUA
acansrobeToHa.
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AKTHBTEJITeH KYPFaK KYJAiH ac(ajabTo0eTOH KOCHAJAPBIHBIH (PU3NKA-MeXaHUKAJIbIK
KacueTTepiHe dcepi

[Mupmraes J.K."*, Cmarynosa M.K.!
' «Kazxont31» AK, Acrana, Kazakcran PecriyOnukacsl
*Koppecnonnent aBrop: Tptk2025@gmail.com

AHHOTanus. Makasaa MUHepaJI bl YHTAKTBIH ilIIHAPa aIMaCTHIPFBIIIBI PETiHAC KOJIaHbLUIATHIH
AKTUBTEITCH KYPFaK KYJIIH TBIFBI3 ac(haabTOOCTOH KOCMATapbIHBIH (PH3NKA-MEXaHHKAIBIK
KacHETTEepiHe ocepiH Oaranay OOWMBIHIIA JKCIIEPUMEHTTIK 3€PTTEY HOTHKENIEepl YCHIHBUIFaH.
3eprreynep CT PK 1225-2019 xone CT PK 1218 Tanantapsina coiikec xypri3iigi. AKTUBTENTCH
KYJA1 KoJaHa OThIphIN, A xoHe b TunTi ycak Ty#ipmnikTi acanbrodeToHmap, ipi TYHIpIIKTI
achanbTOOCTOH MKOHE KHUBIPIIBIK-TACTBI MACTHUKAIBIK acPajbTOOCTOH KypamIapbl TaHIaJIIbL.
bepikTik cunaTramanapsl, Cyra TO3IMILTIK, KapbIKIIAKKA TO3IMILUTIK, BIFBICYFa TOIIMIUIIK KOHE
OMBIK TY31TyTe KapChl TYPAKTHUIBIK OaraiaH bl. AJIBIHFAH HOTHIKEJICP aKTUBTEIITCH KYPFaK KYJIi
KoJjany ac(hanbTOOETOH KOCHallapblHBIH HOPMATUBTIK (PU3MKa-MEXaHUKAIBIK KOPCETKIIITEPiH
KaMTaMachl3 €Till, JKOFaphl TEMIIepaTypa 9cepiHe TO3IMILIIriH apTTHIPAaTBIHBIH KepcerTi. Ex
TUIMII KypaM MHHEpalIbl YHTAaK MaccachlHbIH 60 % Kyprak KyJJIeH TYpaThlH Kocla OOJIbII
IIBIKTHI.

Tyiiin ce3aep: achambTOOCTOH, AKTUBTEITEH KYJ, KYpPFaK KyJI, MUHEpPAIIbl YHTAK, JOI
KYPBUIBICHL, (PU3HKA-MEXaHUKAJIBIK KACHETTEP, YKOJ KaObIHIapbl, OUBIK TY31I1y, CyFa TO3IMILIIK.

Influence of Activated Dry Ash on the Physical and Mechanical Properties of Asphalt
Concrete Mixtures

Pyrshaev D.K."*, Smagulova M.K.!
' JSC “KazdorNII”, Astana, Republic of Kazakhstan
*Corresponding author: Tptk2025@gmail.com

Abstract. The article presents the results of experimental studies evaluating the influence of
activated dry ash, used as a partial replacement of mineral filler, on the physical and mechanical
properties of dense asphalt concrete mixtures. The research was conducted in accordance with the
requirements of ST RK 1225-2019 and ST RK 1218. Mix designs of fine-grained asphalt concrete
types A and B, coarse-grained asphalt concrete, and crushed stone mastic asphalt concrete
incorporating activated ash were developed. Strength characteristics, water resistance, crack
resistance, shear resistance, and rutting resistance were evaluated. The obtained results show that
the use of activated dry ash ensures compliance with regulatory physical and mechanical
requirements of asphalt concrete mixtures and improves their resistance to high-temperature
effects. The most effective composition contained 60% dry ash of the total mineral filler content.

Keywords. asphalt concrete, activated ash, dry ash, mineral filler, road construction, physical and
mechanical properties, pavement, rutting, water resistance..
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