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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 25-45
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,
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
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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
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].
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Table 1 — Technical impact of overloaded construction vehicles on road pavement

Vehicle type Permitted | Actual mass, Overload Rear axle Destructive
mass, t t load, t impact

(AASHTOQO)

3-axle dump 26 40 14 t (+54%) 29 ~10,600x

truck

4-axle dump 32 60 28 t (+88%) 36 ~25,600x

truck

3-axle 26 32 7t (+27%) 24 =5,060%

concrete

mixer

4-axle 32 45 13t (+41%) 30 ~12,400x

concrete

mixer

Mobile crane 26 31 5t (+19%) 24.6 ~5,570%

25 t (3-axle)

Mobile crane 32 38.6 6.6t (+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].

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

Region Coverage (%) Predominant model | Typical time
window
Western Europe 100% (16/16) LEZ/ZEZ + daytime | 24/7 or 08:00-20:00
ban
CIS (excl. Astana) 100% (8/8) Daytime ban (ring- 06:00-22:00 (=15 h)
road zones)
Middle East 100% (5/5) Peak-hour restriction | 06:00-10:00 &
15:00-22:00
South & SE Asia 100% (10/10) Peak + daytime mode | 07:00-11:00 &
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
Latin America 100% (6/6) Daytime / peak mode | 05:30-21:00
N. America / Oceania 100% (6/6) Route-based + 07:00-19:00
seasonal
Central Asia 100% (5/5) Daytime mode 07:00-22:00
Astana (current 0% (0/1) Reactive No systematic
status) enforcement 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 Tbilisi 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
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, §].

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
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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) — 8—15 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 sign 3.4 + AFVR
system
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 8.3-15.2bn KZT
Payback period N/A Less than 1 week

Evidence base

Inspector’s report

Photo/video + GPS +

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
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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 KAJIACBIHIA AYBIP KYPBLIBIC APHABI TEXHUKACBIHBIH
KO3TF'AJIBICBIH PETTEY: YAKBITIHA IHEKTEYJIEPAI EHI'I3Y AIH
TEXHUKAJIBIK-9KOHOMMKAJIBIK HEI'I3AEMECI

Myxamberkaaues K.K.!, Canxsokacos A.W.!, Aiimaram6erosa P.JK. ", Canani6aii C.JI. 2

I bUTBIMTBI nameITy nenapramenTi, «Kazxont31» AK, Acrana k., Kasakcran PecryOnukachr.
2A3aMaTTHIK JKOHE PKONOTHSIIBIK KYPBUIBIC Kadeapackl, MHkeHepHs xoHe upPILIK FELIBIMIAP
MekTeb1, Hazapbaes YauBepcureTi, Actana K., Kasakcran PecryOnukacsi.
"KoppecnoneHT aBTop: r.aimagambetova@kazdornii.kz

AnHoTanusa. Makanaga AcraHa KajachIHJAaFbl ayblp KYPBUIBIC apHallbl TEXHUKACHIHBIH
KYHZI3T1 YaKbITTa KOJI XKYPYl Maceseci, OHbIH K01 HHPPaKYPbUIBIMBIHA, YKOJIOTUSIIBIK JKaFAaiiFa
JKOHE KOJI Kayilnci3airine kemeHai tepic acepi kapactoipbuiaasl. AASHTO rteprinmi gopexeni
3aHbl OOMBIHIIIA €cenTeyJiep KYKTEITeH caMOocBaiiap apTKel ociHae 36 T HopmatuBTeH (16 T)
acaThlHBIH JoHE Oip peiic ymiiH 25 600 eHiT aBTOMOOWIbre Oamamalibl 3USHABI BIKITAI
JKACAMTHIHBIH pacTaiifpl. 63 Kamanblk ToXipuOeHi 3eprrey ActananblH TMJI-nmarbl sxyiteni
HICKTEYCI3 KAIFBI3 aCTaHA CKEHIH JONeIAeH Il ¥ ChIHBIIATHIH MOIeIh — 3.4 skou 6enrici + XKKAX
— 25-45 muH TeHre Oip JKOJIFBI MIBIFBIHMEH 8-15 MIIpJ TEHre KbUIIBIK Y9KOHOMHKAJIBIK THIMILTIK
Oepyi OoipkaHy .

Tyiiin ce31ep: ayblp KYPBUIbIC TEXHUKACHL, apTHIK XKYKTeY, 3.4 xon 6enrici, 2KKAXK, xon
UH(paKypbUIbIMBI, ACTaHa, KO3FaJIbICThI ILIEKTEY.

PET'YJIMPOBAHUE IBUXKEHUS TAXKEJION CTPOUTEJIBHOM CIIENTEXHUKH
BI'OPOJAE ACTAHA: TEXHUKO-OKOHOMHNYECKOE OBOCHOBAHHME
BBEJIEHUS BPEMEHHBIX OTPAHUYEHUI

Myxamberkaaues K.K.!, Canxsokacos A.H.!, Aiimaram6erosa P.JK. ", Canani6aii C.JI. 2

! Nenapramenr passutus nayku, AO «KasJlopHUW», r. Acrana, Peciy6nuka Kasaxcras.
2Kacgepa rpaxIaHCKOro ¥ KOIOTHUECKOTO CTPOMTENbCTBA, 11IKkona nHxeHepur U udpOBHIX
Hayk, HazapOaeB YuuBepcurer, r. Acrana, Pecnmybnuka KazaxcraH.
“KoppecnoHeHT aBTop: r.aimagambetova@kazdornii.kz

AHHoTauusi. B crathe paccmarpuBaercss mpoOieMa JBMXKEHUS TSDKEIOH CTPOUTENbHOM
CHENTEXHUKU B JTHEBHOE BpeMsi B AcTaHe U €€ KOMIUIEKCHOE HEraTMBHOE BO3/EHCTBHE Ha
JIOPOXKHYIO MH(PACTPYKTYPY, IKOJIOTHIO U 0O€30MacHOCTh JOPOXKHOro ABrkeHus. Ha ocHoBe
3akoHa 4erBEépToil creneHn AASHTO ycraHoBiEeHO, 4TO (DaKTHUECKHE OCEBbIE Harpys3Ku
HeperpyKeHHbIX caMocBajioB (no0 36 T mpu HopMe 16 T) (OpMUPYIOT pa3pylIUTENbHOE
BO3/eiicTBHE, SKBUBaJIeHTHOE 25 600 JIerkoBeIX aBTOMOOMIIEH 3a oAMH peiic. CpaBHUTENbHBIN
aHau3 63 ropoAoB MUpa MOATBEPKAAET, UTO ACTaHa sBIsAETCA €AUMHCTBEHHOM ctonuued CHI
6e3 cucremHoro orpanuuenus. [lpennoxennas mogens «3Hak 3.4 + ACOID» tpeOyer 25-45 miH
TEHIe eIMHOBPEMEHHBIX 3aTpaT U O0ECIeUHBAET €KETrOJHBIH IKOHOMHUYECKHH 3¢ dekT B 8-15
MJIpJ] TEHTE.

KuroueBrble ciioBa: Tshkénas CTpOUTENbHAS CIIELTEXHUKA, IEPETPY3, TOPOKHBIN 3HaK 3.4,
ACOII, nopoxxHast uHGpacTPyKTypa, AcTaHa, OTPaHUUYECHUE ABUKECHHUS.

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 KOHTUHEHTAJIIbI KJIUMATHI J)KAFJIAUBIH]IA
ABTOMOBWJIb ) KOJIAAPBI JKABBIH/IAPBIHBIH MEP3IMIHEH BYPBIH TO3YbI
KOHE OJIAPIbI KAUTA KOHJAEYIIH 3AMAHAYU CTPATETI'UAJIAPBI

I'a6ayauna T.M.!, Canapi6aii C. 1.5~

' A3aMaTTBIK KYPBUIBIC KOHE KOpILaFaH OpTaHbl KOpray (akynbTeTi, IHKeHepIlik )KoHe
uGpIbIK FeUTBIMAAp MekTeb1, HazapbaeB YHuBepcureri, Acrana, Kazakcran Pecry0mmkacht

*KoppecnonaeHt aBtop:; saken.sandybay@alumni.nu.edu.kz
pp p

Anpatna. ABTOMOOWJIb  JKOJIJapbl MEMJIEKET SKOHOMHUKAChl MEH  QJIeyMETTIK
UHQPaKYPBUIBIMBIHBIH ~ Tiperi, amaiiga KaszakcTaHHBIH IIYFBIT KOHTHHEHTAJIBl KJIMMATHI
KarAalbIHIA JKOJ JKaOBIHAAPBI HKOOAJBIK KbI3MET Mep3iMiHe KeTned To3yra yuibipaiiabl. by
3epTTEyiH MaKCaThl, TEMIIEPATYPaIbIK, BUIFAJIIBIK JKOHE KOJIKTIK (hakTopiapAblH ocepiHEeH
TYBIHIANUTBIH TO3Yy TYpJIepiH xkyieney, HazapbaeB YHuBepcuTeTi ayMarbIHAAFbl >KaObIHIAP/IbI
JaNIANbIK aCHaNThIK Oaranay, )KoHe allMaKThIK €peKIIeNIiKTep Il €CKepe OTHIPHII, KaiTa )KOHICYIiH
TUIMJII CTpaTEerusIapblH Heri3zaey. KYMBICTBIH FbUIBIMU-IIPAKTUKAIBIK MaHbI3IbLIBIFBI OTAH/IbIK
HopmatuBTik 6aza (KP CT, MEMCT) men xansikapansik Toxipuoeni (AASHTO, PCI, IRI)
yiiectipin, >kaObIHIbI JAMATHOCTUKANAYJbIH JKOHE KalmblHA KENTIPYIiH KemeHAl TOCUIiH
yChIHyBbIHIA. Onicteme 2022-2025 xpuraapaarsl FEUTBIMA €HOCKTEPTe CANBICTBIPMAITBI Tal Ay IbI,
JlaNlalblK MTHCTPYMEHTaJ /bl Oaranayabl (HUBEIMp, eNIIeyill acnantap, 4 HbICaH) *KOHE apHaibl
TO3y KO3(QPHUIIMEHTIH CaHIbIK ecenTeyi KaMTubpl. CONTYCTIK aiiMaKTa OOMIIBIK KOHE KOJJCHEH
JKapbIKTap, OHTYCTIKTE IUTUTaNapiblH KHucatobl OacbiM; HY aymarblHBIH AananblkK Oakbliaybl
KAPBIKTAP/IbIH KEH TapaJFaHbIH, TOHTENIEK OHBIKTApPBIHBIH HOPMATHBTIK IIETiHEH aCTalThIHBIH
(8,4 mm) pactansl. Kaiita ernenren [19T-nen mogudukanusinanrad 6uTyM (3% KOHIEHTpaIIs)
aOBIHHBIH >KapbIKKa Te3IMAUIIIH 42%-Fa JeiliH apTThipaabl. AJIBIHFAH HOTHXKENEp CaJIKbIH
pecaiiknmunar, [IMbBb 3xoHe reocHHTETHKaHBl OIpIKTIpeTiH aWMakThIK OeHiMAeNnreH >KeHAeY
HiemiMepiHe MpaKTUKaJIbIK Herl3 Oeperi.

Tyiiin ce3aep: aBTOMOOMIIb >KOJIbI, KOJ >KAaObIHBIHBIH TO3Ybl, LIYFbUI KOHTHHEHTAJJIbI
KJIMMAT, JajJajiblK aclanThIK Oaraiay, CAJIKbIH PECAWKIIMHT, IOJMMEPMEH MOIUUKAIIIaHFaH
OUTYM, TEOCUHTETHKAJIBIK MaTepuaniap

Kipicne

ABTOMOOWIIB KOJIJIAPHI €JI/IIH KOTIK-TOTUCTUKAIIBIK )KYHECIHIH HET131H KYpaiibl )KOHE OHBIH
HSKOHOMHKAJIBIK 9pl QJIEYyMETTIK JaMyblHa Tikesned bIKman erezi. Kon KaObIHBIHBIH camachl
TOMEHJIETCH/IC  KOJIK  IIBIFBIHAAPHl  apThIN,  amaTThUIBIK  JCHTeWl  KeTepiiemi,  ai
MH(QPaKypbUIBIMBIK k00a1apAblH KYHbI )KocHap/iaH achli ketei [ 1]. Aymarbl KeH api Ko sKeicl
y3ak Kazakcran yiin Oyl Macene epeKIile e3eKTi: )KaObIHAapAbIH Mep3IMiHEH OYPbIH TO3YhI KbLI
CallbIHFBI JKOHJICY LIBIFBIHAPBIH €CEeJIell, KeiHIH TYPAKThI )KYMBIC ICTeyiHEe Keepri KeATipeIl.

Mocenenin 6actel ce6ebi, o1 emiMi3AiH HIYFbUT KOHTUHEHTa bl Kiumathbl. CONTYCTIK
eHipJiepAe KbicTa aya Temmeparypackl —40 °C-ka aeiiH Tycim, jka3ga >KOFapbUIaiIbl; OHTYCTIK
aiimakTapsaa >xaObIHHBIH OeTki Temmeparypacskl 45 °C-tan acajnpl. MyHzIail TemmeparypasblK
aMIIuTyna acGanbTOETOH MEH IIEMEHTOCTOH >KaOBbIHIapAa CO3bUTY KEpHEYJEepIH TYyIbIpca,
MY3/1aTy-epiTy HUKIJIApbl TOMBIPAK HETi31HIH TYpaKChI3JaHybIHa ko amazabl [2]. KiumarTeik
EPEKIISTIKTEP €CKEPUIMEH eCKIPreH oJICTEpPMEH >KOOaJlaHFaH >KOJAap TEXHUKAJIBIK KBI3MET
KepceTyre KoJaichl3 OOJIBIN MIbIFaab [3].
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TakpIpbINTHI 3€pTTEYTe OTAHIBIK XKOHE IIETENIIK FaabIMaap eneyni yiec KocTsl. b. Tenraes
neH apinrectepi Kazakcran jxongapblHIaFbl TeMIepaTypa MEH bUIFAIIBIH TapalyblH, My3/aTy-
epiTy TMPOIECTEPiHIH MEXaHWU3MIH TEpEH 3epTTEN, CONTYCTIK aiMakKTa >KaObIHHBIH HeTi3Ti
OY3BLTYHI KOJICHEH jKoHE OOMITBIK KapbhIKTap ekeHiH kepcerTi [1]. 1. CakaHOB OHTYCTIK ©HipAeT1
HEMEHTOETOH >KaOBIHIAPJBIH HKCTPEMal[bl BICTBIK KIUMAT >KarJalblHIa IUIMTaJapbIHBIH
KHCAIOBIH 3KCIIEPUMEHTANABI TypAe aonenzaeni [3]. A.OmnibaeBa moaumep:ti-Moau(pUKaIUsIIay bl
KOCITaJapIbiH TOMEH COPTThl OMTYMHBIH KapTaloFa TO3IMIUTITIH apTThIPAThIHBIH HEeTi31e11 [4], an
K. [laxmoB nen K. Xadu3 Tonsipak HETi31HIH My3/1aHybl MEH €pyiH eCKepy KaXKETTIl1H aTall eTTi
[2]. Aumaiima alMakTBIK  KIMMATTBIK  €peKIIeNiKkTepre  OeliMaenreH, MaTepHAIIbI
MOIUGUKAIMSIIAYIbl, CAJKbIH PECANKIMHITI JXKOHE TEOCHHTETHKAaHbI OIpIKTIPETiH KeueHi
JKOHJIEY CTPATETHSChI KETKITIKTI KyhereHOereH — OyJ1 OChl AKYMBICTa TOJTHIPbUIATHIH FHUIBIMU
OJIKBUTBIK.

3eprTeyaiH MakcaThl — Ka3zakcTaHHBIH IIYVFBIT KOHTHHEHTAJAbI KJIMMAThI KaFdaibIHIaFbl
KOJ KaObIHIAPBIHBIH TO3Y TYpPJIEpiH allMaKTHIK Typrbiaa xkyieney, HasapbaeB YHuBepcureri
ayMaFbIHJIaFbl HAKTHI OY3bUTYIapAbl 1ajallblK aclanThIK Oaranay HOTHXKeJIepIMEeH ONIeNAey jKoHe
KP CT, MEMCT, AASHTO cranmapTrapblHa CYWEHE OTBIPBIN, KaiTa XOHACYAIH THIMII
CTpaTerusyiapblH HeTi3/ey.

ojicreMe

3eprTey omicteMeci eki Herisri OmoktaH Ttypansl: (1) FeUTBIMH omeOueTTepre >xyieni
CaNBICTRIpMaITBl  Tanaay xoHe (2) HazapGae VYuuBepcureri (HY) aymarbiHmarbl IanalibiK
acranThbIK Oaranay.

bipinmi 6mox asicerama 2021-2025 xpuimap apaibIFbIHAAFBl ©3€KTI eHOeKTepre Moy
xacanisl. Contycrik Kazakcran (xapThliail KaTThl )KaObIHIAp) MEH OHTYCTIK OHIp (IIeMEHTOETOH
xaObIHOap) canblcThIpbUIAbl. OFaH  Koca, KON KaOBIHAAphl OY3bUTYBIHBIH KIMMATTBIK
dakTopiapra TOyENIUIIN MEH MaTepUalIbIK MHHOBALUSIAP/IbIH TUIMIUTIT TaJlJaH/Ibl.

Exinmn 610k — gananeik 6aranay — HY aymareiagarst 4 ueicanas! (Cypet 1) kamToiabi: Nel
— aBTOOYC asuinamacskl, Ne2 — Kaban6aii batelp kemeci sxarbiHaH OacThl Kipebepic, Ne3 — 3, 5, 7-
OJIOKTap aynackIHAAFbl aBTOTYpaK, Ned — TypaH maHFBUIBI )KaFbIHAH ayia. baranay mporemypacs
KE3€H-Ke3eHIMEH OpPbIHJIAJI/IbL:

(a) HbIcaHAB!I BU3yalJbl Tekcepy >koHe Oy3puty TypiaepiH AASHTO/LTPP xiktemeci
OOMBIHIIA COlKECTEHAIPY;

(0) meHrenex oMbIKTapbIHBIH TepeHAIriH (2, I3) HUBEIMp KOHE OJIIEYIII ChI3FBIII aPKbLIbI
op6ip 5 MeTp caiibIH esey;

(B) apbIKTap/IbIH €Hl MEH Y3bIH/BIFbIH OJIIIEY;

(r) nepexrepai >kaObIHHBIH kal-Kyii unaekci (PCI) MeH XaiblKapajblK TETICTIK MHAEKCI
(IRI) TypreicbiHaH eHzey [2], [S].

JKaObIHHBIH JXKalIbl TO3y JEHIeiiH caHAbIK Oaranay yIIiH Oy3bUTyJapIblH ayJaHbl MEH
aybIPJIBIFBIH €CKEPETIH TO3Y KOOPPUIIMEHT] YChIHBUIBI:

Kmosy = ( XA wi ) | Acamnen (I)

MYHJIAFbL: Knosy — KaOBIHHBIH JKaNnbulaHFaH To3y koddduuuenti (0-1); A; — i-mi Oy3buty

TYPiHIH ayJaHbl, M?, W; — cOJI Oy3bUTYy TYPIiHIH aybIPJBIK CaTMaKThIK KodpduuueHTi (TomeH — 0,3;

oprama — 0,6; xorapbl — 1,0); Aocams — TEKCEPUITEH >KaOBIHHBIH JKaJMbl ayJaHbl, M2
Koadduument MoHi 1-re jxakbIHIaFaH CalibIH TOCEMENIEPIHIH TO3Y AJPEKEC] dKOFaphl O0IAbI.

HoTuikesep koHe TaNKbLIAY

AiimakThIK Tajagay: Coarycrik :xkoHe OHTycTik Kazakcran
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Kyprizinren Tannay Kazakcran sxonmapsiHa ToH Oy3bUTYJIapIbIH KEH CTICKTPiH alKbIH1a b
JIOHTEJIEK OUBIKTaphl, OOMIIBIK KOHE KOJJICHEH >KapbhIKTap, MIapIIay >KapbhIKTaphl, IMIYHKBIpIAp,
OJIOKTBIK JKapbIKTap JKOHE JKBUITBIpAFraH arperarrap. by3pulymapiblH Tapanybl MEH aybIpJIbIFbI
aliMaKTHIK KJIMMAaTKA TIKEJeH Toyelnal OOk MBIKTEL. Herisri canaslk kepcerkimrep 1-kectene

JKMHaKTaJIraH.

Kecte 1 — )Xo jxa0bIHIapbIHBIH TO3Y KOPCETKIIITEP1

To3y (0y3bL1y) TYPi AjiiMak / HbICaH O.J1eHreH MOH HopmatuB | AyBIpJbIK
mIeri JeHreui

Kennenen xapbIkrap Contycrtik KP, km 821 xapbIK - Korapsl

(camnbl) 457-496

BOHmBIK skaphIKTap (CaHBI) Conrycrik KP, kxm 75 XapbIK - Opramra
457496

BIIOKTBIK XKapbIKTap Contycrtik KP 19-310 m? - Temen

(aymaK) yJackeci

[eHrenex olbIKTapbl Conryctix KP 2,5-18,7 MM <20 MM Opraia

(TepeHiiK) yJackeci

HeHrenex ofbIKTapbl HY aymarsl, 8,4 MM <20 MM Kaxkcer

(TepeHmiK) asurmama

Kennenen »xapbIk (eHi) HY aywmarsl, 3,0 cm <19 mm* Oprama
Kipebepic

[InuranapapIH KACaIOBI Onrycrik KP, 6eton Oetki t° > 45 °C — YKorapsl

JKaOBIH
My3naHy TepeHairi ConrycTik — 270 — 60 cm - —
Onrycrik KP

* AASHTO/LTPP scikmemeci 60UbIHULA HCAPBIK eHIHIK Opmauia ayblpivlK ueei.

Conryctik Kazakcranna (TenrtaeB 3eprrereH «ExatepuHOypr—Aamartb» OarbITHIHBIH
yaackecinne) 457-496-mbl KriioMeTprep apanbiFbiHaa 821 KenaeHeH koHe 75 OOMIBIK kKapbhIK
TIpKEJITeH — Oyl TeMIepaTypalblK LHUKIJApAbIH 0OacklM ocepiH KepceTedi. bBiIoKTBIK
JKapbIKTapIbIH Kaimsl aynanbl 3500 m? yuackene 19-nan 310 m2-re AeiiH aybITKBIIbBL; TOHTEIEK
oifbIKTapel 2,5-18,7 MM apaibifblHa, HOPMATUBTIK 20 MM IIeriHe >XYbIK OOJFaHABIKTaH
OakpuTay bl KaxeT eteni [1].

Onrycrik Kazakcranga 6Oactel mpoOrnema — IEMEHTOETOH IUIMTANapIblH TEPMUSITBIK
nedopmarusicel. betki Temneparypa 45 °C-tan ackanaa muTtanapaa quddepeHnnanas KeHero
MEH BIJIFaJl )KOFaybl OPBIH aJIblll, OJAP/IbIH KHCAIOBbl MEH )KHEKTEpiHIH Oypanysl Oaiikanasr; Oy
MOPTIAHIIIEMEHTTIH MHHEPAIAbl KYpaMblH KaTaH OakpUiayJblH OoiMaybiMeH Kymieiedi [3].
My3snany TepeHairiHig en OoiibiHma conrtycrikreri 260—270 cMm-aen onrycrikreri 60—70 cMm-re
NeiiiH e3repyl xobanay Ke3iHJ1e allMaKThIK TOCUIAIH KaKeTTIrH alKbIHAa b [2].

Ha3zapoaee Ynugepcumemi aymazolHOAzbl 0ANAIbIK 3epmmey

HY aymarsr Opransik Kazakcranga opHallacKaHBIMEH, KIIMMaThl CONTYCTIK OHIPTe YKCac:
kaHTapaa —20 °C-ka nedin cysIThin, miaaeae +26 °C-ra neiin Kpi3aapl. 3epTTey OapbichiHaa 4
HbICcaH Oo¥ibIHIIA acnanThIK Oaranay >xypriziiai (Cyper 1).
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Cyper 1 — HY aymarbpiHaFbl 1ajanblK 3€pTTEY HbICAHAAPbIHBIH OPHAIACY CXEMAaChI
Nel Hpican — ABTOOYC asii1iaMachl

Asnnama aymarblHIa €Kl Typyl Oy3bULy aHBIKTQIJbl: JOHIEJICK OWBIKTaphl >KOHE
xbUTTBIparan arperarrap (Cyper 2). Ayblp aBTOOyCTapAblH YHEMi TOKTAaybl MEH TeXKemyi

*aObIHJa TUIACTUKAIIBIK Aedopmarus Ty apipajibl. OWBIKTapAbIH TEPEHITT HUBETUP apKbUIbl 5 M
CaifbIH eIeH i (2-kecTe).

st L SO :

Cypert 2 — XsinThIparaH arperarrap
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Kecte 2 — ABTOOYC asiijaMachIHIaFbl JOHT€JICK OWBIKTAPBIHBIH TEPEHIIT]

Onmey HykTeci Coa :kak aeHresiek | OH ’kaK J0HTreJIeK Eckepry
sKoJbl, JI2, MM sKoJbl, JI3, MM

OmMm 9 10

S5M 9 15

10 m 7 12

I5m 2 12

20 M 4 15

Opramia 6,2 10,6 K to3y = 0,42 (3aKch)

i (neHrenexrep apacbiHAarsl TepeHiK) = 0 MM aen anbiHabl. OpTaiia TepeHIiK:
Dot = (M2 + 3) /2 — 11 = (6,2 +10,6) / 2 -0 = 8,4 Mmm 2)

AASHTO HopmatuBTepi OoiibiHIIa 5—10 MM apanbIKTarbl OWBIK <GKaKChDy >Kal-Kyiire
colikec KeJe/i; XKypri3ymiepre aitapiblkraid ocep turizoeiimi. Tozy kodddummenti K To3y =
0,42, srHuM HbICAaH NPOQPUIAKTUKAIBIK OaKbUIayAbl KaXKET €TETIH <GKaKCh» caHaTTa. beTTiH
KBUITBIPAYBl OpTamia ACHrede OaralaHipl; TAWbIl KETYIIH QIIbIH aly YIIH JXYKa BICTHIK
achanprOeTon (HMA) KxabaTbiH Tecey >koHE arperaTTapAblH YHKENiC KacHeTTepiH MXKakKcapTy
YCBIHBLIAIBI.

Cyper 3 — Con xoHE OH KaK JOHTENEK JKOJIbI TePEHIIri
Ne2 npican — Kaban6aii barbip kemeci :xarbIHaH KipeOepic

Heican eki yyackere GemniHi. YHUBEPCUTETTIH Kipebepic Oeirine xoaabH eHine TeH (12
M) KeJIJIEHEH *apbIK aHbIKTaJIJIbl; )KaphIKTBIH OpTalla eHi 5 enmiey Hykrecinae 3 cMm Oonasl. Eni
30 mm-neH acatbid kapeik AASHTO/LTPP GoiibiHia «xKOoFapbh» aybIPIBIK JOPEkKECIHE KaTaIbl.
Cebeb1 — AcTaHaHBIH IIYFBUT KOHTHHEHTAABl KIMMATHIHIA >KOJ Ka3/la KEHEWINm, KhICTa
TapTHUTYBL: CO3BLTY KEPHEY1 )KaOBIHHBIH OETKI KOJIeHEH >KapbLIybIHA aJlbIN KeNe/i.
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Cyper 4 — KenneHeH kapbIK jkoHE OYPBILITHIK KapbIKIIAK

ABTOK6IIIK Kipebepic KMbUIBICBIHIA OYPBIIITHIK *KapbIKIIak Oaiikanael. blkrumain cedenrepi
— KOJI TIOJIOTHOCBIHBIH OipKEeINKi TericTenMeyi, COHAal-aK ayblp JKYKTEeMEHI IIbIIail alMaiThIH
Heri3 OeH iprerac KabaTTapblHbIH Hallap ThIFbI3AaNybl. JKeHaey 1apachl peTiHzie >KapbIKTap/ibl
MacTHKa HEMece SMOKCHTI KOCIIaMEH THIFbI3/Iay ’KOHE HET13/1H OCpIiKTITiH apTThIPY YCHIHBLIA B

Ne3 nbican — ABToTYpaKk (3, 5, 7-0;10KTap ayJaachl)

3epTTenreH HbICaHIAP/bIH IIIHJETT €H KypJeli »aichl3 xKaFaail ocbl HbICAHIA TIPKEJl.
JKabOwiH Oetinge OipHerne Oy3buTy Typi Oip Me3rinae Oalikanasl. backim Oy3puTy — eHi 3—5 cM-Te
JIeHiH KETKEH KOJIJICHEH JKapbIKTap (aybIpJbIK JEHIell KOFaphl, Ke3JeCy >KUIIIrT eTe >KOFaphl).
BoiipIk skaphIKIakTap 1a TipKesi (aybIpiablK IeHTeli opTalia, )uiriri cupek). byinapnan 6acka
HIapuay/aH O0oJIFaH *KapbhIKTap MEH LIYHKbIpIIap aHbIKTaIAbI (AYBIPJIbIK JIEHT el )KOFaphl, )KULIIT1
MUHHUMAJIJTBI).

HIyHKbIpIap MEH Iapiiay KapbIKTapbIHBIH Olp Me3ruiie Kes3lecyl — Heri3 KaOaThIHBIH
KETKITIKCI3/IIT, )Ka0BIH KaTBIHIBIFBIHBIH KEMICTIr KOHE CYJIBIH CIHY MOCEJIECIHeH TYBIHIaWIbI.
Tozy koadduuuenti (1) popmynacs! GOHBIHIIA €ceNTENAl: OpPTa aybIPIABIKTAFbI OOMIIBIK KapbIKTap
w = 0,6, )KOFapbl aybIpJbIKTaFbl KeJJAeHEH kapblkTap w = 1,0, mapiay xapbeiktapsl w = 1,0.
Heicanna xaObIHHBIH XKannbl To3y kKoadduuuenti K to3y = 0,72 Gongsl, Oy opTa Aopexeni
TO3Y/BI KOHE KEIICH]II XOHJCY/IIH KaKETTIT1H KepceTedi. Y CHIHBUIATHIH Iapa: >KapbhIKTapabl
TBIFBI3JIAY, KabaTTacTeIpy (overlay), ai HIYHKBIpIap OPHBIH/A — XKalIai jkamay >KyMBbICTaphl.
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Cypert 5 — KenjieHeH xoHe OONIBIK XKapbIKTap

Cypert 6 — KonaplH mapuiaybliHa 6aliIaHbICThI XKapbIKTap MEH HIYHKBIpJIAp

Ne4 apican — TypaH JaHFBLIBI )KaFbIHAH ayJIa

Ne4 mpican HY aymarbIHBIH OaThIC )KaFbIH]IA OpHATIACKaH. byt skep e e Heri3ri Oy3buty Typi
— TeMIIepaTypalbIK HUKIAapIaH TYbIHIAWTHIH KesieHeH kapbikTap. Kanrapaa —20 °C, mingene
+26 °C TtemmeparypasiblK aMIUIUTYIAchl JKOJIJA JKbUIAAM KEHEHO-)KUBIPBLUTY JTHHAMHKACHIH
TyabIpansl. 4 enney HYKTECiHIE >KapbhIKTapAblH eHl 6—19 mm apaneireiana 6onast — LTPP
HYCKaYJIBIFbI OOMBIHIIIA «OpTaIiay aybIpJIbIK JeHreline coiikec. CoHmai-ak Oipiri->kapbiM OOHIIBIK
JKapBIKTap Ja TipKeIIi.

Kenyey mrapacel peTiHIEe KapbIKTapbl ac(haabT MACTHKACBIMEH TOJTBIPY JKOHE jKaMmay
(patching) eH THIM/I1, IIBIFBIH TUIMI TOCLT OOJBIT TAOBLTAIBI.
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Cypet 8 — BoilsbIK 1eH KoJeHeH KapbIKTap

7Kenaey cTpaTrerusijiapbl MeH MaTepUAIBIK MIenIiMaep
Jananelk Oakpiiay HOTHXKenepl Oapiblk 4 HBICAHA TEMIEpPaTypaiblK >KapbIKTapIbIH
OacBIMIBIFBIH pacTagbl — Oyl TelaTaeBTBIH COJTYCTIK aiMaKKa apHaJFaH TYKbIPBIMIapbIMEH
TonblK yHAecedi [1]. Bapnwik Oy3purymapaplH Tymki ceb6ebi — CTaHmapTThl OUTYMHBIH
TeMIIepaTypara )KOFaphbl CE3IMTaJIBIFBL: XKa3/a )KyMcapbIl JeGOopMaIusIaHa b, KbICTA CHIHFBIII
Oonbin >kapbutanbl. COHABIKTAH 3EepTTEYIIH MaTepHanAblK Oeiri OChl MOCENeHI MIemeTiH
WHHOBAIVSUTBIK IIENTIMAEpTe OaFbITTaNIbI.
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Kaiita ennenren 19T mnacturimen momudukanusmanrad outymasl tanmay (Cyper 1)
OHTalIbl KOHIIEHTpanus 3% eKeHiH KepceTTi: KeIcy Oepikriri 31%-fa, piFbicyra kenepri 34%-ra,
aJl TOMEH TeMIlepaTypajiarbl *Kapblkka Te3imaunik 42%-ra apraast [4]. byn KazakcTaHHBIH CybIK
KIIUMAThl YIIiH IIENTYIIi MaHBI3bl, OUTKEHI JJI TeMIIepaTyPaIbIK KaphIKTap >KaObIHHBIH 0ac
Oy3bUTybl OonbIl TaObuTabl. XUMUMAIBIK Monuduxartopiap OutymHelH RTFOT kaprarobs
Ke31HJIET1 €Hy MOHIH CaKTarl, ’KaObIHHBIH KbI3MET €Ty MEP3iMiH Y3apTalbl.

150 mm Kbicy GepikTiri
- mmm blfFsicyFa kepeprl|
23 rcmmmbspdsinlt Unitig 2
53 1401
E I
oI
2§ 130+
o ®
¢
2z
5% 120
23
37
= 1101
3¢
8§
= 1001
90 -
0% 1% 2% 3%
(Moaud. (oHTaMNLI)
HOK)

Kanta eHaenred MN3T nnacTuridii, KOHUEHTPaLWACK!

Cypet 9 — PecailkJiMHT 9/TiCiHIH THIMIUTIT: KaliTa eHaenreH [19T KOHIeHTpasIChIHBIH Ka0ObIH
KacueTTepiHe acepi

AJBIHFAH HOTHJKEJIepre CYWeHe OTBIPBIN, YII CTPaTerusiHbl OIpIKTIPeTiH KeMIeHAl ToCia
yeoiabutagel. Contyctik eHipae (HY aymarbl knmmaTbiHa yKcac) — TeMIIEpaTypaliblK KapbIKKa
te3imal IIMB MeH reocHMHTETHMKaNbIK TeoTopiap; OHTYCTIK eHipAe — OETOH IIMTajIapAblH
TEPMUSUTBIK TYPAKTBUIBIFBIHA JKOHE TOPTIAHIIEMEHTTIH MHHEpalIbl KYpaMblH OakplIayra
6ackIMIBIK Oepy; an opramia To3y AeHreinaeri Heicannapiaa (HY aymarer Nel, Ne4) — cankein
PECalKIIMHT apKBUIBI €CKi KaOBIHIBI OPHBIHAA KalTa ©HJEey, MaTepHall IIBIFBIHBIH koHE CO:
OHIMIH a3aiTy.

KopbITbiHABI

Kyprizinren 3eprrey KazakcTaHHBIH MIYFBUT KOHTHHEHTAIBI KIIMMATHI KaFJaibIHIA KO
»KaOBIHAAPBIHBIH TO3Y 3aHABUTBIKTAPBIH alMaKTHIK TYpFbIIA xkyienen, HazapbaeB YHuBepcureri
ayMarbIHJaFbl JaNalblK OakputaynapMmeH noanengeni. ContycTik eHipae OackiM Oy3bLIynap —
TEMIEPaTypasblK [MUKIIAPIAH TYBIHAAUTHIH KOJICHEH XOHE OOWMIBIK JKapbIKTap, al OHTYCTIK
OHIp/IE — SKCTPEMAIJIbI BICTBIKTaH O0JIATHIH IIEMEHTOCTOH TUTMTAIAPABIH KHCAIOBI aHBIKTAIIBL. HY
ayMarbplHIaFbl 4 HBICAHAA JKYPri3UIreH achmanThlK Oaraiayaa >KapbIKTapAblH KEH TapaliFaHbl
pacTaiipl; JOHTENEK OWBIKTaphIHBIH TepeHairi (8,4 MM) HOPMATHBTIK INETi1HEH acrajbl.
ABToTYpaK aitmarsl (Ne3 HbIcaH) eH aysIp aii-kyhae 6onael: K To3y =~ 0,72, kemeHai xxeoHaeyai
Ka)KEeT €TETIH JEHTEN.

¥Ycpiupuradn To3y Koddduumenti (1) kaObIHHBIH >Kail-KyHiH OOBEKTHUBTI CaHJIBIK
OaranmayaplH OipbIHFall eymeMi peTiHAe nakgamaneuia anaapl. Kaita enmenren [19T-men
monupukanusuianrad  6utym (3% KOHIIGHTpaiusi) TOMEH TeMIlepaTypaJarbl >KapbIKKa
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TO3IMAUTIKTI 42%-Fa JEeWiH apTTHIPATHIHBI KOHJIEY IIBIFBIHBIH a3alTyAbIH HAKTHI YKOJIBI OOJIBII
TaOBLIAABI.

bomamak 3eprreynepae MoaudHKAIMSUIAHFAH — KOCMAJap MEH TIe€OCHHTETHUKAJIBIK
HISITIMICPIIH HAKThl AKCIUTyaTalUsUIbIK JKaFdaiIaFbl y3aK Mep3iMJi MOHHUTOPUHTIH KYPTi3y,
TO3y KO3 UIIMEHTIHIH CaJIMaKThIK MapaMeTpiepiH OTaHABIK KIMMATTHIK JEpeKTepre cyheHe
JIOIIZICY JKOHE op alMaKKa apHAJIFaH TUNTIK JKOHJEY PErJIaMeHTTEPIH d3ipJiey YChIHBUIAIBI.
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Mynaenep KaKThIFbICHI: ABTOpIIap MYAJIENEP KaKTHIFBICHI JKOK I MOTIMACH .

Kacanapl unTe/UIeKTTI (Al) maiimamany: Ocbl MakanaHbl JaiibiHIay OapbhICBIHIA
JKacaHJbl MHTEUICKT (YJIKEH TUIMIK MOJENb) KOMEKI Kypan peTiHAe KOJAaHBUIAbI: MOTIHII
KYpBUIBIMIAY, aKaJeMUSUTBIK Ka3aK TUTIHIE CTHIIBIIK OHICY, 9AcOu MepeKTepl Kyheney xKoHe
KecTelep MEH CYpeTTiH Ma3MYHbIH DPETKe KeNTipy Ke3eHIEepiHJe MNaiaanaHblUIAbl. bapibik
FBUIBIMH TYOKBIPBIMJIAP, ACPEKTEPAl TYCIHAIPY KOHE KOPBITBIHIBUIAP AaBTOPJAPMABIH ©31HJIK
TajgAayblHa HerizaenreH opi onapabeiH TekcepyiHeH o1Ti. Al COPE ycwiHBICTapbhIHA Coiikec
ATHKAJBIK KOHE allIBIK TYPJIe KOJIAHBLIIBI; OJ1 aBTOP PETiHAC KOPCETIIMEH .

MPEXAEBPEMEHHBIN N3HOC JJOPOKHBIX IOKPHITHUI B YCJOBHUAX PE3KO
KOHTUHEHTAJIBHOT'O KIIMMATA KA3AXCTAHA 1 COBPEMEHHBIE
CTPATEI'NM UX PEMOHTA

Ta6ayauna T. M.!, Canawi6aii C. 1.1°
!®axyapTeT rpaskaaHCKOro CTPOMTENLCTBA U OXPAHbI OKPYKAIOLIEH CPEeJIbl, IIKOJIA HHKEHEPHBIX

u mudpoBeIx Hayk, HazapbaeB YHuBepcurer, Acrana, Pecyonuka Kazaxcran
*KoppecnonneHt aBrop: saken.sandybay@alumni.nu.edu.kz

AHHOTanuA. ABTOMOOWIbHBIE JOPOTH SIBJISIOTCS OMOPOM SKOHOMHUKH U COIMAIBHOMN
UHQPACTPYKTYpbl TOCYIapcTBa, OJHAKO B YCIOBHMSX pE3KO KOHTHMHEHTAJIBHOIO KJIMMaTra
Kazaxcrana 1Opo)XKHOE MOKpBITHE IMOJBEPraeTcs M3HOCY A0 JOCTHXKEHHS IMPOEKTHOIO CpOKa
ciyxObl. llenpto fmaHHOrO HCCIENOBAaHUS SIBISETCS CHUCTEMaTH3allMs BHUJAOB H3HOCA,
BO3HUKAIOIIMX TMOJ] BO3JEHCTBUEM TEMIIEPATYPHBIX, BIAXKHBIX W TPAHCHOPTHBIX (AKTOPOB,
nojeBasi MHCTpyYMEHTaJbHAsl OlLlEHKa MOKpBITUH Ha Teppuropun HazapbaeB YHuBepcureTa U
o00ocHOBaHKE 3PPEKTUBHBIX CTPATETUN PEKOHCTPYKIIUU C yUETOM PETHOHATIbHBIX OCOOEHHOCTEM.
HayuHo-npakTHueckass 3Ha4YMMOCTb PabOThl 3aKJIIOYAEeTCs B COIJIACOBAaHUM OTEYECTBEHHOM
HopMatuBHOil 6a3pl (CT PK, I'OCT) u mexnynapoanoro omeita (AASHTO, PCI, 1IRI) u
IIPEIOCTABIEHUN KOMIUIEKCHOTO IOJAXO0Ja K JUAarHOCTMKE M BOCCTAHOBIIEHUIO ITOKPBITHUS.
Metonuka BKJIIOYAeT CpPAaBHUTENbHBIA aHanmM3 HayyHbIX pabor 2022-2025 rr., moneByro
UHCTPYMEHTAJIbHYIO  OLIEHKY (HMBENUp, HW3MEepUTeNbHble MNpuOOpel, 4 o00bekTa) U
KOJIMYECTBEHHBIN pacueT crenuaibHoro koddduimenTa nznoca. B ceBepHoit 30He peo0IagaroT
IpO/IOJIbHBIE M TIONEpEYHble TPEIIMHbl, Ha Iore-KkpuBu3Ha muT; IloneBoe HabmoneHME
tepputopun HY mnonarBepauiao IMIMPOKOE pACIpOCTpaHEHHE TPEUIUMH, HE MPEBBIIIAIOIINX
HOPMATUBHBIM TpeAen Kpyriabix mnpoemoB (8,4 wmm). burym, moauduumupoBaHHBINH
nepepabotanHbsiM [19T (koHuenTpauus 3%), yBeIUYMBAET CBETOCTOMKOCTh MOKPHITUS A0 42%.
[TosrydyeHHBIE pe3ynbTaThl JAIOT MPAKTUYECKYIO OCHOBY JUISl PErMOHAIBHBIX aJalTHPOBAHHBIX
pPEUIEHHI IO PEMOHTY, COYETAIOIINX XOJIOIHbIA pecalkiauur, [IMb u reocuHTeTHKY.

KioueBble cjioBa: aBTOMOOWJIBHAs JOpOra, HM3HOC JOPOXKHOTO TOKPBITHS, DPE3KO
KOHTHHEHTAJIbHBIA KJIMMAT, 10JIeBasi HHCTPYMEHTaJIbHAs OLIEHKA, XOJIOJAHbIN pEeCAlKINHT, OUTYM,
MOJU(HUIMPOBAHHBINA MOJTUMEPOM, FTEOCHHTETHUYECKUE MaTEPUAIIbI

PREMATURE DETERIORATION OF ROAD PAVEMENTS UNDER THE SHARPLY
CONTINENTAL CLIMATE OF KAZAKHSTAN AND MODERN STRATEGIES FOR
THEIR REHABILITATION
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!Civil and Environmental Engineering Department, School of Engineering and Digital Sciences,
Nazarbayev University, Astana, Republic of Kazakhstan
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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,
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.
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HAYYHBIE TIOAXOAbI U METOABI INTAHUPOBAHUSA CETH
BEJIOCUIIEJHBIX JOPOKEK B YCJIOBUAX PAZBUBAIOIIIUXCA I'OPOJOB
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!TamkeHTCKuMii rOCy1apCTBEHHBIN TPAHCIIOPTHBIHA yHUBEpCUTET, T. TalKenT,
PecryOnmka Y30ekuctan
* .
Koppecnonnent-aBrop: ab.karabayev(@gmail.com

AHHOTanusi. B ycnoBusix yckOpeHHOH ypOaHM3alMM M pOCTa aBTOMOOMIIM3ALIMU B
Pa3BUBAIOILMXCS TOPOJAaX BO3pACTAOT MPOOJIeMbl TPAHCIIOPTHOM MEpPerpyKEHHOCTH, YXyALLICHUS
DKOJIOTMYECKOM CHUTyallud W CHIDJKEHHUS KadecTBa IOPOJACKOM cpenbl. B 3Toil cBA3M pa3BuTHE
BEJIOCUNETHON HHQPACTPYKTYpbl pacCMaTpUBAETCS KaK OAWH U3 IMPHOPUTETHBIX 3JIEMEHTOB
YCTOMYMBOW TOpOACKOH MOOmIbHOCTH. OpHako 3((eKTHBHOCTh BHEOPEHHUS BEIOCHUIICIHOTO
TPAHCIOPTa BO MHOIOM ONpEAEIseTcs HayyHO OOOCHOBAaHHBIM IIJITAHUPOBAaHUEM CETU
BEJIOCUIIEAHBIX JOPOKEK.

[lenbro naHHOW CTaTbM SIBISAETCS CHCTEMAaTH3alUs M CPABHUTEIBHBIM aHAJIN3 HAy4dHBIX
MOAXOMOB M METOJOB IUIAHUPOBAHUS CETH BEJIOCHUIICAHBIX JIOPOKEK C YYETOM CIeHUu(pUKU
pa3BUBAIOIIUXCS TOpos1oB. B paboTe paccMOoTpeHbl HOPMATUBHO-IIAHUPOBOYHBIE, TPAHCIIOPTHO-
Monenupyromue, mnpocrpanctBeHHbie (GIS-ocHOBaHHBIE), COLMANIBHBIC, 3KOJIOTHYECKHE U
SKOHOMUYECKHE MeTO/bl (OPMHUPOBAHUS BeJOCHNENHbIX ceTeil. Ocoboe BHUMaHHUE YIEIECHO
OILICHKE X MPUMEHUMOCTH B YCJIOBHSIX OIPaHUYEHHBIX PECYPCOB, Ne(ULINTA UCXOIHBIX JTaHHBIX
U (parMeHTapHON TOPOJICKOI 3aCTPOUKH.

Pe3ynbrarel uccnenoBaHus MOKA3bIBAIOT, UYTO HauOoubiield 3PGEeKTUBHOCTHIO 001a1at0T
KOMOMHUPOBaHHbIE TOJIXOJbl, OCHOBAHHbIE HA MHTErPallMM HOPMATUBHBIX TpeOOBaHUIA,
IPOCTPAHCTBEHHOI'O aHAJIN3a, OLEHKHU Oe30MacHOCTH ABMXKEHUS U COLHAIbHO-IKOJIOTMUYECKHX
kputepueB. IlomydyeHHble BBIBOJBI MOTYT OBITH HCIOJB30BaHbl MPU pa3pabOTKe cTpareruit
pa3BUTHUS BEJIOCHUIETHOW HHQPACTPYKTYpbl M (POPMHUPOBAHMM YCTONMUMBBIX TPAHCIIOPTHBIX
CHUCTEM B Pa3BUBAIOIIUXCS TOPOax.

KuaroueBble cioBa: BenocunenHas HMHQPACTPYKTypa, BEJIOCHUIIEIHBIE JIOPOXKKH,
TPAHCIOPTHOE MJIAHWPOBaHKE, YCTOHYNBOE pa3BUTHE, TOPOACKas MOOMIIBHOCTh, pa3BUBAIOIINECS
ropoja.

BBenenune

BEICTpBIC TeMITbI ypOaHU3AIUH U POCT YPOBHS aBTOMOOWITH3AIUH SIBIISTFOTCS XapaKTePHOM
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 sTux ycnoBusSX BeTOCHUNEAHBIM TPAHCIIOPT paccMaTpuUBAaeTCs KaK OWH W3 Hamboee
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
HACEJICHUS W CHIDKAET COITMAIbHO-DKOHOMUYECKHE H3ICPKKH, CBS3aHHBIC C 3a00JIEBaHUSIMU,
00yCIJIOBJICHHBIMH MaJIONIOIBMXKHBIM 00pa3oM xu3uu [10], [14].

HecMoTpst Ha oueBHIHBIC MPEUMYIIECTBA, PA3BUTHE BEIOCHUIECIHOW HHPPACTPYKTYPHI 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
HEraTUBHOTO BOCHPUSITHS BEJIOCHUIIEIa KaK TTOJHOIIEHHOTO BUa TOPOICKOr0 TPAHCIOPTA.

AHanu3 Hay4HbIX NyONMKalM{ MOKa3bIBa€T, YTO 3HAYMTEIbHAs YacTh MCCIEIOBaHUIl B
o0acTy TUTAHUPOBAHMSI BEIOCUTICTHON MHPPACTPYKTYphl OPUCHTHPOBAHA HA YCIIOBUS 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
BEJIOCUTICAHBIX CETeH OCIOXKHSAETCA JACPUIUTOM HCXOAHBIX JAHHBIX, OrPAHUYCHHBIMU
(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 cBiI3M ¢ UW3NOKEHHBIM OCOOYIO aKTyallbHOCTh NPHOOpPETAeT CHCTEMaTH3alus |
KPUTHYECKUIN aHalIU3 HAayYHBIX IOJIXOJ0B M METOAOB IUIAHUPOBAHUS CETHU BEIOCHIIETHBIX
JIOPOXKEK C aKIIEHTOM Ha YCJIOBUSI pa3BUBAIOIIMXCS TopojoB. Llenbio maHHO#M cTaTtbu sIBIsSETCA
0000111eHe HOPMATHBHO-TNIAHUPOBOUHBIX, TPAHCIIOPTHO-MOJICTHPYIOIIUX, MPOCTPAHCTBEHHBIX
(GIS-ocHOBaHHBIX), COIMATBHBIX, IKOJOTUICCKUX U IKOHOMHYECKHX METONOB (DOPMUPOBAHUS
BEJIOCUIIEIIHBIX CETeH, a TaKkKe OI[EHKA UX MPUMEHUMOCTH B YCIOBHIX OIPAaHUYECHHBIX PECYPCOB
Y BBICOKOW JTUHAMHUKH TOPOJICKOTO Pa3BUTHUS.

0630p HAYYHBIX MOAX010B K IVIAHUPOBAHUIO CETU BCJIOCUIICAHBIX TOPOKEK

Hayunsle uccrnenoBanuss B 00NacTH IUIAHUPOBAaHUS BEJIOCHUINIETHOW HHQPACTPYKTYpPbI
(GopMHpOBaIMCh MOATAIHO M OTPaXKalOT SBOJIOLUIO NPEACTABICHUH O POJU BeJOCHIENa B
TOPOZCKOM TpaHCIOPTHOW cucteMe. PaHHMe paOboThl ObIM OPUEHTHPOBAHBI IPEUMYLIECTBEHHO
Ha HOPMaTHBHO-IUIAHUPOBOYHBIE U T€OMETPUYECKUE ACHEKTHI MPOEKTUPOBAHUS BEIOCHUIIEIHBIX
JIOPO’KEK, BKJIIOUasi TpeOOBaHUS K LIMPUHE MPOE3KEW 4acTu, pajuycaM MOBOPOTOB, YCIOBUSIM
BUJUMOCTH M dJeMeHTaM obOecrneueHus: Oe3zomacHoctu [3], [4]. JlaHHBIA TOAXO0] TMO3BOJISIT
CO3/1aBaTh MHHHMMAJIHO JONYCTHUMbIE YCJOBMSI JUISl JIBJKEHHUS BEJIOCHIIEUCTOB, OJHAKO
paccMaTpuBall BEJIOCHNEAHYI0 HMH(PACTPYKTYypy Kak H30JMPOBAHHBIA 3JIEMEHT YJIUYHO-
JIOPOKHOM ceTu, 0e3 yuera ee CEeTeBOM CBI3HOCTH M peajIbHOro TPAHCIIOPTHOTO CIpPOCa.

C pa3BuTHEM KOHLENIMH YCTOHYMBOM TOpOACKOW MOOMJIBHOCTM M IEPEeXoJoM K
MHTETPUPOBAHHOMY TPAaHCHOPTHOMY IUIAHUPOBAHUIO HAy4YHbIH (DOKYC CMECTUJICS B CTOPOHY
(dbopMHUpOBaHUS CBSA3HBIX W HEMPEPBIBHBIX BelocumnenHsix cereid. B paborax R. Pucher u J.
Buehler noka3ano, 4To BBICOKHI ypOBEHb MCIOJIb30BAHMS BEJIOCHUIEA JOCTUTAETCA HE 3a CUeT
OTIEJIBHBIX BEJIOCUIIEIHBIX JIOPOKEK, a IPHU HAIWYMM IUIOTHOM, JIOTMUECKH CBS3aHHOM U
WepapXWyeCcK OpTraHW30BaHHOW cetnm MapmpyToB [8], [24]. AmHanoruyHsie BBIBOJIBI
npeacTaBieHsl B uccienosanusax L. Harms u M. Kansen, rie noguepkuBaeTcs 3Ha4€HUE CETEBOTO
s dexTa 1 TeppUTOPUATHLHON HEMPEPHIBHOCTU BEIOCUIIEAHON HHPPACTPYKTYPHI [5].

3HAYUTEIBLHOE Pa3BUTHE TOIYUYWIH TPAHCIIOPTHO-MOAEIUPYIOUIUE MTOIXO0/bl, OCHOBAHHBIE
Ha aHaJIM3€ MAaTpUll «IPOUCXOXKJICHHE—HA3HAUEHUE», CLIEHAPHOM MOJEIUPOBAHUM M OLIEHKE
nepepacnpeesieHus: Moe3A0K MeXy Buaamu Tpancrnopta [6], [15], [24]. Yka3zaHHble MeTOABI
MO3BOJISIOT KOJIMYECTBEHHO 000CHOBBIBATh IPUOPUTETHOCTD PA3BUTHSI OTIEIbHBIX MapUIPyTOB U
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OLICHUBATh  COIMAJIbHO-3KOHOMUYECKYI0 A(P(PEKTUBHOCT, HWHBECTUIUN B  BEJIIOCUIEIHYIO
uHpacTpykTypy. OJHAKO B YCIOBUSIX PAa3BUBAIOLIMXCS TOPOJOB MX MPAKTUYECKOE MPUMEHEHHE
4acTO OrpPaHMYEHO Je(PUIIMTOM JIOCTOBEPHBIX CTATUCTUYECKUX JaHHBIX W BBICOKOH aonei
HedopMabHBIX iepeaBrkenuit [9], [11].

B »TOil CBA3M MIMPOKOE PAcCHpOCTPAHEHHE TONYYMIIM MPOCTpaHCTBeHHbIe M GIS-
OCHOBaHHbIE TIOAXOAbl, OPHUEHTUPOBAHHBIE HAa aHAJINW3 TEPPUTOPUAIBHON JOCTYIHOCTH,
MJIOTHOCTH 3aCTPOMKH, pacIpeiesieHuss HaceleHus W oO0bekToB mpuTsbkenus [8], [9], [18].
Hcnonb30BaHne reOMH(POPMAIIIOHHBIX CUCTEM IO3BOJISET BBISBIISATH Pa3pPbIBBI B BEJIOCUIICTHON
cetd, GOopMHpOBATh MEPAPXUIO MAPIIPYTOB M pa3padaThiBaTh MO3TAMHbIE CIEHAPUU PA3BUTHS
UHpPacTpyKTyphl. Psn wuccnemoBanmii ykaswiBaetr, uto GIS-mertonbl sBsitoTcs HamOosee
aJanTUpPyeMbIMU JUIS Pa3BUBAIOIIMXCA TOPOAOB, TOCKOJIBbKY JOMYCKalOT HCIIOIb30BAHUE
arperupoOBaHHBIX U AJBTEPHATUBHBIX UCTOYHUKOB JaHHBIX [11], [18].

OTtnenbHOE HampaBieHHE HCCIEAOBAHUN CBSI3aHO C y4eToM (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 BEJIOCUIIEIHOIO IBMIKEHHUS, 3a4acTyl0 IPEBOCXOAs IO
3HAaYUMOCTHU (PaKTOPbl paccTossHUA U BpeMeHU B myTu [13]. JlaHHBIE BBIBOIBI UMEIOT 0COOYIO
aKTYyaJbHOCTb I Pa3BUBAIOLIUXCS TOPOJOB, XapaKTEPU3YIOLIUXCS BHICOKOH MHTEHCUBHOCTBIO
CMEIIAHHOTO JIBHYKEHUS U OTPAaHUYECHHBIM YIUYHBIM MPOCTPAHCTBOM.

B mnocnennue roasl HaOmomaeTcs POCT HMHTEpeca K SKOJIOTMYECKMM U COLUAIbHO-
OpPUEHTUPOBAHHBIM IMMOAXO/IaM IJIAHUPOBAHUS BeJIOCUIIeTHOW UHPpacTpyKTypsl. MccnenoBanus
BceMupHoil opranu3anuy 31paBooXpaHeHuss U EBpOneNcKOro areHTCcTBa o OKpy Karolleu cpene
MOATBEPXKIAIOT, YTO HHTErpalvs BEJIOCHUIEAHBIX JIOPOXKEK C JJIEeMEHTaMU 3eJIeHOUN
UH(QPACTPYKTYpbl CHOCOOCTBYET CHIDKEHHUIO 3arpsi3HEHUs BO3JyXa, CMAT4eHHIo 3dekra
TOPOZCKOTO TEIJIOBOTO OCTPOBA M YIYUIICHHIO MCHUXO3MOIIMOHAIBLHOTO COCTOSHUSI HacelleHUs
[10], [12], [17], [22], [25]. ComuuanbHO-OPUEHTUPOBAHHBIE HCCICAOBAHUS AaKIEHTUPYIOT
BHHUMaHHUE Ha BOMPOCaX TPAHCIOPTHOM JOCTYIMHOCTH U CHPaBEUIMBOCTH, OCOOCHHO B pailoHax
HU3KUM ypoBHEM joxomoB [11], [18].

O06o0uIeHre HAay4YHBIX MyOJIMKAalMi IOKa3bIBa€T, YTO B COBPEMEHHBIX HCCIEIOBAHUSAX
npeobaasaloT KOMOMHUPOBAHHBIE IIO/XO/bI, COYETAIOLIME HOPMATHUBHO-IUIAHWPOBOYHBIE,
IIPOCTPAHCTBEHHBIE, TPAHCIIOPTHO-MOAEIUPYIOLUIME U COLUAIBHO-IKOJIOTHUECKHE METOABI [8],
[12], [24]. x npuMeHEeHHE MO3BOJSET YUYUTHIBATh MHOTO(AKTOPHBIN XapakTep (HOpMHUPOBAHUS
BEJIOCHUIIEHBIX CETEM M aJalTUPOBaTh NPOEKTHBIE DPELIECHUS K YCIOBUSAM pPa3BUBAIOLIUXCS
rOpoZIB € OrpaHMYEHHBIMU pecypcamu. PacnpeneneHue HayyHBIX MCCIEAOBaHUN IO
IIPUMEHSEMBIM METOIaM IIJIAHUPOBAHMSI CETH BEJIOCUIIEIHBIX TOPOKEK IPEACTABIECHO HA PUCYHKE
l.
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KonnyecTBo Hay4HbIx nybnukauni

Pucynok 1 — Pacnipenenenue HayyHbIX HCCIIEI0BaHUM 110 METO/IaM IJIAHUPOBAHUSI CETU
BEJIOCUIIEAHBIX JOPOKEK

MeTOZlbI NJTAaHHPOBAHHUA C€TH BCJIOCUIIEAHBIX TOPOKEK

CoBpeMeHHbIE METO/IbI TIJIAHUPOBAHUS CETU BEIOCUIIEIHBIX TOPOXKEK MPEICTABISAIOT COOOM
COBOKYIHOCTh  B3aUMOJIOIIOJIHSIIONIMX HHCTPYMEHTOB, HANpaBJICHHBIX Ha oOecleyeHue
(bYHKIMOHATBHON CBSI3HOCTH, 0€30MAaCHOCTU M YCTOMYMBOCTH BENOCHUIIETHON MHPPACTPYKTYPHI.
B nayunoit nuteparype maHHbie MeTObI AU HEPEHIUPYIOTCS M0 YPOBHIO TPEOYEeMBIX MCXOTHBIX
JTAHHBIX, MacIITa0y IPUMEHEHHUS U CTETICHU aJalTHPYEMOCTH K JIOKATbHBIM YCIOBHUSM, YTO UMEET
MPUHITMITHATIEHOE 3HAYCHHE JIJIS1 PA3BUBAIOIIUXCS TOPOJIOB.

3.1. HopMaTUBHO-IIIAHUPOBOYHBIE METO/IBI

HopmatuBHO-1s1aHUPOBOYHBIE METO/IBI OCHOBBIBAIOTCS HAa MPUMEHEHUW HAIIMOHAJIBHBIX U
MEXIYHAPOIHBIX CTAaHAAPTOB MPOEKTUPOBAHUS BEJIOCHUINETHOW HHQPPACTPYKTYPHI, TAaKHX KakK
pexomerganu NACTO wu Transport for London [3], [4]. laHHBIE TOKYMEHTHI PETJIAMECHTHPYIOT
TeOMETPUYECKHE TapaMeTphl  BEJIOCUIEAHBIX JOPOXKEK, TpeOoBaHUS K  pa3felieHUIo
TPAHCIIOPTHBIX MOTOKOB, OPTaHU3AIMU TIEPECEUCHUIN U 3JIEMEHTaM BU3yaJIbHOM HaBUTamuu. Mx
KITFOUEBBIM MMPEUMYIIECTBOM SIBIISIETCSI BOCIIPOMU3BOIMMOCTH IMTPOEKTHBIX PEIICHH 1 00ecieueHre
0a30BOTO YPOBHS O€30MACHOCTH JABUKCHUSI.

B T0 ke BpeMs uccieaoBaHus MOKA3bIBAIOT, YTO HOPMATHUBHBIE METOABI B U30JIMPOBAHHOM
BUJe He o0ecreunBaloT (GopMHupoBaHWE (QYHKIIMOHAIBHO CBSI3HOH BEJIOCHUIICTHOW CETH,
MOCKOJIbKY HE YYHUTBIBAIOT MPOCTPAHCTBEHHOE pacHpeiesieHue TPaHCIOPTHOIO copoca u
COIMATFHO-OKOHOMHUYECKYIO CTPYKTypy Topoma [11]. B ycrmoBusx pa3BUBAIOIMIMXCS TOPOIOB
MPUMEHEHUE HOPMATHBHBIX TpeOOBaHUN 03 ajanTaiuy K JIOKaJbHOMY YIUYHOMY HPOQUITIO U
peXuMaM JABM)KEHUS MOXET NPUBOAUTH K KOHQIUKTaM MEXIy Y4YaCTHUKAMHU JOPOXKHOTO
JBUKECHHS 1 CHUYKEHUIO MTPOITYCKHOM CITIOCOOHOCTH YIHII.

3.2. TpancnopTHO-MOJETHPYIONTUE METOBI

TpaHCOPTHO-MOJIETUPYIOIINE METO/IbI HAIPAaBJICHbl Ha KOJIMUECTBEHHYIO OLICHKY CHpOca
Ha BEJIOCUIIEIHBIE MOE3IKU U aHaJlu3 BIUSHUS Pa3BUTHs BEJIOCHNEIHOM MH(PACTPyKTyphl Ha
CTPYKTYPY TOPOACKHX TepeaBUkKeHHd. B HaydHBIX paboTax MIMPOKO HCTOIB3YHOTCS MAaTPHIIBI
«TPOUCXOXK/IEHUE—HAa3HAYCHHE»,  CIIEHapHOE€  MOJEIMpOBaHHME U MYJIbTUMOJAJbHBIE
TpaHcnopTHbIE Mozienu [6], [15], [24]. IIpenmy1iecTBOM TaHHBIX METOIOB SIBJISIETCSI BOBMOXKHOCTD
OIIEHKH JIOJITOCPOUYHBIX (DPEKTOB 1 000CHOBAHUS WHBECTHUITMOHHBIX PEIICHUMN.
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Opnako [Uisi pa3BUBAIOLIUXCS TOPOJOB XapaKTEPHBI OTPAaHUYEHHUS, CBSI3aHHBIE C
HEOCTAaTKOM HAJICKHBIX CTATHCTUYECKHUX JTAHHBIX, BBICOKOU H0Jei HePOpPMAalbHBIX MOE3I0K U
OBICTPBIMU TEMITAMH W3MEHEHHSI TOpOJCKON cTpyKTypsI [9], [11]. B pesymnbrare TpancrnopTHOe
MOJICIIMPOBAHKE B JJAHHBIX yCIOBUSIX Yallle MPUMEHSIETCS Ha CTPATETHYECKOM YPOBHE U TpeOyer
MHTETPAIIH C YIPOIIEHHBIMU IPOCTPAHCTBEHHBIMU U SKCIIEPTHBIMU METO/IaMHU.

3.3. IlpocrpancrBennbie 1 GIS-ocHOBaHHBIE METOBI

[IpocTpaHcTBeHHbIE METO/bl, OCHOBaHHBIC Ha MCIIOJB30BAHUNU TC€OMH(POPMALIMOHHBIX
CUCTEM, OPHUEHTHPOBAHbl Ha AaHAJIU3 TEPPUTOPUATBHOW JIOCTYNHOCTH, IUIOTHOCTH 3aCTpPOMKH,
pacipeneneHus HaceleHusl 1 00bekToB puTsDKeHus [8], [9], [18]. JlaHHbBIE TOAXO0ABI TO3BOJISIOT
BBISIBIISITH  TIPOCTPAHCTBEHHBIC Pa3phIBBI B BEJIOCUIICAHOW ceTH, (OPMUPOBATH HEPAPXHIO
MapIIPyTOB U OLIEHUBATH MOTEHI[UAIBHBIN CIIPOC HA OCHOBE MPOCTPAHCTBEHHBIX UH/IUKATOPOB.

C nHayuHoli Touku 3peHusi GIS-oCHOBaHHBIE METObI 00IAIat0T BEICOKOH aIalTUBHOCTHIO U
JIOTIYCKAIOT HCIIOJIb30BAHUE arperupoBaHHBIX M IMPOKCH-JAHHBIX, YTO JIeJaeT UX OCOOEHHO
peJieBaHTHBIMHM I YCJIOBUHM pa3BuBatomuxcs roponoB [11], [18]. Bmecre ¢ Ttem ux
OTpaHHYEHUEM SIBJISETCS HEOOXOAMMOCTh KOPPEKTHOTO BBIOOpa HWHAMKATOPOB U BECOBBIX
k03()PHUIIMEHTOB, MOCKOIBKY Ype3MepHas YIMPOIEHHOCTh MPOCTPAHCTBEHHBIX MOJEICH MOXKET
MCKaXaTh peasibHbIC MOBEACHYECKHE MAaTTePHbI BEIOCHUIIETUCTOB.

3.4. Metozpl, OpueHTHPOBAaHHBIC HA OE30MTACHOCTH U KOM(POPT

Metonbl, OpHEHTHPOBAHHBIE Ha OIEHKYy Oe3omacHOCTH U KoMdopTa JBHKEHUS
BEJIOCUTICANCTOB, OCHOBBIBAIOTCS HA aHAIM3€ KOH(IMKTHOCTH TPAHCIIOPTHBIX MOTOKOB, YPOBHS
TPAHCIIOPTHOI'O cTpecca U KadecTBa ropojckoit cpeast [10], [13]. Dmnupuueckue uccieqoBaHus
HOATBEPKIAIOT, UTO CyOBEKTUBHOE BOCIIPUATHE 0€3011aCHOCTH OKa3bIBAET 3HAYMMOE BIIMSHUE Ha
BBIOOpP MapIipyTa ¥ TOTOBHOCTh HACEJIEHUS UCIIOJIb30BaTh BEJIOCHUIIE] B IOBCETHEBHBIX MOE3/IKaX
[13].

Jl71s pa3BUBAIOLINXCS TOPOAOB JIaHHBIE METOMbI UMEIOT IPUOPUTETHOE 3HAYCHHUE B CBSAZH C
BBHICOKOW HMHTEHCUBHOCTBHIO CMEIIIAHHOTO [IBIDKEHUS W OTrPAaHMYEHHBIMH BO3MOXKHOCTSIMU
buznyeckoro paszeneHus MOTOKOB. BmecTe ¢ TeM HayyHasi AUCKYCCHUSl YKa3bIBaeT HA CIOKHOCTD
KOJIMYECTBEHHOH OLIEHKH CYOBEKTUBHBIX (PaKTOPOB, UTO TpeOyeT KOMOMHUPOBAHUS 0OBEKTUBHBIX
nokasaresnei u counoiorunyeckux onpocos [10], [11].

3.5. DKOIOTHYECKIUE U COLIMATIEHO-DKOHOMUYECKHIE METOBI

DKOJOTUYECKH OPUEHTUPOBAHHBIE METO/bl IJIAHUPOBAHMS MPEANOIAratoT HWHTETPAIUIo
BEJIOCUTICAHON MHPPACTPYKTYPHI C JIEMEHTAMU 3€JICHONU TOPOJICKOM CpeJibl, BKIIIOUast INHEHHbBIC
3eNeHbIe KOpUIophl U OydepHsbie 30HbI [ 1], [12], [22], [23]. MccnenoBaHus MOKa3bIBAIOT, YTO TaKKe
pelIeHus: CIOCOOCTBYIOT CHHXKCHHIO KOHIIEHTPAI[UU 3arpsi3HSIONINX BEIIECTB, CMSITYEHUIO
3 deKTa ropoCKOro TEIIOBOrO OCTPOBA U MOBBIIIEHUIO OOLIET0 ypOBHS KOM(pOpTa ropoiCKon
cpens! [10], [17], [25].

CounanbHO-?KOHOMUYECKHE TIOJIXO0/1bI HAITPaBJICHbI Ha OLIEHKY I0CTYITHOCTH BEJIOCUIIEAHOU
UH(PPACTPYKTYPHI TSl pA3IMYHBIX COIMAIBHBIX TPYIIN U aHAIN3 YIKOHOMUYECKOU 3 (PEeKTUBHOCTH
uHBectuimi [15], [16], [18]. B ycinoBusx pa3BUBAOIIMXCS TOPOIOB IAHHBIE METO/IbI TTO3BOJISIIOT
YYUTBHIBATh BOMPOCHl TPAHCIIOPTHOM CIPaBEJIMBOCTH U ONTHMHU3UPOBATH pacipenesieHne
OTPaHUYEHHBIX PECYPCOB.

OO6006méHHas CTPYKTypa U B3aUMOCBSI3b METOJIOB IUIAHUPOBAHUSI CETU BEJIOCHUIIETHBIX
JIOPOKEK B YCIIOBUSIX Pa3BUBAIOLIUXCS TOPOJIOB MPEICTABIICHBI HA PUCYHKE 2.
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Pucynok 2 — KonnenryaibHas cxeMa IUIaHUPOBAHUS CETH BEJIOCUIIEIHBIX JOPOKEK B
YCIIOBHSIX Pa3BUBAIOILKUXCS TOPOIOB

IIpoMeskyTOUHBII HAYYHBIN BHIBOX

AHann3 METO/IOB TUIAHUPOBAHUS CETH BEJIOCHUIIETHBIX JTOPOKEK MOKA3bIBAET, YTO HU OJUH
U3 PACCMOTPEHHBIX IOIXOOB HE SBISETCS YHUBEpPCAIbHBIM. Hambonpllylo HaydyHYH U
MPAKTHUYECKYI0 IIEHHOCTh TMPEACTaBISIOT KOMOWHUPOBAHHBIE METOOJIOTUYECKUE CXEMBI,
aJanTUPOBAHHBIE K YPOBHIO JIOCTYNHBIX JAHHBIX, WHCTUTYIUOHAIBHBIM YCJIOBUSIM U
MPOCTPAHCTBEHHOM CTPYKTYpe pa3BUBarOLIUXCsA ropoaoB [8], [12], [24].

CpaBHHUTE/IbHBIN AaHAJH3 HAYYHBIX HCCJIEI0BAHUI

CpaBHUTENBHBIN aHAMM3 HAy4YHBIX MCCIEAOBAaHUNH B OONACTH IUIAHUPOBAHUS CETH
BEJIOCUTICAHBIX JIOPOKEK TMO3BOJIAET BBIIBUTh HE TOJIBKO PA3THUUS MEXKAY HPUMEHSEMBIMU
METOIaMH, HO U UX OTHOCUTENbHYIO0 3(PPEeKTUBHOCTh B YCIOBHSIX Pa3BUBAIOIINXCSA TropojoB. B
OTIMYHE OT OIHUCATEIBHOTO 0030pa, CPaBHHUTENBHBIM TOAXOI OpPHUEHTHPOBAH Ha OLEHKY
MPUMEHUMOCTH METOJOB C YYETOM PECYPCHBIX, MHCTUTYLHMOHAIBHBIX U TMPOCTPAHCTBEHHBIX
OTpaHUYEHUH, XapaKTEPHBIX ISl TAHHBIX TOPOIOB.

AHanu3 myOnuKaluii MOKa3bIBaeT, YTO B HCCIIEJOBAHMSIX, BBIMOIHEHHBIX ISl Pa3BUTHIX
rOpOZOB, MPeo0aaaoT KOMIUIEKCHBIE METOJOJOTUYECKUE CXEMBbl, OCHOBAHHbBIE Ha COYETAHUU
TPAHCIIOPTHOTO MOJEIMPOBAHUs, MPOCTPAHCTBEHHOTO aHalM3a U COLUAIbHO-?KOHOMUYECKOMN
onenku [8], [12], [24]. JanHble TOmXOABl 0OOECHEUYMBAIOT BHICOKMWA YPOBEHb TOYHOCTH U
MPOTHOCTUYECKOW HANEKHOCTU, OJHAKO TPEOYIOT 3HAYMTENbHBIX 00bEMOB HCXOMHBIX JaHHBIX U
Pa3BUTOM CUCTEMBI TPAHCTIOPTHOTO MOHUTOPHHTA.

B T0 %€ BpeMsi B pa3BUBAIOIIMXCS TOPOJAX HAyYHbIE UCCIEIOBAHUS Yalle OPUEHTUPOBAHBI
Ha MOATAIHBIC U aJIaNITUBHBIE METO/IbI INIAHUPOBAHUS, TTO3BOJISIONINE JOCTUTaTh MAKCUMAIHBHOTO
s¢dexTa mpu orpaHndeHHbIX pecypcax [9], [11], [18]. B Takux ycnoBHSX NPHOPUTET OTIAAETCA
GIS-ocHOBaHHBIM MeTOAAM, aHAJIU3y TOCTYIHOCTH U OLIEHKE 0€30M1aCHOCTH JIBUKEHMUSI, KOTOPbIE
JIOTTYCKAIOT UCTIOJB30BAaHUE arperipOBaHHBIX JaHHBIX M DKCIIEPTHBIX OLIEHOK 0€3 CyIIeCTBEHHOU
MOTEPH AaHATTUTUYECKOI LIEeHHOCTH.

Oco0oe BHHMMaHuWe B HAayyHOM JMTepaTrype VYIENseTcs COOTHOIICHHIO HOPMATHBHO-
MJIAHUPOBOYHBIX W AHAIMTUYECKUX MeEToAoB. lcciemoBaHus MOKa3bIBAIOT, YTO NPUMEHEHUE
MPOEKTHBIX CTaHAApTOB 0€3 yuyeTa MPOCTPAHCTBEHHOTO M COIMATBHOTO KOHTEKCTa MPHUBOIUT K
dbopMupoBaHU0 (HOPMATBHO KOPPEKTHOM, HO (PyHKIIMOHATHEHO HEIDPEKTUBHON BEIOCHIICTHON
undpactpykrypsl [3], [4], [l1]. HanmporuB, wuHTerpauus HOPMATUBHBIX TpeOOBaHUN C
MPOCTPAHCTBEHHBIM AHAJIM30M U OIIEHKOH TOJb30BATEIbCKOIO BOCHPHUATHS IO3BOJISET
CYILIECTBEHHO MOBBICUTh YPOBEHb MCNOIb30BaHUS BeJlocUureIHou cetu [8], [13].

CpaBHeHue TpaHcnopTHO-MoAenupyomux U GIS-ocHOBaHHBIX MOAX0A0B CBUIETENBCTBYET
0 TOM, UTO MEepBbIe 00a7at0T 60Iee BBICOKUM MTPOTHOCTUYECKUM IMOTEHIIMAIOM, TOT/Ia KaK BTOPbHIE
OTIUYAIOTCS OOJBIIEH THOKOCTHIO ¥ aJaITHPYEMOCTHIO K YCIIOBHUSIM Pa3BUBAIOIIMXCS TOPOJIOB [6],
[9], [18]. Ha mpaktuke 5T0 00yCIOBIMBaeT IeIecCO00OpPa3HOCTh HMX KOMOWHUPOBAHHOTO
npuMeHeHus, pu kotopom GIS-ananu3 ucnonp3yercs s TEPBUYHOTO OTOOpPA MPHOPUTETHBIX
KOPUJIOPOB, & TPAHCIIOPTHOE MOJEIUPOBAHUE — /JI1 YTOUHEHUS CTPATETUYECKUX PEIICHUI.
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Pe3ynbraThl CpaBHUTEIBHOIO aHalM3a METOJOB IUIAHMPOBAHUS CETH BEJIOCHIIEAHBIX
JOPOXKEK, OOOOIIEHHBIE IO KIIOUEBBIM KPHUTEpHsM, INpencTaBieHbl B Tabmume 1. Tabnuma
JIEMOHCTPUPYET, 4TO HauOOJbIIEH YHUBEPCATbHOCTbIO M MPAKTHYECKONW NPUMEHUMOCTBIO
00/1agaloT KOMOMHHMPOBAaHHBIE TOAXOMABI, COUYETAIOIIME MPOCTPAHCTBEHHBIC, COLUAIBHO-
9KOJIOTMYECKUE U IKOHOMHUECKHUE METOIbI IIPU YMEPEHHBIX TPEOOBAHUAX K UCXOAHBIM JAHHBIM.

JUiss HarIggIHOTO COMOCTABJICHHS HAayYHBIX TOAXOJOB M METOJOB IUIAHHUPOBAHUS CETH
BEJIOCUIIEHBIX JOPOKEK B YCIOBUAX DPAa3BUBAIOLIUXCS TIOpOIOB B Tabmuie 1 mpexacraBieH
CPaBHUTEJbHBIN aHAJINS.

Tabauna 1 — CpaBHUTENIBHBIN aHAJIU3 METOIOB IUIAHUPOBAHUSI CETU BEJIOCUIIEAHBIX TOPOKEK

Meton OcHoBHBIE IIpenmymecrBa | OrpanudeHus IIpumennmocTs B
Ne IJIAHUPOBAHMSA HHCTPYMEHTBI Pa3BUBAIOIIUXCH
ropoaax
HopmarusHo- IIpoexTHbIe IIpocroTa He obecnieunBaer Beicokas npu
1 | maHMPOBOYHBIH HOPMBI, BHE/IPCHHU, CBSI3HOCTh CETU ajanTanuu K
CTaHJapTHI 6azoBasi MECTHBIM yCJIOBUSAM
(NACTO, TfL) 0€30MacHOCTh [3],[4], [11]
I'eomerpuueckuii ITapameTpsl BeicTpas Hrnopupyer crpoc Cpenuss
2 yJu, peanuzanys
TIOTIepEYHbIE
npodun
TpaHcnopTHO- OD-matpuisl IIporuo3 cripoca, | TpeOyeT NaHHBIX U OrpanndenHas 6],
3 | MozenmupyroIIHit (origin— 00oCHOBaHNE pecypcoB [24]
destination), MHBECTHUITAI
CIICHapHOE
MOJICIUPOBaHHE
GIS-ocHOBaHHBIN [IpocTpaHcTBeHH Bricokas Tpebyet Bricokas [8], [9],
4 bIil aHAJIN3, TOYHOCTb, U(PPOBBIX JTAHHBIX [18]
JIOCTYITHOCTh BH3yaJIN3aIUs
bezonacHocTh u Munexcel Pocr CnoXXHOCTh Ouenb BoicoKas [10],
5 | xomdopr cTpecca, WCII0JIb30BaHUS OLICHKH [13]
KOH(JIMKTHOCTh BEJIOCETU
OKOIOTHYEeCKUH OzeneHenmue, VYydiienne Jlomn. nHBeCTHIINHI Bricokas [1], [12],
6 KJIMMAaTHYECKUN MHKpPOKJIMMAaTa [22]
aHAIH3
CouuanpHo- JoctynHocTs, TpancnoptHas CnoXHOCTb Ouenb BoicoKas [11],
7 | OpHEHTHpPOBAaHHBIA | equity-aHamm3 CIIPaBEIMBOCTh HU3MEpEeHui [18]
KomOunupoBannsiii | GIS + momenn + MakcumainnbHas CI105)KHOCTB Hauboiee
8 COLI-9KO 3¢ PEKTHBHOCTD peanuzauuu MepCHeKTUBHBIN 8],
KpUTEpUHU [12], [24]

CpaBHI/ITCHBHaﬂ OIICHKa TMPUMCHHUMOCTHU PA3JIMIHBIX MCTOAOB INUIAHUPOBAHUA CCTH
BCJIOCHUIICIHBIX JOPOKEK B YCIOBUAX Pa3BHUBAIOIINXCA rOPOJAOB IMMPCACTABJICHA HA PUCYHKC 3.
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PI/IcyHOK 3- HpI/IMCHI/IMOCTL MCTOJOB INNTAHUPOBAHHUA CETHU BCIOCUIICIHBIX JOPOIKCK B
Pa3sBUBAOIIUXCA ropoJax

BriBoab1

[IpoBenénnplii 0030p W CpaBHUTENbHBIM AaHAJIU3 HAyYHbIX IOAXOAOB M METOJOB
IUIAHUPOBAHUS CETU BEJIOCUIIEAHBIX JOPOKEK MO3BOJIMIIM BBIIBUTH KIIIOYEBBIE 3aKOHOMEPHOCTH
pa3BUTHS BEJIOCUIECTHON WHPPACTPYKTYPHI B YCIOBHUSIX Pa3BUBAIOIIMXCS TOPOAOB. Pe3ynbrarh
UCCIICIOBAHUS TOJATBEPXKAAIOT, 4TO 3(P(PEeKTUBHOCTh BHEAPEHUS BEIOCUIIETHOIO TPAHCIOPTA
ONpeAEsAeTCs HE OTACIbHBIMU IPOEKTHBIMM pPEIICHUSMH, a CUCTEMHBIM U aJalTHBHBIM
XapaKTepOM IIAHUPOBAaHUS BEJIOCUIIEJHON CETH.

VYCTaHOBIEHO, 4YTO  HOPMATHBHO-IUIAHUPOBOYHBIE M I€OMETPUYECKHME  METOJbI
oOecrnieynBaroT 0a30BBI ypOBEHb 0€30MACHOCTU U BOCHPOM3BOJUMOCTH MPOEKTHBIX PEIIeHHIH,
OJTHAKO B M30JMPOBAHHOM BHUJE HE IO3BOJISIIOT CPOPMHUPOBATH (PYHKIMOHAIBHO CBSI3HYIO U
BOCTPEOOBaHHYIO BEJIOCHIIEIHYIO CeTh. VX NmpuUMEHEeHue B Pa3BUBAIOIIUXCS Tropoiax Tpedyer
00s3aTeNnbHON ajanTallid K JIOKAJIBHBIM YIAMYHBIM OpOQUIIsSM, pEeXUMaM JBUKEHUS U
IIPOCTPAaHCTBEHHBIM OIPAHUYECHUSM.

AHanu3 TpaHCIIOPTHO-MOJIETUPYIOIIMX MOIXO00B [TOKa3aJl UX BBICOKYIO IPOTrHOCTUYECKYIO
LEHHOCTh IpPU OIIEHKE JOJTOCPOYHBIX 3()h(HEKTOB Pa3BUTHS BEIOCHUIIEAHOM HH(PACTPYKTYpHI.
Bwmecte ¢ Tem B ycnoBuax neuuuTa JOCTOBEPHBIX JAHHBIX U BBICOKOM JTOJIM He(OpMaIbHBIX
NEepeBIKEHUH JlaHHBble METOAbl 001aJaloT OrPaHWYEHHOM NPUMEHMMOCTBIO U TpeOyroT
MHTETpaIuu ¢ 6ojaee rHOKUMU MPOCTPAHCTBEHHBIMU U AKCIIEPTHBIMU HHCTPYMEHTAMH.

[TpoctpancTBenHble U GIS-oCHOBaHHBIE METOABI MPOAEMOHCTPUPOBAIM HAUOOJIBIIYIO
aJanTUPYEMOCTh K YCIOBUSAM Ppa3BUBAIOIIMXCSA TOpPOJOB. BO3MOXHOCTH HCIOJIB30BaHUSA
arperupoBaHHbIX M  aJbTEPHATHBHBIX HCTOYHUKOB JAaHHBIX JenaeT HX 3()(HEeKTUBHBIM
MHCTPYMEHTOM BBISBJICHUS! MPUOPUTETHBIX BEJIOCUIIEAHBIX KOPHUIOPOB M MPOCTPAHCTBEHHBIX
pa3pbiBoB B ceTu. OHAKO KOPPEKTHOCTh PE3YyNbTaTOB HANPSAMYIO 3aBUCUT OT 0OOCHOBAHHOTO
BbIOOPA MHIMKATOPOB U MMapaMETPOB IPOCTPAHCTBEHHOT'O aHAIN3A.

Mertoapl, OpPHEHTUPOBaHHbIE Ha O€30MaCHOCTb M KOMGOPT [BHXKEHHUS, a TaKxKe
9KOJIOTUYECKUE M COLUATbHO-IKOHOMUYECKHE MOIXO/IbI, 001a/1al0T BHICOKOM 3HAUUMOCTBIO ISt
Pa3BUBAIOIINXCS TOPOIOB, XapaKTEPU3YIOINXCS CMEIIAHHBIM JBUKEHUEM, BBICOKON MNIOTHOCTBIO
3aCTPOMKH M COITHATBHOM HEOJHOPOMHOCTHIO. YUET NaHHBIX (PaKTOPOB TO3BOJISIET HE TOJBKO
MOBBICUTh YPOBEHb HCIIOJIb30BaHUs BEJIIOCHUIIEAHON MHPPACTPYKTYphl, HO U obecreduTh Oonee
CIIPaBEJIMBOE PACIPEIEICHUE TPAHCIIOPTHBIX MPEUMYIIIECTB MEX/Y Pa3JIMYHBIMU COLUAIBHBIMU
rpynmnamH.
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KiroueBbIM BBIBOJOM HACTOAIIETO MCCIEJOBAHUS SIBIAETCS IOJOXKEHHE O TOM, YTO
HanOoMbIIyI0 3(p(PEeKTUBHOCTD JEMOHCTPUPYIOT KOMOMHHUPOBAHHBIE TOAXObI K IJIAHUPOBAHUIO
CeTH BEJIOCUIIEJHBIX JIOPOXKEK, OCHOBAHHBIE HA HWHTETrpPallUd HOPMATHBHBIX TpPeOOBaHMIA,
IPOCTPAHCTBEHHOTO aHAIN3a, OLEHKH O€30MacCHOCTU U COLUAIbHO-3KOJIOTUYECKUX KPUTEPUEB.
VIMEHHO Takue METOJOJOTMYECKHE CXEMbI MO3BOJIIOT YUYMTBHIBATH PECYpPCHBIC OIpaHMUYCHMS,
MHCTUTYLMOHAJbHbIE OCOOCHHOCTH W JWHAMHYHBIA XapakTep pa3sBUTHS Pa3BUBAIOIINXCS
TOpOJIOB.

[TomydeHHnble  pe3yabTaThl  MOTYT  OBITh  HCIOJB30BaHBI ~ OpraHaMH  MECTHOTO
CaMOYIIPaBJIEHUS, TPAJOCTPOUTENIAIMU M TPAHCIOPTHBIMM IUIAHUPOBIIMKAMHU INPU pa3paboTke
CTpaTeruil pa3BUTHUS BEJIOCUTIEIHON HH(PACTPYKTYPHI, @ TAKXKE CIYKUTh HAyYHOH OCHOBOM st
JAJIbHEHIINX MPUKJIaJHBIX HCCIEI0BaHUM, HAlpaBIEHHBIX Ha (OpMUpOBaHHME YCTOHUUBBIX U
MHKJTIO3UBHBIX TOPOJICKUX TPAHCHOPTHBIX CHCTEM.
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BEJIOCHUIIE] KOJAAphl KEIICIH KOocHapiay/IbIH FhUIBIMU TOCUIAEpPl MEH SICTEPIH XKYHeney KoHe
CaJIBICTBIPMAJIBl TajAay OOJBIN TaObUTA bl JKyMBICTa BEIOCUIIEH KETUIEPIH KaJIbIITaCThIPYIbIH
HOPMaTHUBTIK-KOCTIapyiay, KOJIKTIK Mojenbiaey, KeHICTIKTIK (GIS-uerizinperi), oneyMerTik,
HKOJIOTHSUIBIK JKOHE YKOHOMHUKAJIBIK 9icTepl KapacTeipbuiraH. Lllekreymi pecypcrap, OGacTankbl
JEPEKTEPAIH KETKUTIKCI3IT kKoHE KaJlaJdblK KYPBUIBICTHIH (DparMEHTTIK CHUIATHI JKaFdaibIHIa
aTaJiFaH 9MIICTepAl KOJIIaHy MYMKIHJIIKTEpiHE epeKIlle Ha3ap ayapblUIFaH.
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3epTTey HOTWIKENEpl HOPMATHUBTIK TallalTapAbl, KEHICTIKTIK Tajafaylbl, KO3FajbIC
Kayinci3airiH Oaranaybl JKOHE OJIEyMETTIK-DKOJIOTHSIIBIK emeMAep Al OipiKTipeTiH KelleHi
TOCUIZEPIIH €H KOFaphbl THIMJIIJIIKKE M€ €KEHIH KOPCETTi. AJIBIHFaH KOPBITBIHIBUIAD BEJIOCHIIE]
WH(PaKYPBUIBIMBIH JAMBITY CTPATETHSIIAPBIH 931pJIeye )KOHE JaMYIIIbl Kajalap/ia TYPaKThl KOk
JKYHEJIEPiH KaJIbINTACTRIPY 1A Mai1aJaHbLTybl MYMKIH.

Tyiiin ce3aep: Benocurnes HHGPAKYPHUIBIMBI, BEJIOCHUIIE KOJIIAPbI, KOJIKTIK jKOCTapiay,
TYPAKTHI JIaMy, KaJIaJbIK YTKBIPJIBIK, JaMYIIbI Kajianap.

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

A. M. Karabayev!*, A. A. Normukhammadov!

ITashkent 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 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.
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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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AHHOTanusA. POCT TpaH3UTHBIX TPY30MOTOKOB IO MEXKIyHApPOAHBIM TPAHCIOPTHBIM
KOpUJIOpaM U CTapeHHE IapKa MCKYCCTBEHHBIX COOPYKEHUH aKTyalU3UpYIOT 3aj1ady
MOJIEPHHU3AIUN CHUCTEMbI AMarHOCTUKH MocToB PecmyOnuku Kazaxcran. Llenb uccnenoBanus —
CPaBHUTEJIBHBIN aHAIN3 HOPMATHUBHO-TEXHUUYECKMX M TEXHOJIOTMYECKUX noaxonosB Kuraickon
Hapoanoii PecriyOnuku k 00cie10BaHHIO 1 MOHUTOPUHTY aBTOJOPOKHBIX MOCTOB U pa3paboTka
IPEUIOKEHUH 10 UX a/lalTalluy K KIMMaTUYECKUM U DKCIUTyaTallMOHHBIM ycinoBusaM KazaxcraHa.
MeToa0I0rUYeCKYI0 OCHOBY COCTAaBMJIM HATypHblEe TEXHHYECKHE HaOIIOJEHUSI MOCTOBBIX
coopyxeHuil arnmomepanuu AenbThl JKemuyxHod peku (r. I'yanwxoy, mait 2026 1.) u
COIOCTaBUTEINIBHBIN aHAIN3 MATH KUTAMCKMX HOPMAaTUBHO-TEXHUYECKUX JOKYMEHTOB, BKIIIOUas
JTG/T 5214-2022 u GDJT 002-09-2025 [9] ¢ peiicTBytomieii HopMaTuBHOU Oa3oil PecryOmuku
Ka3zaxcraH. YcTaHOBIEHO, 4YTO KJIIOYEBBIMH JJIEMEHTAMU KHUTAalCKOM MOJEIH  SIBISIFOTCS
JIByXYpPOBHEBOE KaTErOpUpPOBAHHE MOCTOB, PETJIaMEHTHPOBAHHOE NPUMEHEHHE OECIUIIOTHBIX
JIeTaTeNIbHBIX aIapaToB U KOHIEMIUS «00JIer4YeHHOr0» MOHUTOPUHTA TUIIOBBIX COOPYKEHUN Ha
OCHOBE TPOCTPAHCTBEHHO-BPEMEHHBIX OOJbIIUX JaHHBIX. (OOOCHOBaHA MPUMEHHUMOCTH
YKa3aHHBIX IOJXOJOB IIPH YCIOBUM MX aJanTallMM K PE3KO KOHTHHEHTAJIBHOMY KIMMaTy,
MAaBOJIKOBBIM M JIEJOBBIM BO3JIEHCTBUSIM M CTPYKType TPaHCIOPTHBIX Harpy3ok KazaxcraHa.
[TpakTHyeckas 3HAYMMOCTb COCTOUT B C(POPMUPOBAHHBIX MPEJUIOKEHUAX JUIA IIJ1aHa Pa3paboTKU
HOPMAaTHUBHO-TEXHUYECKUX JTOKyMeHTOB Ha 2027 roz.

KioueBble c/10Ba: MOCTOBBIE COOPYXKEHHs, OOCIEOBaHHE MOCTOB, MOHHMTOPUHT
TEXHUUYECKOTO COCTOSIHUS, OeCHUJIOTHBIE JieTaTelbHble amnmaparbl, OOJbIINE JIaHHBIE,
HOPMAaTHUBHO-TEXHUYECKHUE JOKYMEHTBI, PE3KO KOHTHUHEHTAJIbHBIN KIUMAT.

Beenenne

HckyccTBeHHBIE COOPY)KEHUS ABISIOTCS HanOoJjiee OTBETCTBEHHBIMU U KalMTaJIOEMKUMHU
3JIeMEHTaMU aBTOMOOWMJIBHBIX JOpPOT: OTKa3 MOCTa, B OTJIMYUE OT JIOKAJBHOTO pa3pylIeHUs
JIOPOKHOM OJEX/bl, NMPUBOAUT K JUIMTEIBHOMY pa3pblBy TPAHCIOPTHOW CBA3M M CO3JaeT
HEINOCPEICTBEHHYIO YIpo3y *HU3HU y4acTHUKOB JBMkeHus. /s PecnyOnuku Kazaxcran 3agaua
o0ecrieyeHUsT HAJEKHOCTH MOCTOBOTO Iapka mpuoOperaeTr oco0yi0 OCTpPOTY B CHIY
COBOKYITHOCTH (pakTOpoB. Bo-mepBbIX, 3HaYUTeNbHAas 4YacTb OJKCIUIyaTHPYEMbIX MOCTOB
noctpoeHa B 1960—1980-e rozpl mo HopMaM NPOEKTUPOBAHUS, HE YUNUTHIBABIIUM COBPEMEHHBIE
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OCEBBIE HAIPY3KU U MHTEHCUBHOCTH JIBUKEHHS. BO-BTOPBIX, pa3BUTHE TPAH3UTHOTO MOTEHIMAIA
CTpaHbl B paMKax MEXIyHApOJHOro Kopujopa «3amanHas EBpona — 3amagueiii Kutait» un
CONPSHKEHUS ¢ MHUIUMATUBON «OIUH MOSC — OJIMH IMYTh» COIPOBOKIAETCS YCTOMYMBBIM POCTOM
JIOJIM TSPKEJIOr0 IPy30BOr0 TpaHCIOpTa. B-TpeThbux, pe3K0 KOHTUHEHTAIBHBIN KIMMAT ¢ TOJA0BOM
aMIUTUTyI0H Temmeparyp, nocturaromieii 80 °C um  Oosee, MHOTOKPAaTHBIMH ITUKJIAMHU
3aMOPaKMBAHUA-OTTAUBAHUS, MOPO3HBIM ITyYEHUEM TIPYHTOB, BECEHHMMM IIaBOJAKAMH U
aenoxoaoM (opMHpPYeT KOMIUJIEKC BO3ICHCTBHM, YCKOPSAIOIIUX JErpajaldio HECYIIHX
KOHCTPYKLHUH, 1e(OPMALIMOHHBIX IIBOB M OMIOPHBIX YACTEH.

TpaguuoHnHas npakTUKa BU3YyaJbHBIX 00CI€I0BaHUI, BHIIOIHAEMBIX C IEPUOIMYHOCTHIO,
YCTaHOBJICHHOH HOPMAaTUBHBIMU JOKYMEHTaMH, HE BCerJa OO0ECleunBaeT CBOECBPEMEHHOE
BBISIBJICHHE OIACHBIX IMPOIIECCOB JIerpajaliiii, 0COOCHHO Ha TPYAHOAOCTYIHBIX 3JIEMEHTaX —
HIDKHUX ITOBEPXHOCTSX IPOJIETHBIX CTPOEHUM, PUTeNIAX OIOp, 30HaX COIpsDKeHUs. MupoBoi
OTIBIT IEMOHCTPUPYET NEPEX0]] K MHCTPYMEHTAIbHO-IIU(PPOBOI NMapagurme AUarHoCTUKH, SIPOM
KOTOPOH BBICTYHarOT OecruiioTHBIE JieTarenbHble anmaparbl (BIIJIA) ¢ aBroMaTu3npoBaHHBIM
pacrno3HaBaHueM Je(EKTOB U CTallMOHAPHBIE CUCTEMbl MOHUTOPUHIAa TEXHUYECKOTO COCTOSHUS
(Structural Health Monitoring, SHM) [1-4].

B nayunoii nuteparype nocneanux net npumeHenue BIIJIA mis oOcienoBanusi MOCTOB
pPacCMOTPEHO JOCTAaTOYHO MOAPOOHO: CHUCTEMATU3UPOBAHBI TEXHOJOTMU OECKOHTaKTHOM
BU3YaJIbHOU M MH(ppaKpacHO! CheMKU M TpeOOBaHUS K MOJETHBIM Mapamerpam [ 1], BHITOIHEHO
aTajoHHOE comnocTaBineHne dpextTuBHOCTH BITJIA 1 TpaaAUIIMOHHOTO OCMOTpA MPHU BBISBICHUU
YCTAJIOCTHBIX TPELIUH CTAJIbHBIX MOCTOB [2], IPEAJIOKEHBI OIXO0IbI K aBTOMATU3ALMH TIOJIHOT'O
LIUKJIA «ChEMKA — TPEXMEPHAasi PEKOHCTPYKLIKS — paclio3HaBaHUE 1e(peKToB — oT4eTHOCTHY [3]. B
00J1aCTH CTallMOHAPHOTO MOHUTOPUHTA pa3paboTaHbl METOAMYECKHUE OCHOBBI IOCTPOCHUS CUCTEM
SHM [4, 5] 1 aIrOpUTMBI IOJITOCPOYHOM OLIEHKU COCTOSTHHS XKelle300€TOHHBIX MOCTOB Ha OCHOBE
HEHPOCETEBBIX MOJIEJICH IO JaHHBIM MHOTOJIETHUX HaOmroaeHuil [6]. [IpusHaHHBIM TUACpPOM
IIPAKTUYECKOI0 BHEAPEHUS 3TUX TexHosiorui sisisercs Kuralickas Hapoanas PecmyOnmka,
JKCITyaTupyromas cBbimie 1,1 MIH  aBTOAOPOXKHBIX MOCTOB H  CHOpPMHUPOBABIIAsS
[EHTPAIM30BAaHHYIO CUCTEMY KOHTpOJIsS X Oe3omacHoctu [7]. BMecte ¢ TeM B OT€YeCTBEHHOM
JUTEpaType OTCYTCTBYET CHCTEMHBIM aHaJIW3 NPUMEHUMOCTH KUTalCKOM HOpPMaTHBHO-
TEXHUUYECKON MOJIENI TUarHOCTHKU MOCTOB K ycioBusM Kaszaxcrana; uMeroniuecs: myoaukanuu
paccMaTpuBaIOT IPEUMYILIECTBEHHO OTAEIbHBIE TEXHOJIOTMM BHE HUX HOPMATHUBHOIO U
OpPraHU3aI[MOHHOT0 KOHTEKCTA. JTUM OIpeAeseTcs] HaydHasi HOBU3HA HACTOAIIEH paOoThI.

[lenp wiccnenoBaHus — Ha OCHOBE MaTepuasioB TexHuueckoi muccuu B KHP (20-26 mas
2026 r.) W aHanmM3a I[OJIYYEHHOM KHUTAalCKOM HOPMAaTUBHON JOKYMEHTAI[MH BbISIBUTH
OpraHu3allMOHHbIE, TEXHOJOTMUECKHE M HOPMATUBHBIE pelleHHss B 001acTH oOcCieqoBaHUS U
MOHMTOPHHIa MOCTOB, IPUTroJHbIE K anantauuu B Pecnybnuke Kazaxcran, u chopmupoBathb
OpPEUIOKEHUs Ul BKJIIOUEHHs B IUIAH Pa3pabOTKM HOPMATHBHO-TEXHMUYECKHX JIOKYMEHTOB
(HTH) ma 2027 rox. Ocoboe BHMMaHHME yjaeleHO ydueTy crnenuduueckux st Kazaxcrana
(akTOpOB: SKCTPEMATILHBIX TEMIIEPATYPHBIX MEPENaoB, ABOJKOBBIX U JIEJOBBIX BO3/IEHCTBHIA,
MOPO3HOTO ITy4YEeHHsI TPYHTOB U BBICOKOM J0JIM CBEPXHOPMATHUBHBIX IPY30BbIX Harpy30K.

MeTtoaoorus

HccnenoBaHue BBIIOJHEHO B YETHIPE ATala C MCIOJIb30BAHUEM KOMILUIEKCA METOJOB
CPaBHUTEILHOTO HOPMATHBHOI'O aHAJIM3a U HATYPHOI'O TEXHUYECKOTO HAOIIOACHHUS.

Ha nepBom 3tane B xo/1e TeXHU4YeCKOW MuccuH B I. I'yanuwxkoy (nposunuus ['yannys, KHP,
20-26 mas 2026 r.) mo mpurnamenuto Central Fortune Creation Technology Group Co
BBITIOJIHEHBI HATYpHBIE HAOIIOIEHUSI MOCTOBBIX COOPYKEHUH arjoMepanuu 1eabThl JKemuyskHon
peku, Bkiroyast Moctel [lynba, Xakicunb, JInge u Jlocu, a Takske MHOTOypOBHEBYIO 3CTaKaIHYIO
ceTb roposa. PUKCUPOBATUCH KOHCTPYKTUBHBIE PElIeHUs 1e(hOpMAIIMOHHBIX IIBOB, OaphEPHBIX
OTpakJIeHU, NTyMO3alIUTHBIX YKPAaHOB, OPTaHM3alNs ABMKEHUS U (PaKTHUYECKOe TPAHCIOPTHO-
HKCIUTyaTallMOHHOE COCTOSIHHE COOpyskeHuil. HabmogeHus mpoBOAMINCH B Pa3IMYHOE BpeMs
CYTOK, B TOM YHCJI€ B 4aChl TMKOBOI Harpy3KH, 4TO MO3BOJINJIO OLEHUTH pab0Ty COOpPYKEHUM MpU
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MaKCHUMaJbHOM WHTEHCUBHOCTM [BW)KEHHUS (10 OLIEHKAaM, B TMpejenax arjoMepanuu
OJIHOBPEMEHHO HaxoauTcs nopsaka 30—35 MIIH TpaHCIOPTHBIX CPEACTB).

Pucynok 1 — O0bexTsl HaTYpHBIX HaOmoaeHnid: MocThl Llynpm, Xaiicuus u Jlune (T.
I'yanwkoy, KHP, mait 2026 r.)

Ha BTOpOM 3Tane BBHINOIHEH aHAJINW3 IATH HOPMAaTUBHO-TEXHUYECKHX NOKymeHTOB KHP,
MOJyYEHHBIX MO WTOTaM MHUCCHHM: TEXHHYECKOTO perjaMeHTa 0 HaTypHBbIM HCHBITAHUSM U
KOHTPOJIIO IKCIUTyaTUpyeMbIX aBTOMOOMIBHBIX MOCTOB JTG/T 5214-2022; TeXHHUYECKOTro
PYKOBOJICTBA IO MPUMEHEHUI0 MajoBbICOTHBIX BIIJIA m1st mHCHIEKIMM aBTOMOOMIIBHBIX MOCTOB;
PYKOBOJICTBA 110 TPHUMEHEHHIO IPOCTPAHCTBEHHO-BPEMEHHBIX OOJBIIMX JAaHHBIX JUIA
MOHMTOPHHTa KOHCTPYKLUN OOJBIINX U MPOTSKEHHBIX aBTOMOOMIIBHBIX MOCTOB; PYKOBO/ICTBA 11O
TEXHOJIOTUM MOHUTOPHUHIA KOHCTPYKIMH aBTOMOOMIIBHBIX MOCTOB IpoBUHIMU ['yanayn GDJT
002-09-2025; oruera 00 HHCHEKIHMHU C HCHOJB30BAHUEM MHOTO(PYHKIIMOHAIBHONW CUCTEMBI
aHanmu3a JOpor. AHaiM3 BBIIOJHSJICS IO €IUHOM cxeme: 00JacTh NPUMEHEHUs, OOBEKT
HOPMHUPOBAHHUSA,  KJIIOYEBbIE  TEXHUYECKHME  TpeOOoBaHMs,  CTENEHb  aBTOMAaTU3AllUH,
OpraHU3al[MOHHAs MOJIEb IPUMEHEHUS.

Ha Ttperbem »5Tame mnpoBEIEeH CONOCTaBUTEIBHBIM aHAIM3 KUTAHCKOM MOJEIH C
JecTByIOIIE HOPMATUBHOM M OpraHu3alMoOHHOM 0a3zoit PecmyOnmuku Kazaxcran, Bkirodas
3akon Pecnybnuku Kazaxcran «OO0 apXHTEKTYpHOW, T'paJOCTPOUTENBHON M CTPOUTEIHHOM
nesrenbHocTH B PecmyOnmuke Kaszaxcram» [8], cTpouTenbHble HOPMBI UM CBOJABI TPaBUII
Pecniybnuku Kazaxcran no nmpoektupoBanuio u skciuryaranuu MmoctoB u 1py0d (CH PK/CII PK),
rOCYJapCTBEHHbIE CTAaHAAPTHl B OOJACTH JMArHOCTHUKU AaBTOMOOMJIBHBIX JIOPOT, a TaKxke
JEHCTBYIOIIMNA TOPSAOK NACHOpPTH3alMU HCKYCCTBEHHBIX CoopykeHuil. ComnocraBieHue
BBIMOJIHSJIOCH IO KPUTEPUSM: OpraHM3allMOHHAs MOJENb M KaTeropupoBaHHE OOBEKTOB;
NEePUOANYHOCTh M BUABI O0OCJIENOBaHUI; NPUMEHSEMbI HHCTpyMEHTapHil; TpeOoBaHMS K
KBaJTM(HUKAIIMK UCTIONHUTENEH; popMa npeacTaBiIeHns pe3yabTaToB.

Ha uerBepTOM »dTame oIlleHEHa MNPUMEHHUMOCTh BBISIBIEHHBIX PEUICHUH K YCIOBUSIM
Kazaxcrana mo derslpeM rpynmnaMm (hakTopoB: KIMMaTHUeCKHe (pacdeTHass MHHHUMAalbHas
temneparypa 10 Munyc 40 °C u Huxe, rogoBas ammntyaa 10 80-90 °C, UKl 3aMOpakUBaHUSI-
OTTanBaHHUs, IOJIOJEAHO-U3MOPO3EBhIE SBICHUSI, BETPOBBIE OrpaHuueHus i noietos bBIIIA);
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THAPOJIOTHYECKUE (BECCHHHE MABOJIKH, JIEJ0XO0, ITOMBIB OTIOP); IKCILUTyaTal[OHHBIE (CTPYKTypa
u HUHTCHCHUBHOCTH JBHMIXXCHUA, CBCPXHOPMATHBHBIC HarpyskKu B nepuon MaCCOBBIX
CEJIbCKOXO035HICTBEHHBIX HEepPEBO30K); HOPMaTUBHO-ITPaBOBbIC (COBMECTHMOCTB c
3aKoHOJaTenbcTBOM PecnyOnmkn Kasaxcran 006 MCHonb30BaHUM BO3IYIIHOTO TPOCTPAHCTBA U O
paspelieHusX 1 yBenomieHusix). Ilo pesynbraTaM OLEHKH c(HOPMUPOBAHBI HPEIUIOKCHUS IS
riana paszpadorku HT/ va 2027 rox.

Pe3yabTarsl U 00Cy:KI1eHHE

Macmtad u crpykrypa mocroBoro mapka KHP. OcoGeHHOCTH KUTalCKOW CHCTEMBI
JTUATHOCTHKU MOCTOB HEBO3MOXHO pacCMaTPUBATh BHE MaCITa0a M apXUTEKTYPhI HAITMOHATHHON
TpaHcnopTHOU ceTu. B cooTBercTBUM C «IlaHOM HAlMOHAIBHOW KOMIUIEKCHOW TPEXMEPHOM
TpaHcnopTHOH ceTn» Ha nepuon 2021-2035 rr. B KHP ¢opmupyercs onopHsiii kKapkac U3 MIeCTH
IJIABHBIX OCEH, CEMU KOPUIOPOB U BOCBMH MPOXOA0B 00IIeH MPOTSHKEHHOCTHI0 0K0JIO 700 ThIC.
KM, a KJIFOUEBBIMH «ITOJIFOCAMUY» OIPEACIICHbI YEThIPE arjJoMepaluu, BKIroYas paiioH «bobiioro
3anuBay ['yannyH — CsHran — AOM3Hb, IEGHTPOM KOTOpPOTO BhICTymHaer r. ['yaHwkoy — 0OBeKT
Hacrosiniet muccun [10]. iMeHHO BhICOKasi MFHTEHCUBHOCTD CBSI3€M MEXy STHMH IOJIOCAMU U
KpaiiHe pa3HO0Opa3HbIil penbed (peKu, ropsl, yiiesbsi) 00yCIOBHIN CTPOUTENbCTBO 1,2—1,3 MitH
MOCTOBBIX COOPY)KEHHUH, M3 KOTOPhIX OKojo 1,1 mMiH — aBromopokHbeie. OO0OmMEHHAs cxema
TpancnoptHoii cetu KHP ¢ BbieneHMeM OCHOBHBIX, BEPTUKAIBHBIX W TOPHU30HTAIBHBIX
KOPHUIOPOB U TUIIOB Y3JIOB IIPUBEICHA HA PUCYHKE 2.
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Pucynok 2 — Cxema tpancnopTHoii cetn Kuraiickoit Haponnoii Peciy6muku (OCHOBHBIE,
BEPTUKAJIbHBIE U TOPU30HTAIILHBIE KOPHIOPBI; OCHOBHBIE, TPUOPEKHBIE U IOTPAaHUYHBIE
y3J1bI)

Cas3b ¢ TpaHcnopTHoil cucremoii Pecnydsmmkn Kazaxcran. IlpuHuunuanbHO BaxHO,
YTO 3allaJIHOE KPbUIO KMUTAWCKON CETH BBIXOJIUT Ha MOIPAaHUYHBIN y3€1 XOproc, 4epe3 KOTOpPbIi
MPOXOJIUT TPAaHCKOHTUHEHTAJIBHBIM Kopuaop «3amanHas EBpona — 3anaansiii Kurait». Obmas
IPOTSKEHHOCTh KOPUIOPA COCTABIIAET OKOJIO 8 445 KM, U3 HUX Ka3aXCTaHCKUM ydacTok — 2 787
KM; TorpaHu4HbIN nepexos; Xoproc / «Hyp »oibl» B onHOM 00bEME BBEAEH B SKCILTyaTallUIO B
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2018 romy, a cam MapmipyT CBs3bIBaeT mopT JIsHpoHbraH Ha mooOepexbe JKénroro mops ¢
€BpOIICICKOM 4YacThl0 KOHTHHEHTA, COKpalas BpeMs JOCTaBKM Ipy30B B Espomy ¢
MPUOJIM3UTENBHO 45 CYTOK MOPCKUM IyTéM 10 mopsiaka 11 cyrok [11]. Tem cambiM MocTOBOM
HapK, dKCIUTyaTUPYEMbI Ha KUTAlCKOM y4acTKE KOPHI0pa, U HCKYCCTBEHHBIE COOPY>KEHUS
Ka3aXCTaHCKOTO ydacTKa (pakTU4eCcKH paboTaloT B €AMHON TPAH3UTHON CUCTEME M UCIBITHIBAIOT
COIOCTaBUMBIE TI0 IPUPOJIE (XOTS M pa3IMyYHbIE MO KIMMATHYECKOMY KOHTEKCTY) I'Py30BbIE
Harpy3ku. ITO JOMOJHUTEIbHO OOOCHOBBIBAET 11€JIECO00PA3ZHOCTh FAPMOHU3AIMU MOAXO/I0B K
JMArHOCTHKE U MOHUTOPUHIY MOCTOB JIBYX CTPaH.

Opranu3anuoHHasi MoJeJib KOHTPoJist 0e3onacHocTr mocTtoB B KHP. Ycranosieno, uto
B KHP, skcrmyarupyromeit 1,2—1,3 MIH MOCTOBBIX COOpY>Ke€HUHM (M3 HMX okono 1,1 muH —
aBTOJIOPOKHBIE), JNEHUCTBYET >KECTKO ILIEHTpPAJIM30BaHHAs [BYXypPOBHEBas CHCTEMa KOHTPOJIS.
l'opoackue w  pervoHanbHbIE  MOCTBI  OOCHIEAYIOTCS  SKCIEPTHBIMH  OpPraHU3alMSIMM,
ceprudunrpoBanHbiMu MunuctepctBoMm tpancrnoptra KHP Ha mpaBo mpoBeneHus mIaHoBOTO,
MEPUOANYECKOTO U CIEIUAIBHOrO TexHuueckoro ocMmotpa (Routine, Periodic and Special
Inspections) B cOOTBETCTBHH ¢ HaIIMOHAIBLHBIMU cTanaapTamu cepun JTG (B wactnoctu, JTG H11
JUI  aBTOAOPOXKHBIX MOcCTOB). OOcnemoBaHHe KpYMHEHIIUX ¥ HamOoJiee OTBETCTBEHHBIX
COOPYKEHHH 3aKpeIyIeHO 3a CIENUATU3UPOBAHHON TOCYJapCTBEHHOM CTPYKTYypoil — MOCTOBBIM
o0ropo (China Railway Major Bridge Engineering Group, MBEC), pacnonararomeit
COOCTBEHHBIMH HAy4HO-HCCIIEJOBATEILCKUMU HHCTUTYTaMH M HWCIBITaTeIbHOW Oa3oil. Takas
MOJIeJb 00ECIIEYMBAET BBISBIECHUE YCTAJIOCTHBIX U JIETPaJallMOHHBIX IMPOLECCOB 3aJ0JIF0 10
JTOCTHKEHUS] UMH KpuThdeckoro ypoBHs. g Ka3zaxcrana mpuHIMNNAAIBLHO 3HAYUMBIM SIBIISIETCS
caMm moxaxon auddepeHnuanu: 3aKperyieHne CIOKHBIX M YHUKaIbHBIX COOpPY)KEHHH 3a
CHEIMAIM3UPOBAaHHOW  HAy4YHOW  OpraHu3alued Npu  JOMycKe  CepTHU(HUIMPOBAHHBIX
(JIMLEeH3MPOBAHHBIX ) OPraHU3alMi K MAaCCOBBIM TUIIOBBIM OOBEKTaM.

R —

T o T T A e ol ol 2

R—

Pucynok 3 — MuoroypoBHeBas (3D) scrakagHas ceTh aryioMepalnu AenbThl JKeMdayKHOM
peku

KoHcTpykTHBHO-TEXHOJI0OrH4eckue HadoneHusi. HatypHbie HaOm01eHUS BBISBUIIN PSIJT
pELICHUH, HEITOCPEACTBEHHO BIUAIOIINX HA JOJITOBEYHOCTh U TPAHCIIOPTHO-KCIUTYaTallHOHHBIE
MOKa3aTeu coopykeHuil. JledhopManimoHHbIe NIBBI BBITOIHSIOTCS C IPUMEHEHNEM KaueCTBEHHBIX
PE3UHOBBIX JAemipepoB 1 GuOpoOeTOHa B 30HE OKAMMIICHHS; BBIBEJICHUE 30HbBI CTHIKA «B HOJIbY
oOecrieunBaeTcs BBICOKOTOYHBIM HHBEIMpOBaHHEM. B pesynbTate mnpu mnpoes3ie Mo IMIBaMm
OTCYTCTBYIOT yJapHble BO3JEHCTBHSA, HE 3a(UKCHPOBAHO CJIEJOB M3HOCA 30HBI OKAWMIICHUS;
CHIDKAIOTCSl JUHAMHUYECKHE HAarpy3Kd Ha NPOJETHOE CTPOCHHE, HM3HOC XOJOBOM YacTh
TPAHCIOPTHBIX CPEACTB M YPOBEHb AKyCTHYECKOTO 3arpsi3HEHHUs IPUIIETAIOIIEH 3aCTPOMKH.
bapbepHble orpaxkaeHusi npeumyiiecTBeHHO OeroHHble Tuma «Hpro-/kepcu»; Ha ydacTkax
MOBBIIIEHHOTO pUCKAa TIOBEpX OETOHHOro OJIoKa YCTaHABIMBAETCS  JIOTIOJHUTEIIBHOE
METaJUINYECKOE OTPaXk/I€HHUE, MOBBIIIAIOIIEE yIeP>KUBAIOIIYI0 CIOCOOHOCTH ITPH HAE3/IE TSHKEIBIX
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rpy30BbIX aBToMoOwmiIed. Illymo3amuTHble SKpaHbl MOHTHUPYIOTCSI HEMOCPEICTBEHHO Ha
OCTOHHBIC OTPAXKICHUS; HA OTACIBHBIX COOPYXEHUSX (MOCT Jlocw) MpHUMEHEHBI IMOJHOCTHIO
3aKpBIThIE HKpPaHbl NOJYKpyrioro cedeHus. IIpsmoii nepeHoc maHHbix pemeHuid B Kazaxcran
TpeOyeT TPOBEPKM MAaTEpPHAIOB HA MOPO30CTOMKOCTh (BKIFOUYAsi CTOMKOCTH PE3MHOBBIX
nemiiepoB u ¢GubOpoOETOHA K MHOTOKPATHBIM ITUKJIAM 3aMOPaXHMBAHUS-OTTaUBAHUS |
BO3I[€I\/‘ICTBI/IIO IIPOTHUBOT'OJIOJICAHBIX MaTepI/IaJIOB), 4TO OOJDKHO CTaTb MPCIAMETOM OTACIBbHBIX
71a00PaTOPHBIX U OMBITHO-TIOJEBBIX UCCIEIOBAHUA.

Pucynok 4 — baprsepnsbie orpaxaenus tuna «Hero-Jxepcu»: a) Tunosoe; 6) ¢
JIOTIOJTHUTEIbHBIM METAJININYECKUM OIPaXKICHUEM

Pucynoxk S — JlepopManinoHHbI# OB OTKpBITOrO TUMA (T. ['yaHwKO0Y)
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PucyHnok 6 — [llymo3anuTHbIe 3KpaHbL: a) SKpaHbl Ha 0apbePHOM OTPAXKICHUU; 0)
TOJTHOCTBIO 3aKPBITHIN 2kpaH MocTa Jlocu

AHann3

HOPMATUBHO-TCXHHYECCKHUX

AOKYMCHTOB

KHP. Pesynbrarel

CTPYKTYPHUPOBAHHOTI'O aHAJIN3a HOHy‘ICHHOﬁ HOpMB.TPIBHOI’I JAOKYMCHTAIIMU NPUBCACHBI B Ta6JII/IHC

1.

Ta6auna 1 — HopmatuBHO-TexHUYecKue ToKyMeHThl KHP B 0051acTi THarHOCTUKHA MOCTOB U
noTeHIuan ux axanrtanuu B Pecmyonuke Kazaxcran

JdoxymeHT

O0beKT HOpMUPOBAHUS U
KJIIOYEBbIe M0JI0KeHUSI

IMorenuunaa anantanuu B PK

JTG/T 5214-2022.
TexHuueckuit
periamMeHT o
HAaTYPHBIM HCIBITAHUSAM
Y KOHTPOJIIO
JKCIUTyaTUPYEMBIX
ABTOMOOMJIBHEIX MOCTOB

PernmamenTtupyer ciyyau
MPUMEHEHHS KOHKPETHBIX
HHCTPYMEHTAILHBIX METOJIOB,
MOPSIIOK UX HACTPONKHU U
MPU3HAKU OITACHBIX MPOIIECCOB
nerpaganuu; GakTUIecKu
SIBIIICTCS TIPAKTHICCKUM
IOCOOMEM IO 00CIIeTOBAaHUIO

Bricokuii. ["'apmonuzanus ¢
JIEUCTBYIOIIUM MOPSIKOM
00cJIeToBaHMii; OCHOBA
peraamMeHTa HaTypHBIX
(cTaTM4ecKuX U TUHAMUYECKHX )
HucrpITanuii MocToB PK

TexHuueckoe [TepeBoaut npumenenue BITJIA | Beicokwmii. Tpebyercs yBsi3zka ¢
PYKOBOJCTBO I10 13 3KCIEPUMEHTAIBHOU 3akoHoaTenbCcTBOM PK 00
MIPUMEHEHHUIO MIPAKTHKHU B MCI0JIb30BaHUHU BO3AYLIHOTO
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manoBbICOTHBIX BITJIA
IUTSL HHCIIEKIIUT
aBTOMOOWJIBHBIX MOCTOB

perilaMeHTUPOBAHHBII
aBTOMaTU3UPOBAHHBIN
TEXHOJIOTHYECKUM MPOLIECC C
IIPUMEHEHNUEM HCKYCCTBEHHOTO
WHTEJUICKTA; yCTaHABIUBAET
TpeOOBaHUS K MOJIETHBIM
3aJlaHusIM, O€30ITaCHOCTH U
00paboTKe TaHHBIX

MPOCTPAHCTBA U OTPAHUYCHUSIMHU
10 BETPOBBIM U TEMIIEPATypPHBIM
YCIJIOBUSIM I10JIETOB

PykoBoacTBo 110
IIPUMEHEHHUIO
IIPOCTPAHCTBEHHO-
BPEMEHHBIX OOJIBIINX
JAHHBIX JUIsS
MOHHUTOPHUHIa OOJIBIINX
U IPOTSKEHHBIX MOCTOB

Jlenut paHHBIE MOHUTOPUHTA HA
KaTerOpUU «IIPUIHHA)
(Harpys3KH, cpeia) U «CIeICTBUCY
(OTKJIMK KOHCTPYKITUH);
ITOPUTMBI MAIITTHHOTO
00yUYeHHsI COTIOCTABIISIIOT HX U
IIPH BBIXOJIE OTKIIMKA 32 HOPMY
ABTOMATHYECKU (POPMUPYIOT
NpenrcaHue Ha BHEOYEPETHOE
00CITy)KMBaHUE

Cpenumit/Bicokuii. [Ipumennm
JUIS BHEKJIACCHBIX MOCTOB PK;
TpeOyeT co3aHus HeHTpa
00pabOTKN JaHHBIX U UHTETPALUH
¢ 0a30ii macnopTuzanuu
HMCKYCCTBEHHBIX COOPYKCHHI

GDJT 002-09-2025.
PykoBoxacTso 1o
TEXHOJIOTMHU
MOHMTOPHHIA
KOHCTPYKUHUH
aBTOMOOMJIBHBIX MOCTOB
npoBuHIMY ['yaHyH

Konnenmus «o6aeraeHHOro»
(MaJI03aTpaTHOT0) MOHUTOPUHTA
TUTIOBBIX MOCTOB: 3aIIMTA OT
HauboJee YacThIX MPUYKH
00py1IeHNI — IOAMBIBa OIIOP
MaBOJIKaMH, HaBaja Cy/I0B,
poe3/a HelleraJbHbBIX
CBEPXTSKEIBIX TPAHCIIOPTHBIX
CpEACTB

Beicoknii. [IpssMo oTBedaer
puckam PK: BeceHHHE aBOJKH,
JI€I0X0/1, CBEpXHOPMATHBHBIE
Harpy3KkH; S5KOHOMHUYECKH
peam3yeM AJI1 MacCOBOIO
MOCTOBOTO I1apKa

OtueT 00 MHCHEKIIUHU C
HCIIOIB30BaHUEM
MHOTO(YHKITHOHATHHON
CUCTEMBI aHaJTu3a JOPOT

HckimroueHne «4enoBe4eckoro
(dakTOpay: BMECTO BU3YyaIbHOMI
olLleHKH opmupyeTcs 1udpoBas
KapTa, B KOTOPOil pOBHOCTh U
KOJIEHHOCTh MPOCYUTAHBI
Ja3epHBIM CKAaHUPOBAHUEM C
CaHTHMETPOBBIM IIATOM

Cpennnii. Conpsraercs ¢
JIEHCTBYIOIEH MTPAKTUKOMN
quarHoctuku popor PK
nepeIBUKHBIMU J1a00paTOPUsIMU;
IIPUMEHHUM K ITOKPBITUSAM
MOCTOBOTI'O TOJIOTHA

ConocrasJiienue ¢ geicrpyomei npaktukoit Pecnyoamnkn Kaszaxcran. CpaBHUTENBHBIN
aHaJIM3 TOKa3all, yTo JeicTByromas B Kazaxcrane cuctema omupaeTcsl MPEeUMYIIECTBEHHO Ha
NEpUOJIMYECKHUE BU3yaJbHbIE M HHCTPYMEHTAJbHBIE OOCIENOBaHMA C MacmopTH3anuein
COOpy}KCHI/II\/JI, TOoraga Kak CTaHHOHapHBIﬁ MOHUTOPHUHT MPHUMCEHACTCA B CAWMHUYHLBIX ClIydasx, a
npuMeHenne BIIJIA He wuMmeer crnenuMann3uMpOBaHHOTO HOPMATUBHOTO pErYJIMpPOBAaHUS B
IopoxHOM oTpaciu. O000IIEHHOE COTOCTaBICHNUE TPUBEICHO B TabIuUIIEe 2.

Tabnuia 2 — ConocraBnenue cucreM aquarHoctuku MoctoB KHP u Pecmy6nuku Kazaxcran

IIpusnak KHP Pecny0imnka Kasaxcran
KareropupoBanue JIByXypOBHEBOE: TUTIOBBIE MOCTHI — | ENMHBINA MOPSIIOK 00CIeTI0BAaHNUI;
00BEKTOB cepTu(UIUPOBAHHBIE muddepeHIanus mo cI0KHOCTU

OpraHu3aIi; OTBETCTBEHHBIE — COOPYKEHHI HOPMAaTHUBHO HE
CHelUaTU3UPOBAHHOE 3aKpersieHa
rocynapctBeHHOe MocToBoe 6r0po

(MBEC)
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«O0JICTYCHHBII» MOHUTOPUHT JIJIS
MAaCCOBBIX THIIOBBIX COOPYKEHUHN

[Ipumenenue PernamenTupoBaHo OTAEIbHBIM DONHU30MYECKOE, B UHUIIMATUBHOM

BITJTA PYKOBOJICTBOM; MOPSAJIKE; OTPACICBON PETJIAMEHT
ABTOMATU3UPOBAHHBIN ITPOLIECC C OTCYTCTBYET
NH-pacno3naBannem 1eeKToB

CrauuoHapHsbIit [Momromacmtabubit SHM miist EnvHu4HbIE MUIOTHBIE CUCTEMBI;

MOHUTOPHHT BHEKJIACCHBIX MOCTOB; KOHIENIUS 00JIETYeHHOTO

MOHHUTOpPHHI'a HC BHCIPCHA

O0paboTka JTaHHBIX

IIpocTpaHCTBEHHO-BpEMEHHBIE
OosblIME JAHHBIE, MOJEIb
«TPUYUHA — CIICJICTBHEY,
aBTOMaTHYECKHE MPEIUCAHUS Ha
o0CTyKUBaHUE

ba3bl JaHHBIX MACTIOPTU3AIINN;
PEIICHUS O PEMOHTE TPHHUMAIOTCS
0 pe3ybTaTaM NEPUOAUIECKUX
o0cienoBaHuit

Harypusbie
WCIIBITAaHUS

EnvHblid TEXHUYECKUN perjiaMeHT
JTG/T 5214-2022 ¢ npuBszKon
MHCTPYMEHTapUs K MpU3HAKaM
Jerpajanuu

[IpoBoasTCS O OTJAEIBHBIM
nporpamMmmam; €JuHbIN
aKTyaJIM3UPOBAHHBINA PETIIAMEHT
TpedyeT pa3paboTKu

AjanTtanusa K KIMMAaTHYeCKHM M JKCIUIyaTalMOHHBIM YyciaoBusaM Ka3zaxcrana.
[lepenoc kuTalickux pemieHuid TpeOyeT ydera NPUHLUIMAIBHBIX Ppa3IU4Mid  YCIOBUH
skcruryatanuu. IlpoBuHnus I'yanayH Xapakrepusyercss CyOTpONMYECKMM KJIMMaroMm 0Oe3
YCTOMUMBBIX OTPHUIATENbHBIX TEMIepaTyp, TOrAa Kak Juisl OoJsiblIed YacTh TEeppUTOPHU
Ka3zaxcrana pacueTHple MUHMMalIbHbIE Temmeparypbl gocturaioT Munyc 40 °C u Huxe npu
rogoBoii ammutyne no 80-90 °C. DTo ompenenseT cienyromue TpeOOBaHHS K aJanTalldu:
JAaTYUKU W KOHTPOJUIEPHl CHCTEM MOHUTOPUHIA JOJDKHBI COXPaHSTh METPOJIOTMYECKUe
XapaKTEpUCTUKU B PACIIMPEHHOM TEMIIEpPATYpHOM JUala3oOHE, a aJrOPUTMbl MHTEPIPETALUU —
OTJIIEJISITh CE30HHBIE TEMIIEPATypHbIE JAepopMaluu (PacKphITHE IIBOB, IEPEMEIEHUSI ONOPHBIX
qacTeil) OT lerpalaliliOHHBIX MTPOLIECCOB; MoyieTHbIE periaMeHTs! BITJIA nomkHbI ycTaHaBIUBATh
OTpaHMYEHUsl MO TEMIlepaTrype, BETpy U OOJIEIEHEHUIO, XapaKTepHBIM MJisi CTENHON 30HBI;
Matepuaibl J1epOpMAIlMOHHBIX IIBOB (pEe3MHOBBIE Jemidepsl, (UOPOOETOH OKalMIIeHHS)
MOJJIEXKAT MPOBEPKE HA MOPO30CTOMKOCTh M CTOMKOCTh K IPOTHUBOTOJIOJNIETHBIM pEearcHTaMm.
OnHoBpeMeHHO KoHuemnuus obyeryeHHoro mMonutopunra GDIJT 002-09-2025 opueHTHpoBaHa
MMEHHO Ha T€ YIpo3bl, KOTOpPbIE CTAaTUCTUYECKH 3HAauMMbl A KazaxcraHa: moaMbIB omop
NaBOJKaMH (aKTyaJbHOCTh MOATBEPKACHA MacIITAOHBIMU MAaBOAKAMHM MOCIIEIHUX JIET), JIeI0BbIE
BO3JCHCTBUS M TIPOE3]] CBEPXHOPMATHUBHBIX TPAHCIOPTHBIX CPEIACTB, 4YTO JIE€JaeT ee
IIPUOPUTETHOM VISl aJalTalluH.

I[pennoxenuss nas niaana paspadorku HTJ na 2027 roa. Ilo pesynbraram
UCCIIeIOBaHUs C(POPMUPOBAHBI CIEIYIOIME TpeasiokeHus: 1) pa3paboTka METOAMYECKHX
peKoMeHIanui (peKoMeHAaI|i Mo MPUMEHEHHI0) 1o ucmnoyib3oBanuto BITJIA nipu o6cnenoBanun
MOCTOBBIX COOPYXXEHHUH, FapMOHU3UPOBAHHBIX C KUTANCKUM TEXHUYECKUM PYKOBOJICTBOM H
3akoHoaarenbcTBOM PecnyOnuku Kazaxcran 00 KMCIosib30BaHUM BO3AYLIHOTO MPOCTPAHCTBA; 2)
pa3paboTka PYKOBOJAILIETO JOKYMEHTa MO OOJEr4YeHHOMY MOHUTOPHHIY THIIOBBIX MOCTOB C
MPUOPUTETHBIM KOHTPOJIEM IOAMBIBA OIOp, JI€AOBBIX BO3ACUCTBUA M CBEPXHOPMATHUBHBIX
Harpy3ok; 3) akTyalu3alus perjiaMeHTa HaTypHBIX UCIIBITAHUH U HHCTPYMEHTAIBHOTO KOHTPOJIS
AKCIUTyaTUPYEMBIX MOCTOB C Yy4eToM CTpykTypel u mnonoxenuid JTG/T 5214-2022; 4)
dopMHpoBaHHE TEXHMYECKMX TpeOOBaHM K oTpacieBod miaTdopme oOpabOTKH HaHHBIX
MOHMTOPHHTA 10 MOJENN «IPUYMHA — CIIEJCTBUE» C UHTErpaluell B JEHCTBYIOIIYIO CHCTEMY
NacTopTU3aIMH aBTOMOOUIIBHBIX JOPOT; 5) BBIIOJHEHHUE ONBITHO-IKCIIEPUMEHTATIBLHBIX padoT Mo
OLICHKE  MOPO3OCTOMKOCTHM  KOHCTPYKTMBHBIX  pelIeHUd  Je(pOpMallMOHHBIX  IIBOB,
anpoOupoBanHbix B KHP. IlepeuncrneHHble JOKYMEHTHI IiefiecooOpa3sHO pa3pabaThiBaTh CO
cceiikamu Ha nedctBytomme CH PK/CIT PK mo moctam u Tpyb6am M MeXrocyJIapCTBEHHBIE
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craugaptel (I'OCT) B o00nacT JWAarHOCTHKH, C YTOYHEHHWEM WHACKCOB 1o EawmHOMY
rocy1apcTBEHHOMY (POHTy HOPMATUBHO-TEXHUYECKUX JOKYMEHTOB PecmyOnuku Kazaxcras.

[TomrydyeHnHble pe3ysbTaThl COTJACYIOTCSI C MHUPOBBIMU TEHACHLUUAMU aBTOMATHU3AIMU
obcnenoBanuit [1-3] u pa3BuTus cucTteM MOHUTOpUHTA [4—0], OoAHAKO, B OTJIMYHE OT
OOJBIIMHCTBA MyOJNMKAIMM, paccCMaTPUBAIOIIMX TEXHOJOTHH H30JMPOBAHHO, B HACTOALICH
paboTe OHU MPOAHATM3UPOBAHBI B €IMHCTBE C HOPMATHBHON U OPraHU3AIIMOHHOW MOJIEIBIO, YTO
o0OecrieunBaeT MPAKTHUECKYIO peaJu3yeMOCTh NpeasiokeHuid. OrpaHuueHHEM HCCIIeI0OBaHUS
SBIIIETCS. KAYECTBCHHBIH XapaKTep COMOCTABUTEIHHOTO aHalM3a: KOJWYECTBCHHAS OICHKA
SKOHOMHYECKON 3 (HEeKTUBHOCTH OOJETYeHHOr0O MOHUTOPHUHIA MPUMEHUTEIBHO K MOCTOBOMY
napky Kazaxcrana TpeOyeT OTIeThbHOI0 TEXHUKO-YKOHOMUYECKOTO HCCIICIOBAHUS HA MUAJIOTHBIX
00BeKTaxX.

3akjaoueHue

1. BbIsSBIEHBI KIIIOUEBBIE 3JEMEHTBHI KHTAHCKOW cHUCTeMBbl oOecrieueHHst 0e30MmacHOCTH
MOCTOBOTO MapKa: IBYXypPOBHEBOE KaTErOpHUpPOBaHUE OOBEKTOB C 3aKPEINIEHUEM OTBETCTBEHHBIX
COOPYKEHHMM 3a CHEUUAIM3UPOBAHHOM TOCYNAapCTBEHHOM HAyYHOM CTPYKTYpOW; HOPMAaTHUBHO
pernamentupoBanHoe npumenenne BIIJIA ¢ aBToMaTU3UpOBaHHBIM paclio3HaBaHUEM JePEKTOB;
KOHLENIMs OOJErYeHHOr0 MOHUTOPHHIA THUIIOBBIX MOCTOB; O0Opa0OTKa JAaHHBIX [0 MOJAEIU
«TPUYHHA — CIIEACTBHE» C aBTOMAaTUYECKUM (POPMUPOBAHUEM TPEIIUCAHHI Ha 00CTYKUBAHUE.

2. YCTaHOBIIEHO, YTO HaWOOJBIIMM TOTEHIHATIOM amantauuu B Pecrybmuke Kazaxcran
00J1a/1at0T TEXHUYECKUI periamMeHT HaTypHbIX ucnbitanuil JTG/T 5214-2022, pyKoBOJCTBO MO
npumenenuto BIIJIA u konuenmus obnerdennoro mouuropunra GDJT 002-09-2025, nockonbky
MOCJIE/IHSAS] OPUEHTUPOBAHA Ha YIPO3bl, CTATUCTUYECKU 3HauuMble Uit KazaxcTana: mogMeIB onop
[IaBOJIKaMH, JIEI0BbIE BO3/ICHCTBUS U CBEPXHOPMATUBHBIE HATPY3KHU.

3. O6ocHOBaHBI yCIOBHUS aJalTallMU: PAaCUIMPEHUE TeMIIepaTypHOro auamna3zoHa paboThI
MU3MEPUTEIBHOTO 000PYIOBaHMUS, KOPPEKTUPOBKA aJITOPUTMOB UHTEPIPETALNHN TAHHBIX C YIETOM
CE30HHBIX TeMIEepaTypHBIX AepopMaliiii, yCTaHOBIIEHHE KIIMMATHYECKUX OTpaHUYEHUN MOJIETOB
BIUJTA, npoBepka MOpPO30CTOMKOCTH MaTepUaioB Je(OpMalMOHHBIX LIBOB.

4. JIopoXHBIM oOpraHaM ¥ Hay4HbIM opraHm3amusMm Pecny6onuku  Kazaxcran
peKOMEeHIyeTcsl: BKIOUMTh B TuiaH pa3pabotkun HTJ[ na 2027 rom maTh NpeIjIOKEHHBIX
JOKYMEHTOB; pPEaJn30BaTh MHUIOTHBI MPOEKT OOJErYeHHOT0 MOHUTOPUHTA Ha JBYX-Tpex
TUTIOBBIX MOCTaxX B I1aBOJKOOIIACHBIX paliOHaX; BBIMOJIHUTH OMNBITHYIO ampoOaruio BITJIA-
oOcreoBaHUS Ha BHEKJIACCHOM MOCTY C COIIOCTAaBIIGHHEM pE3yJIbTaTOB C TPaJAWLMOHHBIM
ocMOoTpoM. JlanbHeine ucciaeAoBaHus LienecooOpa3HO HalpaBUTh HAa KOJMYECTBEHHYIO
TE€XHUKO-3KOHOMHUYECKYIO OLIEHKY 00JIET4eHHOT0 MOHUTOPHHIA U HA Pa3pabOTKy OT€YECTBEHHBIX
ITOPUTMOB pacro3HaBaHUs /1€(eKTOB, OOyUEHHBIX Ha JAePeKTaxX, XapaKTEepHbIX JUIsl KJIMMaTa
Kazaxcrana.

Cnucok Jimrepatypbl

1. Toritumi F.Y., Bittencourt T.N., Futai M.M. UAV-based inspection of bridge and tunnel
structures: an application review // Revista IBRACON de Estruturas e Materiais. — 2023. — Vol.
16, No. 1. —el16103. https://doi.org/10.1590/S1983-41952023000100003

2. Dorafshan S., Campbell L.E., Maguire M., Connor R.J. Benchmarking Unmanned Aerial
Systems-Assisted Inspection of Steel Bridges for Fatigue Cracks // Transportation Research
Record. — 2021. — Vol. 2675, No. 9. — P. 154-166. https://doi.org/10.1177/03611981211001073

3. Lin J.J., Ibrahim A., Sarwade S., Golparvar-Fard M. Bridge inspection with aerial robots:
Automating the entire pipeline of visual data capture, 3D mapping, defect detection, analysis, and
reporting // Journal of Computing in Civil Engineering. — 2021. — Vol. 35, No. 2. — 04020064.
https://doi.org/10.1061/(ASCE)CP.1943-5487.0000954

44


https://doi.org/10.71031/

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

4. Petti L., Lupo C., De Gaetano C.M. A Methodological Framework for Bridge Surveillance
/I Applied Sciences. — 2023. — Vol. 13, No. 8. — 4975. https://doi.org/10.3390/app 13084975

5. Ou J.P., Li H. Structural health monitoring in mainland China: Review and future trends
// Structural Health Monitoring. — 2010. — Vol. 9, No. 3. - P. 219-231.
https://doi.org/10.1177/1475921710365269

6. Li S., Wang W., Lu B., Du X., Dong M., Zhang T., Bai Z. Long-term structural health
monitoring for bridge based on back propagation neural network and long and short-term memory
// Structural Health Monitoring. — 2023. - Vol 22, No. 4.
https://doi.org/10.1177/14759217221122337

7. JTG/T 5214-2022. TexHUYECKU pETJIaMEHT 1O HATYPHBIM HCIBITAHUSAM U KOHTPOJIIIO
AKCIUTYaTUPYEMBIX aBTOMOOMIIBLHBIX MOCTOB. — [lekun: MunucrepcTBo Tpancnopta KHP, 2022.

JTG/T 5214-2022. Tekhnicheskiy reglament po naturnym ispytaniyam i kontrolyu
ekspluatiruyemykh avtomobilnykh mostov [Technical Regulations for Field Testing and
Inspection of In-Service Highway Bridges]. — Beijing: Ministry of Transport of the People's
Republic of China, 2022.

8. 3akon PecnyOmuku Kazaxcran «OO0 apXUTEKTypHOM, TpaJOCTPOUTEIBLHOU U
cTpouTenbHOl nestenbHOCTH B PecnyOnmke Kazaxcran» ot 16 utons 2001 roma Ne 242-11 (c
W3MEHECHUSIMU u JOTIOJTHEHUSIMH ). - [DnexTpoHHbIN pecypc] - URL:
https://adilet.zan.kz/rus/docs/Z010000242

Zakon Respubliki Kazakhstan «Ob arkhitekturnoy, gradostroitelnoy 1 stroitelnoy
deyatelnosti v Respublike Kazakhstan» ot 16 iyulya 2001 goda Ne 242-II (s izmeneniyami i
dopolneniyami) [Law of the Republic of Kazakhstan “On Architectural, Urban Planning and
Construction Activities in the Republic of Kazakhstan” dated July 16, 2001, No. 242-II (as
amended)]. — [Electronic resource]. — URL: https://adilet.zan.kz/rus/docs/Z010000242 .

9. GDJT 002-09-2025. PykoBOACTBO MO TEXHOJOIMM MOHUTOPUHIA KOHCTPYKUUI
aBTOMOOWJIBHBIX MOCTOB mpoBuHImH ['yannyn. — I'yanwkoy: J[lemaprameHT TpaHcmopra
npoBuHumMu ['yannys, 2025.

GDIJT 002-09-2025. Rukovodstvo po tekhnologii monitoringa konstruktsiy avtomobilnykh
mostov provintsii Guandun [Guidelines for Monitoring Technologies for Highway Bridge
Structures in Guangdong Province]. — Guangzhou: Department of Transport of Guangdong
Province, 2025.

10. [1nan HaMOHANBFHOM KOMIUIEKCHON TpE€XxMepHOW TpaHcnopTHoU cetu (2021-2035 rr.)
[National Comprehensive Three-dimensional Transportation Network Planning Outline]. —
[Mexun: 1K KIIK, T'ocynapctBennsiii coer KHP, 2021. — [Onexrponnsii pecypc] — URL:
https://changing-transport.org/publications/chinas-national-comprehensive-three-dimensional-
transportation-network-planning-outline/ ).

11. Western Europe — Western China International Transit Corridor [MexyHapoaHbIi
TpaH3UTHBIA Kopunop «3anaanas EBpona — 3anaausiii Kuraiin]. — [OnexkTpoHHBIA pecypc] —
URL: https://en.wikipedia.org/wiki/Western Europe-Western China Highway

Caenennst 00 aBTopax:

Myxamb6etkanueB K.K. — kannuaar texunueckux Hayk, JlemaprameHT pa3Butus Hayku, AO
«KazaxcTaHckuii JOpOXKHBIA Hay4HO-HUCCIIEOBATENIbCKUNA HMHCTUTYT», AcTaHa, PecrmyOiuka
Kazaxcran, k. mukhambetkalivev(@gazjolgzi.kz

Cangpi6ait C.[I. — gokrop PhD, ¢dakynbreT rpakJaHCKOrO CTPOMUTENBCTBA M OXPAHBI
oKpyxaroriei cpeapl, [lIkona nHxeHepHbIX U IUPPOBBIX HayK, HazapOaeB YHuBepcuteT, ActaHa,
Pecniybnuka Kazaxcran, saken.sandybay(@nu.edu.kz

Kum A.W. — rmaBHBIN cienuainct, YpaBieHUE MOCTOBBIX U JIOPOKHBIX COOpyxeHuit, AO
«KazaxcTaHckuii JOpOXKHBIA HAay4HO-HUCCIIEIOBATEIbCKUNA HMHCTUTYT», AcTaHa, PecrmyOiuka
Kazaxcran, a.kim@gazjolgzi.kz

45


https://doi.org/10.71031/
https://adilet.zan.kz/rus/docs/Z010000242_
mailto:k.mukhambetkaliyev@qazjolgzi.kz
mailto:saken.sandybay@nu.edu.kz
mailto:a.kim@qazjolgzi.kz

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

AraoB T.b. — rnaBHbIA cHoenuanducT, JlemapraMeHT HOPMATUBHO-TEXHUYECKOTO
obecnieuenust, AO «KazaxcTanckuii JOpOXKHBIN HAyYHO-HCCIIEI0BATEIbCKHI HHCTUTYTY, ACTaHa,
Pecniyonuka Kazaxcran, t.agavov(@gazjolgzi.kz

Myxambetkanues K.K. — TexHuka FpUIbIMIapbIHbIH KaHIUAAThI, «Ka3zakcTaH K01 FhUIBIMU-
3eprrey UHCTUTYTE AK FhutbiMabl 1aMbeITy nenapramedTi, Acrana, Kasakcran PecryOnukacsl,
k.mukhambetkaliyev(@qazjolgzi.kz

Canppi6aii C./1. — PhD noxropsl, Hazap6aeB YauBepcuretinig MHxenepus sxoHe U PIIBIK
FBUIBIMIAP MEKTEOiHIH A3aMaTThIK KYPBUIBIC >KOHE KOpUIaraH OPTaHbl KOpray (akyJbTeTi,
Acrana, Kazakcran Pecny6nmkacel, saken.sandybay@nu.edu.kz

Kum A.U. — 6ac maman, «Ka3zakcraH *oJ FeUIBIMH-3epTTey HHCTUTYTHDY AK Kerip sxone
JKOJI KyphUIBICTaphl Oackapmackl, Acrtana, Kazakcran Pecriybnmukacer, a.kim(@gazjolgzi.kz

AraBoB T.b. — 0Oac wmaman, «Ka3zakcTtaH >KOJI FBUIBIMH-3€PTTE€Y HWHCTUTYTHDY AK
HopmaTuBTiK-TeXHUKAIBIK KaMTaMachl3 €Ty jaenapramenTi, Acrana, Kazakcran PecryOnukachr,
t.agavov(@qazjolgzi.kz

Mukhambetkaliyev K.K. — Candidate of Technical Sciences, Department of Science
Development, Kazakhstan Road Research Institute JSC, Astana, Republic of Kazakhstan,
k.mukhambetkalivev(@gazjolgzi.kz

Sandybay S.D. — PhD, Faculty of Civil and Environmental Engineering, School of
Engineering and Digital Sciences, Nazarbayev University, Astana, Republic of Kazakhstan,
saken.sandybay@nu.edu.kz

Kim A.L. — Chief Specialist, Department of Bridge and Road Structures, Kazakhstan Road
Research Institute JSC, Astana, Republic of Kazakhstan, a.kim@gazjolgzi.kz

Agavov T.B. — Chief Specialist, Department of Regulatory and Technical Support,
Kazakhstan Road Research Institute JSC, Astana, Republic of Kazakhstan, t.agavov(@gazjolgzi.kz

Bkaan aBTopos:

Myxamb6etkanueB K.K. — MeTomonorus, ananus HOpMaTUBHO-TEXHUUECKOM TOKyMEHTAIIUH,
pElaKTUPOBAHHE TEKCTA.

Canpgpibait C.J[. — KoHIENIUS, METOJONIOTHSA, cOOp U aHANU3 JAaHHBIX, WUHTEPIpETaIs]
PE3YJIbTATOB, HAITMCAHUEC U PCAAKTHUPOBAHUC TCKCTA.

Kum AWM. — cbop maHHBIX, MOJEBBIC HCCIEAOBAHUS, AHAIU3 MEXIyHAPOIHOTO OMbBITA,
HaIlMCaHWE U PETAKTUPOBAHUE TEKCTA.

ArasoB T.b. — cOop 1 aHanU3 HOPMATHUBHO-TEXHUYECKOW JOKYMEHTAINH, CPAaBHUTEIHHBIN
aHaJIn3 CTaHAAPTOB, CUCTEMATHU3aAlUA JAaHHBIX, PpCAAKTUPOBAHHUEC TCKCTA.

Konduaukr uHTEepecoB: ABTOpHI 3asBISAIOT 00 OTCYTCTBUU KOH(IIMKTa HHTEPECOB.
[Toesnaka ocymiectBiena no mpuriamenuto Central Fortune Creation Technology Group Co;
NpUTJIAIIAIONIasi CTOPOHA HE yYacTBOBala B aHAJM3€ MAHHBIX, (POPMYIMPOBAHUHM BBIBOJIOB U
MOJTOTOBKE PYKOIHCH.

Hcnoan3oBanne uckyccrBeHHoro unresniekra (MM): npu noaroroBke crarbu MU He
HCITOJIB30BAJICS.

KbITAM XAJBIK PECIIYBJUKACBIHBIH TOXKIPUBECIH BEHIMJIEY HET'I3IH/IE
KA3AKCTAH PECIHHYBJIMKACBIHBIH KOIIIP K¥PBIJIBICTAPBIH
JTUATHOCTHUKAJIAY )KOHE MOHUTOPUHI TEY )KYHUECIH XKETLIIIPY

Myxamberkaaues K. K.!, Canapi6aii C. J1.>°, Kum A. W.3, Arasos T. B.4

FeutbMapl nameiTy nenapramenti, "KaskxonF 31" AK, Acrana, Kasakcran Pecriy6mukach!

46


https://doi.org/10.71031/
mailto:t.agavov@qazjolgzi.kz
mailto:k.mukhambetkaliyev@qazjolgzi.kz
mailto:saken.sandybay@nu.edu.kz
mailto:a.kim@qazjolgzi.kz
mailto:t.agavov@qazjolgzi.kz
mailto:k.mukhambetkaliyev@qazjolgzi.kz
mailto:saken.sandybay@nu.edu.kz
mailto:a.kim@qazjolgzi.kz
mailto:t.agavov@qazjolgzi.kz

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

2 A3aMaTTHIK KypBLIBIC %KOHE KOPILIAFaH OPTaHbl KOpFay (akyabTeTi, HKeHepIliK KoHe
uGpIabIK FeUTBIMAAP MekTeb1, HazapbaeB YHuBepcureri, Acrana, Kazakcran Pecry0mmkach
3 Kermip sxoHe 01 KypblUIbicTaphl 6ackapmacsl, "KasxonF31" AK, Acrana, Kasakcran
Pecrrybnukacsr
* HopMaTHBTIK-TeXHUKAIbIK KAMTaMachl3 eTy aenapramenti, "KazxonF31" AK, AcTana,
Kazakcran PecmyOmmkacet
*Koppecnonaent aBrop: saken.sandybay@nu.edu.kz

AHHOTanus. XaJIbIKapajblK KOJIIK AJ1i3Aepi OOHBIHIIA TPAH3UTTIK )KYK aFbIHIaPBIHBIH OCY1
JKOHE IKacaHIbl KYpPBUIBICTap MapKiHiH To3ybl Kaszakcran PecnyOnmMKachIHBIH Kemipiepil
JMUarHOCTHKajay JKYHECiH KaHFBIPTY MIHJAETIH ©3€KTI eTei. 3epTTeyaiH MakcaThl — KeiTaii
XanblK PecrmyOnmKachIHBIH aBTOXOJI KOIIpJEpiH TEKCepy MEH MOHUTOPHHITEYTe€ KAaThICTHI
HOPMATHUBTIK-TEXHUKAIBIK >KOHE TEXHOJOTHSJIBIK TOCUIIEPIH CalbICTBIPMANIBI Tajiaay »KoHE
onmapasl KazakcTaHHBIH KIMMATTBHIK JKOHE MaiianaHy >KargaiynapbiHa OeiliMuey >XeHIHZeri
YCBIHBICTAPABI 93ipiey. OmicHaManbIK Heri3nl ['yanwkoy KamaceiHaarsl (2026 K. MaMbIp) KeIrip
KYPBUIBICTAPbIH HATYPaJIbIK TeXHHUKAIBIK Oakpuiay xoHe JTG/T 5214-2022 men GDJT 002-09-
2025 xoca anraHga, Oec KbITAWIBIK HOPMATUBTIK-TEXHUKANBIK KyxkarTel Kazakcran
PecrryOnukachIHBIH KOJIIAHBICTaFl HOPMATHUBTIK 0a3achIMEH CaJIBICTBIPMANIBI TAJJAy KYpPasbl.
KpITail MoaeniHiH HETi3ri AJeMEHTTEepi: Kemipiepai €Ki JEHTeisi caHaTTay, YIIKBIIICHI3 YIIY
anmaparTapblH  PETJIAMEHTTENTCH KOJIJaHy JKOHE KEHICTIKTIK-YaKBITTBIK YJIKEH JIEPEKTep
HETI31HAer! YATUIK KYPBUIBICTapIbIH <OKCHUIICTUINEH» MOHHUTOPHHI TY)KBIPBIMJIAaMachl €KEHI
AHBIKTANBI. ATaJFaH TOCUIAEP/iH KYPT KOHTHHEHTTIK KIIMMaTKa, Cy TaCKBIHBI MEH MY3 JKYpici
acepiiepine xoHe KazakCTaHHBIH KOJIK XKYKTEMEJICPiHIH KYPbhUIbIMbIHA OCHIMJICITECH JKaFaanaa
KOJITaHBLTYBI Heri3aenmi. [lpakTukansik MaHb3AbUIBIFEL — 2027 JKbUTFa apHaJIFaH HOPMAaTHBTIK-
TEXHHUKAJBIK KY)KaTTap/bl 931pJiey KOCTapbhlHA KANBINTACTHIPBIIFaH YCHIHBICTAP.

Tyiiin ce3aep: Kermip KYpBUIBICTAPHI, KOMIpIEpAl TEKCepy, TEXHHUKAIBIK >Kal-KyH
MOHHMTOPHHTI1, YIIKBIIICHI3 YIIy amnmaparrapbl, YJIKEH AepeKTep, HOPMATHUBTIK-TEXHUKAJIBIK
KyXKarTap, KYpT KOHTUHEHTTIK KJIUMar.

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
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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.

Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions
of the Creative Commons Attribution (CC BY NC) license (https://creativecommons.org/licenses/by-nc/4.0/).
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OPTIMIZATION OF THE COMPOSITION AND PRODUCTION TECHNOLOGY OF
CERAMIC ROAD SURFACES BASED ON CLAY RAW MATERIALS
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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 10000c 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

50


https://doi.org/10.71031/

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

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

Bum g er shrinkage Average Strength, MPa Water
temperature, o density, absorption,
°C 7 r/em® to pressure to bend %

900 0,05-0,01 1740 9,4-10,1 1,62-1,8 18,42
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1000 0,10-0,12 1784 11,0-11,5 2,1-24 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).

a) b)

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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CA3bI HIUKI3ATBHI HET'I3IHIAE KEPAMUMKAJIBIK 7KOJI TQCEMI{EPIHIH
K¥PAMBIH ) KOHE OH/IIPY TEXHOJIOTI'USACbIH OHTAUJIAH/IBIPY

https://orcid.org/0000-0003-3198-2150 I[OCOB Kapmayﬁaﬁ 1

9
https://orcid.org/0000-0002-3586-7128 II[ipiCOB BeKC¥J'ITaH 2,*

1«)K;;Hrip xaH atbiHarbl bateic Kasakcran arpapiabik-TexHUKaIbIK YyHUBEpcUTeT» KeAK,

Opan k., Kazakcran
2 Barbic KazakcTaH HHHOBALMSIIBIK-TEXHOIOT USUIBIK yauBepcureti, Opain K., Kazakcran

“Koppecnonaent asrop: beksultan.idirisov@mail.ru

Anpnarna. KepaMuKaIbIK )K0JI TOCEMEPiH TYPFBIH Y KEIIEHACPIHIIE , )KEKE TYPFBIH YiJep/e
XKoHe 0acka J1a 9JIeyMETTIK MaHbI3bl Oap HBICAHIAP/bl CATy SKOJOTHSIIBIK KOHE SKOHOMHUKAJIBIK
JKarblHaH J1a THIMJIUTIKKE oKeneni. TYpFhIHAAP/IbIH JKaiIbl eMip CYpyl YIIIH OJap/ibl )KaKcapTy
MOCeJIeTIepiH ISy epekie pen aTkapaabl. COHbIMEH Karap, MaHbI3Abl MIHACTTEpPAiIH Oipi
TpPOTyapiap/pl, iIIKI ayjiasap MEH OHbIH allaHJapblH, COHJAH-aK KONTEreH KOJ-KYPbUIbIC
MaTepHaIapbIHBIH KOIT MOJIIIEPiH KAXKET eTETiH alanaap, ajuiesiap MeH casOaKTap ayMaKTapblH
abaTtTaHaplpy OoJsbin TaObuTanbl. Ka3zipri yakeiTTa Oyl mpoOseManapapl Iy YIIiH dp TYpJi
KOH(HUTYpaIHsIaFbl ’KoHe achanbT OETOHABI OETOH ToceMeNep KOMAaHbUIaabl. Anaiiia, Toxipuode
KOPCETKEH ICH, OCBI JKOJIIap/Ibl Maiaaany Ke3iH e oJap bl Oy3bLTybl KU1 OaiiKaiaipl.

Kepamukanplk marepuaniap OHIIPICIHIH MaHBI3ABI TEXHOJOTHSUIBIK KE3€HI NIMKI3aTThI
JbIH-aJIa JalbIHIay OOJIbIN TaObUIaIbl, OYJI alTapibIKTall SHEPrHs MEH PecypcTapbl Tallam
ereni. Kyprak skoHe IBIMKBUT 9ICTiI KOJIaHA OTBIPHII, KEPAMHUKAIBIK TUIMTKATAPABI OHIIPYIiH
3aMaHayd TEXHOJIOTHSCHIH FaJbIMAAPIBIH 3€pTTEYJIepl HOTHIKECIHIE UIMKI3aTThl JalbIHIAY
OapbICBIHA KOTI SHEPTUSI MEH CY JKYMCAIAThIH/BIFBI, JEMEK YKOHOMHKAJIBIK )KOHE IKOJIOTHSIIBIK
TYPFBIIaH Ja KbIMOAT €KCHIIT aHBIKTaNbl. FaneiMaap MMKi3aTThl JalbIHIAYBIH OajlamMaiibl
O/IiCTEPiH YCHIH/IBI, OYJI PHEPTHUSI MEH CyJIbl AUTAPIIBIKTal TOMEHACTE/II.

Tyiiin ce3aep: Cas, kepaMuKaibIK k01 Tocemiepi, [llaran caznarel, pu3nka-MexaHUKaIbIK
KACHET, JKePriIiKTI IINKI3aT.

OIITUMM3ALUA COCTABA U TEXHOJIOI'NHU ITPOU3BOACTBA
KEPAMMYECKHX JOPOXXHBIX MOKPHITUH HA OCHOBE I'N'TMHUCTOI'O
CbIPbs
https://orcid.org/0000-0003-3198-2150 l[OCOB Kapmayﬁaﬁ 1

’

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

13anagno-KasaxcraHckuii arpapHO-TeXHUUYECKHi YHUBEPCHTET UMeHHM JKaHrup XaHa , T.
VYpansck, Kazaxcran
2 3ananuHo-KaszaxcTaHckuil MHHOBAIMOHHO-TEXHOIOTMUECKHI YHUBEPCHUTET, T. YpaibCK,
Kazaxcran
“Koppecnonaent asrop: beksultan.idirisov@mail.ru

AnHoTanusA. CTpOUTENIBCTBO KEPAMUYECKOIO IOPOKHOT'O ITOJIOTHA B JKUJIBIX KOMIUIEKCAX,
WHAMBUAYAIbHBIX JKUJBIX JOMax M JPYTUX COLHUAIbHO 3HAYUMBIX OOBEKTaX MPUBOJUT K
MOBBIIIEHUIO JKOJIOTUYECKOM U 3KoHOMHYeckod s¢pdexktuBHOCTH. OcCo0yr0 posib  Ams
KOM(pOPTHOTO NPOKUBAHMS JKUTEJIEH UrpaeT pelieHre BONpocoB ux yiyuiieHus. Kpome Toro,
OJTHOM M3 BaXKHBIX 334 SBJSIETCS OJIaroyCTpOCTBO TPOTYyapoB, BHYTPEHHUX JIBOPOB M IETCKUX
IUIOINA0K, a TAKXKE TEPPUTOPUH IIIOIIAIOK, AJUIEH U MapKOB, TPEOYIOIUX O0JIBIIOr0 KOJIMYECTBA
JIOPOXKHO-CTPOUTENIFHBIX MaTepHajoB. B HacTosiiee BpeMs Ui pelIeHHs 3TUX Hpobiem
UCIIONIB3YIOTCS O€TOHHbIE OpycuaTKd pas3iauyHol KoHurypauuu u achambToOETOHHbBIE
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nOKpbITUA. OIHAKO NPAaKTHKa IIOKA3BIBAECT, 4YTO IIPU HCHOJB30BAHUU JTHX IYyTEH 4YacTo
HaOJII01aeTCsl UX HapyIICHHE.

BayKHBIM TEXHOJIOTHYECKUM 3TAIllOM IPOU3BOJACTBA KEPAMUYECKUX MATEPUAIIOB SABIIACTCS
IIpeJIBapUTEIbHAS MIOJArOTOBKA ChIPbs, UTO TPeOYyeT 3HAUMTEIbHBIX SHEPro3aTpar u pecypcos. B
pe3yJIbTaTe HUCCIEIOBAHUM YYEHBIX COBPEMEHHOM TEXHOJIOTMHM IIPOM3BOJCTBA KEPaMHYECKOU
IUIUTKH C HCIOJIb30BAHUEM CYXOTO U BJIQXKHOI'O METOAA OBbLIO YCTaHOBJIICHO, YTO B IIPOIECCE
IIOATOTOBKH CBIPb PAcXOAyeTCsl MHOIO JHEPrMd M BOJIbl, & 3HAYUT, U DKOHOMHYECKU U
JKOJIOTUYECKH JOPOro. YUeHbIe NPEUIOKUIN aJbTEPHATUBHBIE METOABI IIOATOTOBKH ChIPbs, YTO
3HAYUTENIBHO CHU3WIIO MOTPEOICHUE SHEPTUU U BOJIBI.

KiawueBble cioBa: [nmna, kepamuyeckas Opycuarka, 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 JI.K. I, Cmaryaosa MLK.!

'AO "KasnopHHM", Acrana, Pecniy6nuka Kaszaxcran
“Koppecnonaent aBrop: Tptk2025@gmail.com

AHHOTanusA. B crarbe NnpeacTaBieHbl pe3ysIbTaThl SKCIEPUMEHTAIBHBIX UCCIEA0BAHUM 110
OLICHKE BJIMSHUS AKTUBUPOBAHHOM CyXOH 30J1bl, UCIIOJIb3yEMOH B Ka4e€CTBE YaCTUYHON 3aMEHBI
MHUHEPAJIBHOTO TOPOIIKA, Ha (PU3MKO-MEXaHWYECKHE CBOMCTBA IUIOTHBIX ac(}haabToOeTOHHBIX
cMmeceil. MccnenoBanus npoBOAMIIUCE 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€HOYHO-MAaCTUYHOTO ac(anbToOeTOHA C TPUMEHEHHEM
AKTUBHUPOBAHHOM 30bl. BbINOMHEHA OLIEHKA IPOYHOCTHBIX XapaKTEPUCTUK, BOJOCTOMKOCTH,
TPELIMHOCTOMKOCTH, CIBUTOYCTOHUYMBOCTH U YCTOMUMBOCTHU K KosieeoOpazoBaHuto. [lomyueHHbIe
pe3yabpTarhl NOKa3aiH, YTO MPUMEHEHHE aKTUBUPOBAHHOW CYXOH 30Jbl MO3BOJISET 00€CIEeUUTh
HOpPMAaTHBHbIE (PU3UKO-MEXaHUYECKUE XapaKTEPUCTUKHU ac(albTOOETOHHBIX CMECE M MOBBICUTh
UX CONPOTHBIIEHHE BO3ACHCTBUIO BBICOKMX Temreparyp. HambGomee >pQeKkTuBHBIM oOKazaucs
cocras ¢ conepkanueM 60 % cyxoil 3016l OT MacChl MUHEPAJILHOTO ITOPOIIIKA.

KioueBble cjioBa: acanbToOCTOH, aKTUBMPOBAHHAS 30Ja, CyXas 30Jia, MUHEpAIbHBIN
MOPOUIOK, JIOPOXKHOE CTPOUTEIBCTBO, (PU3UKO-MEXaHUUYECKUE CBOMCTBA, TOPOKHBIE MOKPHITHSA,
KoJieeo0pa30BaHue, BOJOCTONKOCTb.

BBenenne

CoBpeMEHHOE JOPOKHOE CTPOUTENHCTBO OPUEHTHPOBAHO HA IOBBILICHHE JOJITOBEYHOCTH
JOPOKHBIX TIOKPBITMM MpPU OJAHOBPEMEHHOM CHM)KEHUM Ce0EeCTOMMOCTH IPOM3BO/CTBA
ac(abTOOETOHHBIX CMECE! U paclIMpEeHNH IPUMEHEHUS BTOPUYHBIX MUHEPAJIbHBIX pecypcoB [1].
OnHUM M3 TNEpCIEeKTUBHBIX HAMNpABICHUHN SIBISETCS HCIOJIb30BAHUE 30JIbI-yHOCA TEIJIOBBIX
ANIEKTPOCTAHIIMN MOCJI€ COOTBETCTBYIOLIEH aKTHBAllMM B KaY€CTBE MHUHEPATIbHOTO HAIOIHUTENSA
[2].

AKTHUBHMpOBaHHasl cyxasi 30j1a oOJlajaeT pPa3BUTON YIEIbHOW IMOBEPXHOCTHIO, BBICOKOM
JMCTIEPCHOCTBIO M CIIOCOOHOCTBIO  B3aMMOJICHCTBOBaTh € OUTYMHBIM BSDKYILUM, YTO
CrocoOCTBYET YAYUIIEHUIO CTPYKTYpbl acdanbrooeroHa. Kpome Toro, MCmojib30BaHHE 30JIbI
MO3BOJISIET CHU3UTh O0BEM MPOMBIIIUIEHHBIX OTXOOB, HANpPaBIIsEMbIX B OTBAJIbl, U YMEHBUIUTh
9KOJIOTHYECKYIO Harpy3ky [3].

Lenbto HacToAIIeH PaOOTHI ABJISETCS UCCIIEAOBAHHIE BINUSHUS aKTUBUPOBAHHOM CYXOi 30J1bI
Ha (U3HKO-MEXaHMYECKHE CBOMICTBa ac(anbTOOETOHHBIX CMeced pa3IUYHbIX TUIIOB U
OIIpeEIIEHUE ONTUMAIBHOTO COZIEP’KAaHU 3016l B COCTaBE MUHEPAJIBLHOIO MOpOIIKa [4].

MeTtoaosorus

1.1 MeTonuka npoBeeHHs UCCIAE10BAHUI
B xone uccnenoBanuii IaHUPOBAIOCH PELIUTH CIAEAYIOLIUE 3a/1a4U:
- mogpoOpath cMecH, oTBevaroriue TpedoBanusm CT PK 1225 [5];
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- omnpenenuTh (U3UKO- MEXaHWYECKHE TOKAa3aTeIM MEJIKO3EPHUCTHIX ac(haabTOOCTOHOB

tunoB A u b mapku I

- OICHUTD BIIUSHUC aKTHBHPOBaHHOfI 30JIbI B COCTAaBC aC(l)aJ'IBT06eTOHa.

duznko-MmexaHn4eCcKue

XapaKTCpUCTUKHU

acanprobeToHa  C

HCIIOJIb30BAHUEM

aKTUBUPOBAHHOM 301161 onpeaessuinuck coriacio CT PK 1218 [6].
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.

Ta6auna 1 — Pu3nko-MexaHn4eckue CBOMCTBA UCXOAHOTO OMTYMa MapKu
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

Taﬁ.m/ma 2 — OU3UKO-MEXaHNYSCKHE CBOMCTBA KAMCHHBIX MaTCcpHuaJioB

HaumenoBanue nokazarenei Hopwma o HJJ DaKTHYECKUE PE3YIJIBTATHI
¢bp. 10-20 mm bp. 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 mo 15 Bk 13,5 12,8
JeUIaIHbIX 3€peH, %o JI15 JI15 JI15

Tab6auua 3 — XapakTepuCTUKH NECKa U3 0TCeBa APOOJICHUS 1eOHS

HanmenoBanue nokazarenei

Hopma mo HJT

dakTHYeCKUe PE3YJIbTATLL

Coneprxanue 3epeH %, Menbue,
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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CozlepmaHHe TJIMHUCTBIX 4YaCTHI,
ornpeensaeMoe METOIOM

HaOyxaHnus, % ue 6oiee 0,5 0,44
Tabauna 4 — XapakTepucTuKu « AKTUBUPOBAHHOM 30JIbD»)
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 aHanm3a pe3ylbTaToB CICIYET, YTO UCXOAHBIC MaTePHalIbl COOTBETCTBYIOT TPEOOBAHHSIM:
mebens - CT PK 1284, mecok u3 orceBa apobnenus mebHs - TOCT 31424 [7], mopoiiok
MUHepasbHbIi akTuBrpoBanHbl - CT PK 1276 [8], 6utym BHJI 70/100 - CT PK 1373 [9].

[TpocesHbI ¥ MpoaHATM3UPOBAHBI 3€PHOBBIE COCTABbI KAMEHHBIX MAaTEPUATIOB U MOCTPOCHBI
rpaduKy KPUBBIX IPOXOIOB JUIS CIEAYIOMINX ac(arbTo0eTOHOB:

1) AcdansrobeTon menko3epHHUCThIM Tuna A, mapku I, B coorBerctBuu ¢ CT PK 1225,
(pucyHok 1);

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

3) Acdanbro0eTOH KpYyNHO3EPHUCTHIH, IIOTHBIHN, THNa b, mapku I, B coorBerctBuu ¢ CT
PK 1225, (pucyHoxk 3);

4) Illebenouno- mactuunblii acdanstroderoHn — 20, B coorBerctBuu ¢ ['OCT 31015,
(pucyHok 4).

1000

%00 ——yacs
el (22350 PSSR TPISDSE CHETH

80,0 BEEXHAN MPELER SPOINLS CWEDH

=
=]

=]

@
©
©

)CDMODO“ cocran, % no macce
w
2
(=

20 15 10 5 25 125 0,53 0315 0,15 0071

Pamep TYEEK CHT, MM
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Pucynok 1 — I'padux kpuBO# TpaHyIOMETPUUECKOTO 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 — [Ipadux KpuBOH TIpaHYJOMETPUUECKOTO COCTaBa MOAOOpPaHHOMN
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

0,0
20 15 10 5 25 1,25 0,63 0,315 0,16 0,071
pa3mep AYEEK CUT, MM

Pucynok 3 — ['padix KpHBO# rpaHyIOMETPHUYECKOTO COCTABa MOI00PAHHOI
KPYITHO3EpHHUCTON acanbToO0eTOHHOU cMecH Tuna b

JUis ucnpITaHUsT KPYNHO3epHUCTOM acdasbrodeTonHoii cvmecu tuna b mapku I, Obin
HPUHSAT CIETYIOIUI COCTaB MUHEPAJIbHON YacTH:

— mebens ¢p. 20-40 mm «Bonrogonoska» — 33%

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

— mebens ¢p. 5-10 mm «BonrogonoBka» — 15%

— oTceB Jipobnenus medHs ¢p. 0-5 mm kapbep «Bonrononoska» — 37%

— aKTHBHpOBaHHas 3011a — 5%

— aJre3MoHHast Jo0aBKa «A

maop» — 0,3%

— Outym 70/100 — 5,0%.

120,0

—t—CMECh
100,0 === HiKHUIA NPEAEN NPOXOAA CMECH
\ s BEPXHWI NPEAEN NPOXOAE CMECH

80,0

% no macce

60,0

3epHOBO# cOCTas,

20,0

0,0

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

Pasmep AYEEK CUT, MM
Pucynok 4 — I'paduk KprBOI rpaHyIOMETPUUYECKOTO COCTaBa, OJOOPaHHON 11€0EHOUHO
MacTH4HOTO acdayproberona 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
CaBUTOyCTOMYHUBOCT  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.

CnBUroycTOMYMBOCTh MO KO3(h(UIIMEHTY BHYTPEHHEro TpeHus: Bce cMecu mpeBbIIarOT
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.

TpemwmnHocToMKoCTh: IloKa3arenu TPENIMHOCTOMKOCTH 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.

BriBoabI

Pabora BbINOTHEHA € 11eTBI0 TO00pa ONTUMAIIBHOTO COCTAaBa METKO3EPHUCTOTO TNIOTHOTO
acanprobeTona tumna «b» mapku I, ¢ mpumenennem «Cyxoit 30J1b1».

AcdanbrobeTon ¢ «Cyxoi 30510i1» UMEeT HEMHOT'O MEHBIIYIO TUIOTHOCTD 110 CPAaBHEHHIO C
KOHTPOJIbHOM CMEChIO, Tak Kak «Cyxas 301a» uMeeT 00s1ee HU3KYIO III0THOCTD 110 CPABHEHHUIO C
MUHEPAIBLHBIMH HAIlOJHUTEISIMH.

Cmecu ¢ «Cyxo# 30510i1» TOKa3bIBalOT HEOOJBIIOE YBEIMYEHHE BOJIOHACHIIMICHUS IO
CPaBHEHMIO C KOHTPOJBHOW CMECBIO. JTO CBSI3aHO C TEM, YTO 30JIa MOXKET MMEET MOPUCTYIO
CTPYKTYpYy U He sBisercs rufpodoOHOI, B CBA3M C STUM CMECh MOTJIOUIAET HEMHOIO OOJIbIIe
BJIary.
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AcdanbrobeToHBl € conep)kaHueM cyxoil 3o0ibl B koimmuectBe 40 m 60 % wmacchbl
MUHEPAITBLHOTO MOPOIIKA, 10 GU3UKO-MEXAaHHUECKUM MOKA3aTeNIsIM COOTBETCTBYIOT TPEOOBAHUSAM
CT PK 1225-2019 na mapky II.

Panmonansaoe conepxkanue «Cyxoil 305b» HEOOXOOUMO MOAOUPATh B 3aBUCUMOCTH OT
MPUMEHSIEMOro MUHEPaJIbHOTO MaTepuaia U OUTyMa, a TaKKe XapaKTepUCTUK KOHKPETHOTO BUA
acansrobeToHa.
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AKTUBTEJTEH KYPFAK KYJIJIIH AC®AJIBTOBETOH KOCIAJIAPBIHBIH
®M3NKA-MEXAHUKAJIBIK KACUETTEPTHE OCEPI
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AHHoTaumsi. Makanaga MHUHepanAbl YHTAKTBIH I1IIiHApa ajJMacThIPFBINIBI PETIHIE
KOJIJIaHBUIAThIH aKTUBTENTeH KYPFaK KYJJIH THIFBI3 ac(albTOOETOH KOCHalapblHbIH (pHU3MKa-
MEXaHUKAJIBIK KacueTTepiHe ocepiH Oaranay OOMBIHIIA SKCHEPUMEHTTIK 3€pTTeY HOTHXKeJepi
yebinbputFad. 3eprreynep CT PK 1225-2019 xone CT PK 1218 tanantapbina colikec *Kypri3iiil.
AKTHUBTENTeH KYJ/1 KOJlaHa OTHIpHIN, A *koHe b TunTi ycak TyiHipuikTi achansrodeToHaap, ipi
TYHIpHIiKTI achanbTOOETOH KOHE KHBIPIIBIK-TACThl MAcCTHKaJbIK ac(haabTOOETOH Kypamaaphbl
TaHAanael. bepikTik cumarTamanapbl, Cyra TO3IMIUTIK, >XapbIKIIAaKKa TO3IMLUTIK, BIFBICYFa
TO3IMIUTIK JKOHE OHBIK TY3UIyre Kapchl TYPaKTbUIBIK OaranaHlibl. AJIBIHFAH HOTHXKEJEp
aKTUBTENTeH KYpPFaK KYJal KoJAaHy ac(aibTOOETOH KOCHaJlapblHBIH HOPMAaTHBTIK (hU3HKa-
MEXaHUKAJIbIK KOPCETKIIITEepPIH KaMTaMachl3 €TiIl, OFapbl TemIepaTypa ocepiHe Te3IMIUIIriH
apTTHIPAThIHBIH KepceTTi. EH THIMI KypaM MUHepai bl YHTaK MaccachiHbIH 60 % KypFak KyJieH
TYpaTBIH KOCIa OOJIBII MIBIKTHI.

Tyiiin ce3aep: acdanbToOCTOH, aKTUBTENTEH KYJ, KYpFaK KyJ, MHHEpaJAbl YHTAK, *OJ
KYPBUIBICHL, (PU3HKA-MEXaHUKAJIBIK KACHETTEP, YKOJ KaObIHIapbl, OUBIK TY311y, CyFa TO3IMILIIK.
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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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