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KypmerTi oKbipMaHAap!

)KoA  canacbiHbIH — AaMybl  6yriHae
FBIABIMU CapariTaMaHbIiH TePeHAIriHe,
TEXHOAOIMSIABIK LIeLLIIMAEPAIH
AEHreviHe >XoHe KacCibu KaybIMAACTbIK

ILIHAEri  e3apa  bIKMaAAACTbIKTbIH
carnachlIHa Tikeneu 6aAaHBICTHI.
UNHBPaKYPbIAbIMABIK MIHAETTEP

KYpAGAEHEe TyCKeH cauibiH GIAIM MeH

TOXKIPMOEHI, COHAaM-aK KaCcibu
TOCINAEPAI  allublK  Typae  6eaicy
CaAaHbIH OPHbIKTbI 3dpi HerisAeAreH

AAMYybIHbIH 6aCTbl LLAPTbIHE aviHAAbI
oTbIp.

JoIshy >KYPHAaAbIHbIH TOPTIHLLI CaHbl
XKOA  CaAaCbiHbIH ©3€KTi FbIAbIMU-
MPaKTUKAABIK mMacenrenepiHe
APHANFAH. byn LLIBIFAPbIABIMAG
LUeTeNAIK caparilubinapMeH cyxbaTTap
VCbIHBIABIT, OHAQ >XOA FbIAbIMbIHbIH
Kasipri AaMy 6arbITTapbI,
UHHOBALIMSAABIK TEXHOAOIMSINAAPABI
eHrizyre KaTbICTbl 3amMaHaym
KO3KapacTap  XKOHEe  XaAbIKapPaAbIK
TOXIPUOEHI  YATTBIK — >KafAaNAaPFa
6eriiMaey  >KOAAaPbl  Cce3  6oAaAbI.
CoHpav-akK HOMIPAIH MaHbI3AbI
6OAIrIH XanbiKapanbiK FBIABIMU-
ToXKIPNOEAIK KOH@epeHLms
MaTepuarAapbl Kypar, orapaa
3epTTey  HOTMIKeAepi  MeH  DKOA
KVYPbIABICH] CaAaChIHAAFbI HaKTbl
MPAKTUKAABIK ToXKipmnbe
SKUHAKTAAFAH.

LLIbiFapbinbIMAG CananbIK b6avikay
DPUHANNCTEPIHIH — >KYMbICTAPbIHE — Ad
epekLue OopbiH GepiAreH. ¥CbIHbIAFAH
XKOBaAap XKOA  CaAAACbIHbIH — HAKTbI
KaXKeTTINIKTepIHe >xayarl 6epir, OHbIH
V3aK Mep3iMAIT Aamy
rnepcrieKTMBaAapPbIH eckepeTiH
UHXKEHEePAIK JKOHE FbIABIMU
LeLiMAePAi KepceTeAl. bya
MaTepuaraap  XKYPHaA  MasMyHbIH
6avibITbIr,  YCbIHBIAFAH —UAESIAAPAbIH
ToXKIipMbeAik MaHbI3bIH aVIKbIH
KepceTeAl.

Jolshy  >kypHasbl
anmMacyra, ©3eKTI

Kacibu riKip
MacerenepAl
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YBa>xaeMbie yunrtaream!

Pa3Butmne AOPOXKXHOM OTPACAM BCE B
6oAbLUeV  CTereHW  OrpPeAensieTcsi
My6uHou Hay4YHoOuU SKCrepTU3bl,
VYPOBHEM TEXHOAOIMYECKUX PeLLEHUM
M Ka4yeCcTBOM  MpogdecCMoHaAbHOro
B3aMMOACUCTBUS. B YCAOBUSIX
YCAOXKHEHMST UHGPACTPYKTYPHbIX
33484 WMEHHO COYeTaHue 3HaHWU,
orneiTa u OTKPbITOro obmeHa
MpoGeCcCUoOHAAbHbBIMU rnoAxoAaMu
CTaHOBUTCS OCHOBOMV  YCTOMYUBDIX,
060CHOBAHHbIX PELLIEHMNM.

YeTBEPTLIVI BbIMNYCK XXYpPHara Jolshy

MOCBSALLEH — aKTYaAbHOM HayyHO-
MPaKTUMYECKOM MOBECTKE OTPacAu. B
Hero BOLUAU UHTEPBbLIO c
UHOCTPAHHbBIMU aKCriepTamu, B
KOTOPbIX PACCMaTPUBAIOTCS
coBpeMeHHbIe HarpasAeHUs

pPal3BUTHUSA AOpO)KHOVvI HayKU, rnoAaxoAabl
K BHeEAPEHUIO MHHOBaLIOHHbIX

TEXHOAOrMyi M BOMPOChl aAanTaLmm
MEXKAYHAPOAHOMO ornbiTa K
HaLUMOHaAbHbIM YCAOBUSIM.
CyLLeCTBEeHHYO YacTb BbIIyCKa
COCTaBASIIOT mMaTepuansl
MexxayHapoaHOV Hay4YHO-
MPaKTUYECKOU KOH®epeHLmu,
oTpakaroLyme PE3YALTAThI

UCCACAOBAHMU U MPAKTUYECKUL OfbIT,
UMEROLLINE TTPUKAGAHOE 3HAYEHME AN
AOPOXKHOIMO CTPOUTEALCTBA.

OTaenbHoe BHUMaHMe VACAEHO
pabotaM GPUHAAUCTOB OTPACAEBOIro
KOHKYpCca. [TpeACTaBACHHbIE MPOEKThI

AEMOHCTPUPYIOT — MHXKEHEPHbIe u
Hay4Hble peLueHus,
OPUEHTUPOBAHHbIE — HE  PEaAbHbIE
rnoTpebHoCTU oTPacCAU u eé
AOAFOCPOYHbIE — MePCNeKTUBbLl.  ITu
MaTepuanb! YCUANBAIOT
COAEPIXKATEABHYIO AUHWUIO BbIMYCKa M
MOAYEPKNBAIOT MPaKTUYECKY IO
HarpaBAeHHOCTb MPEANOXKEHHbIX
MOAXOAOB.

KypHan Jolshy MPOAOAXKEET

BbI[TOAHSITb POAb MPOGECCHMOHANBHOM
MAGTPOPMbI ANST OOMEHa 3HaHWSMU,

Dear readers!
The road sector is increasingly
defined by rigorous research,

advanced engineering solutions, and
effective professional cooperation. As
infrastructure challenges grow more
complex, truly sustainable decisions
are those grounded in expertise,
practical experience, and an open
exchange of proven methods.

The fourth issue of Jolshy reflects the
industry’s  current research and
implementation agenda. [t brings
together interviews with international

experts who examine emerging
priorities in road research, practical
routes for introducing innovative

technologies, and ways to translate
global best practice into solutions
that perform under national
conditions. A substantial part of the
issue is built around materials from
the International  Scientific  and
Practical ~ Conference, showcasing
research findings and on-the-ground
experience with direct relevance to
road construction.

Special attention is also given to the
finalists of the industry competition.
Their projects present engineering
and research-driven solutions that
respond to real operational needs and
align with the sector’s long-term
development goals. These
contributions strengthen the issue’s
central theme and highlight the
applied value of the approaches
presented.

Jolshy continues to serve as a
professional platform for sharing
knowledge, engaging In informed
discussion, and presenting research
outcomes. By connecting experts,
practitioners, and partners, the journal
supports stronger professional
networks, advances  international
cooperation, and helps cultivate a
resilient, evidence-based community
within the road sector.



TaAKbIAQYFa JKOHE FbIABIMU
IBACHICTEPAIH HITUXKEAEPIH YCbIHYFa
APHAaAFaAH aLLbIK aAaH PEeTIHAErT POAIH
XKAAFACTbIPAABI. MyHpavi  popmaTt
KaCiby  GaviAaHbICTaPAbl  HbIFAUTHIN,
XaAbIKAPAAbIK bIHTBIMAKTaCTbIKTbI
AAMbBITYFa JKOHE J>KOA  CaAaCbIHAQ
OPHBbIKTbI ~ CapariTaMasblK  OPTaHbIH
KAAbINTACYbIHA bIKMAA €TEAI

KypmernieH,

«Jolshy» >KYypHaAbIHbIH
PEAAKLMNSIABIK aAKaChl
(Ka3>xonF3U XabapLubichkl)

OBCY>KACHUS aKTYaAbHbIX BOMPOCOB U

MPEACTaBAEHUS pPEe3yAbTaTOB
NCCAEAOBAHMM. Takou popmaT
criocobcTByeT YKPErNAeHUHo
rMpPogeCcCMOHaNbHbIX cBsizeu,
Pa3BUTUIO MEXKAYHAPOAHOIO

COTPYAHNYECTBE U PDOPMUPOBAHMNIO
YCTONYNBOM IKCMEPTHOM CPpeAbl B
AOPOXKHOM OTPACAH.

KypmernieH,

«Jolshy» >KypHaAbIHbIH
PeAaKUMNSIAbIK aAKaCbl
(Ka3>xonF3U XabapLubichel)

Sincerely,

the editorial board

of «Jolshy» magazine
(Bulletin of KazdorNII)
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ROBIN SEBILLE: “INTERNATIONAL
COOPERATION IS THE FOUNDATION OF
SUSTAINABLE ROAD DEVELOPMENT”

POBUH CEBUAADL: «MEXKAYHAPOAHOE COTPYAHUYECTBO - OCHOBA
YCTONYNBOI O PA3SBUTUS AOPOI»

XAABIKAPAADBIK KOPME
INTERNATIONAL EXHIBITION

K

KAZTRAFFIC
2028

In today’s rapidly evolving road sector, expert dialogue
and the exchange of practical knowledge are becoming
more important than ever. PIARC, as a global platform for
technical cooperation, plays a significant role in shaping
this conversation.

During his visit to Kazakhstan, Deputy Secretary
General of PIARC Robin Sébille shared his views on the
mission of the association, the value of professional
collaboration, and the trends influencing the future of
road infrastructure. His insights offer a clear perspective
on how countries can strengthen their expertise and
contribute to a more resilient and innovative road sector.

How would you describe the key mission of PIARC
and the role it plays in the global road sector?

PIARC was founded in 1909 after the first World Road
Congress held in Paris. At that time, the automobile
sector was growing so quickly that road engineers
urgently needed a platform to exchange knowledge.

Since then, PIARC’s core mission has remained the
same: to promote technical cooperation, support
knowledge sharing, and provide high-quality technical
information for road administrations, private companies
and research institutions around the world.

How long have you been working at PIARC?

| have been with PIARC for twelve years. These are my
final weeks before returning to the French Ministry of
Transport, but after dedicating such an important part of
my career to this organization, | will continue to follow its
work closely.

You have visited Kazakhstan several times, how do
you view the development of cooperation between
Kazakhstan and PIARC?

This was my fourth visit to Kazakhstan. The most
recent one took place in April, when an Executive
Committee meeting of PIARC and a seminar on winter

DOTO pesaKkLmn XKypHara «Jolshy» (BecTHuk KazaopHVI)

B yCcAOBUSIX CTPEMUTEABHbIX U3MEHEeHUN B AOPOXXHOU
OTPACAM  AMAAOI  MEXAY  dKcrepTamu u  ObMeH
MPaKTUYECKUMN 3HAHUSAMU MPUMobpeTaroT BCE 6OAbLLEE
3HayeHme. BcemupHas AopoxxkHasi accouymnauymsi PIARC, kak
OBaAbHAsS MAATPHOPME TEXHUYECKOIO COTPYAHUYECTBA,
UrpaeT  BaXHYKO  POAb B  POPMUPOBAHUM  ITOrO
rpogoeccrMoHaAbHOro B3auMOACUCTBUS.

B  xose BusmTa B KazaxctaH  3aMeCcTUTeAb
leHeparbHoro cekperaps PIARC PobuH Cebuirrb
MOACAMACS  CBOUM  POGDECCUMOHAAbBHBIM —~ MHEHWEeM O
mMuccum  accoymaymy, 3HaYeHuu  rpogeccruoHaAbHOro
COTPYAHUYECTBA U TEHAEHUMSIX, BAUSIOLUMX Ha 6yAyLee
AOPOXKHOM MHBPACTRYKTYPHI.

Kak 6bl Bbl OXapaKTepPU3OBaAU KAKOYEBYIO MUCCUIO
BceMupHon AOpoOXHOM accoumauum PIARC u eé poAb
AASl MEXKAYHAPOAHOIO AOPOXKHOIO ceKTopa?

BcemumpHaa apopoxkHaa accoumaumsa PIARC 6biaa
ocHoBaHa B 1909 roay MnocCAe MpoOBeAeHUs MepBoOro
BceMUpPHOro AOPOXHOIo KoHrpecca B [lapuxe. B TO
BpEeMsA aBTOMOOWAbHbBIA CEKTOP Pa3BUMBAACA HACTOAbKO
6bICTPO, ¥ o) AOPO>KHbIM MH>XXeHepaM CPOYHO
noTpeboBaAacb NAATOOPMa AN OOMEHa 3HAHUAMMN.

C Tex nop ocHoBHaa Muccma PIARC ocTaétca
Hen3MeHHOoM: coaencTBoBaTb TeXHUYecKoMy
COTPYAHNYECTBY, MOAAEPXKMBATb O6BMeH 3HaHUAMU U
NPEeAOCTaBAATb  BbICOKOKAUYECTBEHHYKO  TEXHUYECKYHO
MHDOPMALIMIO  AOPOXKHBIM  AAMUHUCTPALMAM, UYaCTHbIM
KOMMaHUaAM " Hay4YHO-UCCAEAOBATEABCKUM
opraHM3aumnsam no BCeMy MmUpy

CKOADbKO AeT Bbl paboTaeTe BO BceMUPHOU AOPOXKHOM
accouumauum PIARC?

A paboTtaro BO BceMuMpHOM AOPOXKHOM accoumaumm
PIARC y>ke aABeHaaLaTb AeT. OAHAKO B HacTosILLee BpeMs
9 3aBepluato paboTy B accoumaumm M B OAMdKanLiee
BpeMsa BoO3Bpallatocb BO PpaHLy3CKOe MUHUCTEPCTBO
TpaHcnopTa. [1OCKOAbKY 3HauMTEeAbHas 4YacTb MOewn
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service were held in Astana. The event was of a very high
level, both technically and organizationally, and provided
an opportunity for many international experts to see first-
hand the dynamic development of Kazakhstan’s road
sector. Hosting  such meetings  contributes to
strengthening Kazakhstan’s visibility within PIARC and
the wider professional community, and supports the
further development of cooperation.

How did holding the Winter Maintenance Technical
Committee meeting in Kazakhstan contribute to further
cooperation within PIARC?

Holding the Winter Maintenance Technical Committee
meeting in Kazakhstan created a strong basis for further
cooperation within PIARC. Kazakhstan has a clear and
practical interest in winter maintenance, which made it a
relevant and meaningful venue. The participants were
impressed by what they observed and experienced on
site, which strengthened professional interest and
engagement. As a result, many expressed their
willingness to return, and | expect that one or two
additional PIARC events may be held in Kazakhstan
before the World Road Congress in Vancouver in 2027.

= "4 i " =
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You took part in the international scientific and
practical conference “Roads and Innovations”. What are
your impressions of this event?

The “Roads and Innovations” conference was very well
organized and dynamic. The technical content was
strong, the presentations addressed relevant topics, and
the overall professional atmosphere was excellent.
Initiatives of this kind are important because they bring
together engineers, researchers and industry
representatives at both national and international levels
and create real opportunities for dialogue, knowledge
exchange and cooperation. Events like this contribute to
strengthening Kazakhstan’s  position  within  the
international road community.

What major PIARC event is planned for 2026?

The next Winter Road Congress will take place in
Chambéry, in the French Alps, from 10 to 13 March 2026.
It will focus on winter service, resilience and road
decarbonization. There are ongoing discussions
regarding Kazakhstan’s participation, but any final
confirmation should come from the Kazakhstan’s side.

In your opinion, which technological or strategic
trends will most influence the future of road
infrastructure?

The road sector is unique because it combines long-
established engineering practices with constant
incremental innovation. Roads and bridges will always
remain physical infrastructure, yet the way we monitor
and operate them is changing rapidly. Digital
technologies, sensors, new evaluation tools and growing
interaction between infrastructure and vehicles are
transforming road management. At the same time,
significant progress continues to come from small but
essential improvements in  materials, construction
practices and maintenance methods.

Moen NpodeccroHaAbHOM Kapbepbl ObIAa CBA3aHa C 3TOM
opraHusaumen, g NPOAOAXKY BHMMATEAbHO CAEAUTb 33 eé
ACATEAbHOCTbIO.

Bbl HeOAHOKpaTHO nocewaAum KasaxctaH. Kak Bbl
oLueHuBaeTe pa3BuTHe COTpPYAHMYECTBa MeXAY
Ka3zaxctaHOM M BceMUpHOM AOPOXXHOWM accouuauuen
PIARC?

9TO ObIA MOW 4eTBEpPTbin BU3KMT B KaszaxcTaH.
[locAepaHUM COCTOAACSA B arnpeAne, Koraa B AcTaHe NnpoLAmM
3acepaHme  MICMoAHWUTEeAbHOro KoMuTeTa BceMupHom
AOPOXKHOWM accoumaumm PIARC 1 ceMuHap, NOCBALLEHHbI
BOMPOCaM 3MMHEro coaep>XaHua apopor. MeponpuaTtue
OTAMYAAOCH BbICOKNUM TEXHUYECKUM U OPraHM3aLMOHHbIM

YPOBHEM WM  TMO3BOAUMAO MHOMMM  MEXAYHapPOAHbIM
aKcnepTam HEenoCcpeACTBEHHO O3HaKOMUTbCA C
AVNHAMUYHbIM pasBuTMEM AOPOXKHOM oTpacAm
KasaxcTtaHa. [lpoBeaeHMe MOAOOHbBIX MepPOMNpPUATUI

crnocobCcTByeT MOBbILWEHUIO Y3HABAeMOCTW CTPaHbl B
paMkax BceMupHom apopoykHoM accoumaumm PIARC wu
6oAee LMPOKOro npodeccnmoHaAbHOro coobllecTBa, a
TaK>Xe AAAbHeNLeMy pPasBUTUIO COTPYAHMYECTRA.

Kak npoBeaeHue 3acepaHuss TeXHUUECKOro KoMuTeTa
no 3UMHEMY coAepXXaHul ApAopor B KasaxcraHe
MOBAUSIAO Ha pPasBUTUE COTPYAHUUYECTBA B paMKax
PIARC?

[NpoBepeHMe 3acepaHns TexXHMYECKOro KoMuTeTa Mo
3MMHEMY COAEPXXKaHUIKO Aopor B KasaxcTaHe CO3AaA0
MPOYHYK OCHOBY AAS AAAbHeEMNLLIero cCoTpyAHU4YecTBa B
paMkax BceMupHom aopoxkHom accoumaumm PIARC.
KasaxcTaH NPOoABASAET YETKMM ] NpPaKTUKO-
OPMEHTUPOBAHHbIM UHTEPeC K BOMpocaM 3UMHEro
COAEPXKaHUA AOPOr, UYTO CAEAAAO CTPaHy YMeCTHOM W
COAEPXKATEABHO 3HAUMMOM MAOLLAAKON AAST MPOBEAEHUS
TAaKoro Meponpuatua. YJYacTHUKU OblAM  BriedaTAEHbI
YBUAEHHDBIM 1 MOAYYEHHbIM OMbITOM, YTO CMOCOGCTBOBAAO
YKPENAEHUIO npodeccrnoHaAbHOro MHTEpeca "
BOBAEUYEHHOCTW. B pe3yAbTaTe MHOrmMe BbIpa3nAu
rOTOBHOCTb BEPHYTbCS, U 9 OXKMAAKD, UTO A0 BceMmpHoro
AOPOXHOIro KOHrpecca B BaHkyBepe B 2027 roay B
KasaxcTtaHe MoryT 6biTb MPOBEAEHbI eLlé OAHO UAU ABa
MeponpuatTna BceMupHom  AOPOXHOM  accoumaumm
PIARC.

Bbl MPUHAAM YyyacTue B MEXAYHApPOAHOM Hay4vHO-
npakKkTU4YecKom KoHdepeHuun «AoOporn u MHHOBALUUY».
KakoBbl Ballu BNeYaTA€HUSA OT 3TOro MeponpuaTua?

KoHdepeHUMa 6blAa  OpraHMsoBaHa Ha BbICOKOM
YPOBHE U  OTAMYAAACb  AMHAMUYHBIM  HOPMATOM.
TexHUYecKoe copep>kaHue 6bIAO CUAbHbBIM,
npeACTaBAEHHbIE AOKAAAbI BbIAM aKTYaAbHbIMK, a 06LLAsA
npodeccrnoHaAbHaa aTMocdepa 6bina OBAAroNPUATHOWN.
MopO6HbIE  UMHULMATUBbI  UMEKT Ba)XHoe 3HadeHue,
MOCKOAbKY OOBbEAMHAIOT UHMXXEHEepOoB, MCCAeAOBATEAEN U
npeACTaBUTEAEN  OTPACAMU Ha  HALUMOHAAbHOM ]
MEXAYHAPOAHOM  YPOBHAX W CO3AAOT  pPeaAbHble
BO3MOXHOCTU AAS  AMAAOra, OOMEHa 3HaHUAMU U
COTPYAHMYECTBa. TakMe MeponpuaTUs CrnocobCTBYOT
YKPENAEHUIO No3numim KasaxcTaHa B MEeXAYHAPOAHOM
AOPO>XXHOM cooblecTBe.

Kakoe kpynHoe mMeponpustTue BceMUpHON AOPOXKHOM
accoumnaumm PIARC 3anAaHMpoOBaHO Ha 2026 roa?

Caepyrolimm  3MMHUN  AOPOXKHbIM  KOHrpecc PIARC
NPonAET B ropoae LLlambepun, Bo @paHLy3cknx AAbnax, C
10 no 13 m™mapta 2026 ropa. OH 6yaeT NOCBALLEH
BOMPOCaM 3UMHEro COAEPXKaHUA AOPOT, YCTOMUYMBOCTU U
AeKapboHM3aUMM  AOPOXKHOM  UHpPACTPyKTypbl. B
HacTosLLee BpeMs BeAyTCs OBCYXAEHUS OTHOCUTEAbHO
y4yacTus KaszaxcTaHa, OAHaKo OKOHYaTeAbHoOe
MOATBEPXKAEHNE AOAXKHO UCXOAUTb OT Ka3axCTaHCKOM
CTOPOHbI.

Mo BawieMy MHEHMIO, KaKMe TeXHOAOrMyYeckue WAU
cTpaTernyeckme TEHAEHUMM B Hau6GOAbLUEM CTeneHwu
MOBAMUSIIOT Ha 6yAyLiiee AOPOXXHOW MHPPACTPYKTYPbI?

AOPOXKHasA OTpPacAb YHWKaAbHa TeM, 4YTO co4eTaeT
YCTOSABLUMECSH WHXXEHepPHble MPaKTUKU C MOCTOSHHbLIMMU
MoaTanHbIMW MHHOBALMAMU. AOPOIrM U MOCTbI BCeraa



Kazakhstan is actively updating its regulatory
framework. Could you share your view on this process?

In many countries, different families of standards exist,
but what matters most is that those who develop them
truly understand the specific conditions of their country.
Kazakhstan has a vast territory with extreme climate
variations, so technical requirements must reflect that
reality. The approach of placing regulatory work in the
hands of road specialists is a strong and correct step
forward. Standards must be practical, adapted to local
conditions and developed by people who work directly
with roads.

In your opinion, which forms of international
cooperation are most effective for supporting
innovation and professional development?

The most effective cooperation comes from active
participation in PIARC Technical Committees. These
groups work over several years, allowing experts to build
meaningful professional connections and exchange
knowledge continuously. In parallel, many bilateral
collaborations, study visits and technical exchanges
naturally emerge from the relationships formed within
PIARC. This long-term interaction is what truly
strengthens capacity on a global scale.

PIARC also emphasizes the role of
professionals. How do you support them?

It is essential for the future of the road sector to attract
and involve young specialists. Today many young
engineers are drawn to IT and artificial intelligence, but
road engineering remains a highly innovative and
internationally connected field. PIARC encourages
countries to appoint young experts to committees,
highlights them in publications and promotes closer
involvement of academic institutions. The goal is to show
that this profession offers both technical depth and real
global opportunities.

young

What message would you like to convey to engineers
and researchers in Kazakhstan?

You should be proud of your work. Road infrastructure
is fundamental for any economy, and the pandemic
clearly demonstrated its importance. Road engineering
combines tradition with innovation and offers many
professional paths from materials and structures to
informatics and digital systems. Roads have always been
vital to societies, and they will remain essential in the
future.

JoLsHY I

BYAYT dU3NYECKoOn UHPPACTPYKTYPOMN, OAHAKO CMoCcobbI
UX MOHUTOPWHIa U 3KCMNAyaTaLMM ObICTPO MEHSAKTCS.

LiIndpoBble TEXHOAOT MU, AATUUKU, HOBbIE MHCTPYMEHThI
OLIEHKM [ pacTyllee B3aMMoAencTBMe MeXxAY
MHODPACTPYKTYPOMN U1 TPAHCMOPTHbIMKM  CPEACTBaMU
TPaHCHOPMUPYIOT yNpaBAeHne apoporamMmm. B To ke
Bpemsa CYLLIeCTBEHHbIN nporpecc no-npexxHemy
AOCTUIAEeTCS 3@ CYET HEOOABbLLMX, HO BaXKHbIX YAYULLEHUM
B MaTepumanax, TEXHOAOTUAX CTPOUTEAbCTBA U MeToAaX
copep>KaHua.

KasaxcTaH aKTMBHO OGHOBASIeT HOPMaTUBHYIO 6asy.
Kak Bbl oLleHuBaeTe 3TOT npouecc?

Bo MHOIMMX CTpaHax CyLLeCTBYHOT PasAUYHble CUCTEMbI
CTaHAAPTOB, OAHAaKO Ba)kKHee BCero TO, HACKOAbKO

PaspPaboTuMKM  MOHUMAKT  creunduyeckne YCAOBUSA
cBoen CTpaHbl. KasaxcTaH nmeet OBLLIVPHYIO
TEPPUTOPUIO  CO  3HAUUTEAbHbIMU  KAUMATUUYECKUMU

PA3AUUYNAMM, U TEXHMYECKUEe TpeboBaHUA AOAXHbI 3TO
YUUTbIBATD.

Moaxoa, MNPWM  KOTOPOM  HOpMaTuBHasa  paboTa
nepepadrca B PYKU AOPOXHbIX CMeLMaAUcToB, SBASETCH
CUABHBIM U MpPaBUAbHbIM LWaroM. CTaHAAPTbl AOAXKHbI
6blTb  MPAKTUYHBIMKW, AAAMNTUPOBAHHBIMW K MECTHbIM
YCAOBUAM " paspabaTbiBaTbCs creumaAmcTamm,
HErMoCPEeACTBEHHO PaboTaloLLNMMM C AOPOramMu.

Kakune ¢&opMbl MeXAYHAapPOAHOro COTPYAHMUYECTBa
Haubonee 3dpPeKTUBHbI AAS MOAAEPXXKU MHHOBALUNA U
npodeccuoHaAbHOro pa3BUTUA?

Hanbonee addekTUBHOE COTPYAHMNYECTBO
obecneumBaeTca 3a CUYET aKTMBHOroO y4yacTus B
TexHUYeckmnx KOMUTEeTax BcemMupHom AOPO>KHOWM

accoumaumm PIARC. 2Tum rpynnbl paboTatoT B TedyeHue
HECKOABKKX AET, UTO MO3BOASAET 3KCMepTaM BbICTpPamMBaTb
YyCTOMUYMBbIE MNPOPECCUOHAAbHbIE CBA3M U MOCTOAHHO
0BMeHMBaTbCS 3HAHUAMMN.

[NapaAneAbHO Ha aTOMN OCHOBe BO3HMKAIOT
ABYCTOPOHHME  OPMbl  COTPYAHWYECTBa, Yy4debHble
BM3UTbl W  TexHu4yeckne obMeHbl. WIMeHHO Takoe
AOAFOCPOYHOE B3aUMOAEWNCTBME B HaMOOAbLLEN CTeneHu
cnocobcTByeT YKPENAEHMo npodeccrnoHaAbHOIo
noTeHUMaAa Ha TAOBaAbHOM YPOBHE.

Kak BceMmupHasa AoOpoXHasa accouuaumsa PIARC
NoAAEpP>XUBaeT MOAOAbBIX CneluaAucToB?

AAS OyAYLLErO AOPOXHOWM OTPACAM KpalHe BaXXHO
NPVBAEKaTb W BOBAEKAaTb MOAOAbIX CMeLVMaAUCTOB.
CeroaHsa MHOIMmMe MOAOAbIE WHXXEHEepPbl OPUEHTUPYHOTCSH
Ha chepy MHDOPMaLMOHHbIX TEXHOAOI U ]
MCKYCCTBEHHOIro MHTEAAEKTa, OAHaKO AOPOXKHOE
MHXEHepHOe AEeA0  OCTaéTca  MHHOBALMOHHOM U
MEXXAYHAPOAHOM CBA3AaHHOM OBAACTbIO.

BceMunpHaa aopoxkHasa accoumauma PIARC noouwipseTt
CTpaHbl Ha3HadaTb MOAOAbIX 3KCMepTOB B TexHM4Yeckue
KOMUTETbI, BbIAGASAET UX B MYBAMKALUMUAX U COCOBCTBYET
6oAee aKTUBHOMY YUYACTUIO aKaAEMUYECKUX YUPEKASHUN.
LleAb 3aKkAtouaeTcsa B TOM, 4YToObl MokasaTb, 4YTO 3Ta
npodeccns npeasaraeT KakK CepbEé3Hyl TexHUYeCKyto
OCHOBY, TaK 1 pPeaAbHble MEXAYHAPOAHbBIE BO3MOXXHOCTW.

Kakoe nocAaHue Bbl XxoTeAun 6bl appecoBaTb
MH)XeHepaM U uccaepoBaTensdaM B KasaxcTtaHe?

Poab AOPOXKHOM MHDPACTPYKTYpPbI TPYAHO
nepeoueHnTb. Bbl BipaBe ropaAnTbca cBoen npodeccuen.
OHa AeXUT B OCHOBe AKDOOM 3KOHOMUKU, U Mepuoap
MaHAEMUN  HArASAHO MOATBEPAMA €€  KpuTuyeckoe
3Ha4veHume.

AOPOXKHOE MHXXEHEPHOe AEAO co4yeTaeT TpaAuLnU U
MHHOBaL MM " npeanaraeT LLMPOKUI CcreKkTp
NPOdEeCcCNOHAABbHbIX HarMpaBAEHUM OT MaTepUaAoB U
KOHCTPYKUUM A0 WMHPOPMATUKU U UMDPOBbBIX CUCTEM.
AOpOrn Bcerpa WrpaAnm KAKOYEBYKO POAb B PasBUTUM
06LLEeCTBa U COXPaHAT €& B ByAyLLEM.



I MHTEPBbIO
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DoT0o pesarimm XKypHara «Jolshy» (BecTHuk KasaopHWIVTD

The conversation with Robin Sébille highlights the
importance of technical dialogue, shared expertise, and
steady innovation in the road sector. His reflections
remind us that the development of road infrastructure
relies not only on engineering solutions, but also on the
exchange of ideas, practical experience, and professional
commitment.

For Kazakhstan, which is actively modernizing its road
standards and strengthening cooperation within the
global community, these discussions provide valuable
orientation. They show how focused work, openness to
new approaches, and continuous engagement with expert
networks can support the long-term growth of the
industry.

Ultimately, every road project whether local or
international is built on knowledge, responsibility, and
collaboration. And it is through such conversations that
the sector continues to advance.

Geceaa ¢ PobuHom Ceburrem, noA4éEpKNBaeT 3HaYeHne
TEXHUYECKOro ANANOra, obmeHa 3HaHUSAMU u
MOCAEAOBATEAbHOIrO BHEAPEHMUS MHHOBALMV B AOPOXKXHOM
oTpacau. Ero rnpogeccrmoHarbHOe MHEHMEe [MOKAa3bIBAET,
YTO PasBUTHNE AOPOXKHOM WMHGPACTPYKTYPbI 3aBUCUT He
TOABKO OT WHXXEHEPHbIX PeLUeHU, HO U OT OOMeHa
OrbITOM, [MPAKTUYECKMX 3HAHWUU U 1POGDECCUOHANBHOM
OTBETCTBEHHOCTH.

AAs KazaxcTtaHa, KOTOPbIVi aKTUBHO MOAEPHU3UPYET
HOPMAaTUBHYO 6a3y U YKPEernAseT COTPYAHUYECTBO B
pamkax MEXAYHaPOAHOIO rpoGeccrMoHarbHOro
coobLyecTBa, BKAKOYAS BcemupHyro AOPOXKHYHO
accoymauymro  PIARC, nmoAo6Hble O6CYXKAEHUS UMeroT
MPaKTUYeCKyto LJeHHOCTb. OHM  [MOKa3bIBAKT, KaKUM
06pa30M yyacTue B IKCMEPTHbIX CETSX U MOCTOSHHbI
rpoGecCOHaAbHbIA AMAAOI CITOCOOCTBYHOT PAa3BUTUIO
oTpacau.

B KOHEYHOM CYETE Ka rKAbIV AOPOXKHBIV MPOEKT, OyAb TO
AOKAAbHBINA UAM MEXKAYHAPOAHDBIV, ONUPAETCS Ha 3HAHMS,
OTBETCTBEHHOCTb W COTPYAHMYECTBO. VIMEHHO Yepe3
Takme  rpogeccroHabHble  Pa3roBOPbl  AOPOXKHAS
OTPAaCAb MPOAOAXKAET CBOE pa3BUTHE.
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SUNG-WOO MOON: “SCIENCE AND
INNOVATION ARE THE KEY TO DURABLE AND

SUSTAINABLE ROADS”

CAHI-BY MYH: «HAYKA U UHHOBALIUN - KAKOY K AOATOBEYHbIM U

YCTOUYNUBBIM AOPOIAM>»

In the context of increasing infrastructure demands,
growing climate challenges, and the global transition
toward sustainability, geotechnical research is assuming a
more strategic role in road development. Kazakhstan,
with its vast territory, diverse soil conditions, and extreme
continental climate, offers a unique environment for
advancing applied geotechnical science.

During the International Scientific and Practical
Conference “Roads and Innovations,” we spoke with
Professor Sung-Woo Moon of Nazarbayev University
about his research priorities, international experience, and
the role of science in supporting durable and low-carbon
road infrastructure in Kazakhstan.

How long have you been working in Kazakhstan, and
what factors influenced your decision to continue your
academic career at Nazarbayev University?

| have been working at Nazarbayev University since
2017. Before coming to Kazakhstan, | conducted research
in the United States and Singapore. What particularly
attracted me was the country’s immense potential and
the distinctive geotechnical challenges it presents.
Kazakhstan spans a vast territory with highly varied
geological conditions, including saline soils and expansive
clays, all exposed to an extreme continental climate with
wide temperature fluctuations.

For a geotechnical researcher, this environment
functions as a “living laboratory,” offering scientific
challenges that are rarely encountered elsewhere.
Another decisive factor was the university’s vision to
develop as a research-intensive institution, along with its
strong support for establishing a world-class laboratory.
This provided an opportunity not only to pursue
theoretical research, but also to apply advanced
geotechnical technologies directly to real infrastructure
projects.

DOTO pesaKkLmn XKypHara «Jolshy» (BecTHuk KazaopHVI)

B ycAoBusIX pacTyLmx UHDPACTPYKTYPHbIX
rnoTpebHocTeH, VYCUANBAIOLLMNXCS] KAMMaTUYECKNX
BbI3OBOB U [AOBAABHOIO epexoaa K YCTOMYUBOMY
PA3BUTUNIO FEOTEXHUYECKNE MCCAEAOBAHUS MPUOBPETArOT
BCé bOonee CTpaTern4yeckoe 3Ha4yeHue B pPasBUTUU
aBTOMOOUABHbIX AOPOrL KasaxctaH C ero oO6LuMpHOU
TeppUTOPUEN, PA3HOOOPA3UEM [PYHTOBbIX YCAOBUU U
PE3KO KOHTUHEHTAALHBIM KAMMATOM MPEACTaBASIET CO604

VHUKAAbHYIKO — CPEAY  AAS  Pa3BUTUS  MPUKASAHOM
reoTeXHUYECKOU HayKMU.
B xoae  MexAyHapOAHOU — HAYyYHO-MPaKTUYECKOM

KOHGepeHLmmn «Aoporu 1 MHHOBALMN» Mbl TO6ECEAOBAAU
c npogeccopom CaHr-By MyHom wun3 Hazapbaes
YHuBepcuteTa o ero HayYHbIX rpruopUTETAaXx,
MEXAYHAPOAHOM OFbITE U POAU HAYKU B HOPMUPOBAHMU
AOArOBEYHOM u HU3KOYIAEPOAHOM AOPOXKHOU
NHGOPACTPYKTYPbI B KazaxcTaHe.

Kak aAaBHO Bbl pa6oTaeTte B KasaxcTtaHe M Kakue
daKTOopbl NMOBAMSIAM Ha Balle pelleHUue MNPOAOAXKUTDb
aKapeMM4YecKylo Kapbepy B Hazap6aeB YHuBepcurteTe?

A paboTato B Hazapbaes YHusepcuTeTe ¢ 2017 roaa. Ao
nprespa B KasaxcTaH A  3aHMMaACa Hay4YHbIMM
nccaepoBanmamm 8 CLLUA v CuHranype. MeHa ocobeHHO
MPVIBAEK OrPOMHbIN MOTEHLWAA CTpaHbl U YHVKAAbHbIE
reoTexHMYecke 3aAayn, KoTopble 3AeCb MPEeACTaBAEHbI.
Tepputopra KasaxcTaHa OTAMYAETCA  3HAYUTEAbHbIM
pa3HOObpPa3nMeM  reOAOrMYeCcKMX  YCAOBUM,  BKAKOYAdA
3aCOAEHHbIe TRYHTbI 1 HabyXatoLLye rAMHbI, MPK 9TOM BCe
OHM NoABep»KeHb! BO3AENCTBUIIO SKCTPEMAABHOIO
KOHTUHEHTAAbHOIO KAMMaTa c HOABbLLVIMM
TemMnepaTypPHbIMK KOAEBaAHWAMMU.

ANS TEOTEXHUYECKOrO WCCAEAOBATEAs Takasa cpeaa

daKTr4ecKu ABAAETCA OKBOW AabopaTopuem,
npeaAaras HaydHble BbI30Bbl, C KOTOPbIMU  PEAKO
CTaAKMBaellbCA B  APYIMX pervioHax. EwWeé oaAHVM

peLlaLLmMM GakTOPOM CTaAO CTPEMAEHME YHBEPCUTETA
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Your academic career includes extensive international
experience in geotechnical engineering. What factors
shaped your professional path and ultimately led you to
continue your research in Kazakhstan?

My professional path has consistently focused on
bridging advanced theory with practical engineering
applications. My PhD studies at the University of lllinois at
Urbana-Champaign (UIUC) provided a solid theoretical
foundation in soil mechanics and computational
geomechanics. Later, my postdoctoral work at the
National University of Singapore (NUS) exposed me to
complex challenges related to urban geotechnics and
soft ground engineering.

An equally important component of my background is
four years of practical experience in the Geotechnical
Engineering Department at Yongma Engineering in South
Korea. There, | was directly involved in road design and
construction projects, which allowed me to develop
practical, field-based engineering judgment. In addition, |
hold a professional engineering license from the United
States, which further emphasizes the application of
theory to real-world practice.

This combination of academic rigor from the United
States and Singapore, together with hands-on road
engineering experience from Korea, naturally led me to
Kazakhstan. The country’s ambitious road development
goals require precisely this balance between advanced
research and practical engineering standards.

Within your work at Nazarbayev University, what
scientific priorities currently define your research
activities?

My current research focuses on addressing specific
challenges within Kazakhstan’s road infrastructure. These
priorities can be grouped into three main directions.

First, we are working on sustainable soil stabilization
using eco-friendly binders. This includes the use of
industrial by-products such as Basic Oxygen Furnace
(BOF) slag, phosphogypsum, and Calcium Sulfoaluminate
(CSA) cement as alternatives to carbon-intensive
Portland cement. The objective is to ensure sufficient
subgrade strength while reducing environmental impact.

Second, we are investigating problematic soils,
particularly saline and expansive soils that are
widespread across Kazakhstan. Our research aims to
improve their mechanical behavior and long-term
durability under severe freeze-thaw and wet-dry cycles.

Third, we are developing Non-Destructive Testing
(NDT) and smart monitoring approaches. Using seismic
instruments such as DataCube units, together with wave-
based analysis methods including Multichannel Analysis
of Surface Waves (MASW) and Horizontal-to-Vertical
Spectral Ratio (HVSR), we are working on rapid, on-site
quality control solutions that do not damage pavement
structures.

How would you assess the current state and long-
term potential of road-related research in Kazakhstan?

The long-term potential is very significant, although
certain challenges remain. At present, parts of the system
still rely on legacy standards such as Construction Norms
and Rules (SNiP) and State Standards (GOST), which can
be conservative in adopting new materials and
technologies. In addition, the extreme climate, with
temperature ranges from minus forty to plus forty
degrees Celsius, contributes to reduced pavement service
life.

The key opportunity lies in adapting international
performance-based standards, including Eurocodes, to
local conditions. As Kazakhstan continues to develop
major transport corridors, the demand for innovative
technologies that extend road life cycles and reduce
maintenance costs is expected to grow steadily.

Pa3BMBATbCA KaK UCCAEAOBATEALCKM OPUEHTUPOBaHHOE
yyebHOe 3aBeAeHMEe U ero cepb&3Hasd MOAAEPIKKa B
CO3AaHUM AGBOPATOPUM MUPOBOIO YPOBHHA. DTO AAAO
BO3MOXHOCTb He TOABKO 3aHMUMaTbCH
dYHAAMEHTAAbHBIMU UCCAEAOBAHUAMM, HO U HAMPSAMYHO
BHEAPATb MepeAOBble reoTexHUYeckme TEXHOAOrUN B
peaAbHble MHPPACTPYKTYPHbIE MPOEKTbI.

Balla akapeMuuyecKasl Kapbepa BKAKOYAeT OGLUMPHDbIN
MEeXAYHApPOAHbIA OMbIT B O6AACTU reoTeXHUYeCckou
uHXXeHepun. Kakue dakTopbl chopMupoBaAu Ball
npo¢ecCUoHaAbHbIA NYTb U NPUBEAU K MPOAOAKEHUIO
UCCAeAOBaHMMA MMeHHO B KasaxcTaHe?

Mon npodeccroHaAbHbI MyTb BCErAa CTPOWACSH Ha
coYyeTaHUM TeopeTUYeCKMX 3HaAHUWM U  MNpPaKTUYeCKUX
MHXEHepPHbIX 3apady. ObydeHMe B  AOKTOpaHType
YHuBepcuteta WaamHomca B YpbaHa-lLllamnenHe apano
MHE MPOYHYI 6asy B 0OAACTU MeXaHWKU TPYHTOB U
BbIUNCAUTEABHOW reoMexaHWku. [lo3pHee, B paMkax
MOCTAOKTOPCKUX  UCCAEAOBaHMM B HaumoHaAbHOM
yHuUBepcuTeTe CuHranypa, 9 paboTaA C KOMMAEKCHbIMMU
33Aa4aMUN TOPOACKOM FEOTEXHUKU U UHXXEHEPUMN CAaDbIX
rPYHTOB.

Ba)kHoM uyacTblo Moero npodecCMoHaAbHOIo OnMbiTa
CTaAM  4YeTblpe ropa  NpaKTU4Yeckowm  paboTbl B
AernapTtameHTe reoTexHMn4eckoro NpPoeKTUPOoBaHNS
kKoMnaHuy Yongma Engineering B KO>xHon Kopee. 9 6biA
HEeNoOCPeACTBEHHO BOBAEUYEH B NPOEKTbI no
MPOEKTUPOBAHUIO U CTPOUTEAbCTBY aBTOMOOGUAbHbIX
AOPOrI, 4YTO MNO3BOAUAO ChHOPMMPOBaATL MNPUKAAAHOE
MH>XeHEePHOEe MbILLAEHMEe, OCHOBaHHOe Ha paboTe B
peaAbHbIX MOAEBbIX YCAOBUAX. KpoMe Toro, y MeHs ecTb
npodeccrnoHaAbHaa MH>KeHepHas AuueHsna CLUA, uTto
TakKXKe  OTpaykaeT  OpMUeHTauur  Ha  MNpPUMeHeHue
TeopeTUYECKMX 3HAHNIM B MPAaKTUYECKON AEATEAbHOCTU.

CoueTaHne akapeMnyecKowm MoArOTOBKM, MOAYYEHHOM B
CLUA » CuHranype, 1 npakTU4ecKoro onbita AOPOXXHOro
CTpouTeAbCTBa B Kopee B UTOre npmMBeAO MeHs K paboTe
B KasaxcTaHe. MaclutabHble NAaHbl CTPaHbl MO Pa3BUTUIO
AOPOXHOM CeTn TPebyoT MMEHHO Takoro HaAaHca MexAy
Hay4YHbIMN MCCAEAOBAHUAMN 1 BbICOKUMU UHXKEHEPHbIMU
CTaHAapPTaMU.

Kakue HayuHble npuopuTeTbl B HacTosiLLee BpeMms

onpeAeAdloT BallM  uUccAepoBaHMA B Hasap6aes
YHuBepcurerte?

Mowu TekyLwine NCCAeAOBaHUNA COCpPeApAOTOHEHDI Ha
peLueHnmn KOHKPETHbIX 3apad AOPOXKHOM

MHOPACTPYKTYypPbl KasaxcTaHa. 9T NPUOPUTETbI MOXXHO
06BbEAMHUTL B TPU OCHOBHbIX HaNpaBAEHUA.

Bo-nepebix, Mbl 3aHMMaeMcs YCTONYMBOMN
cTabuamnsaunen rPyHTOB c MCMOAb30BaHMEM
3KOAOIMYeckU 6e30MacHbIX BSXKYLLUMX MaTepuanoB. Peub
MAET O TMPWUMEHEHUM  MPOMBILLUAEHHbIX  MOBOYHbIX
MPOAYKTOB, TaKMX KaK LLUAAK KMCAOPOAHO-KOHBEPTEPHOIO
NMPOU3BOACTBA (BOF), dochorunc "
CYAbDOAAOMUHATHBIM  UeMeHT Kaabuma (CSA), B
KadyecTBe aAbTepHaTKBbI YIAEPOAOEMKOMY
nopTAaHAaLeMeHTy. Lleab cocTtouT B obecrnedyeHum
TpebyeMoM MPOYHOCTU 3EMAAHOIrO  MOAOTHa Mpw
OAHOBPEMEHHOM CHUXKEHUM 3KOAOTMYECKOW Harpy3Ku.

Bo-BTOpbIX, Mbl UCCAEAYEM TMPOOAEMHbIE [PYHTbI,
npeXkae BCero 3acoAéHHble M Habyxawliune, KoTopble
LLMPOKO pacrnpoCcTpaHeHbl Ha TeppuTopmm KasaxcTaHa.
Hawmn paboTbl HampaBAeHbl Ha  YAydlleHWe  Uux
MeXaHNYeCKMX CBOWCTB U AOAFOBEYHOCTU B YCAOBUAX
MHTEHCUBHbBIX LIMKAOB 3aMOpakKMBaHUSA-OTTaMBaHMA U
YBAAXXHEHA-BbICbIXaHUS.

B-TpeTbux, Mbl pa3pabaTbiBaeM MeTOAbI
Hepas3pyLUlatoLWero KOHTPOAA U UHTEAAEKTYAAbHOIo
MOHUTOPUHra. C MPUMEHEHMEM CENCMUYECKUX MPUBOPOB,
Takmx Kak cuctembl DataCube, a Takxe BOAHOBbIX
METOAOB aHaAM3a, BKAKOUYAA MHOMOKaHaAbHbIA aHaAM3
MOBEPXHOCTHbIX BOAH (MASW) un  crnekTpaAbHOe
COOTHOLLEeHMe rOpPU30OHTaAbHOM " BEPTUKAAbHOM
kKoMnoHeHT (HVSR), Mbl co3aaém onepaTuBHbIe peLleHnsa
AN KOHTPOASI KadecTBa HernocpeACTBEHHO Ha obbekTe
6€e3 NOBPEXXAEHNA AOPOXKHbBIX KOHCTPYKLUWA.
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What role should research institutions play in
supporting innovation and evidence-based
development in the road and transport sector?

Research institutions should function as a validation
mechanism for the industry. Construction companies
often cannot afford the risks associated with applying
unproven materials or methods under real field
conditions.

At Nazarbayev University, we have established a
Geotechnical and Geophysical Engineering Laboratory
equipped with advanced testing systems and
environmental chambers. These facilities allow us to
simulate Kazakhstan’s severe winter conditions and
generate reliable scientific data, such as stress-strain
behavior and resilient modulus. In this way, research
institutions help reduce uncertainty and provide
confidence for practical implementation.

Which forms of cooperation between academia,
industry, and specialized research centers are most
effective for advancing road infrastructure research?

The most effective approach is a continuous cycle of
problem identification, scientific solution, and field
verification. Industry identifies persistent problems such
as frost heaving or cracking. Academia then develops
optimized material designs and engineering mechanisms,
for example using BOF slag. In cooperation with
specialized institutions such as the Kazakhstan Road
Research Institute, these solutions should be
implemented in pilot projects and monitored under real
road conditions.

You participated in the International Scientific and
Practical Conference “Roads and Innovations.” What
were your general impressions of this event?

The conference left a very positive impression. |
observed a clear shift away from discussions focused
primarily on logistics or funding toward in-depth
technical topics such as decarbonization, new materials,
and digitalization of road assets. This indicates that the
industry is increasingly seeking scientific solutions to
improve durability and maintenance efficiency.

How do scientific platforms of this scale contribute to
knowledge exchange and innovation in the road sector?

Such platforms help bridge the gap between
laboratory research and field practice. They provide an
opportunity to explain scientific developments directly to
practicing engineers and to receive immediate
professional feedback. For example, | was able to discuss
how non-destructive testing methods based on seismic
measurements can support on-site quality control,
increase construction efficiency, and improve overall
project performance.
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JoLsHY I

Kak Bbl OLEHMBaeTe TeKyLlee COCTOSlHue MU
AOATFOCPOUYHbIA MOTEHUMAA HAYyYHbIX MCCAEAOBaAHUA B
06AaCTU aBTOMOGUADbHBbIX Aopor B KasaxcTaHe?

AOATOCPOYHbIN MOTEHLUMAA BeCbMa 3HAYUTEAEH, XOT4a
ornpeAeAéHHble BbI30Bbl COxpaHAtoTca. B HacTodulee
BpeMsa 4aCTb HOpMaTMBHOM Hasbl BCE ellé ornmpaeTca Ha
yCTapeBLUMe CTaHAaPTbl, Takne kKak CHull u TOCT,
KOTOpble 3a4acTylo KOHCepBaTMBHbl B  OTHOLUEHUU
BHEAPEHUA HOBbIX MaTePUAAOB U TexXHoAormn. Kpome
TOrO, SKCTPEMAAbHbI KAUMAT C AMAMasoHOM TeMrnepaTyp
OT MUWHYC COpoOKa AO TMAKOC cCopoKa rpaaycoB Lleabcusa
HEeraTUBHO BAUSET HA CPOK CAYXObl  AOPOXKHbIX
MOKPbITUN.

KAtoueBasi BO3MOXXHOCTb 3akKAlo4aeTCcs B apanTauum
MEXXAYHAPOAHbIX 3KCMAYATALMOHHbIX CTaHAAQPTOB,
BKAIOUYAsA EBpPOKOAbI, K MeCTHbIM YycAoBuaM. [lo Mepe
PasBUTUA  KPYMHbIX  TPAHCMOPTHbIX KOPUAOPOB B
KasaxcTaHe cnpoc Ha WHHOBALMOHHbIE TEeXHOAOIUN,
CMNOCOBOHbIE MPOAAEBATb >XU3HEHHbIN LWUKA AOPOr U
CHMYXXaTb 3aTpaTbl Ha UX coAep>KaHue, ByAeT HEYKAOHHO
pacTu.

Kakyto POAb AOAXHbDI urpaTtb HayyHoO-
UCCAEAOBATEeAbCKME OpraHusaumMmM B  MOAAEpPXKe
MHHOBALMMA U Pa3BUTUSA AOPOXXHOW OTPACAM Ha OCHOBe
AOKa3aTeAbHbIX AaHHbIX?

HayuHble y4dpeskpaeHUa AOAXKHbI BbIMOAHATL GYHKLMIO
BaAMAALIMM  AARl OTPacAU. CTpOUTEAbHble KOMMaHUU
3a4acCTyrO HEe MOTryT NMO3BOAUTb ce6e PUNCKUN, CBA3aHHbIe C
NPYMEeHEHNEM HenpoBEPEHHbIX MaTepmnanoB NAU
METOAOB B PeaAbHbIX YCAOBUAX.

B Hazapbaes YHuBepcuTeTe HaMu co3AaHa
AabopaTopusa reoTexHuyeckom " reodusnyeckom
MHX>XeHepuu, OCHaLLEHHas COBpPEMEHHbIMU
MCnblTaTeAbHbIMU cucTeMamm % KAMMaTUYECKNMU

KaMepaMn. DTU YCTAaHOBKM MO3BOASAIOT MOAEAMPOBATb
CypoOBble 3MMHME YCAOBUSA KasaxCTaHa W MNOoAy4YaTb
HaAEXKHble HayuHble AdHHbIe, BKAKOYAaA 3aBUCUMOCTU
HanpskeHne-pedopMaLmMa U MOAYAb YMNPYrocTU. TakKmm
06pasoM, UNCCAEAOBATEAbCKME  UMHCTUTYTbl  CHWXKAtOT
YPOBEHb HEOMPEAESAEHHOCTU U DOPMUPYIOT AOBepUe K
MPaKTUYECKOMY BHEAPEHWIO HOBbIX PeLLUeHUN.

Kakue dopmbl COTPYAHMYECTBA MeXAY
aKapeMMuyecKom cpepon, OTpacAblo 7]
crneunMaAM3sMpoBaHHbIMU  Hay4YHbIMM LEHTpaMu  Bbl

cuutaeTe Hambonee 3dpPeKTUBHbIMU?

Hanbonee 3ddeKTUBHBIM ABASETCA HenpepbIBHbIN
LIMKA, BKAKOYAKOLWMIA BbIABAEHME MPOBAEMBI, Pa3paboTKy
Hay4yHOro pelleHns W ero TrpoBepKYy B TOAEBbIX

YCAOBUSAX. OTpacAb dopmyanpyeT yCTOMYMBbIE
MPo6AeMbl, TakMe KakK MOPO3HOe My4dYeHue UAU
TpewmnHoobpa3oBaHne. AKapeEMMYECKOe  COOBLLEeCTBO
paspabaTbiBaeT ONTUMU3NPOBAHHbIE COCTaBbl

MaTEPMAAOB W UHXXEHEePHble MeXaHW3Mbl, Hanpumep C
MCMOAb30OBaHMeM wWAaka BOF. B coTpyaHMYeCcTBe CO
cneumaAm3nMpoBaHHbIMU  OpPraHM3aLUuaMy, TakKUMMKU  Kak
KasaxcTaHCKMM AOPOXXHbIM Hay4YHO-UCCAEAOBATEALCKUM
MHCTUTYT, 3TU pPEeLUeHUs AOAXKHbI BHEAPATbCA B
MUAOTHbBIX MPOEKTaX W MOHUTOPUTBCS B YCAOBUAX
peaAbHOW aKCMAyaTaunun.

Bbl NPMHMMAAU yvyacTue B MeXXAYHAapOAHOW Hay4HoO-
npakTuyeckom KoHdbepeHUUU «AOpPorn U UHHOBALIUUY.
KakoBbl Bawuyu o6LiMe BneyaTAeHUs oT MeponpuaTusa?

KoHdepeHUMs npomsBeAa O4YeHb MOAOXKUTEAbHOE
BreyaTAeHMe. A OTMETUA FBHbIN CABUI OT OOCY>XAEHWUI,
COCPEAOTOUYEHHbIX MPENMYLLEeCTBEHHO Ha AOrMCTUKE U
bdUHAHCUMPOBAHUN, K TAYBOKUM TEXHUUECKMM TeMaM,
TaKMM  KaK AeKapbOoHM3auMs, HOBble MaTepuaAbl U
undpoBmzaumsa AOPO>XKHbIX aKTVBOB. 270
CBMAETEABCTBYET O pacTyLleM 3anpoce OTpacAM Ha
Hay4YHO OOOCHOBaHHbIE pPeLUeHNs, HamnpaBAEHHble Ha
noBblLLEeHne AOATOBEYHOCTM 7 addeKTUBHOCTM
COAEP>KaHWS AOPOT.
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I VMHTEPBbIO

Together with your student, you received second
place in the Young Researchers Competition on
environmental aspects of transport infrastructure. Could
you briefly describe the concept of your project?

The project focused on low-carbon soil stabilization
using BOF slag, a major industrial by-product of steel
production. Large volumes of this material are currently
stockpiled in Kazakhstan, creating environmental
challenges.

Our research demonstrated that when BOF slag is
properly combined with eco-friendly binders and applied
to road subgrades, it is possible to significantly reduce
cement consumption while improving strength and
resistance to freeze-thaw cycles. The project was
recognized for transforming an environmental burden
into a durable construction resource, thereby supporting
both decarbonization and improved road performance.

ENVIRONME
INFRASTRUG
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DOTO pesakLmu KypPHara «Jolshy» (BecTHnk KasaopHMI)

Why are decarbonization and the use of industrial by-
products becoming increasingly important in modern
road construction?

These approaches are essential for achieving both
economic and environmental sustainability. Cement
production is a major source of global carbon dioxide
emissions, while Kazakhstan has abundant industrial by-
products such as BOF slag. Using these materials in road
construction supports a circular economy by reducing
material costs, lowering emissions, and preventing
environmental pollution associated with waste disposal.

What does this recognition mean for you personally,
and how does it support the development of young
researchers?

For me, it confirms that our research direction is well
aligned with Kazakhstan’s national priorities. For
students, it demonstrates that their work extends beyond
academic requirements and can provide practical
solutions to real industrial and environmental challenges.
This realization serves as a strong source of motivation
and professional pride.

Which insights from the conference and competition
will most influence your future research?

The key message was the importance of durability.
Roads must be capable of withstanding extreme climatic
conditions, not merely achieving high initial strength.
Accordingly, my future research will place greater
emphasis on long-term durability testing, including
freeze-thaw and wet-dry cycles, as well as Life Cycle
Assessment (LCA) of materials such as BOF slag to
support practical application.

How do you assess the prospects for applying your
research results in real road construction projects in
Kazakhstan?

| am very optimistic. My experience as a licensed
professional engineer helps translate laboratory data into
design guidelines and technical specifications that can be
readily used by field engineers. While research on BOF
slag and eco-friendly stabilization methods is still
ongoing, steady progress is being made. With
appropriate localization and alignment with international
standards, these solutions can be applied in practical
road projects in the near future.

Kak nopo6Hble Hay4Hble NAOLLAAKM CMOCO6CTBYIOT
o6MeHy 3HaHUSIMU U UHHOBALIMSIM B AOPOXXHOMN cdepe?

TakMe TMAOLWAAKM TMOMOralT MPeoAOAeTb pPaspblB
MeXXAY AabopaTOPHLbIMU UCCAEAOBAHUSAMU U MPAKTUKON.
OHWN AQKOT BO3MOXHOCTb HamMpAaAMyko AOHECTU Hay4Hble
pPa3pPaboTKM A0 MPAKTUKYIOLLMX UHXKEHEPOB U MOAYYUTb
onepaTUBHYIO MPODECCUOHAABHYIO ObpaTHY CBA3b. B
YaCTHOCTMW, a cMor 06CyAUTD, Kak MeToAbI
HepaspyLLatoLero KOHTPOAA Ha OCHOBE CEMCMUYECKUX
M3MEPEHUN MOTYT MOAAEPXKMBATb KOHTPOAb KayecTBa Ha
06bekTe, MoBbIlWaTbh 3PPEKTUBHOCTb CTPOUTEAbCTBA U
YAYULLATb 06LLMe NOKa3aTeAN MPOEKTOB.

COBMECTHO CO CBOMM CTYAEHTOM Bbl 3aHSAM BTOpoOe
MeCTO B KOHKYPCe MOAOABbIX YUEHbIX MO 3KOAOrMUYECKUM
acrnekTaM TpPaHCNoOpTHOW WHOPACTPYKTYpPbl. B uYéMm
3aKAKOUYaAaCh MAes Ballero npoekra?

MpoekT ObIA NocBSALLEH HU3KOYIAEpPOAHOM
CTabuUAM3aLMN TPYHTOB C UCMOAb30BaHMeEM LLAaka BOF -
KPYMHOTOHHAX>XHOIo no6o4YHOro NnpoAyKTa
CTAaAeAUTEMHOro MPOU3BOACTBA. B HacTodllee Bpemsa B
KasaxcTaHe HaKOMAEHbl 3HaynTeAbHble O6bEMbI 3TOro
MaTepmaAa, YTO CO3AAET IKOAOIrMYECKME NPOBAEMDI.

Halm nccaep0BaHUA MOKA3aAW, UTO MPU MPAaBUAbHOM
coyeTaHuM WAaka BOF ¢ akoaormyeckn 6esonacHbiMM
BSXKYLLUMMN U ero MPYMEHEHUU B 3EeMASAHOM TOAOTHE
ABTOMOBOUABHbBIX AOPOI MOXHO CYLLUECTBEHHO CHU3UTb
notpebAaeHne  LEeMeHTa, OAHOBPEMEHHO  MOoBblllas
MPOYHOCTb M YCTOMUYMBOCTb K LIMKAAM 3aMOpa’kMBaHUSA-
oTTamBaHuA. [poekT O6blIA OTMeYeH 3a npeBpalleHue
SKOAOMMYECKOW Harpyskm B AOAFOBEYHbIN CTPOUTEAbHbIN
pecypc, CnocobCTBYOLLUUM KaK AeKapboHM3aUuK, Tak U
YAYULLIEHUIO 3KCMAYATALIMOHHbIX XapaKTePUCTUK AOPOT.

MouemMmy AekKap6oHusauusa n UCMOAb3OBaHUe
NPOMDILUAEHHbIX MOGOYHbIX MPOAYKTOB CTAaHOBATCA BCé
60Aee Ba>XHbIMM B COBPEeMEHHOM AOPOXXHOM
CTPpOUTEAbCTBE?

OTU NOAXOAbI ABASKOTCSH KAKOUYEBbBIMU AAS AOCTUXKEHUA
Kak 3KOHOMMYECKOW, Tak " 3KOAOTMYECKOM
YCTOMYMBOCTU. NMPOU3BOACTBO LIeMEeHTa ABASETCS OAHUM

M3 OCHOBHbIX WCTOYHUKOB TAODAAbHbIX BblIOPOCOB
YIAEKMCAOro rasa, B TO BpeMa Kak KasaxcTaH
pacrnoAaraeT 3HAUUTEAbHbIMU o06bEMaMU

MPOMBbILLUAEHHbIX MOBOUYHbIX MPOAYKTOB, BKAKUAs LLUAAK
BOF. VX mncrnoAb3oBaHMe B AOPOXXHOM CTPOUTEAbCTBE
MOAAEPXKMBAET MPUHUMUMNbI  LUPKYASPHOW 3KOHOMUKM,
CHUXKAET 3aTpaTbl HA MaTepuaAbl, yMeHbLLaeT BbIOpOChI U
npeAOTBpALLAeT 3arpsasHeHWe OKpy»Karllen cpeabl,
CBsI3aHHOE C YTUAM3aALUMEN OTXOAOB.

YTO O3HauaeT 3TO NMpPU3HaHUE AUYHO AAS Bac U Kak
OHO cnoco6¢cTByeT pasBuUTUIO MOAOAbDIX
UccAepOBaTEACN?

AN MEHS 3TO MOATBEPI)KAEHME TOro, YTo BblBbpaHHOe
HarnpaBAEeHME NCCAEA0BaAHUN COOTBETCTBYET
HALMOHAABbHbIM npuopuTeTam KazaxcTaHa. AV
CTYAEHTOB 3TO HarAsAHbIM MpUMep TOro, YTto MUx paboTa
BbIXOAUT 3@ PAMKM aKaAeMUYeCKUX TpeboBaHUM U MOXKET
npeaAaraTb npakTuyeckme peLueHns peaAbHbIX
OTPACAEBbIX U 3KOAOIMYECKMX 3apad. Takoe OCO3HaHue
aBAsieTcsa MOLLIHbIM MCTOYHUKOM MOTMBALIMMN %
npodeccrnoHaAbHOM FOPAOCTW.

Kakue BbIBOAbl KOHPEepeHUuMM U KOHKypca B
HaM6OAbLUEN CTeNeHU MOBAMAIOT Ha Baluu AaAbHeWLiue
UCCAEAOBaHUNA?

KAtoueBbiM NMOCAQHMEM CTaAa Ba>XHOCTb
AOATOBEYHOCTU. AOPOrMm AOAXHbI OblTb  CMNOCO6HbI
BblAEPXXMBATb 3KCTPEMAAbHbIE KAMMATUYECKME YCAOBUS,
a He TOAbKO AEMOHCTPUPOBATb BbICOKYIO HAYaAbHYHO
MPOYHOCTb. B cBA3M Cc 3TUMM B AAAbHENLIUX
MCCAEAOBAHUAX A MAAQHUPYIO YAEAATb BOAbLLE BHUMAHUSA
UCMbITAHUAM  Ha  AOAFOBEYHOCTb, BKAKOYAA  LMKAbI
3aMOpPaXKMBaHNA-OTTAaUBAHUS U YBAAXKHEHUS-BbICbIXaHWA,
a TakKXXe OLEHKEe >XWU3HEHHOro LMKAa MaTepuanoB, Takumx
KakK wWwAak BOF, aAna 0BOCHOBAHUSA UX MPAKTUYECKOro
NPVMEHEeHUs.
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What advice would you give to young researchers in
Kazakhstan who aim to contribute to geotechnical
engineering and transport infrastructure development?

My main advice is to connect field experience with
data. Geotechnical engineering cannot be confined to
office work alone. It is essential to understand soil
behavior on site and to experience local climatic
conditions directly. This practical knowledge should then
be combined with advanced analytical tools, including
artificial intelligence, machine learning, and
environmental engineering. Specialists who can integrate
traditional civil engineering with sustainability and
modern technologies will play a leading role in shaping
the future of Kazakhstan’s road infrastructure.

The conversation with Professor Sung-Woo Moon
highlights ~ the growing importance of applied
geotechnical research in addressing Kazakhstan’s
infrastructure challenges. His perspective emphasizes
durability, sustainability, and close integration between
science and engineering practice.

As Kazakhstan continues to modernize its road sector
and adopt innovative materials and technologies,
research-driven approaches such as these provide a solid
foundation for long-term, resilient development. Ongoing
dialogue between academia, industry, and research
institutions remains a key driver of progress in the road
sector.

JoLsHY I

Kak Bbl oOuLeHMBaeTe MNepcneKTUBbl BHeApPeHUs
Pe3yAbTaTOB BalUUX MUCCA€AOBAHMM B peaAbHble
NPOEeKTbl AOPOXKHOro CTPOUTEeAbCTBa B KasaxcTtaHe?

A4 HacTpoeH BecbMa OMTUMUCTUYHO. Mom onbIT
AVILIEH3VPOBAHHOIO  MPOPECCUOHAABHOTO  MHXXeHepa
rnomMoraeT nMnepeBOAUTb AabopaTopHble AaHHble B
NpPOeKTHble pekoMeHAaLUnmn " TexXHU4eckmne
cneumdmukaummn, MOHATHbIE ] NMPUMEHNMbIE  AAS
MHXXEHEepOB Ha MecTax. XOTa MCCAeAOBaHUSA LWAaka BOF
M 3KOAOTMYHbIX METOAOB CTabMAM3aLMM MPOAOAXKAKOTCS,
nporpecc HABASETCA YCTOM4YMBBLIM. [lpn HapAexkallen
AOKaAM3aLMM U COFAACOBAHUMU C  MEXAYHAPOAHBIMU
CTaHAAPTaAMU 2TU pelleHUs MoryT 6biTb BHeEAPEHbl B
MPaKTUKY B BAMMKAWLLEN NepCcreKTnBe.

Kako# coBeT Bbl AQAU 6bl MOAOABIM UCCAEAOBATEASM
B KasaxcTtaHe, CTpeMSALWMMCH BHECTU BKAAA B pasBUTUE
reoTexHuYyeckKkom UH)XXKeHepumn n TPaHCNOPTHOM
NMHPPACTPYKTYPDbI?

Mo rAaBHbIM COBET - COBMeELLlaTb MOAEBOM OMbIT C
AHAAUTUYECKUMUN AAHHBIMU. [eoTexHn4YecKasa UHXKeHepus
He MOXXeT OrpaHMUMBATLCA MCKAKOUYUTEABHO OQUCHOM
paboTon. Ba)XHO MNOHWMMATb T[OBEAEHME TPYHTOB
HEernocCpeACTBEHHO Ha O06ObeKTe UM  AMYHO OLUYyLIaTb
BO3AENCTBME MECTHbIX KAMMATUUYECKUX YCAOBUW. IDTU

npakTn4dyeckune 3HaHWA CAeApyeT AOIMOAHATDb
coBpeMeHHbIMN aHaAUTNYEeCKNMN MHCTPYMEHTaMu,
BKAKOYaA NCKYCCTBEHHbIN MHTEAAEKT, MallMHHOe

obyuyeHMe N IKOAOIrMYECKYH MHykeHeputo. CreymaAncTbl,
CMOCObBHbIe MHTErpmpoBaTb KAACCUYECKYHO
CTPOUTEABHYIO WMHXEHEPUIO C YCTOMYMBLIM Pa3BUTUEM U
COBPEMEHHbBIMU TEXHOAOTUAMU, BYAYT UrpaTb BEAYLLYHO
POAb B dopMUpoBaHUM byaylLero AOPO>KHOWM
MHdpPaACTPYKTYpPbl KasaxcTaHa.

Geceaa c npogpeccopom CaHr-By MyHom rnnoadépkmuBaeTt
BO3PACTalOLLYIO  POAb  [MPUKAGAHBIX — F€OTEXHUYECKUX
UCCAEAOBAHUUI B PeLUeHUN WHGPACTRYKTYPHbIX 33aAay
KasaxctaHa. Ero no3uymsi akUyeHTUpYyeT BHUMaHue Ha
AOAFOBEYHOCTH, YCTOMYUBOCTU U TECHOW UHTerpaymm
HaYKW C MHXKEHEPHOM MPaKTUKOM.

[lo mMepe MoAepHU3aUMN  AOPOXKHOM  OTPACAU U
BHEAPEHMST MHHOBALMOHHbBIX MaTePUAAOB U TEXHOAOIMM
Hay4YHO OOOCHOBAHHbIE MOAXOAbI DOPMUPYIOT MMPOYHYHO
OCHOBY AASI AOAFOCPOYHOIO U YCTOMYUBOIrO PA3BUTHUS.

HernipepbiBHbIV Ananror MeXxXAY aKaAEMNYECKNM
COOb6LLECTBOM, OTPACABLIO U HAYYHO-UCCAEAOBATEABCKUMU
OPpraHU3aLnsaIMu ocTaércs KAKOYEBbIM ¢pakTopom

rpPOrpPecca B AOPOXKHOM CEeKTOPE.
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JoLsHY I

HOBbIE METOADbI KOHTPOAA BO3BEAEHUA
3EMAAHOIO NOAOTHA

KOHTPOAb KayecTBa BO3BEAEHMA 3€MAAHOIO NMOAOTHA B
AOPOXXHOM CTPOUTEAbCTBE TPAAMLIMOHHO ONUPAaeTCca Ha
TOYeYHble 3JAEKTPOMArHMUTHbIE METOAbI, LUTaMMnoBble
UCMbITaHUS, cTaTnyeckoe " AMHaMU4yeckoe
30HAMpPOBaHMe. Mpu 3TOM B MOCAEAHME TOAbl AKTUBHO
pacwmpsieTcsa npakTuKa NnpuMeHeHus
reopaAMOAOKALIMOHHbBIX MEeTOAOB HenpepbIBHOrO
SAEKTPOMArHUTHOrO 06CAEAOBAHUSA, KOTOPbIE NMO3BOASAIOT
BbIMOAHATb  CMAOLLUHOW  HEpaspyLUaloLWMA  KOHTPOAb
COCTOSAHUSA TPYHTOB €CTEeCTBEHHOro OCHOBAHUS M CAOEB
3eMAFHOro nNoAoTHa. OAHAKO MMeloLMeca TexHUJYeckme
TPpeboBaHUA K MPUMEHEHUIO [eopPapapoB MPU  TakUX
ob6CcAeAOBaHUAX OCTaBaAWUCH HEeAOCTATOUHbIMMU, a
MHTepnpeTauua pPe3yAbTaTOB HEPeAKO 3aBuceAa oOT
CYyObEKTUBHOIO 3KCMEPTHOIro YTEHUSA papsaporpamMm. 3To
cPOPMUPOBAAD 3aMNPOC Ha YHUPUKALMIO Mpoueayp U
BBEAEHNE KOAMYECTBEHHbIX KpUTepueB, MO3BOASOLLMX
nepenTun oT KayecTBeHHOro aHaAM3a K
aBTOMATU3NPOBAHHOM 06paboTKe AGHHbIX.

B  paMkax BbINOAHEHHOW  pPaboTbl  UCCAeAOBaH
NpPaKTUYecKnin onbIT NnpuMeHeHusa
reopaAMoOAOKaLIMOHHOIO obcaepOBaHUSA 3EeMASIHOIo
MOAOTHA aBTOMOOUABbHbIX  AOpPOr W obecneyeHa
paspaboTka AOKYMEHTa no cTaHpapTM3aumu,

HaMpPaBAEHHOIO Ha MOBbILLIEHME KadyecTBa KOHTPOAA Mpu
CTPOUTEABCTBE, PEKOHCTPYKLUUWM, KaNnUMTaAbHOM PEMOHTe
M PEMOHTE aBTOMOBUABHbIX AOPOI O6LLIEero MNoAb30BaHMUA.
PeaAusauma npoekTa BKAIOUYAAa CHOP MCXOAHBIX AAHHbIX
7] YFAYOAEHHbIN aHaAu3 cocToaHuda npobAeMmbl,
npoBeAeHMe OMbITHO-3KCMEPUMMEHTAAbHbIX FeopaAapPHbIX
paboT Ha  y4dacTkax aBTOMOOWAbHbIX  AOpOr C
NMOArOTOBKOM MepBOM peAakuMn rMpoeKTa CcTaHAapTa,
AOPAbOTKY AOKYMEHTa Mo 3aMeyvaHUaM U NPEeAAONKEHNAM
3aKasuMka U pPeLeH3eHTOB B paMKkax Mnyb6AMYHOro
OOCYXKAEHUSA, a TakKXe OpraHMsauuio pPaccMOoTpeHUs
AOpaboTaHHOM pepakumMm B MPOPUABHOM TEXHUUYECKOM
KOMUTETE U HarNMpaBAEHME OKOHYATEAbHOM pPeAaKumMu B
PoccTaHaapT.
CpOKM BbINOAHEHUSA 3TanoB pPaboT COOTBETCTBYHOT
UCXOAHBIM AQHHbIM:
e [epBbln 3Tamn BbINOAHAACA C MOMEHTa MNOAMUCAaHUSA
KOHTpakTa A0 04.12.2023;
e BTopom aTan MPOAOAXAACH C
23.09.2024;
e Tpetunm atan ¢ 24.09.2024 no 22.05.2025;
e YeTBepTbint 3Tan ¢ 23.05.2025 no 29.09.2025.
Leabto HNOKP onpeapeAeHO MOBbilLeHMe KadyecTBa

05.12.2023 no

KOHTPOAS COCTOAHMUSA royHTOB €CTeCTBEHHOro
OCHOBaAHWS U CAOEB 3EMASHOr0 [OAOTHa MNyTeM
pPaspaboTKM AOKYMEHTa Mo CTaHAapTusaumn. AAs

AOCTUXKEHUSA LeAU BbINMOAHEH aHaAAM3 MUPOBOrO OMblTa
MOBbILLEHUA 3PDEKTUBHOCTN KOHTPOAA CTPOUTEAbCTBA
3EMASIHOMO MOAOTHA, TMOAFOTOBAEHblI HOBble METOAbI
0BCAeAOBaHUM N MpoBepeHa UX anpobaums B paMkax
SKCMEePUMEHTAAbHbIX NCCAEAOBaAHUN, pa3paboTaHbl
HOpMaTUBHble TpeboBaHUA K MeToAaM obcAepOBaHUA
rPYHTOB OCHOBAHUA W CAOEB 3EMASHOro MOAOTHA Mo

pe3yAbTaTaM Hay4yHoOro o06OCHOBaHUS, obecneyeHo
COMPOBOXAEHMEe MpoeKTa CcTaHAapTa AO MOMEHTa
YTBEPXKAEHUA C  Y4eTOM pPe3yAbTaToB  MNyBAMYHOro

obcy>kaeHUsa. OTAGABHO MOAYEPKHYTO, UTO reopasapHas
TeXHOAOrMa o6CAepAOBaHMA aBTOMOOUABbHbBIX AOPOr B
Poccuuy npollAa OCHOBHbIe BeXM PasBUTUS U HAXOAUTCS
Ha CTaAMW MPOMBILWAEHHOIO MnpuMeHeHus. CrAoLLUHOM
HepaspyLUaoLwmn KOHTPOAb c MCMNOAb30OBaHUEM
reopapapos nossoAseT CHATb orpaHuyeHus
TPAAMLMOHHbBIX METOAOB, OCHOBAHHbIX Ha TO4YeyHomn
MHbOPMaLMM O CBOMNCTBAX M COCTOAHUM FPYHTOB.

Moy 3TOM UHTepnpeTaums pPe3yAbTaToB OOCAeAOBaHUSA
6a3mpyeTca Ha KOAMYECTBEHHOM aHaAu3e aTpubyToB
reopapapHOro  CUrHaAa, CBsI3aHHbIX C  DU3MKO-
MEeXaHNYeCKMMMN CBOMCTBAMU TPYHTOB, 4YTO CHU>KAEeT
3KCMNepTO3aBUCUMOCTb. PaspabaTbiBaeMble MOAXOAbI He
NOAMEHSIOT " He OTMEHSAT AeNCcTBytoLme
TPAAVULUMOHHbIE METOAbl M HOPMaATUBHble TpeboBaHug,
BkAtovaa [OCT 32731, TOCT P 598641 un CIl
78.13330.2012, a paccMaTPUBAOTCA KakK AOMOAHUTEAbHbIE
MHCTPYMEHTbI OMEepPaLMOHHOIO KOHTPOAS YCTPOMCTBA
3EeMASAHOIO MOAOTHaA.

Hay4dyHo-MeToaMYeckaa 6a3a paboTbl chopMUpOBaHa
Ha OCHOBe aHaAuM3a 6oanee 150 oOTeUYeCTBEHHbIX M
3apy6e>XXHbIX HAYUHbIX MNY6AMKAUMA 11 HOPMATUBHO-
TEXHUYECKNX AOKYMEHTOB MO COBPEMEHHbIM MeTOoAMKaM
obcaepOBaHNM rpyHTOB 3eMAAHOro NMOAOTHA ]
€CTEeCTBEHHOIro OCHOBaHWA, a TakXXe MO OMNPEeASAEHUIO
duUsnYeckmnx CBOWCTB rPYHTOB. B pe3yAbTaTe
ornpeAeAeHbl 3apauun, Hambonee 3adpPeKTUBHO peluaeMble
reopapuonoKaumen. K HUM OTHOCATCA OnpeAeAeHue
TOALLUMHbBI CAOEB 3EMASAHOr0O MOAOTHA, AUTOAOTMMUYECKMX
rPaHUL, CAOEB eCTECTBEHHOroO OCHOBAaHUS, YPOBHA
FPYHTOBbIX BOA, @ TakKXXe psAa rpPaHUL A0 TAYOUHbI
nopsiaka 12-15 M; BbISBA€HME Y4YacCTKOB OTTauBaHuA,

rPaHULbl  CE30HHO-MEP3AOro  CAOS WM Y4YacTKOB
HEOAHOPOAHOCTEN B T[PYHTax OCHOBaAHWS, BKAKOYad
KapTUPOBaHME AMH3 Topda, BKAKOYEHUN TMPOCAOEB
CYFAVMHUCTO-FAUHUCTbIX rpyHTOB 7 Yy4YacTKOB

pacnpocTpaHeHna KapCTOBO-CYyDPO3MOHHbIX MPOLIECCOB;
BbIIBAEHME AOKAAbHbIX HEOAHOPOAHbBIX BKAKOUYEHUN B
rPyHTaX 3eMASIHOrO MOAOTHA, TaKMUX Kak Mep3Able KOMbS,
AMH3bl AbAQ, BaAyHbl U apyrue. MNpy 3TOM OTMeYeHo, UYTo
3HaYMTEeAbHas yacTb MCCAEAOBAHWUM nocesLleHa
onpeAeAeHUI0 BAAXKHOCTU, TOoraa Kak paboT Mo oueHke
NMAOTHOCTU FPYHTOB 3€MASIHOIO NOAOTHA MeHblle, U 3TOT
ANCHanaHC TpeboBaA yCTPAHEHUS.

AAS yHUOUKALUMM  KOAUYECTBEHHOW WHTepnpeTaumm
3aKpPEenAeHbl KAKUEBbIe TEPMUHbI, BKAKOUYAS aTPUBYTHbIN
aHaAU3 reopapapHbiX AAHHbIX, MAaKCUMYM aMMAUTYAbI,
CNEeKTPaAbHYIO 4YacTOTY U MOHATVME OCAAGAEHHOMW 3O0HbI
KaK AOKAAbHOIMO Yy4YacTKa 3eMASHOrO MOAOTHa W WAMU
OCHOBaHus, XapakKTepusyroLerocs CHU>KEHMEM
MPOYHOCTHbIX U  AeDOPMAUMOHHBLIX  XapaKTepPUCTUK
FPYHTOB MO CPaBHEHUIO C XapaKTepHbIMU CBOMNCTBaMU
cpeAbl, Bbi3BaHHbIM M3MeHeHWeM GU3NYECKUX CBOWCTB
FPYHTOB MOA BO3AENCTBUMEM MPUPOAHbBIX M TEXHOMEHHbIX
dakTopoB. BBeaeHbl 1 onpeaeAeHbl TUMbl OCAABAEHHbIX
30H, BKAlOYasi  OOBOAHEHME,  MepeyBAAXKHEHUEe U
Pa3yrnAOTHEHME.

OpraHusauma paboT npeaycMaTpmBaeT obcAaepOBaHME
FOYHTOB eCTeCTBEHHOIro OCHOBaHMS AO MNPOBEAEHUS
OCHOBHbIX PaboT Mo CTPOUTEALCTBY 3EMASHOIO MOAOTHA,
a reopaAMoOAOKaLIMOHHOE CKaHMPOBAHME BbIMOAHSAETCS B
paMKax OMnepauMoOHHOro KOHTPOAS MpPU  YCTPOWCTBE
Ka>XAOro CAOS. B AOKYMEHTe npeAyCcMOTPEHbI
pekoMeHAaUMM Mo aBTOMAaTU3UPOBaAHHOWM 06paboTke U
MHTepnpeTaumMm  AaHHbIX, MNPU  3TOM  PEe3yAbTaTbl
reopapapHoOro o6CAepA0BaHUA MOAAEXKAT BbIGOPOYHOM
3aBepKe TPAAVMLMOHHBIMU pPaspyLUAOLLMMKN MOAEBbIMU U
MAN AABOPATOPHBIMU METOAAMM.
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B yacTu TpeboBaHUM K 060PYAOBAHUIO OMNMPeAeAeHbl AMAMa30oHbl LIEHTPAAbHbBIX YaCcTOT reopasapa B 3aBUCUMOCTU OT
BMAA PaboT:
* Npu o6CAepAOBaHUM €eCTEeCTBEHHOIO MPYHTOBOro ocHoBaHmMa 50-700 MrIu;
* MpPW ONepaLUnoHHOM KOHTPOAE MpU TOALLIMHE cAoa A0 30 cm 300-700 MIy;
* Mpu ToALLMHe cAaoa oT 30 cM u 6oaee 100-500 MIw.

YCTaHOBAEHO, YTO MaKCUMaAbHash MOLLIHOCTb CAOSI TPYHTA, MOAAEXKALLEro YNAOTHEHUIO U OOBCAEAOBAHUIO C MOMOLLBbIO
reopaaapa, He MoxxeT npesBbliwaTb 100 cM. KoopaMHATHas MpuMBA3Ka BbINMOAHAETCA C UCMOAb30BaHMEM Fre0Ae3MUYEeCKOro
obopypoBaHUs, cooTBeTcTBYOWEero NOCT 32869-2014; TpeboBaHUA K 060PYAOBAHUIO reodPU3NUYECKUX NCCAAOBAHNIN N
annapaTtype 06paboTKM pAaHHbIX yuTeHbl no FOCT 32868-2014 n TOCT P 58349-2019. AonyckaeTca MpuMeHeHune

MMMYAbCHbIX FreopapapoB C GUKCUPOBAHHOW LEHTPAAbHOWM YacTOTOM, CUMCTEM C MOLLUAroBOW MepecTPOMKOM 4acToTbl C

M3MepeHNEeM aMNANTYAbl M dasbl BOAH B LUMPOKOM AMaAMa3oOHE YacToT, a TakKXXe CUCTeM C AMHEMHO-YaCTOTHO

MOAYAMPYEMbIM CUTHAAOM.
AAS ONpeAeneHUss MPOCTPAHCTBEHHOIO MOAOXKEHUA OCAABAEHHbIX 30H YCTAaHOBAEHbl PEKOMEHAYEMblE AMAMA3OHbI

YaCTOT B 3aBUCUMOCTW OT FAYBUHbI 30HANPOBAHUS:
e A0 3 M 400-700 MIy;
e OT 3 00 6 M200-400 Mlu;
* OT 6 A0 10 M 100-200 MTIy;
* oT 10 M 50-100 MI'y (c yuyeToM nNyHKTa 4.12).
PaccTosHmne Mexxay MpPOAOAbHBIMU FreOPaAAPHBIMU MPOPUASMUM 3aA3ETCHA MO KAaTEropunm AOPOTM:
* AAS popor | kaTeropum 10-12 M;
o AAS lI-1ll kKaTeropum 6-8 M;
* AAA V-V KaTeropuin He 6oaee 5 M.

Ob6caepOBaHME OCHOBAHUSA 3€MASIHOMO TMOAOTHAa BbIMOAHSETCS CETbIO MPOAOAbHLIX U MOMepeydHbix npoduaen B
npeAeAax NoAOChbl OTBOAQ, MPU 3TOM Ha KaXKAOM BbISBAE@HHOM y4acTke OCAABAEHHOW 30Hbl BbINMOAHSAOT CbeMKY He MeHee
Tpex nonepeydHbiX MPOPUAEN C BbIXOAOM 3a rPaHMLY OCAABAEHHOM 30HbI Ha 3 M.

KoAnyecTBeHHble reodmnsnyeckme nprusHak oCAabAeHHbIX 30H CHOPMUPOBaHbI C YY4eTOM MoAKAacca rpyHTa no NOCT
33063. AASI CBA3HbIX FPYHTOB PAa3yMAOTHEHME XapaKTepU3YyeTCsa YBEAMYEHMEM MaKCMMyMa aMnAUTyAbl Ha 15-20% wn
yBEAMYEHUEM YAEABHOIO 3SAEKTPUYECKOro COMpPOTUBAEHUS B 1,5 1 BoAee pa3 MO OTHOLLUEHUIO K CPeAHUM 3HaYeHUsM B
MCCAEAYEMOM AMaMasoHe FAYOUH; nepeyBAaXKHEHUE YBEeANUYeHMeM MaKCKMMyMa aMMNAUTYyAbl ©GoAee dyem B 2-2,5 pasa u
CHU>XEHMEM CMEeKTPaAbHOM 4acToTbl 6oAee YeM B 3 pasa Mo OTHOLUEHMUIO K LIeHTPAaAbHOM YacTOTe aHTEeHHbl; 06BOAHEHMe
CHM>XEHMEM MaKCHMMyMa aMMAUTYAbl CUFHaAa He MeHee 4yeM Ha 40% MO OTHOLUEHUIO K CPEAHMM 3HadyeHuaM. AAA
HECBSA3HbIX FPYHTOB PAa3yMNAOTHEHME OMNpPeAeAsieTCs YBEAUYEHMEM MAKCMMyMa aMMAUTYAbl Ha 20-25%, a obBoAHeHMe
CHV>XEHMEM CMeKTPaAbHOW YacToTbl 6boAee YeM Ha 30% No OTHOLLUEHWIO K LeHTPAAbHOW YacToTe aHTEHHbI.

MeToA KOHTPOASA 3aMeHbl HEerNMpUropHOro rpyHTa MNPeACTaBASET CO60M CUMOUMO3 TeopAe3nNYeCcKOM CbeMKU W

reopapsapHoOro 06CAeAOBaHNS €CTECTBEHHOMO OCHOBAHMS.

Feoae3UUYECKUI METOA - ONpeAeAeHue:
a) reoMeTPUYECKNX Pa3MepPOoB B MAaGHE KOTAOBAHA 3aMEHSAEMOro MPYHTa, a TakKe MeCTOMOAOXKEHUSA CTBOPOB MPOXOAA

reopapapa;
6) MOLLHOCTW 3aMEHHAEMOrO MPYHTa B MeCTax KaAMBPOBKU reopaAapHbIX AaHHbIX.

FleopaAMOAOKALIMOHHbIA METOA - O06CAeAOBaHME MCKYCCTBEHHOrO MPYHTOBOIO OCHOBAHUSA B MPOCTPAHCTBE MeXAY
TOYKAMU re0AE3NYECKON ChbEMKMU:
¢ O6CcAepOBaHME FeOPaAAUOAOKALMOHHBIM METOAOM - BbINOAHEHMe pPaboT aHTeHHbIMKM BAOKaMKM MO ceTu npodusen,
BbIMOAHEHHbIX MPOX0AAMM MOMepeK yyacTka 06paTHOM 3acbinku (Ha LWMPUHY CAOS OBPATHOM 3aCbIMKK)
¢ KoAMUYecTBO nonepeuHbiX NPpoPUAEN AOAXKHO COCTABAATb HE MeHee 3-X, PAacCTOAHME MeXAY HUMU - He 6oaee 10 M
¢ NMpn NpoBeAEHUM FreOPAAUOAOKALIMOHHOM CbEMKMU CACAYET MPeAyCMOTPpeTb Ha KaAble 50 M Ha ydacTKax 3aMeHbl
HEeMPUroAHOro FPYHTa He MeHee OAHOIO MepeceYeHns reopPaAaPHOro NPOGUAA C KAAMBPOBOUYHOM TOUKOMN
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PucyHOK 1 - Cxema paCrioNOXKeHMS MOMNepeYHbIX rEOPAAIPHBIX MPOdUAeL (BUA CBEPXY.)
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PucyHok 2 - Cxema BbIMOAHEHMS MOMepeYHOro reopasapHOro nooduAs (Bus B rnpopuie)

AN KOHTPOASI COAEPYKaHWS W pasMepa MepP3AbiX KOMbEB M HEOAHOPOAHbBIX BKAKOUEHMA MeToA PEeKOMeHAyeTcs
MNPUMEHATb B PaMKax OnepaunoHHOro CTPOUTEAbHOro KoHTpPoAa no TOCT 59864.1 npu CTPOUTEALCTBE U3 MEP3A0ro
rpyHTa. OUeHKY BbIMOAHSOT AO YNAOTHEHUSA CAOS. [€e0PaANOAOKALIMOHHYK CbeMKY BbIMOAHAIOT MO CETU MapaAAAbHbIX
MPOAOABbHbBIX MNPODUAEN, PABHOMEPHO PacrpeAeAeHHbIX Ha BCKO LUMPUHY 3EMASIHOMO TMOAOTHa OT OCUM Tpacchl;
KOAMYECTBO MPODUAEN AOAXKHO ObiTb HE MeHee Tpex, PAacCTOsAHME MeXXAY HUMU He 6oAee 5 M. NonepeyHble MpodUAmn
3aMUCbIBAOT Ha Yy4yacTKaX, A€ Mo pe3yAbTaTaM MpeABapUTEAbHOM 06pPaBbOTKU MPOAOAbHbLIX MPOdUAEN BblAGAEHbI
CKOMAEHUA MEP3AbIX KOMbEB, MPU 3TOM Ha KakAOe BbISBAEHHOE MEeCTO CKOMAEHMS MpeAyCcMaTpuBaeTCs MO OAHOMY
nonepeyHoMy MPODUAKD AAS BU3YAAbHOIO MOATBEPXKAEHUSA. YCTAHOBAEHO OrpaHMUeHMe: pa3Mep Mep3AbiX KOMbEB B
HacbINsAX He AOAXEH MpeBblllaTb ABYX TPETeM TOALLMHbI YMNAOTHAEMOro CAOS U He 6oAee 15 CM AAS TPYHTOBbIX
ocHoBaHUM 1 30 CM AAS MPOYMX Hacbinen. OnpeaeAeHne pasMepa BKAKOUYEHUIM YBA3AHO C YaCcTOTOM aHTEeHHOro 6A0oKa:
npu 200-300 Ml KOHTPOAbHbLIMU CUMTAOTCA Pa3Mepbl boaee 15 cM Npu ToAlmMHe cAos A0 30 cM 1 6oaee 30 cM Mnpun
TOoALLUMHE caos 30-50 cM; npu 400-500 Ml 6onee 10 cM AAS 0BOUX AMAMNA30HOB TOALLMHbBI CAOS.

MeToA reopapAnoOAOKALMOHHOIO 06CAEAOBAHUSA OAHOPOAHOCTM MO TUMY M PA3HOBUAHOCTU FPYHTOB MO reodusnyeckmm
NpM3HaKaM PeKoOMEeHAOBaH AAS MPUMEHEHUS B paMKaX onepaunoHHOro CTPOUTEABHOro KOHTPOAS no FOCT 59864.1 npu
MCMOABb30BaHMMN TPYHTOB M3 pPa3HbIX MCTOYHUKOB, MPU 3TOM MUCMOAb3OBaHME pPa3HbliX BUAOB FPYHTOB B OAHOM CAOe
pernameHTUpyeTca NTOCT P 58397-2019. O6caep0OBaHME BbIMOAHAETCH CETbIO MPOAOAbHbIX MPOMDUAEN MO BCEN LLUMPUHE
HacbINU A0 HayaAa YMAOTHEHMA CAOS. Ha ydacTKax, OonpeAeAeHHbIX MO pe3yAbTaTaM MNpeABapPUTEAbHOrO KayeCTBEHHOro
aHaAM3a AAHHbIX, BbIMOAHAKOT HE MeHee TpexX MonepedHbiX NPOoPUAEN Ha BCHO LUMPUHY 3E@MASIHOIO MOAOTHA C LWarom He
MeHee 5 M Mexay NpoduaaMn. KoAnyecTBEHHbIM MPU3HAKOM U3MEHEeHNsT OAHOPOAHOCTW CUMTAETCHA M3MEHEeHMe OAHOIO

M3 BbIGPAHHbIX AAA pacyeTa aTPMOYTOB, MAaKCHMMyMa aMMNAUTYAbl UAU CMEKTPAAbHOM 4YacToTbl, boAee YeM Ha 25% Anda
pPa3HbIX TUMOB U PA3HOBUAHOCTEN FPYHTA.

MeTop onpeapeAeHuss MNAOTHOCTU (KOadPULUMEeHTa YMNAOTHEHUS) TPYHTOB PEeKOMEHAOBAH AASA MpeAoTBpaLLeHUs
HEOAHOPOAHOCTM MAOTHOCTU M MPUMEHAETCA B pPaMKax ornepaunmoHHOro CTPOUTEAbHOro KoHTpoAa no MOCT 59864.1.
[MpoAOAbHbIE FreopasapHble MPODUAN Ha AAMHY ydacTKa 3axBaTkM, HO He MeHee 100 M, BbIMOAHAKTCA MO OCU KaxkAoM
MOAOCHI ABMXKEHUS Cpa3y NMOCAE MePBOro M 3aBepLUAroLLEero NPOxXoAOB YMNAOTHSOLLEN TEXHUKW. [epBbIv 1 3aBepLUAtOLLNN
MPOXOAbI BbIMOAHSAKTCA MPUY BAAXXHOCTU FPYHTOB YCTPOEHHOro caos, cootBeTcTBytowen FOCT P 59864.1—2022 (NyHKT
5.21). YNAOTHEHME OLEeHMBaeTCa MO MU3MEHEHUIKD CPEAHEro 3HauyeHMs MaKCKMMyMa aMMAUTYAbl B MpeAeAax TOALUMHbI
yCTpamBaeMoro cCAos. B kKadyecTBe KpuUTepueB YCTAaHOBAEHO CHUKXEHME CPEAHEro 3HadeHUs MakKCMMyMa aMMAUTYAbI
MeXKAYy MNEepBbIM M 3aBepLUAOLLMM MPOoxXxoAaMn He MeHee 15% AAA AUCMEPCHbIX FPYHTOB M He MeHee 20% AAS
KPYMNMHOOBAOMOUYHbIX. AOMYyCKaeTCsa CoKpalleHne o6beMoB ONMpeAeAeHNsa MAOTHOCTU, MPU 3TOM PacCTOSHUE MEXXAY ABYMS
COCeAHVMM TOUKAMKM KOHTPOAS B MPOAOABHOM HampaBAeHMU ponyckaeTcs A0 100 M He3aBMCMMO OT BbICOTbI Hacbinu. Mpwu
OTCbIMKE N3 CKAaAbHbIX (KPYNMHOOBAOMOUHbIX) MPYHTOB KO3SDDULMEHT YNAOTHEHUA He OLIEHMBAETCH, a KOHTPOAb BeAeTCs
rno rnokasateAasam aedopMaTUBHOCTM B cooTBeTCcTBUM ¢ TOCT P 59866.
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PucyHok 3 - [baduk n3MeHeHs «MaKCUMYyMa aMIAUTYAbL» B 3@BUCUMOCTHY OT KOAMYECTBA LIMKAOB YIIAOTHEHMNS
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PucyHOK 4 - 3aBUCUMOCTb @MAAUTYAbl CUMTHAaAa reopaAapa OT MAOTHOCTU rPYyHTa C YYETOM KOAMYECTBA MPOOXOAOB KaTKa

B npuaoxkeHnn A npepayCMOTPEHO TeXHUYeCKoe 3apaHMe Ha npoBeaeHMe 18 reopaArOAOKALUMOHHbBIX 06CAeAOBaHUN.
O6LWMIM cocTaB pPaboT MO CTPOUTEAbHOMY KOHTPOAKD MPU HOBOM CTPOUTEAbLCTBE, PEKOHCTPYKUUM UAU KanuTaAbHOM
pPEeMOHTe y4yacTKa aBTOMOOWAbHOWM poporn ykasaH B [OCT 32731-2014; reopaAVOAOKALIMOHHOE obCcAepOBaHME
3EMASAHOrO MOAOTHAa MPeAAaraeTcsl BbIMOAHATbL B AOMOAHEHME K TpeboBaHMAM yKasaHHOro CTaHAapPTa, a CcocTaB
AOMOAHUTEAbHbIX PAabOT MO METOAAM reopaAapPHoOro ob6cAep0BaHMA NpuBeaeH B Tabamuax Al n A.2 NpUAOXKeHUs A.

Mo pe3syAbTaTaM paboTbl paspaboTaH npoekT TOCT P «Aoporyn aBTOMOBGUAbHbIE O6LLIErO MOAb30BAHUA. 3eMAFAHOE
MOAOTHO. [eopaAMOAOKALMOHHbIE MeTOoAbl O6CAepAOBaHMA», BKAKOUAKOLWIMA TpeboBaHUS K MeTopaaM  LUMdpoBOro
reopasMOAOKALIMOHHOIO OBCAEAOBAHUA TPYHTOB €CTeCTBEHHOro (MCKYCCTBEHHOIO) OCHOBAHWA U 3eMAAHOIMO MOAOTHA
MpPW NOCAOMHOM YCTPOMCTBE Ha OCHOBE KOAMYECTBEHHOro aTpnbyTUBHOIO aHaAM3a.

Pa3paboTka HOBbIX METOAOB MO3BOASAET 3aMOAHUTb MPOoGeAbl B HOPMATMBHOWM TEXHUUECKOM AOKYMEHTauuM MU Ha
OCHOBE HOBbIX KOAMYECTBEHHbIX MoKasaTeAer OOOCHOBATb KPUTEPUM KayeCTBa BO3BEAEHUA 3EeMAAHOro MOAOTHA
AaBTOMOBOUAbHbBIX AOPON ITO obecneymBaeT MaKCUMaAbHOE CHUMKEHME pucka AedopMalnil AOPOXKHBIX OAEXKA U
3EMASAHOrO TMOAOTHAa MO 3aBeplLUeHUU CTPOUTEAbCTBA 3@ CYeT TrOBbILIEHUS KayecTBa MOAMOTOBKM OCHOBaHUA W
AOKaAM3aLUUKM OCAABAEHHbIX 30H TpPyHTa €eCTEeCTBEHHOrO OCHOBaHMUSA. TakXXe @QOPMUPYHOTCA HOBbIE WMHCTPYMEHTbI
BCECTOPOHHEro KOHTPOAS YCTPaMBaeMbIX CAOEB 3E€MASIHOIO MOAOTHA 33 CYeT CMAOLLUHOIMO HepaspyLUAoLWero KOHTPOAS
OAHOPOAHOCTU CBOMCTB MPYHTOB MO MAOTHOCTU (KO3DPULMEHTY YMNAOTHEHUSNA), KOHTPOAS OTCYTCTBUA HEOAHOPOAHbBIX
BKAKOUEHUI HEeAOMYyCTUMOro pasMepa M HEeAOMYCTUMMOCTM HaAUUYUS CMEP3LLUErocsa rpyHTa npuv 3vMMHen OTCbIMKe W Mpun
MOCAEAYIOLLEM YCTPONCTBE AOPOXKHOM OAEXKADI.

OTAeAbHO MpeAycMoOTpeHO dopMupoBaHne 6onaee 3PEPEeKTUBHbIX MOAXOAOB OLIEHKWM COOTBETCTBMUS BO3BEAEHHOIO
3EMASAHOrO MOAOTHa 3a CYeT HerpepbiBHOrNO OXBaTa MOAHOW MPOTAXXEHHOCTU C 33aAAHHbIM LLAroM OT HECKOAbKUX
CaHTUMETPOB A0 OAHOIO MeTpa Ha BCHO MOLLHOCTb 3EMASIHOIO MOAOTHA. MNMpeaAaraeMble MeTOAbl FeOPaAANOAOKALMOHHbIX
pPaboT Ha OCHOBE KOAUYECTBEHHbIX aTPUOYTUBHbIX MOKa3aTeAen MO3BOAAT MOBbICUTb KaudeCTBO KOHTPOAS AOPOXXHO-
CTPOUTEAbHbIX PAbOT, YCTOMYMBOCTb 3EMASIHOMO TMOAOTHa B Mepuroa IKCMAyaTauuu, obecnedaT CcobAoAeHMe
MEXXPEMOHTHbIX CPOKOB CAYXX6bl M yBEANYAT HAAEXKHOCTb AOPOXKHbBIX KOHCTPYKLMNA.

ABTOpP. EpemuH PomaH AANEKCaHAPOBUY, KAHAMAAT TEXHNYECKMX HAYK,
3aMeCTUTEeNb HAYaAbHUKA YITPAaBAEHUSI METOAOB MPOEKTUPOBAHMS
aBTOMO6UAbHbIX A0por DAY «POCAOPHVIV»

PeaakTop. Peaakums >xypHanra «Jolshy» (BecTHuk KasaopHW)
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THE IMPORTANCE OF LABORATORY TESTS
FOR PREDICTING PERFORMANCE OF
ASPHALT MIXTURES

Rutting on an asphalt surface is rarely a sudden defect. In most cases, it is the visible outcome of permanent
deformation that accumulates over time typically at high service temperatures and under heavy traffic moving at low
speeds. The consequences go beyond durability. Rutting reduces ride comfort and the perception of safety, while the
lateral lift that forms along the wheel path can hinder drainage and contribute to aguaplaning, creating serious road
safety concerns.

This is why laboratory testing remains a practical foundation for predicting how asphalt mixtures will behave in service.
Over the past decades, performance-oriented design and simulative laboratory methods have been developed to better
connect mixture properties with real pavement behavior. The Superpave method addressed rutting resistance as a
central performance requirement, and the Hamburg Wheel Tracking Device (HWTD) has become one of the most widely
used tools to evaluate both permanent deformation and moisture damage from water.

Superpave was the result of the Strategic Highway Research Program (SHRP) developed in the 1990s in the United
States. Prior to Superpave, asphalt mixtures were largely designed using empirical laboratory procedures, and field
experience was needed to confirm whether laboratory indicators correlated with pavement performance (Asphalt
Institute 1995). Superpave was driven by a practical demand for safe, high-performance, and long-lasting asphalt
pavements, an increasingly important requirement as urban areas expanded and traffic volumes and loads grew. Unlike
earlier approaches, Superpave explicitly requires consideration of environmental conditions across the pavement’s entire
service life, supported by test procedures and performance prediction models intended to estimate the performance life
of a prospective pavement.

A key element of Superpave is laboratory compaction and mixture performance testing. Laboratory compaction is
achieved with a Superpave Gyratory Compactor (SGC), used to obtain specimens with physical-mechanical properties
similar to hot mix asphalt (HMA) on site. It also provides information about mixture workability during compaction. Unlike
the Marshall compaction, which applies energy through a predefined number of blows and is still widely used due to its
simplicity and low cost, the SGC applies pressure to a mixture inside a mold tilted at a defined compaction angle. The
SGC also allows variation of compaction cycles according to expected traffic, producing specimens that represent
compaction after laying (Niit.), design compaction (Nges.), and maximum density at the end of pavement life (Nmax.).

Superpave uses a hierarchical design procedure for HMA mixtures, increasing complexity as expected traffic increases.
Level 1 focuses on improved material selection and volumetric mix design for low design traffic: material selection
(aggregates, binder, additives), identification of aggregate structure, determination of binder content, and evaluation of
moisture susceptibility. Binder selection is based on Performance Grade (PG) classification depending on climate and
expected traffic, and aggregate selection includes requirements for size, angularity, shape, and silt/clay content. At this
level, the mixture with optimum binder content is evaluated for susceptibility to water by measuring the reduction of
indirect tensile strength. However, performance evaluation remains limited because the approach is purely volumetric and
judged using volumetric criteria determined under limited conditions; rutting and fatigue resistance tests are not
included for verification at Level 1. Level 2 starts with volumetric design and includes a rutting resistance check for
medium traffic. Level 3 targets high traffic volumes and includes performance evaluation testing and computer modelling
to assess rutting resistance, fatigue cracking, and low-temperature cracking.

Rutting develops longitudinally along wheel paths as trench-like depressions. It arises at high temperatures under
repeated heavy traffic loads due to progressive cumulative permanent deformation. Rutting can affect both the HMA
mixture and unbonded aggregate base or subbase layers. Three main types of failure are commonly identified: lateral
rutting, structural rutting, and post-construction consolidation rutting.

- - m )
Figure 1 - Pavement Interactive

Rutting may also appear at distinct times in pavement life: early settling after opening to traffic due to void reduction;
continued reduction of voids under traffic and high temperatures causing viscous flow and lateral flow; and structural
failures due to erroneous design of foundation and subgrade layers. Because rutting affects both maintenance needs and
safety, it is typically studied through several laboratory approaches: Static Creep Test, Repeated Load Test, Dynamic
Modulus Test, and Simulative Test.

Among simulative methods, the Hamburg Wheel Tracking Device (HWTD) was developed to evaluate permanent
deformation under traffic conditions. Developed in Germany in the 1970s, it was initially designed to measure rutting and
later adopted to determine moisture susceptibility of HMA. In HWTD tests, rutting is induced and accelerated by
repeatedly passing wheels over an HMA sample. The test can be performed in air or water, in a controlled environment at
a constant temperature, while permanent deformation on the specimen surface is recorded.
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Figure 2 - HWTD with double wheel for performing tests in water and air

In air testing, the rut depth versus number of passes curve typically shows two phases: a post-compaction phase,
where reduction of voids produces immediate deformation after the first minutes of loading, and a creep curve
development phase, where deformation accumulates due to viscoplastic behaviour of the mixture.
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Figure 3 - Relationship between rutting depth rate and number of loading cycles. Test specimens with different rut depth.

In water testing, the curve is usually described in three phases: post-compaction; creep curve development; and a
stripping-related phase, where accumulation of plastic deformations is associated with the effect of water that
accelerates failure of the HMA structure.

In practice, HWTD testing is guided by two main standards: AASHTO T 324-11 (Hamburg Wheel-Track Testing of
Compacted Hot Mix Asphalt) and EN 12697-22 (Wheel tracking).
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Figure 4 - HWTD configuration related to the reference standard

AASHTO T 324-11 is a main reference for testing rutting and moisture susceptibility of HMA using HWTD. It includes
conditioning of specimens and performing the test in water at 40°C-50°C. The device applies a 705 N load through a
steel wheel moving sinusoidally over the specimen at 52 passes per minute and 0.305 m/s, disengaging when 20,000
passes are reached or when the rut depth reaches 40 mm as recorded by the LVDT. Tests can be performed using slab
specimens or SGC cylindrical specimens prepared in the laboratory, as well as field core/slab specimens. From the rut
depth versus passes curve, it is possible to calculate the Stripping Inflection Point (SIP) and the Failure Rut Depth as the
specified maximum allowable rut depth for the test.

Figure 5 - Schematic of cylindrical specimen mounting according to AASHTO T324
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There are practical differences between the standards. AASHTO T324 enables tests in water, allowing evaluation of
both rutting and moisture susceptibility. AASHTO T324 requires stainless steel wheels, while EN 12697-22 also considers
rubber wheels. AASHTO T324 also allows rutting tests on cylindrical field cores with standard dimensions (150 mm
diameter). The Hamburg Wheel Tracking test is often valued for easy specimen preparation, the ability to test standard
field cores, straightforward analysis of results, and the wide use in the USA with many archived results available.

NACOE

FINAL
REPORT

P3_Commissioning of Hamburg Wheel Tracking
Device (HWDT)

Project No: 007180

Authors:  Andrew Beecroft and Dr Laszlo Petho

Chent:  Queensiand Department of Transport and Mains Roads

Dae: 2015

— 0 &

Figure 6 - Hamburg Wheel Tracking Database analysis. Final Report P3
Commissioning of Hamburg Wheel Tracking Device (HWDT)

Specimen preparation for HWTD typically requires laboratory compaction using the SGC, a minimum suggested
specimen height of 60 mm, and cutting SGC specimens so they can be positioned into the moulds.

HWTD is also widely used to evaluate mixtures containing Reclaimed Asphalt Pavement (RAP), with virgin or modified
binders and additives, under different conditions. One example is a study sponsored by the Kansas Department of
Transportation, where HWTD was used in Kansas to predict rutting and moisture damage potential of Superpave mixes,
especially mixes containing RAP. The research includes recycled Superpave mixtures with RAP content from 10% to 50%,
and variables expected to affect results such as binder performance grade (PG), aggregate type, and volumetric mix
design properties. The final product was a database compiling 14 years of results on how variables are expected to affect
rutting and stripping performance of Superpave mixes with RAP.

“Results showed that the number of wheel passes and rut depth
Seview ond Al ofHamburg Whecl from the HWTD test are significantly different for Superpave mixes

with various RAP content... Statistical analysis proved that the
total number of wheel passes, creep slope, and stripping slope of
Superpave mixes with RAP in HWTD tests are significantly affected

0 u by RAP content, binder grade, and asphalt sources at 90%

[ | | confidence interval. RAP percentage in the mix, aggregate type,

.. L and interaction between RAP content and aggregate type also
] affect the pure stripping failure phase (stripping slope) and total

wheel passes at the stripping inflection point..The number of
wheel passes and associated rut depths from the Hamburg Wheel
Tracking Device test are significantly different for Superpave mixes

Kansas with different RAP content. However, no definite trend is
evident.”

Figure 7 - Review and Analysis of Hamburg Wheel Tracking Device Test Data Final Report Prepared by Farhana Rahman,
Ph.D., E.I.T. Mustaque Hossain, Ph.D., RE. Kansas State University

A detailed set of HWTD applications is also reported from the University of Bologna. The Department of Civil research
laboratory procured an HWTD manufactured by Matest SpA and conducted tests on different mixtures under different
testing conditions. The work compares rutting resistance outcomes for mixtures conditioned and tested in different
environments, at different temperatures, and with different device configurations.

Tests performed at 25°C highlight how the test environment water or air affects permanent deformation, showing
moisture susceptibility even at room temperature.
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Figure 8- HMA wearing course mixture: AC 0/12; Bitumen 50/70; Voids < 4 % Ending test criteria 20 mm rutting or 20.000 passages

Using the same HMA mixture, tests performed in water at 50°C show how higher temperature causes a rapid increase
in permanent deformation linked to water susceptibility.

The study also compares wheel types in line with the two standards. Tests performed in air at 25°C show differences in
rutting resistance when using a steel wheel versus a rubber wheel, with the steel wheel emphasising higher rut depth.
The difference is also visible on the specimens.
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Figure 9 - HMA wearing course mixture: AC 0/12; Bitumen 50/70; Voids < 4 %, Ending test criteria 20 mm rutting or 20.000 passages
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Figure 10 - HMA wearing course mixture: AC O/12; Bitumen 50/70; Voids < 4 %, Ending test criteria 20 mm rutting or 20.000 passages;
Environment - air 25°C

Figure 11 - Steel wheel result Figure 12 - Rubber whee/
on the specimen result on the specimen

Another comparison focuses on binder type. HWTD testing was used to evaluate rutting resistance of HMA with

polymer modified bitumen (PMB) versus HMA with neat bitumen. A high difference is observed in the number of cycles
corresponding to the same rut depth.
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Figure 13 - HMA wearing course mixture: AC O/12; Bitumen 50/70; Voids < 4 %; Ending test criteria 20 mm rutting or 20.000 passages;
Environment - water 50°C

Moisture resistance is also discussed through laboratory tests used in Superpave to determine resistance of HMA

mixtures to moisture. The results of HWT tests and Indirect Tensile Strength (ITS) tests can be used to correlate the
number of passes referring to the Stripping Inflection Point and ITSR values.
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Figure 14 - HMA wearing course mixture: AC O/12; Bitumen 50/70; Voids < 4 %; Ending test
criteria 20 mm rutting or 20.000 passages, Environment - water 40°C

Figure 15 - ITS wet: samples conditioning 72h at 40°C, test temperature 25°C
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Figure 16 - Comparison of Indirect Tensile Strength in water and air environment test of two different HMA mixtures

HWTD was further used to compare three different open-graded asphalt mixtures. In terms of permanent deformation,
the post-compaction phase is much more accentuated than in dense-graded mixtures. In these open-graded mixtures,
the Stripping Inflection Point (SIP) is not reached, attributed to the porous structure, reorganization of the aggregate
structure, and reduction of voids effects that can be observed at high test temperatures and visually through reduction
of voids.

Rut Depth [mm]
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Number of Passes x1000

Figure 17 - Rutting depth in Open-Graded asphalt mixtures

The study also reports tests on specimens treated with bituminous sealants used in pavement maintenance operations.
HWTD was used to simulate vehicle action and check sealant behavior. Tests were performed at high temperature in air
to verify the tendency of sealants to deform, and results were evaluated visually before and after the test.

Figure 18 - Reorganisation of the aggregate structure and the reduction of voids in different Open-Graded asphalt mixtures
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Figure 19 - Specimen preparations with bituminous and HWTD used to simulate the action of passing vehicles
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Figure 20 - The visual results, before and after the test, report the effect of the wheels on three different sealants samples

Another unconventional use concerns deterioration of HMA surface pavements due to accidental spilling of liquids (oil,
fuel) in car accidents. The study shows reduced rutting resistance in contaminated areas.
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Figure 21 - Test preparation Figure 22 -Comparison of results
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Figure 23 - HWTD used for simulation and acceleration of the damage in polluted HMA specimens

The HWTD was also used in experimental tests to verify durability of special varnishes applied on HMA pavements. The
device simulates traffic effects and how they influence the reduction of pavement surface adherence.

Overall, the reported results show that rutting performance varies not only with test conditions such as environment
and temperature, but also with device configuration linked to the reference standard. The main standards define test
procedures and instrument setups intended to simulate traffic conditions in service. The stainless-steel wheel
configuration is primarily used to accelerate rut depth development, while testing in water and at elevated temperatures
provides additional insight into reduced rutting resistance under harsher conditions. The reported comparisons between
HWTD and ITS outcomes under water conditioning, along with the documented standard and unconventional
applications, indicate that HWTD can be used to determine asphalt mixture behaviour in different test environments and
to support research on materials used in road pavement applications.

Author: Neritan Sulejmani - Product Manager, MATEST S.p.A
Editor: Editorial Team of Jolshy Journal (KazdorNIl Bulletin)
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3UMHEE COAEP>XXAHUE ABTOMOBUADbHDbIX
AOPOI' PECMTYBAUKAHCKOIO 3HAYEHUA
KOCTAHAUCKOU OBAACTMU

31MHee coaepykaHMe aBTOMOBUABHbBIX AOPOT pecrnybAMKAHCKOro 3HaYeHUsa KocTaHamckom o6AacTM OCYLLIECTBASETCS B
YCAOBUAX TMPOAOAXKUTEABHOIO XOAOAHOIO MepuoAd, YCTOMUMBBLIX OTPMLATEAbHbIX TeMrnepaTyp W MOBbILLEHHOM
CHEero3aHoCMMOCTM OTAEAbHbIX YYaCTKOB AOPOXXHOW CeTW. YKasaHHble KAMMaTU4yeckme akTopbl GopMUpytoT
MoBbILLEeHHble TpeboBaHUS K OpraHuM3auMy 3KCMAyaTaUMOHHbIX MEepOMnpUATUN, HaMpaBAeHHbIX Ha obecrnedeHune
npoe3>aeMoCT 1 6e30MaCHOCTU ABUXKEHUA B 3UMHUW MEPUOA.

B ob6cAay>kmBaHMM KocTaHanckoro obaacTtHoro éouamana TOO «KAXKcepBuc» HaxoanTca 1545,6 KM aBTOMOBUABHbIX
AOpPOT, B TOM uncAe 70 kKM popor | kaTeropuu, 228,2 kM - |l kateropumn, 1099,4 km -lll kateropumn, 136 kM - |V kaTeropumm un
12 kM - V kaTeropun. B cocTaBe 3KCMNAyaTUPYEMOM AOPOXKHOM WMHOPACTPYKTYPbl 4YMCAATCS 23 MocTa M 823
BOAOMPOMYCKHble TPY6bl, COCTOSHME KOTOPbIX TpebyeT MOCTOAHHOIO KOHTPOASA B YCAOBUAX 3UMHEN 3KCMAyaTaLMN.

DKCMAyaTaLUMOHHOE  COAEep>XaHMe  aBTOMOOUAbHBIX  AOPOr  ObecrneymBaeTCs CUAAMU  UYETbIPEX  AOPOXKHO-
3KCMNAYaTaLUMOHHbBIX Y4YaCTKOB W AECATU  AOPOXKHO-3KCMAYATAUMOHHbBIX MYHKTOB. B 3MMHMM nepuop B paboTe
3apencTBOBaHbl 219 PaboTHMKOB U 197 eAUHUL, AOPOXXHO-3KCMAYATALMOHHOW TEXHUKW, YTO MO3BOASAET BbIMOAHATH
MOAHbBIM KOMMAEKC MEPOMPUATUIN MO MPEAOTBPALLEHUNIO U AMKBUAALIMU CHEXXHbIX 3@aHOCOB Ha MPOTHAXXEHUU BCErO CE30Ha.

CyLlecTBEeHHOE 3HauyeHMe B CUCTEME MOAMOTOBKM aBTOMOOUABHLIX AOPOI K 3UMMHEMY MepuoAy MMeeT KOMMAEKC
MeponpuATUN, HAMPaABAEHHbIX Ha CHUMXKEHUEe CHEero3aAep)XaHUsi Ha OTKOCax 3eMASHOro mMoAoTHa. OpAHUMM 13
MPUMEHSAEMbBIX TEXHOAOTMUYECKNX MPUEMOB ABASAETCA MPOTATMBAHME FYCEHMLbI MO OTKOCAM C LIEABKD YAAAEHUST COPHOM U
OCTaTOYHOW pPaCTUTEAbHOCTW. PaboTbl BbIMNOAHAKTCA MNPW  OTPULATEAbHbIX TeMrepaTypax W obecrnedymBatoT
dopMUpoBaHME BoAee MPOAYBAEMOW MOBEPXHOCTU OTKOCOB, YTO CHMMKAET 3aAep>KaHMe CHEeXXHbIX MAacC U BEePOATHOCTb
06pa30BaHMA 3aHOCOB Ha Mpoe3Xen YacTu. AASA BbIMOAHEHUS AQHHOIO BMAA PaAaboT MCMOAb3YETCA ryceHrua AAMHON 7 M
M wurpumHom 50 cMm, 3aKpenageMas 3a 3aAHUIN OTBaA TpakTopa K-700.

AOMOAHUTEABHO B OCEHHe-3UMHWI MepuroA Ha OTKOCax WM B pe3epBax BbIMOAHAKTCA pPaboTbl MO Bblpybke U
BbIKOPYEBKE KYCTAPHUKOB, MOPOCAM N KaMbilla, obecrnedmBaroLime CBOOOAHbBIA MepeHOC CHera 4yepes aBTOMOBUAbHYO
Aopory. B ueAasax npepoTBpalleHnsa NOBTOPHOIO 3apacTaHUsA OTAEAbHbIX YYacTKOB B MOCAEAHME FOAbl MPUMeEHAETCa MX
06paboTka XMMUUYECKMMU peareHTaMn. B 3uMHUIM Meprnoa Npu MOHMMXKEHUM TeMnepaTypbl Bo3ayxa A0 -15 °C n HMKe
MCMOAb3YeTCs MPOTaCKMBaHME MO OTKOCY NYCEHWYHOW AEHTbl AMBO HAaTAHYTOro TPOCA, 3aKPENAEHHOIo B HUXKHEW YacTu
pe3epBa TIXKEABIM MPY30M, UTO TakK>Ke CMOCOOBCTBYET CHUMXEHWNIO CHEFrO3aHOCMMOCTM.

AAS NpeAynpeXKAeHUa 06pa30oBaHMA CHEXXHbIX 3aHOCOB Ha HamboAee MOABEPI)KEHHbIX YJYaCcTKax aBTOMOOGUAbHbIX
AOPOT BbIMOAHSAETCS YCTPOMCTBO CHEXHbIX TPaHLLEN B KOAMYECTBE AO MATU AUHUN.

TpaHLwen GopMNPYIOTCA He MeHee TPEX pas 3a 3MMHUM NeprnoA Ha paccToaHnm oT 30 Ao 70 M OT BPOBKU 3EMASIHOIO
MOAOTHa. Ha y4acTkax, rae BbICOTa CHEXHOMo TrMOKpoBa B pe3epBax MpeBblllaeT YpPOBeHb MpOe3XKen 4vacTw,
MPON3BOAUTCA YCTPOMCTBO CHEXHbIX BAAOB BbICOTOM A0 3 M Ha PACCTOAHMM He BAM»Ke 50 M OoT Aoporu.

Ha cHerosaHoOCUMbIX ydacTKax TakXXe MPUMEHSOTCA BPEMEHHble AepPeBSAHHble WKWTbl, YCTaHaBAMBAEMble B 3UMHUN
nepmoa Ha pacctogHum 50-70 M OT OBPOBKMU 3EMASAHOIO MOAOTHA. VX MUCMOAb30OBaHME MO3BOASAET CHU3UTb O6BEM
MOCTYMNAKLLMX Ha MPOE3KYH YaCTb CHEXHbIX MAacC U YMEHbLUNTb MHTEHCMBHOCTb 3aHOCOB.

B cAyyaax GopMUPOBAHUSA CHEXXHbIX BAAOB U CTEHOK Ha BPOBKE 3eMASIHOIO MOAOTHAa MPW PAaCMNOAOXKEHUMN Pe3epBOB
BblLLe YPOBHSA MPOE3)EeM YaCTh NMPUMEHSAETCH YMNOAAXKMBAHME CHEXXHbIX BAAOB BYAbAO3EPOM C YCTPOMCTBOM OTKPbITOM
BbleMKW. AaHHbIN MPUEM MOBbILLAET NPOAYBAEMOCTb yyacTKa M CNOCOBCTBYET MepeHoCy CHera 3a NpeAeAbl npoesyken
yacTu. MNpu CUMAbHOM GOKOBOM BeTpe OUYMCTKY PEKOMEHAYEeTCA HauMHaTb CO CTOPOHbI HamMpaBAEHUS BeTpa, MOCKOAbKY
HeCObAOAEHME AQHHOIO TPebBOBaAHUA MOXKET MPUBECTU K 06Pa30BaHUIO CHEXHbIX F3bIKOB M MOBTOPHOMY OTAOMXEHUIO
CHera Ha NoKpPbITUWN.

[MNoBbileHne 3dDEKTUBHOCTN OUYUCTKU Mpoe3xKen 4YacTu, OBOYMH U IAEMeHTOB OO6CTaHOBKKM MyTuU obecrnedmBaeTcs
NPUMEeHEeHMeM BCMOMOraTeAbHOro HaBEeCHOro O06OPYAOBaHUA. B 4acTHOCTU, AAS OUYUCTKM CHEXXHbIX BAaAOB Ha OpoOBKe
3EMASIHOIO MOAOTHA B CAyYasix, KOraa CTaHAAPTHbIN CPeAHUIM OTBaA aBTorpenaepa He obecnedmBaeT HEOOXOAMMYHO 30HY
BO3AENCTBUA, MCMOABb3YIOTCH YAAUHUTEAU Ha OTBAAbI, MO3BOASOLLME OCYLLIECTBAATb COPOC CHEXXHOIO BaAa B pe3eps.

B paMkax obmeHa MpOU3BOACTBEHHbIM OMbITOM B XOAe paboyer noespku aeAeraumm KocTaHamcKoro ob6AacTHOro
duamana AO «HK «KasAsToXXoa» n TOO «KAXcepsuc» B CBepAAOBCKYO obaacTb Poccuimckon depepauumm O6bIAO
M3YUYEHO MNpUMeHeHre HaBeCHOro obopyAOBaHMA AAS OUYMCTKM MPOCTPAHCTBA 3a W Moa 6GapbepHbIM OrpaXAeHueM,
BKAtOYaa oTBaAn Onb (MT3). YkazaHHOe 0b6opyAOBaHME YCTaHAaBAMBAETCHA Ha TpaBepcy nepeaHero oTBana MT3-80.
MAaBaoOWKMn  pexkumM  paboTbl OTBaAa, onupatowleroca Ha cdepuyeckme onopbl, obecrnedmBaeT OTCAEXKMBaHUE
MPOAOABHOIO MPODUAS AOPOTMU, a HAAUUME TPY>XKMHHOIMO 3SAEMEHTa TO3BOAAET OOXOAUTb CTOWMKWM 6GapbepHbIX
orpakAeHUn 6e3 UX NoBpPeXKAEHUS, obecrnedrBas CBOEBPEMEHHYO OUMCTKY U MpeAoTBpaLLeHMe CHEr0O3aHOCOB.

Ha yyacTkax ¢ HaAUYMEM CHEXXHOIO UAU AEASHOIO HaKaTa MPUMEHSAKOTCA Pe3L0Bble HOXXU, MO3BOAAIOLLME pa3pyLUaTb
MAOTHbIN CAON HaKaTa TOALLMHOM 5 cM 1 BoAaee.

B paMkax npOTUBOFOAOAEAHDBIX MEPOMPUATUM Ha aBTOMOBUABbHbIX AOpPOrax pPecrnybAMKAHCKONO 3Ha4YyeHus
MPVMEHSAETCA MeCKO-COASIHAsA CMeCb, COCTaB KOTOPOW OMPEAEAAETCA TeMMepPaTypPOn BO3AYyXa:

* 80 % necka n 20 % coam - npu TemnepaTtype ot O A0 -10 °C;
e 50 % necka n 50 % coaun - npu Temnepatype oT -10 A0 -15 °C;
* 10 % necka 1 90 % coamn - npu TemnepaType oT -15 Ao -30 °C.

OTaeAbHOE BHUMMaHME YAEASIeTCS MOAFOTOBKE BOAOMPOMYCKHbIX TPYO K 3UMHeMy nepuopy. Npu ux 3aKkpbiTUmM
NPUMEHAETCA AEPEBAHHAA PaMKa C HATAHYTOM BHYTPU MAEHKON, YTO MPeAOTBPAaLLAeT 3aMeTaHMe TeAa Tpybbl CHEroM u
obAeryaeT eé OTKPbITUE B BECEHHUWN Nepunoa. AOMOAHUTEABHO Ha OTKOCaXxX Y BXOAOB TPyO yCTaHaBAMBAKOTCA CUMHAAbHbIE
BelkKKn BbicoTon 1,5-2 M, nosBoaAsawolMe 00603HAUYMTb UMX MECTOMOAOXKEHME U MPeAyNpPeAnTb MexaHM3aTopoB O
KOHCTPYKTUBHbIX OCOBEHHOCTAX WM BO3MOXHbIX pPa3MbliBaX. AAS KaXAOM Tpybbl COCTABASETCA CXeMa C yKasaHueMm
Cbe3A0B, ob6ecrnedmBaroLLMX MOABE3A K Pe3epPBY M BO3MOXXHOCTb CBOEBPEMEHHOM OUYNCTKM.
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KoMnAeKCcHOe MnpuMeHeHMe MNepeUYnCAeHHbIX MNPODUAAKTUYECKUX U IKCMAYATALMOHHbLIX MEepOornpUATUA C YYETOM
KAMMATUYECKUX YCAOBUN U ocobeHHoCcTen pe/\becba ABASIETCA HEOOXOAMMbBIM yCAOBUMEM obecrieyeHums YyCTOMYMBOM U

6e30MacHoOM 3KCMAyaTauuyM aBTOMOOUAbBHbIX AOPOr PecrnybAMKAHCKOrO 3HAYeHWMa B 3UMHUM Mepuos B YCAOBUAX
KocTaHanckom obaacTu.

ABTOp. lopBaT AHAPEV MuxarinoBudY,
CoBeTHuK leHeparbHoro ampexkTopa TOO «KAXKCepBuc»
PeaakTop. Peaakums >xypHanra «Jolshy» (BecTHuk KasaopHW)
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INNOVATIVE STABILIZATION OF FROZEN
SAND WITH CSA CEMENT FOR COLD-
REGION ENGINEERING APPLICATIONS

Frozen soil forms when temperatures drop below 0°C. In these conditions, water in soil pores freezes, increasing the
soil’s strength and stiffness. In Kazakhstan, seasonal freezing in the Kostanay, Akmola, and Pavlodar regions affects road
construction due to severe winters. On a global scale, frozen soil covers about 24% of the world’s surface area and has
significant impact on contemporary construction, ecosystems, and climate change.

In engineering practice, frozen ground is commonly classified as permafrost, seasonal frozen ground, and transient
frozen soil. For road engineering, freezing can bring practical short-term benefits, including temporary load-bearing
capacity in winter, reduced permeability under freezing, and natural structural stiffness during subzero conditions.

Te - freezing point

Tec- super cooling temperature
Temperature (°C) 7 ] air
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Figure 1. Permafrost Figure 2. Freezing and Thawing process in Frozen soil
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At the same time, road engineers face persistent challenges associated with seasonal cycles. Seasonal thawing leads to
pavement cracking, differential settlement, and subsidence. Thaw-induced CO, and CH, emissions worsen environmental
impacts. These factors reinforce the need for stabilization methods that maintain strength through seasonal cycles.

Frozen soils exhibit distinct mechanical properties due to temperature effects and ice formation. Their behaviour
depends on temperature, salinity, stress, moisture content, and strain rate. Despite the significance of the problem,
relatively few studies explore eco-friendly binders for road subgrades in permafrost zones.

This study positions its scientific novelty around a clear limitation in prior work: many studies focus on uniaxial tests or
rely on non-eco-friendly binders, which constrains green innovation. As an alternative, Calcium Sulfoaluminate (CSA)
cement is highlighted for its eco-friendly profile (~50% less CO, emission compared to OPC), rapid strength
development, freeze-thaw resistance, and durability in harsh environments.

The research objective is to study the influence of cement content, curing, and confining pressure on CSA-cemented
frozen sand through triaxial compression testing.

The experimental program uses quartz sand (0.4-0.9 mm, SP graded) as the soil and CSA cement as the binder at 5%

and 10%. Specimens are cured for 3, 14, and 28 days at —-10°C, then tested under confining pressures from 100 to 3000
kPa. The strain rate is 1.67 x 107® s™.

Figure 3. Pictorial illustration of the testing procedures (a) Sample preparation (b) Test samples (c) Environmental chamber (d) Test sample
on the base pedestal (e) Triaxial testing using the ETAS (f) Sheared samples

The results are presented through stress-strain curves. First, the study compares uncemented frozen sand and 5%
CSA-cemented frozen sand across curing times, with separate plots for uncemented behaviour and for 3, 14, and 28 days.
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Figure 4. Stress-strain curves of uncemented and 5% CSA-cemented frozen sand at different curing days: (a) uncemented,
(b) 3 days, (c) 14 days, and (d) 28 days 28
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A second set of curves reports cemented frozen sand with 10% CSA at 3, 14, and 28 days of curing.
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Figure 5. Stress-strain curves of cemented frozen sand with 10% CSA at different curing times: (a) 3 days, (b) 14 days, and (c) 28 days

The study concludes that CSA-cemented frozen sand achieves 15.08 MPa at high confinement. CSA significantly
improves the strength, stiffness, and ductility of frozen sand. Overall, the results demonstrate a practical innovation for
stabilizing frozen ground to support safer, longer-lasting roads in cold-region conditions.

Authors: Sung-Woo Moon, PhD - Associate Professor, Department of
Civil and Environmental Engineering

James Innocent Ocheme - PhD Doctoral

Candidate, Nazarbayev University

Editor: Editorial Team of Jolshy Journal (KazdorNIl Bulletin)
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OT AABOPATOPUN AO AOPOInN: KAHECTBO
U AOATOBEYHOCTb UEMEHTOBETOHHDbIX
NMOKPbLITUUN B KASAXCTAHE

3a nocaeaHMe AecATb AeT B Pecnybamke KasaxcTaH MOCTPOeHO OKOAO 1600 KM aBTOMOOUAbHBIX AOPOr C
LeMeHTOOETOHHbIM MOKPbITUEM, MPENMYLLECTBEHHO Ha FPY30HaNPaXXKEéHHbIX HampaBAeHUAX. [pu CTPOroM COBAOAEHNN
TEXHOAOI MU N TPebOBaHUN AENCTBYIOLLMX CTAHAAPTOB TaKMe MOKPbITUA AOAXKHbI 06ecrnednBaTb CPOK CAYXXObl He MeHee
25-30 AeT A0 NEePBOro KarnnMTaAbHOrO PEeMOHTa.

B TO >e BpeMsi Tekyllee COCTOsIHME LEeMEeHTOOETOHHbIX MOKPbITUMA Ha OOABLUMHCTBE HanpaBAeHWA Bbl3blBaeT
cepbé3Hble onaceHns. B npouecce aKcnAyaTaumm GUKCUpyoTcs aedekTbl, MpenaTcTBytoLlne 6e30MacHOMY ABUMKEHWIO,
BKAIOUAA TAYDOOKOE LUEAYLLUEHME C BbIKPALIMBAHMEM KPYMHOIO 3aroAHUTEAS, MOPO3HYIK AECTPYKLUUKD 6OEeTOoHa,
TeMnepaTypHoe KOPOOAeHMe MNAUT, CUAOBOE PACTPECKMBAHME W AOKAAbHble PaspyLUeHUs B 30He AedOpPMaLMOHHbIX
LLIBOB.

PucyHok T - [lpumepsl AEGDEKTOB Ha LHEMEHTOBETOHHbLIX MOKPLITUSX

PacnpocTpaHeHO MHEeHMe, 4UYTO KAMMATU4YecKne YCAOBMA KasaxcTaHa He TMO3BOAAT 3OPEeKTUBHO CTPOUTb W
3KCMAYaTUPOBATb LeMeHTO6eTOoHHble MOKPbITUA. OAHAKO OMbIT YCTPOWCTBA M 3KCMAyaTauum Takmx aopor B CLUA, rae
eXXeropHo BBOAMTCSA B 3KCMAyaTaumo okoAo 6000 KM LeMeHTOBEeTOHHbIX AOPOT, MOKa3bIBaET, UTO KAMMAT caM Mo cebe He
ABASIETCA ONpPeAeAAtoLLUNM PaKTOPOM.

MPWUYNHBbI BO3HUKHOBEHUS AEDEKTOB HOCAT KOMMAEKCHbIM XapakTep W DOPMUPYIOTCA Ha Pa3AMYHbIX CTaAUAX
YXU3HEHHOIO LMKAA aBTOMOOUAbBHOM AO0OpOrK. Ha 3Tane npoekTUpOoBaHUS HamboAee pacnpoCTpaHeHbl OLLIMOKM,
CBA3aHHble C HEAOCTATOYHbIMU MPEANPOEKTHbIMU U3bICKAHUAMM N MPUMEHEHMEM MPOEKTHbIX peLleHnin 6e3 apanTaumm K
KAUMATUYECKNM YCAOBUSAM permoHa CTPOUTEAbCTBA. B YaCTHOCTU, HEKOPPEKTHOEe HasHadeHue wara AedopMaLMOHHbIX
LLIBOB CO3AA&T MNPeAnOCbIAKN AASI KOPODBAEHUA NMAUT.

CyllecTBEHHOE BAUSHME OKa3blBaeT MpaKTUKa CKOPOCTHOrO CTPOWUTEAbCTBA, MPU KOTOPOM He obecnedymBaeTcs
HeobxoAMMasa KOHCOAMAALIMA TPYHTOB 3E€MASIHOIMO MOAOTHA. B Takmx yCAOBUAX BO3pacTaeT 3HayeHue MeponpuaTuin no
VYKPENAEHUIO U CTabuAM3aLMKM TFPYHTOB, a TakXe YCTPOMCTBA CAOEB OCHOBaHMM U3 CBA3HbIX MaTEpPUWaAOB,
obecrneymBaloLLMX PABHOMEPHYIO Mepepady HarpysoK OT MOKPbITUSA K 3eMASHOMY TMOAOTHY. BajkHbIM 3AE€MEeHTOM
CTaHOBUTCHA KOHTPOAb CTerneHu YMNAOTHEHUS, BKAKOUYASA Mepexos OT TOYEUYHOro KOHTPOAS K  CMAOLWLIHOMY C
MCMOAb30BaHMEM COBPEMEHHbIX CUCTEM MOHUTOPUHIA.

OTAEABHOrO BHMMaHUA TpebyeT BbIOOP M KOHTPOAb KauyecTBa MaTepManoB. HeCcMOTpS Ha HaAuuMe cepTudUKaToB
COOTBETCTBUA, AabOpaTOPHbIE MUCMbITAaHUS HepeAKO BbISBASIOT HECOOTBETCTBME 3asiBAEHHbIM XapaKTepucTukam. Ha
npaKkTUKe PUKCUPYIOTCHA OTKAOHEHUMA MO aKTUBHOCTU BSXKYLLErO, MpM3HaKaM AOXHOIO CXBaTbIBaHWA M CPOKaM HadaAa
CXBaTblBaHUSA, a TakKXXe HapyLUEHNS MPaHYAOMETPUYECKOro COCTaBa MHEPTHbIX MaTEPMAAOB M MPEBbILLEHNE COAEPXKAHUSA
MbIAEBUAHbBIX W TAMHUCTbIX YacTuu. [pu 3TOM 3a4acTyrd He MPOBOAMTCH OLeHKa peakKUMOHHOWM CrnocobHOCTU
3aMOAHUTEAS K LLIeAOYaM LIEMEHTA, YTO CO3AAET PUCK Pa3BUTUSA LLIEAOYHO-CUAMKATHOM KOPPO3mMM GEeTOoHa.

KAOYEBBIM KOMMOHEHTOM BETOHHOM CMeCcU ABASAIOTCSH XMMUYecKne A0BaBKU, BAMAKOLLME Ha yA0BOODpabaTbiBAE@MOCTb,
COXPaHAEMOCTb CMeCh U OCHOBHble GU3MKO-MEeXaHUYecKne XxapakKTepUCTUKKM 6eToHa. OnblT paboTbl Ha obbekTax
Pecnybankn Beaapycb, MOAAOBBLI U Y36eKUCTaHa MOKasaA, YTO OAMH U TOT »e MPOAYKT He obecrnednBaeT OAMHAKOBYO
3bdEKTUBHOCTb B PasAUUHbIX ycAoBUAX. B 2023-2025 roaax 6blAa MpoBepeHa KOMMAEKCHas oLeHKa 3ddeKTUBHOCTU
KOMMAEKCOB XMMUYECKMX AO0DABOK AASA AOPOXKHOro 6eTtoHa. OueHKa BbIMOAHSAAACb MO BAAABHOM CUCTEME C UTOroBbIM
CYMMapHbIM 3HadeHneM A0 80 6aAAOB, MPU 3TOM KaXKAbI MokKasaTeAb oleHmBaAca no wkaae ot O ao 10 6aanos. B
paMKax OLEeHKM aHAaAU3NPOBAAUCH COXPAaHAEMOCTb YAODOYKAAAbIBAEMOCTMN BETOHHOW cMecku A0 120 MUHYT, ONTUMaAbHOE
BOAOLIEMEHTHOE OTHOLLEeHMne B aAmanasoHe 0,38-0,42, BO3AYXOYAEP>KMBAKOLLAA CMOCOBHOCTb NPU TPAHCMOPTUPOBAHUA C
AOMYCTUMOWM MoTepen NopucTocTn He Bonee 2,5 %, a TakKe YNAOTHAEMOCTb CMecK Npu BUOGPALMOHHOM BO3AENCTBUN C
yactotom 7000 KoAebBaHUM B MUHYTY. AOMOAHUTEABHO YUYUTbLIBAAUCH YCTOMUMBOCTb CMECU K cerperauuuv, BOAO- W
PACTBOPOOTAGAEHUIO, CKOPOCTb Habopa Mpo4YHOCTM 6eToHa B paHHeM Bo3pacTe B AmanasoHe 10-25 MlMa n 0b6bém
YCAOBHO 3aKpbITbIX KarnMAASPHbIX NMOp B npeaeAax 3-5 %.

Pe3yAbTaTbl MOKasaAun, YTo 29 % OLEHEHHbIX KOMMAEKCOB He MOryT 6biTb OTHECEHbl K MOAXOAALLMM AAS AOPOXHOIO
CTPOUTEABCTBA, a MpuMeHsieMble B Ka3zaxcTaHe pelleHns B OCHOBHOM OTHOCSTCSH K KaTeropumm cpeaHeaddeKTUBHbIX.

Ba)kHyto poAb B obecrneyeHMM KadecTBa WUrpaeT AabopaToOpHOE COMPOBOXXAEHME CTPOoUTeAbCTBa. AabopaTopunm
OCYLLIECTBAAIOT BXOAHOM KOHTPOAb MaTepPUMAAOB U KOHTPOAb MoKasaTeAel 6eTOHHOM cMecu U 6eToHa, a TakxKe
NPUMEHSAIOT  AOMOAHUTEAbHbIE MEeTOAUKM OLeHKN YyA06006pabaTbiBa€MOCTU U YCTOMUMBOCTUM CMeCcH, uMetlome
rnpakKTU4yeckoe 3HauyeHmne Npm yCTponcTBe NOKpbITUS.

Ha cTapun ycTponcTBa LEMeHTOBETOHHOIro MOKPbITUS 0cCcoboe BHUMAHME AOAXKHO YAEGAATbCH CODOAKOAEHUIO
TEXHOAOIMUYECKUX MapaMeTpPoB, BKAOYAA KOHTPOAb MOAOXEHWUS apMaTypHbIX CTep)kHel B AedOpPMaLMOHHbBIX LUBaXx,
OTCYTCTBME BO3AYLLUHbIX MOAOCTEM MPU UX MNOTrPY>KEHUU U MNPEeAOTBPAaLLUEeHME PACCAOEHUST GETOHHOWM CMeCU MOoCAe
BMOPALUMOHHOIO YMAOTHEHMSA.
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HakoHeLll, NPeANOCbIAKM K BO3HUKHOBEHUIO AeDEKTOB MOryT pOpMUPOBATLCHA U Ha CTaAMW MAAHUPOBAHUA BIOAXKETA
CTPOUTEALCTBA. VICMOAb30OBaHME MaTEPMAAOB C OrPaHUYEHHbIM CPOKOM CAYKObl, B YACTHOCTM AASl repmeTusaumm
ADOPMALMOHHbBIX LLUBOB, MPUBOAUT K YCKOPEHHOMY HapyLUeHUIO UX paboTOCMOCOBHOCTM, 3aKAMHMBAHWUIO LLUBOB W
PasBUTUIO KOPOBASHUA MAUT B NMpoLiecce 3KCMNAyaTaLmu.

KoMnaekcHoe cobAtopeHne TpeboBaHUM CTAaHAAPTOB U TEXHOAOIMYECKOW AMCLUMMAAMHBLI Ha BCex 3Tanax - OT
MPOEKTUPOBAHUA N AABOPATOPHOIrO KOHTPOAS A0 CTPOUTEALCTBA M SKCMAYyaTaLMU - ABASETCH HEOBXOAUMbBIM YCAOBMEM
obecrneyeHns AOATOBEYHOCTU LIEMEHTOBETOHHbIX MOKPbITUM B YCAOBUAX PecnybAnkn KasaxcTaH.

ABTop. OCcaaoBCKu Arekcert AeOHUAOBUY
TexHuyeckui anpexkTop «MM Consulting&Engineering»
TexHUYeCckmyi KOHCYAbTaHT « CKT-CTaHAaPT»

31



JoLsHY I

O TOHHOCTU U BE3SONACHOCTU
MCMOAb3OBAHUA MNMAYXXHbIX
CHETOOYUNCTUTEAEN

B TEXHOAOIMYECKOUN KOAOHHE

CoaepykaHme aBTOMODOUABHbBIX AOPOI B 3UMHUM MepuoA B YCAOBUMAX PE3KO KOHTUMHEHTAAbHOIrO KAMMaTa CeBepHOro
KasaxcTaHa n Cubupumu ABAAETCA OAHOM M3 KAKOUEBbIX 3aAad AOPOXKHOWM OTPACAU, UMEKLLEN MeXxXrocyapapCTBeHHOoe
3HaueHune. Hapé>kHoe PYHKLMOHMPOBaHME AOPOXKHOW CETU HaMpPAMYI BAMSAET Ha YCTOMUYMBOCTb TPAHCMOPTHbIX CBA3EMN,
SKOHOMMYECKYH aKTUBHOCTb PErmMoHoB 1 6e30MacHOCTb HaceAeHUs, OCOBEHHO B MPUrpPaHMYHbIX 30Hax Poccumnckom
Ddepepaumm n PecnybAamkm KasaxctaH.

B npakTuke 3UMHEero CcoAep»XaHUs aBTOMOOUAbHbLIX AOPOr LUMPOKO MPUMEHSAETCA TeXHOAOrns yYyO6OpKW cHera
MAY>XHbIMU CHEFOOUUCTUTEAAMU, PABOTALIMMM B COCTaBe TEXHOAOMMYECKOM KOAOHHbI. Takow cnocob obecrnedvBaeT
BbICOKYIO MPOU3BOAUTEABHOCTb U MO3BOASET 3PDEKTUBHO OUMLLATL MPOE3XKYID 4YacTb MPW 3HAYUMTEAbHbIX OOBbEMaX
CHEeXXHbIX OTAOXEHWMN. BMecTe C TeM 3KChAyaTaumsa KOAOHHbl B YCAOBUSX UHTEHCUMBHOINO CHeroriepeHoca
COMPOBOXAAQETCA PAAOM PAKTOPOB, HEFATUBHO BAUAIOLLMX Ha 6@30MacHOCTb AOPOXKHOIO ABUMXKEHUS.

[MpakKTUYeCKMin onbIT 3KCMAyaTauum cHeroybopouHom TexHukn TOO «KAXKcepBUC» MOKa3bIBaeT, UTO MPU ABUNKEHUN
MAY>XHbIX CHEFOOYNCTUTEAEN Ha paboyen CKOPOCTU MPOUCXOAUT MOABEM CHEXXHOM MACChbl B BEPXHME CAOWM BO3AYLLIHOIMO
MOTOKa C 06Pa30BaAHMEM YCTONUYMBOM CHEXHOM B3BeCcU. POpMUPYETCH TakK HasbiBaeMada «MCKYCCTBEHHAA CHeXXHaa byps»,
MNPV KOTOPOW PEe3KO CHUXKAETCA AAAbHOCTb BUAMMOCTU, HAPYLLAETCA BU3YAAbHbIN KOHTAKT MeXAY MallMHaMM KOAOHHbI M
CYLLIeCTBEHHO BO3pacTaeT PUCK AOPOXKHO-TPAHCMOPTHbIX MPOUCLLECTBUN, OCOBEHHO AAS TPAHCMOPTHbIX CPEACTB,
OCYLLECTBASOLLMNX OBroH CHEroybopoOUYHOM TEXHUKM.

B ycAoBUSAX OrpaHnYeHHOW BUAMMOCTW KAKOUYEBBLIM HaKTOpPOM 6e30MacHOM paboTbl KOAOHHbLI CTAaHOBUTCA obecneyeHne
CTabUABHOIO BM3YAAbHOrO OPUEHTUPOBAHUA U CODAIOAEHME 3aAAHHOM AUCTAHLMKM U UHTEPBaAa MexAy MalumMHamu. B
PA3AUYHBIX OTPACAAX TPAHCMOPTa M MPOMBILLUAEHHOCTU AAS PELUeHUS aHAAOTUYHbIX 3aAa4d MPUMEHAKTCA Aa3epHble
CPeACTBa BM3YyaAbHOWM HaBUrauumm, UCMOAb3yeEMble AAS OOO3HAUEHUST TPAEKTOPUN ABUMKEHUST CYAOB, B aBMALIMOHHbIX
CUCTeMax BU3YaAbHOIrO OPUEHTUPOBAHWA, @ TakXXe B YCTPOWMCTBAX KOHTPOASA AMCTAHLMKU MeXKAY TPaHCMOPTHbIMMK
CpeACTBaMMU.

BMecTe Cc TeM aHaAM3 AOCTYMHbIX Hay4HbIX W MPUKAAAHbIX WMCTOYHMKOB MOKa3blBAaeT OTCYTCTBME AAHHbIX O
MPOVMEHEHUN AA3EPHbIX CUCTEM HaBUraUMM B YCAOBUSAX WMHTEHCUBHbIX MPUPOAHbBIX CHEerornasoB M MCKYCCTBEHHbIX
CHEXHbIX 6ypb, @OPMUPYEMbIX TMPU BbICOKOMPOU3IBOAUTEABHON YOOpPKe CHera TeXHOAOMMYEeCKOM KOAOHHOMN
cneumaAm3npoBaHHOM AOPOXKHOM TEXHUKM.

B paMkax npakTudeckux ucnbitaHmn TOO «KAXcepBuc» 6biAM OMpobOBaHbl CepPUNHbIE Aa3epPHble YCTPOWCTBA,
npeAHasHadeHHble AAA MHAMKALMKM  AUCTAHLUM MEXAY TPaHCMOPTHbIMU cpeacTBamMu. OAHAKO AdHHble MPUOOPSLI
MOKasaAM MOAHYO HE3IDPEKTUBHOCTb B YCAOBUSIX CHEXXHOW B3BECU BbICOKOM MAOTHOCTU. OCHOBHOWM MPUYMHOMN ABAAETCS
HepAOCTaTOYHAss MOLLHOCTb A@3epHOro M3AYYEHUs, MOCKOAbKY TakKmMe YCTPOWCTBA KOHCTPYKTMBHO pacCyYMTaHbl Ha
SKCMNAyaTaLMIO MPU HOPMAAbHOW BUAMMOCTU U He MpeAHasHadeHbl AAS paboTbl B Cpeae C MHTEHCUBHbBIM paccesaHneMm
cBeTa.

PucyHok T - N\asepHsie npmnbopsl OrpaHndeHUs AMCTAHLIMNA MEXKAY TPAHCIIOPTHbLIMU COEACTBaMM

BbIABAEHHbIE  OrpPaHWYeHWs  OBYCAABAMBAIOT  HEOBXOAMMOCTb  MPOBEAEHUA  LieAeHAMNpPaBAEHHbIX  HayuYHbIX
NCCAEAOBAHUN, HAMPaBAEHHbIX Ha OMpeAeAeHUe TpebyeMblX MapamMeTPOB AA3EPHOrO U3AYYEHUS AAS MPOEKTUPOBAHWUA
CMEeUMAAU3NPOBAHHBIX CUCTEM WHAUKALMU rabapuToB, AUCTAHLUUM W UHTEPBaAAa MeXAYy MallMHaMy B COCTaBe
CHErooUYMCTUTEABHOM KOAOHHbI. PK 3TOM MPUHLMMUAABHO BaXXHO YUYMTbIBaTb BAMSHME KAK MCKYCCTBEHHbIX, TaK U
€CTECTBEHHbIX CHEeromnaAoB, XapaKTepu3yeMblX PAa3ANYHOM MAOTHOCTBIO CHEXHOW B3BECU B BO3AYXE.

TeopeTnyecKyo OCHOBY TaKMX MCCAEAOBAHUN LIeAeCO06pasHO GOPMUPOBATbL C MCMOAb3OBAHMEM 3aKOHa OCAABAEHUS
cBeTa Byrepa - AambepTta - Bepa, COrAaCHO KOTOPOMY UHTEHCUBHOCTb AG3EPHOIr0 U3AYYEHUSA HA BbIXOAE OMpeaeAseTcs
BblpaXkeHMneM:

I=le ™

rae I - NHTEHCUBHOCTb U3AYYEHWSA Ha BbIXOAE; lp - UHTEHCUBHOCTb U3AYYEHUS Ha BXOAE; d - KOIPPULIMEHT SKCTUHKLNM
AN KOSDPULIMEHT NMOrAOLLUEHUSA (MMEHHO 3TOT NapaMeTp HEeOBXOAMMO UCCAEAOBATb C TOYKU 3PEHUSA ero USMEHeHUsa oT
MHTEHCUBHOCTU - MAOTHOCTM B3BECK CHEXHOWM MacCbl B BO3AYXE BO BPEMS pPaboTbl KOAOHHbI CHEroouncTUTeAeln); X -
MPOMAEHHOE PACCTOAHME AYYa.
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I=P/A

rae A - MAOLLAaAb, MOAYYEHHOIO Ayya

P(x)=Ie > /A(x)=Ive > /4mx?

rae P(x) n A(X) MOLLHOCTb U NAOLLIAAb AA3EPHOI0 Ay4da 3aBUCAT OT MPOMNAEHHOIrO PAacCTOAHUS X.

[MpakTuyeckaa peaAn3alms AQHHOIO MOAXOAA TpebyeT MpoBeAeHUSa IMMUPUYECKMX NCCAEAOBAHMIA MO OMPeAeAeHUIo
KOaddULMEHTaA IKCTUHKLMM B 3@aBUCUMOCTU OT MAOTHOCTU CHEXHOMN B3BeCU, GOPMUPYEMON MPU Pa3AUYHbBIX peXxmmax
pPaboTbl CHErOOUYMCTUTEABHON TEXHUKW. [MOAyUYEHHble 3aBMCKMMOCTU MO3BOAAT OBOCHOBAHHO OMPEAEAUTb MUHUMAAbBHO
HeobxoAMMble MapaMeTPbl MOLUHOCTU W UMHTEHCUMBHOCTM AA3ePHOr0 M3AYyUYEHUs AAA obecrnedeHuss YCTOMUYMBOMN
BM3YaAbHOMN MHAMKALMU B YCAOBUSAX OrpPaHNYeHHOMN BUAMMOCTMN.

PaspaboTka crneumaAmsnpoBaHHOWM AA3€PHOW CUCTEMbl MHAMKALWU AN CHEroybopOYHOM TEXHUKW TMO3BOAUT
obecneynTb MOCTOAHHOE COOAKOAEHME 3aAaHHbIX AUCTAHLUMMA U UHTEPBAAOB MeXKAY MallMHaMy B TeXHOAOTMYEeCKOMN
KOAOHHE, MOBbICUTb YMPABASAEMOCTb U COMAACOBAHHOCTb PAbOTbl TEXHUKK, a TakykKe obecrnednTb YETKYH BU3YAAbHYIO
MHAMKaLUMIO rabapuUToOB MaLLMH.

BHeapeHMe TakuX pelleHnin nMeeT NoTeHUMaA CyLeCTBEHHOro MNoBblLLeHNsa 6€30MacHOCTN AOPOXKHOIO ABUMXKEHUS B
3UMHUIN MEePUOA, CHUXKEHUA PUCKA AOPOXKHO-TPAHCMNOPTHbLIX MPOUCLLUECTBUN MPU 0OBroHe CHErOOYUCTUTEABHOM TEXHUKMU
M MUHUMUN3aLNU TAXKEABIX MOCAEACTBUM aBapUin B YCAOBUAX OFrPaHUYEHHOM BUAMMOCTMW.

ABtopsl: C. B. CaBeAbeB, A.T.H., rnpogeccop «CubAAV» PO

A. A. XKycynos, TOO «KA>Kcepsucy», PK

M. I" Kanicatapos, TOO «KAXKcepBuc», PK

PesakTop. PeAakiums XypHara «Jolshy» (BecTHuk KasaopHWI)
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DOoTO pesakLmm KYpPHara «Jolshy» (BecTHuk KasaopHU)

MHHOBALUWMN AAA BEAEHDIX AOPOTI: B ACTAHE
BbIBPAAU AYHUIUNE PASPABOTKU B COEPE
AKOAOIMMYHOIoO AOPO>XXHOIo CTPOUTEAbCTBA

20 HOA6PA B MEXAYHAPOAHOM BbICTaBOUYHOM LieHTpe «EXPO» nopaBeAM UTOrM KoHKypca «Aydllas MHHOBALMOHHAA
pas3paboTka B chepe AOPOXKHOIO CTPOUTEAbCTBa». KOHKYPC O6BEAMHUA MOAOABIX MCCAEAOBATEAEM W MPaKTUKOB,
KOTOpble MPEACTaBUAU MEePCreKTUBHbIE IKOAOrMUYECKMEe peLUeHUs, CMOCOBOHbIe U3MEeHUTb MOAXOA K CTPOUTEAbCTBY U
PEeMOHTY Aopor B KasaxcTaHe.

MeponpuaTre NPoOLAO MNoA TEMOM «DKOAOTMYECKMe acneKTbl TPaHCMOPTHOM MHPPACTPYKTYpPbl: AeKkapboHM3aums m
MPOMbILAEHHbIE  OTXOAbI».  OpraHM3aTopom KOHKYypca BbICTYMUA  «Ka3axCTaHCKUN  AOPOXKHbIN Hay4Ho-
NCCAEAOBATEABCKUN MHCTUTYT» (KaspopHWWN). B HEM MPUHAAM ydacTme y4deHble, MHXKEHEpPbl, MPEACTAaBUTEAN HAYYHbIX
MHCTUTYTOB U YHUBEPCUTETOB, @ TaKXXe COTPYAHWKMN rOCYAQPCTBEHHbBIX OPraHOB N AOPOXXHO-CTPOUTEABHbIX KOMMaHUMN.

KOHKYpC CTaA 4acTbto FAOBAAbHOWM AMCKYCCUU O OyAYLLEM AOPOXHOIO CTPOUTEAbCTBA. MeponpusaTuve MNPOLUAO B
paMKax MeXxAYHapOAHOM Hay4YHO-MPaKTUYeCKOMN KoHdepeHUMa «AOPOrn 1 MHHOBaL MUY,

PaboTbl dUHAAMCTOB MNPOAEMOHCTPUPOBAAM pPa3HOOOPa3mMe HayuUHbIX MOAXOAOB WM PACTYLLUYK POAb BTOPUYHbIX
pPEeCYpPCOB B AOPOXHOM OTPACAW. YYACTHUKU MPEACTaBUAU MOAXOAbI, OCHOBAHHbIE Ha MCMOAb30OBaHUM BTOPUYHbIX
pecypcoB, nepepaboTke MPOMbILLAEHHbIX OTXOAOB W COBEPLUEHCTBOBAHUW TPAAMUMOHHBLIX MaTepranoB 3a CYéT
COBPEMEHHbIX TEXHOAOTMN. MHorme paspaboTKM ObIAKM HampaBAEHbl Ha MOBbILLUEHME MPOYHOCTU U AOATOBEYHOCTMU
AOPOXXHbIX TMOKPbITUA B YCAOBUSAX MHTEHCUBHbBIX HArpy3oK, 3KCTPEMaAbHbIX TemrepaTyp W ocobeHHoCcTen
Ka3aXCTaHCKOro KAMMaTa. 3HauMTeAbHas 4acTb MPOEKTOB POKYCHMPOBAAACh HAa COKpPALLUEHUM YTAEPOAHOIO CAeAd Yepes
ONTUMU3ALUMIO AOTUCTUKU, CHUMKEHME 3IHEeprosaTpaT WAW BHeAPEeHWEe MaTepUanoB, TPEOYIOLLUMX MeHblue MPUPOAHbBIX
pecypcoB.

PaboTbl y4YaCTHMKOB OLIEHMBAAUCH MO CTPOTrUM KPUTEPUAM, BKAKOYAIOLIMM aKTYaAbHOCTb U BOCTPebOBaHHOCTb
TEXHOAOTI M, SKOHOMUYECKYID 3DPEKTUBHOCTb, CTEMEeHb FOTOBHOCTM K peaAM3aumu, HaAuMudMe OMbITHbIX 06pasuoB, a
TaK>Ke LWMPOTY HAaYyYHOro 060CHOBaHUS.

DOTO pesaKkLmn XKypHaAa «Jolshy» (BecTHuk KazaopHVI)
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I KOHKYPC

YAeHaMK >KIOpKW KOHKYpCa BbICTYMUAKM MpeaceAaTenb HaumoHaAbHOro KoMmteTa BCEMUPHOM AOPOXHOW accoumaumm
«PIARC» B PK, pykoBoauTeAb YMpaBAEHUA HaykKMm U KadecTBa KomuTeTa aBTOMOOUABHbIX AOpPOr MUHUCTepCTBa
TpaHcnopTa PK, npodeccop EHY wum. AH. TymMuaeBa, AMPEKTOp Mo yrpaBAeHUO KadecTBoM PROGRESS KZ wu
pyKoBoACTBO «KaspopHWN».

KoMuncena aHaAM3MpoBaAa, HACKOABKO KaXaas pas3paboTka CMocobHa YAYYLLUUTb 3KOAOTMYECKYHD YCTOMYMBOCTL
AOPOXKHOM  UHPPACTPYKTYpPbl. B ¢doOKyce paccCMOTPEeHUSa OblAU  MPEAAOKEHUSA MO  TMPUBACYEHUIO WHBECTULUNA,
MapKeTUHroBasa CTpaTerns N BO3MOXXHOCTWN AdAbHeNLLEeN KOMMepLUMaAM3aLmm NPOeKTOB.

Ob6Luen 4YepTon BCex MNPEACTABAEHHbIX PELUeHUM CTaAa UX MpakTUuyecKas HamnpaBAEHHOCTb: aBTOPbl CTPEMUAUCH
rMoKasaTb, YTO 3KOAOMMYHOCTb MOXET COYeTaTbCA C 3SKOHOMUYEecKoM 3PDeKTUBHOCTLbIO, a WMHHOBAaLMWM MOryT ObiTb
BHEAPEHbl B peaAbHble MPOU3BOACTBEHHbIE MPOLIECChl YXX€ CEeroAHs. TakoW MOAXOA MOAUYEPKMBAET PacTyLUYO POAb
HayKu B GOPMUPOBaAHUN HOBOW MOAEAU AOPOXKHOIO CTPOUTEAbCTBA, OPUEHTUPOBAHHOM Ha YCTOMUYMBOCTb, 6€30MacHOCTb
N AOAFOCPOYHYIO 9P PEeKTUBHOCTD.
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DOTO pesakUmm XXypHara «Jolshy» (BecTHuk KazaopHVIVT)

MobeanTeAn KOHKYpCa MOAYUMAK CepTUDUKATbI, AEHEXKHbIE MPU3bl U CaMOe FaBHOE - BO3MOXXHOCTb MPaKTUYeCKOro
BHEAPEHUSA CBOUX pPeLUeHUN B OTpacAb. [lepBoe MecTo 3aHAaA BayecnaB KyHaeB C MPOEKTOM MO CO3AAHUIO TOPSAYNX U
XOAOAHbIX aCcHaAbTOOBETOHHbIX CMECEN MOBbLILLIEHHOW MPOYHOCTU Ha OCHOBE OOOralleHHOro AOMEHHOrO LUAAKa; BTOpoe
MecTo MoAyuuAm CaHr By MyH un Hasepke CarmayAArHa, NMPeAAOXKMBLLME pelleHWe Mo YCTOMYMBOM CcTabuAmsaumm
rPYHTOB 3€MASIHOIO MOAOTHA C MCMOAb30OBaHMEM KOHBEPTEPHOrO LLAAKA; TPEeTbe MeCcTo NMpUcyAnAn EpxxkaHy MmaHbaeBy
3a pPas3paboTKy TEXHOAOTUM MOAMPUKALMM OUTYMOB MPOMBILLUAEHHBIMW OTXOAAMW, pPACKPbIBatOLLEn MoTeHUMaA
BTOPWYHbIX MAaTEPUAAOB B YAYYLLEHMU KaYyeCTBa AOPOXKHbIX MOKPbITUN.

YYaCTHMKU TakXXe MOAYUYMAU AOCTYM K HACTaBHUYECTBY BEAYLLMX 3SKCMEPTOB, KOHCYAbLTALMOHHOM MOAAEPXKKE B
BOMPOCax peaAm3aumm n nyoArKaLMM UCCAEAOBAHMM B HAy4YHbIX >XXYPHaAax. AAS MOAOAbIX MCCAEAOBATEAEN KOHKYPC
CTaA BO3MOXHOCTbIO MOMacTb B KaApoBbiM pe3epB «KaspopHUKW» 1 MpopAOAXKMTb paboTy Haa MHHOBALMAMU Mpu
MOAAEPXKKE NMPOdeCcCMOHaAbHOIo coobLLecTBa.
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SUSTAINABLE STABILIZATION OF
SUBGRADE SOILS IN KAZAKHSTAN USING
CONVERTER SLAG BASED ON INDUSTRIAL
WASTE

Prof. Sung-Woo Moon, Nazerke Sagidullina
Department of Civil and Environmental Engineering, Nazarbayev University
sung.moon@nu.edu.kz

CONTENTS

e Project Objectives & Scientific Novelty

* Application of Basic Oxygen Furnace (BOF) slags in Soil Improvement
¢ Environmental & Economic Impact

e Project Implementation

e PI's Previous Application

¢ Concluding Remarks

PROJECT OBJECTIVES

Use BOF slagto strengthen Kazakhstan’s subgrade soils, improve durability, and cut CO, emissions and costs.

SCIENTIFIC NOVELTY

First comprehensive study in Kazakhstan evaluating BOF slag for stabilizing a range of subgrade soils.

BOF SLAG

(ASP|
KASPIY AKTOBE

BALKHASH

UZBEKISTAN KYRGYZSTAN

Figure 1 - Distribution of BOF slag in Kazakhstan

High strength,
Low absorption

Source:

Karaganda

Meet GOST o
Steel Plant raiiway ballast Up to 40% CO,

Standarde reductio_n vS.
cement/lime.

(=1.1%),
SG=33.

Figure 2 - Key characteristics and advantages of BOF slag from the Karaganda Steel Plant

Strength & Durability Implications

UCS 1 1.5x, Durability Index
comparable to cement

10-30% slag for
expansive soils —

stronger, longer-
- lasting roads

Freeze—thaw loss < 10%

Laboratory program Environmental &

Economic Impact
Soil-slag mixes (0-30%) — P

UCS, triaxial, compaction, CO. | , cost |, no harmful
freeze-thaw tests leaching.

30% BOF (D-type <0.075 mm) Local waste —
+ 1% lime + 50% GGBFS sustalnable binder

Figure 3 - Application of BOF in Soil Improvement
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ENVIRONMENTAL & ECONOMIC IMPACT

CO, Emissions |

Road Life Cycle | Material Cost |
~30 %

Industrial Waste

Reuse T
~60 %

Figure 4 - Environmental and economic impact of BOF slag in road construction

n Soil BOF slag treatment Strength and ANN/ML/Numerical Engineering
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g Prop et sl Thaw/ Wet-Dry resistance performance. recommendations
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Figure 5 - Project implementation framework integrating laboratory testing and ANN/ML-based modeling

RESEARCH TEAM & PLAN

Project Implementation

Lreiplelaubetigatas International Collaborator
Sung-Woo Moon (NU) Taeseo Ku (KU)
Civil and Environmental Engineering Civil and Environmental Engineering
Overall Management, Task 2, 3, 4
\_ Task 1,2,3, 4,5 \
¢ Researcher h Researcher
Nazerke Sagidullina (NU) Zhanbolat Yersainov (NU)
Civil and Environmental Engineering Civil and Environmental Engineering
Task1,2,3,5 Task 1,2, 3, 4
- /
Research Activities 2026 2027 2028 o
Task [ Q2 Q3 |4 | O 02 | Q3 |04 | 1 | Q2 | Q3 | 04 | NU | KU
Task 1: Soil Characterization 10 0
Task 2: BOF slag treatment 25 4
Task 3: Strength and Durability Testing 25 4
Task 4: ANN/ML/Numerical Simulation T 20
Task 5: Engineering Recommendations 5 0
Sub total 72 | 28
Total 100

Figure 6 - Project implementation structure, roles, and timeline

PROJECT IMPLEMENTATION

e R&D results
- Laboratory database covering geotechnical, durability, and microstructural properties.
- Numerical models linking BOF slag content to performance, including ANN/ML predictive tools.
-  Preparation of at least 2 Q1-Q2 journal articles and conference presentations.
- Draft design charts and technical documentation for implementation.

TIME FRAME AND BUDGET

¢ Duration: 36 months (2026-2028)
¢ Budget: $150,000-200,000 USD
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PI’S PREVIOUS APPLICATIONS (BOF)

For soil stabilization

* Mustafayeva, A., Moon, SW*., Satyanaga, A., Kim, J., (2024) “Enhancing Mechanical Properties of Expansive Soil
through BOF Slag Stabilization: A Sustainable Alternative to Conventional Methods”, Minerals, 14(11), 1145 (Q2,
SCOPUS Percentile 74%)

e Mustafayeva, A. Bimykova, A, Olagunju, S., Kim, J., Satyanaga, A., Moon, SW*. (2023) Mechanical properties and
microscopic mechanism of basic oxygen furnace slag-based stabilized clay, Buildings, 13(12), 2962 (Q1, SCOUPS
Percentile 84%)

* Abishev, R, Satyanaga, A*., Kim, J., Shon, C., Rahardjo, H., Qian, Z., Moon, SW., (2024) Stability of soil slope in Almaty
covered with steel slag under the effect of rainfall, Scientific Report, 14, 7711 (Q1, SCOUPS Percentile 92%)

* Mustafayeva, A., Bimykova, A., Kim, J., Moon, SW*,, (2023) "Soil stabilization with Basic Oxygen Furnace (BOF) Slag”,
17th Asian Regional Conference (A.R.C.) on Soil Mechanics and Geotechnical Engineering, Aug 14-18, 2023, Nur-Sultan,
Kazakhstan.

For railway ballast materials

¢ Olagunju, S., Mukhtarkhan, D., Kim, J., Satyanaga, A., Moon, SW* (2023) Physical, mechanical, chemical, and
environmental characterization of stockpiled BOF slag as railway ballast material, Construction and Building Materials,
408, 133613 (Q1, SCOUPS Percentile 96%)

* Koh, T*, Moon, SW., Jeong, H, Jeong, VY., Pyo, S. (2018) A Feasibility Study on the Application of Basic Oxygen
Furnace (BOF) Steel Slag for Railway Ballast Material, Sustainability, 10(2), 284 (Q1, SCOUPS Percentile 90%)

e Olagunju, S., Suleimen, Z., Muratova, A., Mukhtarkhan. D., Darbayeva, T., Kim, J., Moon, SW*.,, (2023) "Characterization
of basic oxygen furnace (BOF) slag for railway ballast material”, 17th Asian Regional Conference (A.R.C.) on Soil
Mechanics and Geotechnical Engineering, Aug 14-18, 2023, Nur-Sultan, Kazakhstan.

Conclusion Remarks

Sustainable Roads

BOF Slag

Steel Industry

Figure 7 - Circular solution for BOF slag utilization in sustainable road construction

This study demonstrates that Basic Oxygen Furnace (BOF) slag is an effective and sustainable material for stabilizing
subgrade soils and slopes in Kazakhstan. The results confirm significant improvements in strength, durability, and
resistance to rainfall and freeze-thaw cycles, while reducing CO, emissions, material costs, and landfill disposal. Utilizing
locally available industrial waste supports a circular economy approach and provides a viable pathway toward stronger,
climate-resilient, and carbon-neutral road infrastructure beyond 2030.
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CAMOBOCCTAHABAUBAIOLLMU NcH
AOPOXXHbIAN BETOH

AcmaTtyraes HypcyaTtaH bopucoBuy

AokTop PhD, akasemuk ITA, PYKOBOAUTEAL MPOEKTHO-N3bICKATEABCKOIO OTAEAS
HaY4YHO-UCCAEAOBATEABCKOM MPOU3BOACTBEHHOM KOMAaHUn «Ka3AopMHHOBaLMST»
[ToyTa: asmatulaev@gmail.com

LLEAb NMPOEKTA

Co3paTb BoAee AOATOBEYUHbIE AOPOXKHbIE MOKPbLITUA CO CPOKOM CAYXXObl He MeHee 50 AeT Ha ocHOBe 6GeAUTOBbIX
LleMeHTOB, MOAYYEHHbIX U3 MPOMbILLUAEHHbIX TEXHOTMEHHbIX MUHEPaAbHbIX OTXOAOB. TakMe peLleHUs paccMaTpuBatoTCA
KaK 3KOAOMMYHaAsA M 3KOHOMUYECKM BbIFrOAHAs aAbTepHaTMBa TPAAMLMOHHBIM U AOPOrOCTOSLMM LIEMEHTOOETOHHbIM
MOKPbITUAM, BOAbLLAA YaCTb KOTOPbIX CEFOAHS 3aBUCUT OT MMMOpPTa.

KAIOYEBOE NMPEMMYLLIECTBO MNMPOEKTA

DKOAOMMYHOCTb MPOM3BOACTBA. BeAnToBble LIEeMEeHTbl M3roTaBAMBAKOTCA 6e3 AOMOAHUTEAbHOTrO 0OXKMra, TakK Kak
MCXOAHbBIE MaTepUaAbl y)Ke MPOLUAN TepPMUUYECKYyto 06paboTKy B paMKaxX OCHOBHOIMO MPOMBILLAEHHOrO npouecca. 9To
MO3BOASAET OTKa3aTbCA OT BblCOKOTeMMNepaTypHoro obtxura (Ao 1500 °C), cokpaTUTb Pacxoa TOMAKMBA, CHU3UTb BbIOPOCHI
CO, Ha 7-10 % 1 YMeHbLLUNTb MPOU3BOACTBEHHbIE 3aTPaTbl A0 70 %.

PaspabaTbiBaeMble MaTepuaAbl OTHOCATCA K pecypcaM - U sHeprocbeperatolMM TeXHOAOMMAM, MPeAHa3HAYeHHbIM
AN YCKOPEHHOIrO CTPOUTEAbCTBA AOATOBEUYHbIX AaBTOMOBUAbHbLIX AOPOrN DPPEeKTUBHOCTb pPeLUeHUn MOATBEpP>XAeHa
MHOIFOAETHEWN 3KCMAyaTaLmen acharbTOBETOHHbIX M BETOHHbIX AOPOT, a UX MPUMEHeHMe yxke obecrneyeHo HOPMaTUBHO-
TEXHNYECKUMU AOKYMeHTaMm B Pecnybanke KasaxcTaH. Ba)XHO, 4YTO BHeEAPEHMEe TEexXHOAOrMi He TpebyeT
AOMOAHUTEABHOIO 060PYAOBAHUSA, YTO ACAAET UX AOCTYMHBIMU AAA MPAKTUYECKOrO MCMOAb3OBaHMUA.

14

Y —

BepxHuit cnoit
HwxkHuit cnoii a/6

Mpepen npoyHocT npu usrnbe, MMa

0 3 6 9 12
CpOK TBEPACHUS, MECALIBI

PucyHoOK 1 - 3aBUCUMOCTb MPEAEAE MPOYHOCTU rpu M3rbe OT CpoKa

TBEpACHUS PucyHoK 2 - Cxema KOHCTPRYKLM AOPOXKHOM OAEXKALI

B paMKaxXx npoeKTa M3y4aAoCb YMPOYHEHUE HAHOCTPYKTYPUPOBAHHbIX BSDKYLUMX MaTepPUMaAOB MPU PasAUYHbIX
TeMnepaTypHbIX YCAOBUSIX.

UcnbiTaHMSA NPOBOAUAUCH MO CAEAYIOLLIEN CXeMe:

e 2 o6pasua BbIAEPXKMBAAUCH B HOPMAAbHbIX YCAOBUSX B TedeHMe 12 Mecsaues;

¢ O6pasubl 5, 6, 7 7} 8 CHa4vaAa BbIAEPYXMBAAUCDH 1 mMecsay B HOPMAAbHbIX YCAOBUAX,
3aTeM 5 MecdueB npu NOHMXKEHHbIX TeMnepaTypax: +5 °C, 0 °C, =5 °C n =10 °C, nocAe 4yero eLlé 6 MecsiLeB — CHOBa
B HOPMAaAbHbIX YCAOBUSIX.

Takasi METOAMKa MO3BOAMAA OLIEHMTb, KaK MaTepuaAbl HabMpaloT MPOYHOCTb U COXPAHSIOT 3KCMAyaTaLMUOHHbIe
CBOMCTBa Npu nepenapax TemMrnepaTtyp, XapaKTepHbIX AAl KAMMaTUYeCKUX YCAOBUIA KasaxcTaHa.

«BEAUTOBOE BAXYLLEE» - MOHOAUTHOE OCHOBAHUE ABTOMOBUADbHbLIX AOPOI

MpUMeHeHne 6eAUTOBOrO BSAXKYLLIErO MO3BOAAET GOPMUPOBATb MOHOAUTHOE AOPOXKHOE OCHOBaHMe, obecreumsaloLLee
BbICOKYIO MPOYHOCTb U AOAFOBEYHOCTb aBTOMOBUABHbBIX AOPOT.

KAKOYEBbLIE MPEMMYLLECTBA:

e CyLLeCTBEHHO CHUXXAeT CTOMMOCTb CTPOUTEAbCTBA 3a CYUET COKpalleHUa O6BHEMOB 3aBO3MMbIX MaTEpPUAAOB U
TEXHOAOIMYECKMX onepauunn;

* CoKpallaeT CPOKM CTPOUTEABCTBA, YNPOoLLasa NpoLecc yCTPONCTBA OCHOBAHWSA;

* YMeHbLLUaeT 3aTpaTbl HA PEMOHT U COAEPYKAHME AOPOI B TeYEHME BCEro XNU3HEHHOMO LIMKAQ;

* ObecneynBaeT TpebyeMble MPOEKTHbIE XapaKTEPUCTUKM MO HArpyskaM U MHTEHCUBHOCTU ABVXXEHUSA U COXPAHAET UX
Ha BCEM MPOTAXKEHUU 3KCNAyaTaLnm;

* [1O3BOASIET UCMOAbL30BATb AIOBOM MECTHbIN FPYHT, HAXOAALLUMNCA HEMNOCPEACTBEHHO Ha CTPOUTEAbHOM 0bbekTe, 6e3
HEeob6XOAMMOCTW €ro 3aMeHbl;

* CHM>KaeT HeraTMBHOE BO3AENCTBME Ha OKPYXKAIOLLYIO CPeAY, BKAKOUASA BbIBPOCHI U TEXHOTEHHYO HarpyskKy;

* VIcKAOUaeT HeOBXOAMMOCTb MAcCCOBOM MOCTaBKM WMHEPTHbIX MATEPMAAOB U MPUBAEYEHUA OOAbLLOMO KOAMYECTBa
TAXKEAON TEXHUKMN.
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9KOHOMUKA N SKOAOTIN4A

B npoekTe MNpUMEHAIOTCA 3KOAOMMYECKU YKCTble, pecypco-

U 3Heprocbeperatoime MaTepuanbl U TEXHOAOTUMN

NPOnN3BOACTBA 6eAUTOBOro BAXYLLIEero, OCHOBaHHbIE Ha nepepa60TKe OTXOAOB MPOMbILLUAEHHOIro NPoOn3BOACTBA.

SKoHoMMUYecKkum apPekT:
¢ DKOHOMUA Npu cTpouTeabctBe — 20 11 %

* DKOHOMMUSA MPU copep>KaHum — A0 230 % 3a CYET YyBEAUYEHUS CPOKA CAYXKObl U CHUXKEHNS PEMOHTHbIX paboT

CTAHAAPTHbIA CNOCOB PEMOHTA ABTOMOBUABHbIX AOPOT (TPAANLMOHHAS

TEXHOAOI'UA)

TexHOAOrnyeckasa cxema:

* dpesepoBaHMe CYLLECTBYIOLLEro MOKPbITUA C MOCACAYIOLLEN YTUANIaALINEN;

* YCTPOWCTBO HOBOIO MOKPbITUS:

* acdanbTobeTOHHAA MeAKo3epHMcTaa cMecb no CT PK 2373-2019 - 5 cw™m;
e achanbTobeTOHHAaaA KpynHosepHucTasa cmecbk no CT PK 2373-2019 - 6 cMm.

KAloueBble orpaHMyeHns TexHoAorum (80-90-e roabl):

* BbICOKWME 3aTpaThbl Ha MPOU3BOACTBO acHarbTOOETOHHOM CMecy;

* OXKMAAQHME AO 28 CYTOK AAS Habopa MPOYHOCTY MAaTepPUaAAOB;
* AAUTEAbHblE CPOKWN CTPOUTEALCTBA;

* HU3KWUWM CPOK CAYXKDObI MOKPbLITUA — OT 2 A0 5 AeT;

* HEOBXOAMMOCTb AOCTaBKM BOABLLNX O6BHEMOB MAaTEPUAAOB;

* W3HOLLUEHHOCTb CYLLEeCTBYIOLLUNX OCHOBAHUN,

* AeDULINT MHEPTHbIX MAaTEPUAAOB;

* OrpPaHMNYEeHHble MPON3BOACTBEHHbIE MOLLHOCTM.

TEXHOAOIMA XOAOAHOIO PECAUKAUHIA ABTOMOBUAbHbIX AOPOT (C

NMPUMEHEHUWUEM BEANTOBOIO BAXKYLLUEIO)

TexHOAOruMyeckas cxema:

* pPecamKAUPOBaHME CYLLECTBYIOLLIEIro CAOS C A0BaBAeHUEM BsaXKYyLLlero — 84,6 Kr;

* YCTPOWCTBO CAOSA M3HOCA:

* achanbTobeTOHHAA MeAko3epHUcTasa cMecb no CT PK 2373-2019 — 6 cM™;

* MPUMEHEHME BAXKYLLEro Ha OCHOBE OTXOAOB MPON3BOACTBA.
MpenMyLLeCTBa TEXHOAOIUU:

* MOAHOE COOTBETCTBME AEeNCTBYOLLMM HopMaTuBaM (CT PK 1549-2006, CT-KZ 2102 00897);

* OCYLLEeCTBEHHOE COKpaLLleHne CPOKOB CTPOUTEALCTBA;
* yBEeAMYEHME CPOKA CAYXKDObl MOKPbITUA Ha 20-40 AeT;

* obecneyeHne AOObIX Tpe6yeMbIX MPOEKTHbIX XapaKTepPUCTUK MO Harpys3kaM "M MHTEHCUMBHOCTU ABUMXEHUA C UX

COXPaHeHMeM Ha BCEM MPOTSXKEHUN SKCMNAyaTaLn;
* CHUXXEHMEe HeraTUBHOIO BO3AEMCTBUSA Ha OKPYIKAKOLLYIO CPEAY;

* NCKAKOYeHMe NOCTaBKN MHEPTHbIX MaTepnanoB N COKpallleHMe MCMNOAb30BaHNA TAXKEAON TEXHUKMU.

HopmaTuBHaga u npaBoBas 6a3a
* MaTeHTbl Ha YKPEMNAEHHble AOPOXXHble OCHOBaHWS;
e HaAmdme CT KZ;
* CcepTUDUMKAT NPOUCXONKAESHUSA MPOAYKLUNW;
¢ 100 % npounsBoacTBO — Pecnybamka KasaxcTaH
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"ﬁmxuun nnoﬁa/ﬁl

KpemeHHbIA

S

3emnaoe nonoTHo

PucyHok 3 - CpaBHUTEAbHAsS! CXeMa KOHCTRY KL AOPOXKHOM
OAEXKAbLI

HopMaTuBHO-TeXHUUYecKas 6asa

y P!
PECYpCbl M OTXOABI NPOMBILWNEHHOCTH
[ROPOXHOrO NOKPLITHA

= &

i Skonoruyecku

TPEWMH Ha AOPOXHOM NOKPLITUM
6esonacHb!

PucyHok 4 - OCHOBHbIE MPEUMYLLECTBA MPUMEHEHNST YKPENAEHHbIX

CAOEB B AOPOXKHOL KOHCTRYKLMMN

* TY CT PK «LLInakoBble BS>XYyLLME AAS AOPOXKHOIO CTPOUTEABLCTBA»
e TY 7100 PK 40438344 KPTWN-173-2005 «BeTOH AOPOXXHbIN Ha OCHOBE BSXKYLLUMX U3 30AbI-yHOCa»

CT PK 781-2004 «Bs>kyLUMe LLUAAKOBbIE U LLUAAKO-LLEAOYHbIE AAST AOPOXHOIO CTPOUTEALCTBA. TeXHUYEeCKmne yCAOBUSI»

e Y 7100 PK 39115423 KAA 1 CNK-169-2004 «BaxkyLme LLUAAMOBbIe AAS AOPOXKHbIX N OBLLIECTPOUTEAbHbIX PAabOT»
MHHOBaLMOHHbIE AOPOXKHO-CTPOUTEAbHbIE TeXxHOAOrMK KasaxcTaHa
Brnepsble B Pecnybamke KasaxcTaH paspaboTaHbl M OCBOEHbl aAbTepPHaTUBHbIE TPAAMLIMOHHBIM MUPOBBLIM AOPOXHO-

CTPOUTEAbHbIM  MaTepranaM UM TEXHOAOIMAM

HaAHOCTPYKTYypUpYloLme

MaTepnanbl KOAAOUMAHOIo  ynpo4yHeHUAd,

npeAHa3Ha4dYeHHble AAFA SKCNAyaTaunm AaBTOMOBUAbHbIX Aopor 6onee 50 AeT 6e3 npoBeAeHNA KarMTaAbHbIX PEMOHTOB.

PaspaboTaHHble TeXHOAOrMn o6ecnevymBaloT:

e CHWXXEeHMe 3aTpaT Ha CTPOUTEAbCTBO M PEHOBALIMIO CYLLIECTBYIOLLNX AOPOr Ha 20-30 %;
e CyLLUeCTBEeHHOE COKpPaLLEHNE CPOKOB CTPOUTEABHbBIX U PEMOHTHbIX PaboT;

*  CHM>KEHMe 3KCMAyaTaLMOHHbIX 3aTpaT Ha 50-70 %;

*  UNCKAIOYEHMe 06pasoBaHUA TPELUMH B KOHCTPYKLMAX AOPOXKHON OAEXKADI;
*  MOBbILLIEHNE BAArOCTOMKOCTM M MOPO30CTOMKOCTM OCHOBAHUS AOPOXXHOM OAEXKADI,
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¢ MHOIoKpaTHoOe yBeAndeHne Me>xXKpPeMOHTHbIX CPDOKOB 3KCMNMAyaTaunu;
* OTCYTCTBUE OrPaHUYEHNN B Bbl60pe OCHOBHOIo MaTephnana ANA CTPOUTEAbCTBa AOPOI N NMAOLLIAAOK;

* CHW>XEHMe HeraTMBHOIO BO3AEMCTBUS Ha OKPY>KAIOLLYYIO CpeAy.

TexHOAOIrUM UMEIOT HEO6XOAMMOE HOPMaTUBHOE U NMpaBoBoOe o6ecneyeHue:

e CT KZ «AcMapop» 1 «AcManpoy;
* cepTUDUKATbl MPOUCXOXKAEHUSA NMPOAYKLINM;
* MPOU3BOACTBO - PecnybAnka KasaxcTaH.

OBPA3Lbl KEPHOB

O6pasLbl KEPHOB VICMOAb3YIOTCH AAS OLIEHKM PUIUKO-MEXaHUUYECKUX U XMMUUYECKUX CBONCTB AOPOXKHbBIX MaTePUaAOB.
Ha oCHOBaHUM UCCACAOBaHMUI KEPHOB ONMPEACASIOTCA:MPOYHOCTD;

* MAOTHOCTb;
* MOPUCTOCTD;

* BOAOCTOMKOCTb 1 MOPO30CTONKOCTb;
* OAHOPOAHOCTb CTPYKTYPbI;

* COOTBETCTBME MAaTEPUAAOB TPEOOBAHUSAM CTAHAAPTOB M HOPMATUBHbLIX AOKYMEHTOB.

MoAyYeHHble AaHHblIe MPUMEHSAIOTCS AAA:
* OLEeHKM KayveCTBa N AOATOBEYHOCTU MaTepunaAa,

¢ NOATBEPXXAEHNA ero MNpUroaAHOCTUN AAA MCMOAB30BaHNA B AOPOXXHOM CTPOUTEAbCTBE;

e 060CHOBAHUA MPOEKTHbIX PeLLUeHUN;

* KOHTPOAA COOTBETCTBUA COCTaBOB YyCTAaHOBAEHHbIM HOpPpMaTMBaM.

COCTABbl UCCAEAYEMbIX OBPA3LIOB (KEPHOB)

CocTaBbl Ha OCHOBE AOMEHHOIo U FrPaHYAMPOBAHHOIO LUAAKa

1. AOMEHHbIH WAaK - 16 %

LnC -70 %

3oAa T3L -10 %

LleMeHT - 4 %

2. [paHyAMPOBaHHbIA AOMEHHDbIN LWAAK - 16 %
LLNC —80 %

LleMeHT — 4 %

CocTaBbl C UICMOAb30BaHMEM BTOPUYHOIO achaabTobeTOHaA
3. Crapbii achanbtob6eTtoH — 40 %

Mrc -40 %

LlemMeHT - 4 %

MpaHWwAaK - 16 %

CocTaBbl Ha OCHOBE NPUPOAHbIX MaTepMaAOB

4. 3oAaTOU—16%
MNrc npupoaHas — 80 %
LleMeHT — 4 %

5. TIpaHwAak — 16 %
Mrc npupoaHasa — 80 %
LemMeHT — 4 %

CocTtaBbl Ha ocHoBe $oCcPHOpPHbIX OTXOAOB

6. dochopHbIM WAAK — 90 %
LemeHT — 10 %

7. ®ochopHbIi WAaK — 80 %
docdormnc — 19,5 %

CocTaBbl C MICMOAb30OBaHMEM FPYHTOB

8. docohopHbIi WAAK — 16 %
oyHT — 80 %
LleMeHT — 4 %

BaykyLme MaTepmanbl
- LLIMC co LWAaAKOBbBIM BSXXYLLIMM
- LLInakonopTAQHALIEMEHT

Pe3yAbTaTbl UCCAEAOBAHUIN KEPHOB MOATBEPXKAAKOT, UTO MPUMEHEHWE LLUAAKOBbIX M HAHOCTPYKTYPUPOBAHHbIX BAXYLLIMX
Ha OCHOBE TPOMbILLAEHHbIX OTXOAOB oObecneumBaeT ©GOPMUPOBAHME MPOYHbBIX, AOAFOBEYUHbIX W 3KOAOTUYECKU
YCTOWUMBBIX  AOPOXHbIX OCHOBaHMW. Pa3paboTaHHble COCTaBbl COOTBETCTBYIOT AEMCTBYIOLLUMM  HOPMaTUBHbLIM
TpeboBaHMAM, MO3BOASKOT WUCMOAb30BaTb MECTHble WM BTOPMUYUHbIE MAaTepUaAbl, CYLLIECTBEHHO COKpallatoT 3aTpaTbl Ha
CTPOUTEABCTBO WM 3KCMAyaTaLMO aBTOMOOBUAbHbBIX AOPOT N 06ecnednBatoT YBEAMUYEHNE MEXKPEMOHTHbIX CPOoKoB A0 50

AET U Bonee.
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MCCAEAOBAHUE NPUMEHEHUA 3
HEDTELLULAAMOB AAA YAYUHLLEHUA CBOUCTB
PEFTEHEPUPOBAHHOIO ACOAADTA

Bbaviayrraes Vinbsic HypAaHOBUY,

AOKTOPAHT Kagdeapbl XUMNYECKON 1 BUOXUMNYECKOU uHXxeHepuun, Satbayev University,
+77019510472

ilyas.baidullayev@gmail.com

LEADb NMPOEKTA

OueHka 30PEeKTUBHOCTU MPUMEHEHUA pPerBEeHAaTOPOB Ha OCHOBE HedTecoAep>KallMX OTXOAOB AAS YAyYLLEHUA
CBOWCTB pereHepmpoBaHHOro acdanbTobeToHHOro nokpbiTna (PAT) C UeAblo MOBbILLEHUA ero AOAFOBEUYHOCTU U
YCTOMUYMBOCTM K BHELLHUM BO3AENCTBUSAM.

3AAAYU NMPOEKTA

* MiccnepoBaTb GUIUKO-XUMUYECKME XaPAKTEPUCTUKM HEPTAHDBIX LLAGMOB;

* PazpaboTaTb peLenTypbl MPUMEHEHUS HEDTELLUAAMOB AAS YAYULLIEHUS GU3UMKO-MEXaHNUYECKUX XapaKTepncTuk PATT;

* OnpepaeAuUTb  OMNTUMMAAbHOE COAepXaHMe U1 AO3MPOBKY PEOBEHATOPOB  AAS  AOCTUdKEHUs  TpebyeMoro
OMoOAaxkmBatLlero adpdekTa acharbTobeTOHA.

NMPOBAEMATUKA

CoraacHo KoHuenumm pasBuTUS TPaHCMOPTHO-AOIMCTUYECKOro nmoTeHumana Pecnybankmn KazaxctaH Ao 2030 roaa,
nAaHMpyeTca peMoHT 6oaee 30 % aBTOMOBUAbHbIX AOPOI PECNYDBANKAHCKOIrO 3HaUYeHUs. DTO NPUBEAET K:
* POCTY NOTPEBHOCTU B CbiPbeBbIX MAaTEPUMAAAX;
* 06PaA30OBAHUIO 3HAUNTEABHbIX O6BEMOB OTXOAOB achaAbTOOGETOHHbIX MOKPbLITUN,
* YBEANYEHUIO SKOAOTMYECKOW HAarpy3Ku.

Thermal
Oxidation

PucyHOK 1 - BO3AEVICTBUE OKDY KAIOLLIEV CPEABI Ha aChHANbTOOETOHHbIE MOKPLITHS

NMPEAAATAEMOE PELLUEHUE

B kadecTBe pelUeHUA MpeAAaraeTcs MCCAEAOBAHME MPUMEHeHUA HedpTelUAAMOB B KayecCTBe PEOBEHATOPOB AAS
pereHepaunm achanbtobeToHa. AaHHbIN MOAXOA NMO3BOAUT:
* 3pDEKTUBHO BOBAEKATb HedTecoaepKaLLMe OTXOAbl BO BTOPUYHbI 060pOT;
* MOBbICUTb AOATOBEYHOCTb U YCTOMUMBOCTb PEreHepnpoOBaHHOIo NOKPbITUS;
* CHU3UTb NOTPEBHOCTb B NEPBUYHbIX CblPbEBbIX Pecypcax;
* COKPATUTb 3KOAOTMYECKOE BO3AENCTBNE AOPOXKHOIO CTPOUTEABCTBA M PEMOHTA.

KOHEYHbIE NMOTPEBUNTEAU

KOHeuUHbIMU MOTPEBUTEAAMM U YYACTHUKAMU PEAAM3ALINU NMPOEKTa SBASIOTCS:

* HedTexmMmyeckme n HedTenepepadaTbiBalOLLME KOMMAaHUN — KaK HEMOCPeACTBEHHbIE MPOU3BOAUTEAUN HedTELLAAMOB
B npouecce A0O6bIYM 1 NepepaboTKn HeDTH;

* AOPOXXHO-CTPOUTEAbHbIE U AOPOXKHO-PEMOHTHbIE OPraHn3aLMn, MCMNOAb3YIOLLNE pereHepUpPOoBaHHbIN achdaAbTOH6EeTOH
NpPW CTPOUTEABCTBE, PEMOHTE U COAEPXKAHNU aBTOMOOUABHbIX AOPOT.
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COCTAB HE®TAHOIO LUAAMA

Tabamya 1 - CocTaB HePTIHOro LLUAAMa

MAOTHOCTD, Mex Boaa MapadomH = CMOAbI Acdbaabtenbl Cepa
Kr/m3 npumecu
965.45 31.20 24.30 2.95 7.28 4.55 0.25
45
40

NN W W
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150-250°C
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250-350°C

350-400°C Bbiwe 400°C

Temneparypusifi qHanaszoH

PucyHok 2 - PacripeseseHie Maccsl 06pasLa ro TemMrnepaTypHbIM AMara3oHam

HAYYHAA HOBU3HA

HayuHasa HOBW3Ha npeaAaraemMoro KnCCAepAOBaHUA

3aKAKO4aeTCcHd B 0OOCHOBaHWMU n  3SKCNnepmMMeHTaAbHOM

MOATBEPXKAEHMN BO3MOXHOCTU MPUMEHEeHUA HedTellAaMoB, OOpasyloLLMXcsa Ha HedTenepepabaTbiBatOLLMX 3aBOAAX
Pecnybankn KasaxcTaH, B KadecCcTBe CblpbeBOW OCHOBblI AAS Pa3paboTKM petoBeHATOPOB, MpeAHa3HauYeHHbIX AAS
pereHepaumm acharbTOBETOHHbIX MOKPbITUN N BOCCTAHOBAEHUSA 3KCMAYaTaLUMOHHbIX CBOMCTB achaAbTOBOrO BAXYLLErO.

PE3YAbBTATDI
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PucyHok 3 - IK-®ypbe criekTpbl cocTapeHHoro (1) v
BOCCT@HOBAEHHOIo OUTYMa C COAELIKAHNEM HEGDTIHOro LLIAAGMA
1% (2), 3% (3), 5% (4).

6

wec s0°C

— e— e— o

Primary 1% oil sludge 1% oil sludge 1% oil sludge
CPABHITEN Kbl AHANWS NPOMHOCTIA Ha CHATUE N PA3NMIOT
20°Cus0°c

Compressive strength (MPa)
MW e oW

PucyHok 5 = CoaBHUTEAbHbIVI GHAaAM3 MPOYHOCTU Ha CXKATUE
rPY PA3ANYHOM KOHLIEHTPRALMN HEDTSHOMO LLAGMAE MpU
Temnepatypax 20 °C 1 50 °C

1161581

PucyHok 4 - COM-1306paskeHne CTaporo aceharbToOBOro roKpbITUS
(@) m PATT ¢ aobasreHmnem 1% (b), 3% (c), 5% (d) HegdTsaHOro Lrama

Rutting depth,mm N
O N

e

[

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Dependence of rutting on the number of wheel passes
—e—Initial ——1% -8-3%

—=<5%

PucyHok 6 - AaHHbIE 110 PacyeTy CPEAHEV rYybuHbBI KOAEU UCXOAHOMO
GDPEIEPLHOrO MATEPUAAG U TOCAE 06PEOOTKN HEGDTELLUAGMOM B
KkonmdyectBe 1, 3 11 5%
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Residual Mass: 83,78 % (7006 °C
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PucyHok 7 - Kpusbsie TITA cTaporo acgarstobeTtoHHoro rnokpeitisa (1) v PATT ¢ aobasreHmem 1% (2) n 5% (3) HegTelurama

CPABHUTEAbHAA TABAULA C AHAAOTAMU

TabauLa 2 - CpaBHUTEAbHAS TabAULE C aHAAOTraMu

Mokaszarean MpoaykT AHnanor Nel Ananor Ne2 Ananor Ne3
nepepaGoTku
HedpTewAama
MpoussoauTeAb KasaxcraH KasaxcraH Poccus Poccus
Mpeumywiectsa YTMAM3OUMA OTXOAOB | MCMOAB3OBAHME RAP B KOAMYECTBE A0 | SCDCDEKTMBHOE BOCCTAHOBAEHME ACET BOIMOXHOCTb BBOAMTb B FOpA4YIO
HedoTENPOM3BOACTBA, | 99,9%; BOIMOXHOCTb MOUMEHEHMA MOBEPXHOCTHOM CTPYKTYPbI M HOASXHAS ACOAALTOBETOHHYIO CMeCh A0 60 % CPe3aHHOTO
SKOAOTMHECKMI PC3AMYHOTO OBOPYAOCBAHMS; HUIKOA 30LUMTA ACCHAALTOBETOHHOTO MOKPLITUS; | TPAHYAATA CTAPOTO ACCPOALTOBETOHA; 3KOHOMMS 3aTPaT
‘QCMeKT, NOBTOPHOE CTOMMOCTb; 3KOAOTMYEeCKaa AAUTEABHOA FMApOQ)OﬁM]QLLMﬂ MOKPbLITHA NPY TPAHCNOPTUPOBKE CbIPbA HO AGAbHWE PACCTOAHUA;
MUCMOAB3OBAHME 6e30nccr<ocn,: nposeaeHue stOT B U 3aMEAAEHUE CTAPEHUS BAXYLLIErO; NPOAYKT UMEET XUAKYIO Q)OpMY, YTO NO3BOASET BbleQTb
bpe3epoBaHHOrO PEXUME HOH-CTONM; BOIMOXHOCTb MPOCTAs YHUAPMIMPOBAHHAA TEXHOAOTMA | OMTMMAABHBIA CMIOCOB AO3MPOBAHMS; SKOHOMMS
acaanbTa PEMOHTA ACCOAALTOBBIX MOKPBITUIA B | MPUMEHEHMA. MCXOAHBIX MOTEPUAAOB (GUTYMA M MUHEPOABHBIX
3MMHU NEPUOA. MQTEPUAAOS).
O6AACTH NPUMEHEHUA FMONHBIN, TEKYLLIMIA AMOYHbIA PEMOHT MosepxHocTHAR oBpaboTtka SMOYHBI PEMOHT
PEMOHT
Hopma pacxoaa 1%-5% ot maccbl RAP | 1 AUTP Ha 1 ToHHY RAP 1,5kr Ha 1 M2 OT 4% AO 6% OT MACCbI BSXYLLIETO B IOCAHYAATE CTAPOrO
acdaasTob6eToHa
PeaAnsaupoHHas ueHa, = 400-700 6000 1500 2800

TeHre 3a Kr/A

BU3HEC-MOAEAD

Tabauya 3 - BusHec-MoAeAb

KomnoHeHT Onucanune

Cnoco6 moHeTH3auuu 1. Mpsmble MPOACXKM PEIOBEHATOPOB KPYMHBIM CTOOUTEABHBIM KOMMIAHMSM.

2. AVLLEH3UPOBAHNE TEXHOAOTUN.

3. YCAYIM KOHCOATUHIQ.
KaHaabl npoaax 1. Mpsamble NPoOACKM Yepes B2B KAHAAbI.
2. MNapTHEPCTBA C AOPOXHBIMU KOMMAHMAMM.

3. Y4actue B TeHAEPOX.

CTpykTYypa 613Hec-moaeAn 1. MPOU3BOACTBEHHbIE MOLLIHOCTH.

2. ICCAEAOBAHMS 1 PA3PABOTKM.

3. MNapTHEPCTBA C MNOCTABLLMKAMM HECPTELLIAGMOB.

CebGecToMMocCTb 1. NepepaboTka HEAPTELLAOMOB: OBOPYAOBAHWE, SHEPTO3ATPATLI, TOYAOBbIE PECYPCHI.
2. UccAeA0BaHUS M Pa3pPaABOTKUM.
LleHa peaAuzaumm 400-700 Tr/kr

UTOIMOBOE 3AKAKOYEHUE

MpoBEeAEHHOE  UCCAEAOBAHME TMOATBEPIXKAAET HAYUHYKO U MPAKTUYECKY  LieAecoobpasHOCTb MNPUMeHeHUsN
HedTEeLIAAMOB B KayeCTBe PEOBEHATOPOB AAA pereHepaumm achaAbTOBETOHHbIX MOKPbITUN. DKCMepUMeHTaAbHble
pe3yAbTaTbl MOKa3bIBAIOT, UYTO BBeAEHME HedTelIAGMOB B OMNTUMaAbHbIX Ao03upoBkax (1-5 %) obecrneuvBaeT
BOCCTAHOBAEGHME CTPYKTYPbl M CBOMCTB COCTApPEHHOro 6UTYMa, YAyYLlaeT GU3MKO-MexaHWUyecKme xXapakTepUCTUKU
pereHepmnpoBaHHOro achaAbTa, CHUXKAET KoAeeobpa30oBaHMe U MOBbILLAET YCTOMUYMBOCTb MOKPLITUA K TeMMNepaTypPHbIM U
3KCMNAYaTaLMOHHbBIM BO3AENCTBUAM.

[NpeanaraeMoe pelleHne OTBeYaeT aKTyaAbHbIM Bbl30BaM AOPOXXHOM OTpacAm PecnybAmkn KasaxcTaH, CBA3aHHbIM C
MaclITabHbIM PEMOHTOM aBTOMOOUAbHbBIX AOPOr U POCTOM O6BEMOB OTXOAOB acdanbTobeToHa, M COOTBETCTBYET
MOAOXEHUAM KoHUenuumn pasBuUTUSA TPAHCMOPTHO-AOIMCTUYECKOro noteHumana PK ao 2030 roaa. VicmoAb3oBaHue
HedTeLAaMOB TMO3BOASET OAHOBPEMEHHO pellaTb TEeXHOAOTMUYEeCKMe, 3KOHOMUMYECKME W 3KOAOrMYecKMe 3apauu:
COKpaLLlaTbh MOTPEBbHOCTb B MEPBUYHbBIX CbIPbEBbIX pPecypcax, BOBAEKATb HedTeCOAEP>KaLlMe OTXOAbl BO BTOPUYHbIN
060OPOT N CHMXKATb COBOKYMHbIE 3aTPaTbl HA CTPOUTEAbCTBO M COAEP>KaHMe AOPOT.

TakuM  06pasoM, paspaboTaHHasas TexXHOAOrMsa UMMeeT BbICOKUM  MOTEHLUMAA MPAKTUUYECKOro BHeApeHus,
MOATBEPXAEHHbIN pe3yAbTaTaMn PU3UKO-XUMUUYECKUX U MeXaHUUYECKUX UCMbITaHUI, MYBAUKALMAMKN B pPeLeH3unpyeMblX
HaYUHbIX U3AAHUAX N YPOBHEM TEXHOAOrMYeckon rotoBHOCTU (TRL), U MOXXeT 6biTb pPeKOMeHAOBaHa AAA AAAbHENLLEN
OMbITHO-MPOMbILLAEHHOM anpobaLuy 1 MacLLITabUpPOBaHUA B AOPOXKHOM OTpacAu PecnybAamkin KasaxcTaH

KOMAHAA MNMPOEKTA

baviayrnaeB Vinbsic HypAaHOBUY - 3@HUMAETCS MOAYYEHMEM 06pas3LoB, UX MOoAMPUKALMEN HEeGTSIHbIM LLIAGMOM U
MOArOTOBKOU Hpe3epOBaHHbIX MATEPUANOB C HEDTSHBIM LUAGMOM ANST AQABHEULLIMX MCCAEAOBAHNI

AwmmoBa CantaHat JKaHpaapbekoBHa - OTBEYaeT 3@ WCCAEAOBaHME U POBEAEHUE  IKCIIEPUMEHTOB 10
SKCMNYaTaLMNOHHbIM CBOMCTBaM ac@anbTOBbIX MOKPbLITUM, @ TaKXe y4acTBYyeT B O6cy)KAeHMM MOAYYeHHbIX pPe3yAbTaToB
AAST OL{EHKU UX MPAKTUYECKON 3HAYUMOCTH.

AviTkarmeBa [yAb3aT CASLLUEBHAa - CeLUarvcT B 06AaCTU XUMNYECKOM TEXHOAOIMMM, OTBETCTBEHHAs 3a rnpoBeAeHue 1
aHaAU3 Pe3yAbTaToOB, NMOAYYEeHHbIX C UCMOAb30BaHEM ¢M3MKO-XMMM'~IGCKMX MeTOAOB NCCAEAOBaHUA.
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COBEPLUEHCTBOBAHUE TEXHOAOI' NN NOAYYEHUA
ACOPAABTOBETOHA C NCIMMOAb3OBAHUEM OTXOAOB
PE3SMHOTEXHUYECKUX USAEAUN N NOAUMEPHbDIX
OTXOAOB

CartaeBa Carnypa CaHueBHa
AccoumpoBaHHbIV ripogeccop, SKATY um. )KaHrnpxaHa
[MoyTa: sataeva_safura@mail.ru

LLEAb NMPOEKTA

PaspaboTka Hay4YHO OBOCHOBAHHbIX TEXHOAOIMYECKUX PELUEHUN MO MCMOAb30OBAHMIO OTXOAOB PE3UHOTEXHUYECKUX
ns3penmnm (PTW) B kadecTBe:
* MUHEepaAbHOM AO0BaBKMU;
* MoAMDUUMPYIOLLEro peareHTa HedTAHOro AOPOXHOro 6MTyMa B cocTaBe acdanbTobeToHa, MNprMeHaeMoro npu
CTPOUTEABCTBE, PEMOHTE N COAEP>KAaHUN aBTOMOBOUABHbBIX AOPOT.

AKTYAAbHOCTbDb NMPOEKTA

«CoCTOsIHME AOPOT - aKTyaAbHasa NpobAeMa. KauecTBO 3peChb BaXkHee KOAMYECTBa. AAS 3TOro LLeAecoobpasHoO LLUMPOKO
MCMOAb30BaTb MHHOBALMOHHbIE COBPEMEHHbIE METOAbI MU MOAXOAbLI», - OTMETUA [pe3naeHT Pecnybamkn KasaxctaH K.K.
TokaeB B lNocAaHUM Hapoay KasaxcTaHa.

PazButre AOGOro rocyaapcTBa HanpsMyk CBA3aHO C Pa3BUTUEM TPAHCMNOPTHOM MHpPACTPYKTypbl. B PecnybAnke
KazaxcTaH obLaa npoTaXXEHHOCTb aBTOMOOUABHbIX AOPOI COCTAaBASIET OKOAO 128 TbiC. KM.

B 3ANAAHO-KA3AXCTAHCKOMN OBAACTMW:

* 06LLas NPOTAXKEHHOCTb aBTOAOPOTN - 8,5 TbIC. KM;

* achaAbTUPOBAHO - 2,5 ThIC. KM;

* B XOpoLwleM cocTosaHun - 11 %;

* B YAOBAETBOPUTEABHOM COCTOAHUM - 49 %;

* B HEYAOBAETBOPUTEABHOM COCTOSAHUU - 40 %.

Takasa CTPYKTypa AOPOXHOM ceTn TpebyeT BHepApeHUs 6oAee AOATOBEYUHbIX, YCTOMUMBBIX U  3KOHOMUYECKMU

2bdEeKTUBHbIX MaTepPUAAOB, CMNOCOOHbIX MOBbBICUTb CPOK CAY>XObl MOKPbLITUA B YCAOBUAX PE3KOKOHTUHEHTAAbHOIO
KAMMaTA.

BAXXHOCTb NMPOEKTA N 3SAAAYU NCCAEAOBAHNUSA

AAA AOCTUXKEHWNS MOCTAaBAEHHOM LIeAU MPeAyCMaTPUBAETCS PeELLEHME CAEAYOLLMX 3aAaY:
* M3yUYeHMe aKCNAyaTaLMOHHbIX CBOMCTB achanbTObEeTOHA A0 M MOCAE BBEAEHWNS OTXOAOB PE3NHOTEXHUYECKUX U3AEANI;
* CPaBHUTEAbHbIN aHaAMU3 achanbTOBETOHA, MOAYYEHHOIo C NPUMEeHeHneM oTxop0B PTU, ¢ TpaAMUMOHHBIMKM COCTaBamMm
B COOTBETCTBUMU C TpeboBaHuamu FOCT;
* OLleHKa 3KOAOIMMUYECKMX MpenMyLLecTB nepepaboTkm oTxoaos PTU;
* pacyéT aKOHOMMYECKOW 3DPEKTUBHOCTM NOAYyYaEMOro achanbTobeToHa.

HAYYHAA HOBU3HA MNMPOEKTA

HayuHas HOBM3Ha MPOEKTa 3aKAKOYAETCS B CACAYHOLLIEM:

* nepepaboTka OTXOAOB PE3UMHOTEXHUYECKUX WU3AEAUM CMOCOBCTBYET CHMXKEHWIO BbIGPOCOB YIFAEKMCAOrO rasa W
YMEHbLLUEHNIO 06 BEMOB MOAUIOHHOIO 3aXOPOHEHUS;

* NMPUMeHeHne OoTXoAO0B PTW COOTBETCTBYET MPUHUKMMNAM 6e30TXOAHbBIX XMMWUUECKUX TEXHOAOrUM, UCMOAb3YEMbIX B
COBPEMEHHOM AOPOXKHOM CTPOUTEABLCTBE;

* ncroAb3oBaHne PTW B cocTaBe acdanbTobeToHa CHWMXKAeT ero cebecToMMOCTb MPW OAHOBPEMEHHOM YAYYLLEHUN
SKCMAYATALMOHHbIX XapPaKTEPUCTUK, BKAKOYASA TPELUMHOCTOMKOCTb, YCTOMUMBOCTb K MepernapaMm TemnepaTtyp U
KAMMaTUYECKMM YCAOBUSAM pPermoHa.

NMPOBAEMA

AOPOXKHOE CTPOUTEABCTBO ABASIETCH OAHUM U3 KPYMHbIX NOTPebUTEAEe NMPUPOAHBIX ChIPbEBbLIX PECYPCOB B BUAE MAMH,
CYIAVMHKOB, MECKOB, LLebHS M rpaBuUs a TakXKe OpPraHMUYeCcKUX M HEeOopraHUJYecKux BsHXKYLUMX B BUae 6UTYMa, LieMeHTa 1
M3BECTU. Tak>Ke AOPOXKHbIE MOKPbITUS MNPEACTaBASIOT COOOM CAOXKHYKO U MHOMOPYHKLUMOHAABbHYIO KOHCTPYKLMIO,
AOATFOBEYHOCTb U HAAEXHOCTb KOTOPOM BO MHOIMOM 3aBUCUT OT KadecTBa BUTYMa, TaK KaK MUKPOTPELLMHbI 0B6pasyoTcs
MMEHHO B ero naeHke. CAeayeT OTMeTUTb, UTO 3anapHo-KasaxcTaHckasas obAacTb MOAHOCTbIO 3aBMCKMMa OT MPUBO3HbIX
MaTEepPUAAOB Kak LebeHb, BUTYM U LieMeHT. 3anapHbin pernmoH PecnybAnkn KasaxcTaH, BKAOUYasa ATblpaycKyko 0HBAaCTb
obecrneymBatoTCsl TOAbKO LLIe6EHOUYHbIM 3aBOAOM AKTIOOMHCKOM OOAAaCTW, paboTatolMii Ha OCHOBE FOPHOW MOPOoAbI
MyranAXXapCKOro MecCcTOPOXAEHUSA T.e. BAMdKaMLLee paccTosHMe AAA 3anapHo-KasaxCTaHCKoOM O6AaCcTW COCTaBASAET
npuMepHo 600-650 kM. BUTyM UM uUeMeHT obecneuymBatoTCa B OCHOBHOM 3a c4yeT nocTaBlukoB P®. [MoaTomy
MCCAEAOBAHUSA, HaMpPaBAEHHbIE Ha CHWKEHME MaTepuaAOeMKOCTW, Ceb6eCTOMMOCTU U AOCTUDKEHUSA KayecTBa AOPOr 3a
CUYET WMCMOAb30OBAHUSA MECTHbIX CblIPbEBbIX PECYPCOB, BKAKOUYASA OTXOAbl MPOMBILLUAEHHOCTW, ABASIOTCA aKTyaAbHbIMU B
MaclwiTabe Bcex permoHoB KasaxcTaHa.
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PELLUEHWE

B HacTosillee BpeMsa TeMmMbl CTPOUTEAbCTBA aBTOMOOUABHbBIX AOPOI CAEPXXMBAKTCH BbICOKOM CTOMMOCTbIO UAU
OTCYTCTBMEM HEODOXOAUMbBIX AOPOXXHO-CTPOUTEAbHbIX MaTepUaAoB, TO HeENMpPeMeHHbIM YCAOBMEM [MOBbILLUEHUSA
2ddeKTUBHOCTH AOPOXKHOIro CTPOUTEABbCTBA aABAfeTCA noBblLLEeHWe KayecTBa AOPOXKHO-CTPOUTEAbHbIX
MaTepunanoB. OAHUM M3 NMEePCrneKTUBHbIX HaMpPaBAEHUN YAYULLEHUSA KadecTBa AOPOXHbIX MOKPbITUNA ABASETCA
MCMOAb30BaHME Pa3AUYHbIX A0OBABOK MPU U3rOTOBAEHUM acPaAAbTOOBETOHHbIX MOKPbITUN, K YMCAY KOTOPbIX OTHOCATCA
OTXOAbI PE3UHOTEXHUYECKUX NSAEANI.

OTAUUYUTEABHBIMU  OCOBEHHOCTAMU  MPEeAAaraeMon  TEXHOAOTUM  FABASIETCA:  WCMOAb3OBaHME  OTXOAOB
PE3NHOTEXHUYECKUX USAEAUN, YTO MO3BOAUT O06ECneUnTb BbICOKYIO HAAEXHOCTb U 9PDEKTUBHOCTb acdanbToOBETOHa Npun
HEBbICOKOM CTOMMOCTU, @ TaKdXXe MO3BOAUT PELUUTb 3KOAOMMYECKYID MPOBAEMY 3aCOPEHHOCTU OKpYyKatoLlen cpeabl
3TUMU OTXOAAMU

PE3YABTATbI MPOEKTA

MoATBepXXAEHUe HayYHON MAEN AOCTOBEPHbIMU MCCAEAOBATEABCKUMU AQHHbIMU
B xoae peaAnsaumMm NpoeKTa MAGHNPYETCSH MOAYYEHME CACAYHOLLMX HAYYHO-MPAKTUYECKUX PEe3YALTATOB:

* NPOBEAEH aHAAM3 CYLLIECTBYIOLLUNX TEXHOAOM M MOAYYEHMS achaAbTOBETOHA AAS AOPOXKHbBIX MOKPbLITUI;

* M3yYEeH COCTaB UCXOAHOIO CbIPbSA U MCCAEAOBAHbI €ro GU3NKO-XMMUYECKNe CBOMNCTBA;

* paspabotaHa M anpobupoBaHa TEXHOAOIrMUS MOAy4YeHMa acdanbTobeToHa C  UCMNOAb3OBaHMEM  OTXOAOB
PE3UHOTEXHNUYECKNX N3AEAUN;

* MCCAEAOBaHbl GU3NKO-MexaHMYecke CBOMCTBa achanbTobeToHa, MOANDULIMPOBAHHOINO BTOPUYHbIMU OTX0AaMK PTU;

* AdHa oLeHKa 3bPEeKTUBHOCTU MPUMEHEHUSA OTXOAOB PE3NHOTEXHUUECKNX USAEAUN AAS TIOAYHeHUA achanbTobeToHa ¢
YAYYLLEHHbBIMU 3KCAAYATaLUMOHHbBIMW XapaKTepPUCTUKaMU;

* onpeapeAeHa akoHoMMyeckas abdPeKTUBHOCTb Pa3paboTaHHOM TEXHOAOT UK, BKAKOUYASA MPOBEAEHME MPeABaPUTEAbHbIX
OMbITHO-MPOMN3BOACTBEHHbIX NCMbITAHUNA.

LleAneBble NOTpPe6UTEAU PE3YAbTATOB NPOEKTa
OCHOBHbIMWN MNOTPEBUTEAAMN PE3YABTATOB NPOEKTa SBAAIOTCS:

* MPOU3BOACTBEHHbIE N AOPOXHO-CTPOUTEAbHbIE OpraHM3aLnn, OCYLLECTBAAIOLLME CTPOUTEAbCTBO, PEMOHT U
coAepYKaHMe aBTOMOBUABbHbBIX AOPOT;

e cybbekTbl MaAOro U cpeaHero 6u3Heca, chneumaAmsmpyrolimeca  Ha nepepaboTke BTOPUYUHBIX  OTXOAOB
PE3NHOTEXHUYECKUX USACANI;

* YMOAHOMOUYEHHbIE N KOHTPOAUPYIOLLME OpPraHbl, OCYLLECTBAAIOLLUMNE OLIEHKY 3KOAOMMYECKOro COCTOSHUA MPUPOAHOMN
cpeabl 3anaaHo-Ka3axCTaHCKOro permoHa.

MpaKkTUyeckasa 3HAYNMOCTb

[MoAy4YeHHble pe3yAbTaTbl OYAYT HOCUTb MPOPbLIBHOW XapaKTep M CO3A3AYT OCHOBY AASl YCOBEPLLUEHCTBOBAHUSA
TEXHOAOIMM MNPOU3BOACTBA acdanbTobeToHa C MCMNOAb30OBaHMEM BTOPUUHbLIX OTXOAOB, obecreumBas MoOBblLLUeHWe
AOATOBEYHOCTU AOPOXKHbBIX MOKPbITUN, CHUXKEHNE Ce6eCTOMMOCTU U SKOAOIMUYECKOW Harpy3KmM Ha OKPY>KAlOLLYIO CpeAy.

PucyHok 1 - [TpurotosreHmne obpasiLa accharbTobeToHa B Aab6OPaTOPHbLIX

HAYYHAA TEOPUSA, MOAAEP>XXUBAIOLWAA 3TY UAEIO:

MpoeKT Heo6X0AMMO NOAAEPIKATb UCXOAS U3 CACAYIOLLIMX aKTYaAbHbIX MapaMeTpoB:

* MO NPenMyLLEeCTBY TEXHOAOIMMUYECKUX PeLleHUM OTHOCUTEABHO CHVYXKEHUSA SHEPIro- U pecypco3aTparT;

* MO 3KOAOIMYECKOMY coobparkeHuto. NMpeanaraeTcs npocTas, HO 3ddeKTUBHASA TEXHOAOTUS YTUAM3ALNU U3HOLLEHHbIX
LLWH C BbIXOAOM BbICOKOKAYeCTBEHHOro achanbTOOETOHa, NCMOAb3YEMOIO AASI CTPOUTEABCTBA M PEMOHTA OCHOBAHUM
AOPOXKHOWM KOHCTPYKLUNU;

* MO NapameTpaMm Cnpoca N KOHKYPEHLNN.

9KOHOMUYECKAA 2PPEKTUBHOCTD

Ha npoussoacTBo 1 M2 acdanbTa pacxoayetcs 0,12 M* nAan 0,8 T MUMHEPAAbHOIro MOPOLLKa (C y4eToM cebecToMMOCTH).

1 mM? acdanbTobeToHa = 400 Kr

1 TOHHa MuHepaAbHOro nopowka 16 000 TeHre, 0,8 TOHHbl MUMHepaAbHOro nopowka = 12 800 TeHre (AAS
npounsBoacTBa 1 M2 achanbTobeTOHA).

Ecan 2% oT 10% MUHEPAAbHOIrO MOPOLLKA 3aMeHUTb oTxXxoaaMn PTU, TO CTOMMOCTb MUHEPAAbHOIO MOPOLLKA COCTaBUT
1 520 TeHre.

LleHa acdanbTobeToHa, cocTodALlero 13 10% MMHepPaAbHOIO NMOPOLLIKA, cocTaBAadaeT 12 800 TeHre.

LleHa acdanbTobeTOHa, cocToAllero ns 2% otxoaoB PTU n 8% MrHepaAbHOro rnopoluka, coctaBaseT 11 520 TeHre. To
ecTb, 12800 - 11520 = 1280 TeHre.

PesyAbTaTbl  pacyéTa MOKasaAW, UYTO WUIrOTOBAEHMEe acdanbTobeToHa MyTeM  UCMNOAb3OBaHWA  OTXOAOB
PE3NHOTEXHUUYECKUX U3AGAUM CHMXKAET CTOUMOCTb 1 M? acdhanbTobeToHa Ha 1280 TeHre. DTO BbIFOAHbBIN MOKa3aTeAb AAS
npeAnpPUATUA-NMPOU3BOANTEAS.
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3AKAKOYEHUE

B npoekTe paccMOTpeHbl TPU OCHOBHblE aKTyaAbHble MPOOAEMbl CErOAHSLLUHEro AHS: AOPOXHOE CTPOUTEAbCTBO,
6e30TX0AHAs XMMMYEeCcKass TEXHOAOTUSA N SKOAOrMYeckme rnpobaeMbl. MoAydaeMbll MPOAYKT 3KOHOMUYEH, SKOAOTMYEH U
MO3BOAUT 0becneunTb CTPOUTEAbHYH OTPACAb CTPaHbl OTeYECTBEHHOM NPOAYKLIMEN.

B cBoé BpeMs BeAUKUM xuMuk A.MN. MeHaeAeeB NpeABUAEA HEOOXOAMMOCTb CO3AaHNSA 6E@30TXOAHOIO MPOU3BOACTRA,
roBopsi: «B XMMMM HET OTXOAOB — €CTb TOAbKO CbIPb&, KOTOPOE NOKa He HAaYUYMANCb MCMOAB30BaTb C MOAb30OM».

Be3oTxoaAHOEe MPOU3BOACTBO - FAaBHOe TpeboBaHME COBPEMEHHOCTU. B AaHHOM npoekTe acdanbTOBETOH AASA
AOPOXKHOIO MOKPbLITUSA MOAYYEH NYyTEM NepepaboTKU OTXOAOB PE3UHOTEXHUYECKUX N3AEAUN
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NMPOEKTUPOBAHUE FNOPAYUX N XOAOAHDIX
ACDAABTOBETOHHbIX CMECEWU C NOBbILUEHHbIMU
DPUN3INKO-MEXAHUYECKNMU XAPAKTEPUCTUKAMU
HA OCHOBE NPEABAPUTEABbHO OBOTALLEHHOIO
LLEBHA N3 AOMEHHOTI'O LLUAAKA

KyHaeB BsidyechraB ANEKCaHAPOBUY

PhD, accolmmpoBaHHbIV MPOGECCop, AUPEKTOP AENAPTAMEHTa HAYKN U MHHOBAaLIMMV
KaparaHAMHCKOro MHAYCTPUAABHOIO YHUBEPCUTETA

[MoyTa: ilyas.baidullayev@gmail.com

LEAb NCCAEAOBAHUNA

MpoeKTUpoBaHME U UCMbITAaHUSA YCTOMUMBDBIX FMOPAUYMX U XOAOAHbBIX aCPAaAbTOOETOHHbIX KOMMO3ULMIA C YAYULLIEHHbIMA
dU3NKO-MEXaAHNYECKMMM XapPaKTEPUCTUKAMU HA OCHOBE OTXOAOB METAAAYPrMYECKOro M KPeMHMEBOro Mpon3BOACTBA C
YUYETOM YCAOBUN CTPOUTEABLCTBA U SKCMAyaTaLMM aBTOMOBUABHbBIX AOPOT.

CTEMNEHb BAXHOCTU NMPOEKTA

PeaAnsauma npoekTa MO3BOAUT MOBbICUTb AOAIMOBEYHOCTb aBTOAOPON 3a CYET MpUMEeHeHUs achaAbTOBETOHHbIX
cMecen Ha ocHoBe oboralléHHoro (MeToAOM M3BUPATEAbHOIo APOBAEHMA) AOMEHHOIO LWAAKa U MUKPOKPEeMHe3eMa, a
TaK>Xe CHWU3UTb CTOMMOCTb PEMOHTA AOPOr 3a CUYET NPUMEHEHUA XOAOAHbBIX acHAAbTOBETOHHbBIX CMecen OTe4YeCTBEHHOro
npoun3BOACTBa. [peaBapuTenbHoe oboralleHne (KAacCUdUKaumMa Mo MPOYHOCTU) LLUAAKOBOro LiebHa obecrnedymBaeT
YAYUYLLEHHbIE MPOYHOCTHbIE, MOPO30- N BOAOCTOMKME XapaKTEPUCTUKU MOKPLITUS MPU OAHOBPEMEHHOW YTUAM3aALUN
3HAUMTEAbHbIX O6BEMOB METAAAYPIrUUYECKUX OTXOAOB. DTO CHU3UT 3aBUCUMOCTb OT MMMOPTHbBIX MATEPUAAOB, YAYULLNT
SKOAOTMYECKYIO CUTYaALMIO B pPermoHax C MEeTAaAAYPrUyecKMM TpPOU3BOACTBOM. [1poekT oTBedyaeT npuopuTeTam
YCTOMUYMBOrO PasBUTUA U CNOCOBCTBYET COKPALLEHUNIO YIAEPOAHOIO CAeAA AOPOXKHOIO CTPOUTEABbCTBA.

CYLWHOCTDb NPOEKTA

CyLHOCTb NpoeKTa COCTOUT B pa3paboTKe KOMMAEKCHOW TEXHOAOI UM MOAYYEHUSA YCTOMUMBOIO ropsvyero M1 XOAOAHOIO
acdanbTobeToHa HA OCHOBE TEXHOMEHHbIX OTXOAOB W MOBOYHbIX MPOAYKTOB MPOU3BOACTBA (AOMEHHOMO LWAaKa M
MUKPOKPEMHE3eMa) C MOBbILLEHHOM MOPO30CTOMKOCTbI, MPOYHOCTBIO M AOATOBEUYHOCTbIO. AAS YCTPAHEHUA KAIOUYEBOro
HeAOCTaTKa LUAAKOBOIO 3aMOAHUTEAS, BblpaXkatoLLerocss B ero KpamHe HeOAHOPOAHbIX XapaKTepUCTUKax MPOYHOCTW,
BOAOMOTAOLLEHUSA, TMAOTHOCTU U TMOPUCTOCTU, TMPEeAAAraeTca MpeABapuUTeAbHoe UsbupaTeAbHoe APOBAeHMe,
MO3BOAANOLLIEE Pa3pPYLUMTb CAabble 3epHa U BbIAGAUTb 6OAee MPOYHbINA, CTAabUAbHBIA MO CBOWCTBAM 3arOAHUTEAb.
AOMOAHUTEABHOE YAYULLEHME CTPYKTYPbl AOCTUraeTCa BBEAEHMEM MUKPOKpeMHeseMa B OUTYMHOe BsaXKyllee, 4To
obecrneymBaeT YMNAOTHEHUE MUKPOCTPYKTYPbI, CHUMKEHME BOAOHACBILLEHUA W POCT MPOYHOCTM acdanbTobeTOHa. B
COBOKYMHOCTW 3TU pelleHna obecrneumBaroT CUHepreTnyeckum sddeKkT, MO3BOAAKLLIUM CO3AaTb achanbTOBETOH,
MPUBAMMKEHHbIN MO 3KCMNAyaTaLUMOHHBbIM CBOMCTBaM K MOKPbLITUAM Ha MPUPOAHOM LiebHe, HO 6GoAee 3KOHOMUYHbLIN,
SKOAOTUYHBIN U OMMPAOLLMNCA Ha KPYMHYIO MECTHYHO CblpbeByto 6a3y. AOMOAHUTEAbHO pa3pabaTbiBaeTca COCTaB M
TEXHOAOIMA MPOU3BOACTBA «XOAOAHOIO acdanbTa» Ha OCHOBE AOMEHHOIO LLUAAKA AASA OMNEPAaTUBHONO AMOYHOIO PEMOHTA
C BO3MOXXHOCTbIO €€ MPOMBILLUAEHHOrO BbiNycKa B pacoOBaHHOM BUAE.

HAYYHAA HOBU3HA MNMPOEKTA

BriepBble nNpeaAo>KeHa KOMMAEKCHas TEXHOAOIUS, NpeayCcMaTpmBatoLLas KOMOUMHUPOBaHHOE NCMOAb30OBaHMe B cOCTaBe
acdanbTobeToHa NpeABapUTEAbHO OOOTallEHHOro LWAAKOBOrO LWebHA U MoAUdDUUMPOBaHHOro (MyTeM BBeAeHUA
MUKPOKPEMHEe3eMa B OMTUMAAbHOW MPOMOPLMM) BUTYMHOFO BAXKYLLEro, ob6ecrneymBaloLLero BbIPa)KeHHbIN, paHee He
MNCCAEAOBAHHbIN CUHEepreTuyeckmnin apdexT.

DKCMEePUMEHTAAbHO TMOATBEPXAEHa HOoBasa HayyHasi runote3a O BO3MOXHOCTW  MOAYYEHUS  YCTOMYMBOIO
acdanbTobeTOHa CO LUAAKOBbBIM 3aMNOAHUTEAEM 3a CUYeT COYeTaHUss ABYX DaKTOpPOB: OoTOopa HamboAee MPOUHbIX 3epeH
LAaKa (M3brpaTeAbHOEe APOBAEHME) N YMAOTHEHUS CTPYKTYPbl CMECU 3a CHET BBEAEHUS MUKPOKPEMHe3eMa.

BrnepBble yCTaHOBAEHbl 3aKOHOMEPHOCTW BAUAHUA U3BUPATEABHOrO APODOAEHUSA LLUAAKOBOrO 3arnoAHUTEASR Ha
CBOMCTBa acdanbTobeToHa M YCTAaHOBAEHO OMTMMAAbHOE COAEpXKaHMe MUKPOKPEMHe3eMa B COocTaBe OWUTYMHOrO
BSAXKYLLEro.
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PucyHoK 3 - 3aBUCUMOCTb MPOYHOCTU [1PM CXKATHUM OT PucCyHOK 4 - 3aBUCUMOCTb CABUIOYCTONYNBOCTI OT COACPIKAHMS
COAEDIKAHMST MUKDOKPEMHE3IEMA MUKPOKDEMHEIEMA
NMPOBAEMA

AOMEHHbIN LWAAK UCMOAb3YETCA B KayeCTBe 3aMNOAHUTEAs acPaAbTOOBETOHHbIX AOPOXKHbIX MOKPbITUN, OAHAKO UMeeT
HEeAOCTATOK, 3aKAKYALWMNCA B HEOAHOPOAHOM COCTaBe Mo npodyHocTu (2-30 MIlla), BoaonoraowieHuto (1-30 %),
ApobumocTn (18-37 %) 1 MOPO3OCTOMKOCTU, OOYCAOBAEHHOM Pa3AUYHbLIMU YCAOBUAMKM 3aCTbIBAHUSA, XUMUYECKUM
COCTAaBOM U TMOPUCTOCTbIO 3epeH. ITO OObACHAET HEOBXOAMMOCTb B MPEeABAPUTEAbHOM OTOPAKOBKU  XPYMKUX
BbICOKOMOPUCTbIX 3€pPeH C LeAbld WCMOAb30BaHMA B CcocCTaBe acdaAbToObeTOHa TOAbKO Hamboaee MPOYHbIX
MaAOMOPUCTbIX 3ePeH AOMEHHOTIO LLUAAKa.

Menouan cpena.
Manonopucruie sepna (wapt w uounLSoNCH)

Manonopucraie lepHa BLICOXDNOPUCTLIE JepHa
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PucyHOK 5 - BbICOKOMOPUCTBIV PucyHok 5 - MaAornopucTbivi apoGnenea)
(MaAOMpPOYHBbIL) 0bpaseLl] (BbICOKOMPOYHbIV) 0bpaseL] PucyHok 6 - Cxema us3bupatenbHOro APOBAEHUS LLIAGKOBOIMO
marepuara

AAS OTAGAEHUS TPOYHbIX MAAOMOPUCTbIX 3€PeH OT MAaAOMPOYHbIX BbICOKOMOPUCTLIX MPEAAOXEHO WCMOAb3OBaHMe
TEXHOAOT MW U3BUPATEABHOrO APOBAEHMA. LLlebeHb 13 AOMEHHOrO LLAaKa MPOMbIBAKOT €ro OT MbIAEBUAHDBIX U TAMHUCTbIX
YaCTUL, MOTrPY>aloT B LUAPOBYKD MEAbHULY, B KOTOPOW OCYLLECTBASETCH M3bupaTeAbHOe APOBAEHME MaTepuana B
TeyeHMe 35 MUHYT MpPM YacToTe BpalleHna 6apabaHa 60 06/MUH. Mo pesyAbTaTaM U3BMPATEAbHOIO APOBAEHUSA Boaee
XPYMKMe 3epHa LUAGKOBOIO LWEBHA MOAHOCTbIO UMAM YaCTUYHO pPaspyLUatoTCHd, a H0oAee MPOYHble COXPaHAKT CBOKO
LIEAOCTHOCTb M MPUMEHSAIOTCA B COCTaBe achaAbTobeToHa.

PE3YAbTATbI MO NMPOEKTY

PesyabTtaTtbl HUOKP
e 4 cTaTbW B >XypHaAax Scopusu Webof Science (Q1, Q2)
e 5 cTaten B XXypHaAax, pekomMeHpoBaHHbix KOKHBO MHUBO PK
* 1 NaTeHT Ha MOAE3HYH MOAEAb
* 1 MoHorpadwmsa
* 1 3aBeplUeHHbIN + 1 AGNCTBYIOLLMIA NPOEKT MPaHTOBOIro GUHAHCUPOBAHMUS
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PurcyHOK 7 - KOPDEASILMOHHAS MaTPMLE (XapaKTePUCTUKM LUAGKOBOIO LLeBHS): PUCYHOK 8 - MaKpOCTPYKTYDa 06pa3sLoB npu
tcrush - NPoOACAKNTEABHOCTb M3OMPATEABHOrO APOBAEHMS, Pa3HOM MPOACAKUTEABHOCTM N3OMPATEALHOIO
MR - KO3GDDULMEHT U3BACYEHMST [TOAE3HOM MACChl 3aMOAHUTEAS], ApobreHms (O - 40 mMuH)

0 - HaCbINHas NAOTHOCTb, Wabs - BoAorioraoLeHmne; AmI15 - noTepst Macchbl
10 PE3YALTATaM UCIbITaHU Ha MOPO30CTOMKOCTL, ACV - APOBUMOCTB,
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Experimental data = = =Linear trend line

PucyHok 9 - BAUSHNE MPOAOAKUTEABHOCTI M3OMPATEABHOrO APOBACHWS Ha PUINKO-MEXAHNYECKNE XaPAKTEPUCTHKM

LLINGKOBOIO LLjebHS

PE3YABTATbI PABOT MO OMNbITHOMY NMPUMEHEHUIO NMPOEKTA

CnpoeKTUpOBaHbl, MOAYYEHbl U UCMbITaHbl OMbITHble 06pasubl acdaAbTOBGETOHA C MPeABaAPUTEAbHO O6OralleHHbIM
KPYMHbIM 3aMOAHUTEAEM U3 AOMEHHOIO LWAAKa U MUKPOKPEMHE3EMOM, MCMOAb3YEMOM B COCTaBe MOAMPULMPOBAHHOIO

6VITyM HOro BAXXylLLero.

Tabauya 1 - QU3nKo-mMexaHU4eckme XapPaKTepPUCTUKN aC¢a/\bTO6€'TOHa C PA3AUYHBIMU TUTIAMU 3aTNMOANHUTEAS

TUn 3anoAHHUTeASR

OB6bI4HbIMA LLACKOBbIM
OBorauLeHHbIM LUACKOBLIM (+12 %
MUKPOKpemHesema)

Mpeaea CABUroycTom- BoaoHa- MAoTHOCTD,
npo4YHocTH, kH 4YMBOCTb, KH cbileHue, r/cm3
T
40.07 15.55 5.5 2.18
53.06 20.1 3.42 2.21

* /I3roToBAEHa XOAOAHAsA acdaAbTOBEeTOHHAs CMecCb C MpUMeHeHneM A0BaBKU «AChHAKOA» M 3arOAHUTEAEM U3 AOMEHHOIO

LLIAaKa.

« CocTaB cMecu: 3anoAHUTEAb - AOMEHHbIN LLIAaK - 95 %, BUTYMHOE Bsixkyllee - 5 % (6utym/aobaska «Acdakoa» - 70/30).
¢ CMecCb MpoLLAa TOYeuHyto anpobaunto npy peMoHTe HeBOAbLLION AOPOXXHOM BbiI6GOUHBI. Bea@Tca HabAoAEHME 38 COCTOSIHMEM
BOCCTAHOBAEHHOIO y4yacTKa, YTO MO3BOAUT MOAYYUTb MEPBUYUHbIE CBEAEHUS O MOBEAEHUM MaTepuana B PEaAbHbIX YCAOBUSAX

SKCMAyaTaunn.

PucyHok 10 - 3Taribl MNouroTOBAEHNS] aCHaAbTOBETOHHOV CMECU 1 PE3YALTaThI €€ MPUMEeHEeHSs
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PucyHok 11 = Bu3yaAbHAas! OLIEHKE BAUSIHUS
MPOAOCAKUTEABHOCTM U3OUPATEABLHOIO APOBACHMS PucyHok 12 - N\abopaTopHbIe UCrbITaHMs 0O0rallieHHOro LAGKOBOro LLebHS
Ha COAEDIKAHMNE MOPUCTbLIX 3epeH B rpobe
LLIAGKOBOIO LLjeOHST

NMOTEHUMAA K KOMMEPUUAANSALNU

Bo3Mo)xHOe (HamMeHee pecypco3aTpaTHOE) HanpaBAEHME KOMMepLuMaAM3aumMy pe3yAbTaTOB MNpoeKTa - 3anyck
OMbITHO-MPOMBILLAEHHOM AMHUW MO MPOU3BOACTBY XOAOAHOM achaAbTOOETOHHOM cMecu Ha Hbaze MaAoro NpPeanpuaTUs
AN PO3HUYHOW MPOAAXKM MaTepuasa NnoTpedbutenam (pacoBka B MeLLKM Mo 25 Kr).

CrouMocTh Npon3BoAcTBa 1 Memka
(25 xr) cocraBa ac()aJbTOOETOHHOM MS Croumoctsb anasoros 2000 — 8000 kr

cmecn = 1100 — 1500 Tr

MNMTOIMOBOE 3AKAIKOYEHUE

PeaAnsauma nMpoekTa MoKasaAa, YTo MPUMEHEHUe MPeABapPUTEAbHO OBOTaLLEHHOro LebHA U3 AOMEHHOTO LLAAKa B
coYyeTaHUM C MOANDULMPOBAHHBIM BUTYMHbBIM BAXYLLMM Ha OCHOBE MUKPOKPEMHe3éMa Mo3BOAAET MOAYYaTb ropsayme um
XOAOAHbIe acharbTOBETOHHbIE CMeCKU C MOBbILLUEHHbIMU GU3UKO-MEXaHUYEeCKUMUM XapaKTepPUCTUKaMN, COMOCTaBUMbIMAU C
MOKPbITUAMU HA MPUPOAHOM LLiebHe. MICMOAb30BaHME TEXHOAOIUN N3BUPATEABHOIO APOBAEHUSA 3PDEKTUBHO YCTPAHAET
Npo6bAeMy HEOAHOPOAHOCTU LLUAAKOBOIO 3aroAHUTEAs, obecneumBasl POCT MPOYHOCTU, BOAO- M MOPO3OCTOMKOCTU
acdanbTOobETOHA.

MPOeKT MMEET BbIPaXkKEeHHYI HaYUHYHO W MPAaKTUYECKYHK 3HAUMMOCTb, CMOCOB6CTBYET YTUAU3ALMN METAAAYPIUYECKUX
OTXOAOB, CHUMXXEHUIO CcebeCTOMMOCTM PEeMOHTa AOPOFN, WMMMOPTO3aMeLUEeHUIO UM COKPALLEHUIO YIAEPOAHOrO CAeAa
AOPOXKHOIO CTPOUTEALCTBA. MOAyUYEHHble Pe3yAbTaTbl M OMbITHAsA anpobauus MOATBEPIXKAAT BbICOKUMN MOTEHLMAA
BHEAPEHUA pas3paboTaHHbIX PeLUeHUn U UX KOMMEPLMAAM3aLMKU, B TOM UYUCAE 4epe3 MPOU3BOACTBO XOAOAHbIX
acdaAbTOBETOHHbIX CMecen OTe4YeCTBEHHOIro NPOU3BOACTBA.
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UMCMOAb3OBAHUE NMPOMbDBILLUAEHHDbIX
oTXo0AOB AAH MOAVNDOUKALUNUN BUTYMOB

maHbaes EpxxaH ViMaH6aeBuY

PhD, AOLIEHT, BEAYLLUMU HAYYHBIV COTRYAHUK, PITT Ha [TXB «HCTUTYT rnpobirem
ropeHusi» Komurer Haykm MHBO

[MoyTa: erzhan.imanbayev@gmail.com

LLEAb NMPOEKTA

NccaepoBaHne U paspaboTka TEXHOAOTMU MopMdDUKAUMUM HEPTAHBbIX OUTYMOB MPOMBILLAEHHBIMU OTXOAAMU  AAS
YTUAN3ALMN HEDTELLAAMOBbBIX OTXOAOB M YAYULLEHUS PEOAOTMYECKUX XapaKTePUCTUK BUTYMOB KasaxcTaHa.

CTEMEHb BAXKHOCTW NMPOEKTA

OcHOBHOW Npob6AEMOM  MPU  MPOU3BOACTBAX HebTEXMMUYECKOM  HAMpaBAEHHOCTU  ABAAIOTCA  HaKOMAeHUus
HedTeLIAaAMOBbIX OTXOAOB. B uyacTHoCTW, cyllecTByeT npobAeMa yTUAM3aUMU HedTellAaMoB, obpasyroLmxca npum
CTPOUTEABCTBE HEDTAHbBIX M ra30BbIX CKBaXXWH, MPW MPOMbICAOBOWM 3KCMAyaTaLMM MECTOPOXAEHUMN, OUNCTKE CTOUHbIX
BOA, COAEPYKALLMX HedTEenpOAYKTbl, a TakKXXe MNpu UYUCTKE pe3epBYyapoB U APYroro obopyaoBaHua. B Toxke Bpems
npobAemMa yTUAN3aLUUM HeDTAHbIX LLUAAMOB ABAAKOTCA BaXKHOW 3KOAOMMYECKOM 3apaden. Ha ceropHALHNN AeHb B CTpaHe
HeT YHMBEPCAAbHOW TEXHOAOIMN MAKM METOAOB MCMOAb30BaHUS HedTELLAAMOB AASI MPOU3BOACTBA.

METOAUKA NMPOBEAEHNA MOANDPUKALNN BUTYMOB

AN MPOBEAEHUS aHaAM30B UCMOAb30OBAACSH CAeAylollee 060pyAOBaHME: MEHETPOMETP, anmnapaT AAS OMNpPeAeAeHUs
TemMnepaTypbl pPasMAryeHus, rnpubop AAS OMPEAEAeHUs XPYNKocTuU no dpaacy, AYKTUAOMETP, Medb AAA CTapeHud,
peoMeTp, YALTPA3BYKOBOM KOMMAEKC.

& » $ ») » 3} » @ » il » _ﬁ

Hedrenumam Mamenbuenne Or60p npoer

v

Bo3zeiicTaue

PucyHok 1 - Cxema noAroToBKu HegdTelraMma K AaOOPaTOPHOMY aHaAM3y

HAYYHAA HOBU3HA PABOTDI

Hay4yHas HOBU3Ha PaboTbl ABAAETCH MPEAAONKEHNA HOBOM PeLenTypbl MOAUMMEPHO-BUTYMHbIX BAXYLLIMX, COAEPIKALLME
B CBOeM cocTaBe HedTellAaMOBble OTXOAbl, HAAroAaps MPUMEHEHUIO KOTOPbIX BO3MOXHO CHU3UTb cebecToMMOCTb
roTOBOM MPOAYKUNK U YTUAMBNPOBATb OTXOAbLI HedTenepepabaTbiBatoLLel NPOMbILUAEHHOCTU.

v
= >»§ » g »)E») Hi» 4 » 6

Mo auduumpopaHHEIR
Or6op Anams g

Burym

Gurvmno 110ec  Hedremmuan B TeucHMn 2 u, o6k furvm

PucyHok 2 - Cxema MoanduKaLmm 6UTyMa C MCMOAb30BaHWEM HedTelAaMa

AKTYAAbHOCTb PABOTDI

e OTCYTCTBUE KOHKPETHOM MOAUTUKU MOAYUYEHUA HedDTErnpPOAYKTOB U3 HEedPTHAHbIX OTXOAOB U MEXKBEAOMCTBEHHOWM
KOOpAMHALNK

* OTCYTCTBME KAKOUYEBbIX TEXHOAOIMUYECKMX MPUOPUTETOB

e OTCYTCTBME OTEUECTBEHHbIX TEXHOAOTUU

* MUHUMaAbHAsA OPraHM3aLmnsa B3aMMOAENCTBME HAYYHbIMU MHCTUTYTaMU U HEPTAHBIMU KOMMaHUAMMN

* BbicOoKMe TpeboBaHMUA K OXPaHe OKPY>KaloLLEen cpeabl

489 460

68

2010 2016 2020

PucyHok 3 - Obbem 060a3yroLLNXCH HepTeLIAaMOB B Ka3axCTaHe, ThIC. T
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118
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2008 2021 2025

PucyHok 4 - Obbem repepaboTaHHOro v noBTOPHO UCMIOAL30BAHHOIO HEGTELLUAGMA, ThIC. T

10 10 12
Z/"
2010 2015 2020 2024

PucyHok 5 - KOAMYECTBO KOMIaHWM, 3aHUMAKOLLIMXCS MepepnaboTKON HEPBTECOAELIKALLIMX OTXOAOB, LT

NMPOBAEMbI U UX PELLUEHUA B PAMKAX NMPOEKTA

Mpo6aema
1. B OKpy><aloLLyto cpeay M3 HedTexmMMyecKoro rMpou3BOACTBA MOMaAaktoT BCe BOAbLLE HOBbIX AAOBUTbIX BELLECTB,

UacTb 3TUX BeLLeCTB HaKanAmMBaeTcsa B aTMocdepe, buocdepe U ruppocdepe, UYTO MPUBOAUT K HeraTUBHbIM
3KOAOTMYECKMM MOCAEACTBUAM. Hanboaee 3arpAaAsHSAOLLMX SKOAOTMIO ABASETCH HedpTAHaA MPOMbILLAEHHOCTb, TO eCTb
HedTecoaep»Kalume oTXoAbl (HedTellAaMbl).

2. Mo paHHBIM MUHKMCTEPCTBA 3KOAOIMKN U MPUPOAHbBIX pecypcoB PK AOAS yTUAM3aUMKM HEPTAHbIX OTXOAOB B KasaxcTaHe
COCTaBASIET OKOAO 81%, U3 HMX B MaHrmcTayckom obAacTu AOAA MNepepaboTkm cocTaBaseT - 70%, B ATblpayCKown
obAacTn - 75%, B Kbi3bIAOPAMHCKOW obAacTn - 42%, B 3anapHo-KasaxcTtaHckom obaactn - 35%, B AKTHOOUMHCKOM
obaacTu - 11%. B pernoHax GyHKLUMOHUPYIOT 6oAee 260 NpeanpUaTUMiA No nepepaboTKe OMacHbIX OTXOAOB.

3. KoanyecTBO HedTellAaMoB obpasytollencsa Ha 1 TOHHY nepepaboTaHHOW HedTM coCTaBAAET MpuMepHo A0 1 Kr. (1 MAH

~ 1000 kr)
PELLUEHUNA

1. BbIiIBAEHO, UTO B cOCTaBe HedTELUAGMOB HedTAHbIX MECTOPOXAEHUIM Y3eH 1 XKeTblball COAEPIKATCA 3HAUYUTEAbHOEe
KOAMYECTBO THXEAbIX HEDTAHbBIX OCTATKOB U HEBOAbLLOE KOAMUYECTBO MEXaHWMUYeCcKUX npuMmecen. ITW HedTellAaMbl

MOryT 6bITb MPUMEHEHbI B Ka4ecTBe NAacTudmnkaTopa 6UTYMHOM OCHOBbI;
2. DKCNepPUMEHTAAbHO BbISIBAEHO, YTO NCMOAb30BaHME TAXKEAbIX HEPTAHbBIX OTXOAOB MPU MoANPUKALMN BUTYMOB MOXXHO

MOAYYMTb NMOAUMEP-OUTYMHbIX MaTepPMaAOB COOTBETCTBYOLLMIN TpeboBaHuam CT PK;
3. OTO TMO3BOASIET YAYYLLUUTb ISKOAOIMUYECKYK CUTyauumto B paroHax HedTenepepaboTkm M BepeT K Hauboaee

PaLNOHAABHOMY NCMOAb30OBAHMIO MPUPOAHbBIX PECYPCOB.

ONMPEAEAEHUE ONTUMAADbHbIE YCAOBUA PASAEAEHUA HEDPTU N3 HEDTELLAAMOB
YAbTPA3BYKOM

TabauLa 1 - BAUSHME KOHLEHTPALMN PACTBOPOB Ha BbIXOA HEDTU M3 HEDTELLIAGMOB

MecTtopoxaeHus KoHUEeHTpaums pactBopoB, MAg. %
HedTeLLAOMOB
0.1 0.25 0.5 1
KOH NaOH KOH NaOH KOH NaOH KOH NaOH

Y3eHb ambBapHbin 70% 80% 80% 83% 90% 90% 90% 93%
XKeTtbiban amBapHbI 60% 65% 75% 70% 83% 85% 90% 90%
XKetbiBamn 55% 67% 63% 80% 75% 75% 65% 65%
pe3epByapHbIi

Tabanya 2 - CTerieHb U3BACYEHMS HEGDTU U3 HEPTELLUAGMOB OT BPEMEHMU BO3ACKCTBUS YABTPA3BYKOM

MEETODBIAHEHE HOCDTSI KA G Bpems BO3AEMCTBUS YABTPA3BYKA, MMH
5 8 15 20 30 40
Y3eHb amMBapHbIM 10% 25% 65% 85% 90% 93%
XKetsiban ambapHsii 0 15% 45% 77% 87% 90%
XeTtbi6ait pe3epByapHbIi 0 25% 60% 65% 70% 80%
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TabAma 3 - Bbixos HEPTU B PA3AMYHbBIX COOTHOLLIEHUSX HEPTELLIAGMA K PaCTBORY MMAPOKCUAE HATPUS

MeCTOPOXAEHUA HECDTELLIAQMOB CooTHoLLIeHWe

1 1:1.5 1:2 1:2.5 1:3 1:4 1:5
Y3eHb ambapHbin 70% 80% 920% 93% 93% 80% 75%
XKeTbibak amBapHsi 60% 77% 90% 87% 85% 75% 70%
XKeTbibar pe3epByapHbIA 60% 75% 80% 83% 77% 72% 63%

CXEMA BO3AENCTBUA YAbTPA3BYKA

O oy . * . °
D D @@

PucyHok 6 - Cxema BO3ACVICTBUS YAbTPA3BYKA

5

1 - yAbTPa3BYKOBOW reHepaTop,
2 - BOAHOBOW U3AYyYaTeAb,

3 - cTakaH,

4 - HePTelAaM,

5 - HePTENpPOAYKT,

4 6 - cAOM HedTH

L]
[ ]
L]

Myck Talmep .
O @] 5

PucyHok 7 - CxemMa yAbTPA3BYyKOBOW YCTaHOBKU ANST OBPabOTKM HegdTelrama

BAPUAHTbI MOAE3HOIO UCINMOAb3OBAHUA YTAEBOAOPOAOB MNMPU
AOPO>XHOM CTPOUTEADBLCTBE

Tabaula 4 - IameHeHne TeMrepaTypbl Pa3MArdeHue rno MeToAY KOAbLO v Luap, °C

CoaepxaHue Be3 moandorkaropa CoaeprkaHne CBC-330A, mac. Coaepxanue Elvaloy, | Toe6osaHua CT PK 2534-
YHL, mac. % % mac. % 2014 Ha BMI 50/70
1 1,5 2 05 1
0 - 43 45 47 45 48 He Huxe 62°C
1 53,1 558 56,5 51,7 53,8 56,9
2,5 54,1 56,3 537 62,5 56,7 62
5 55,8 54,2 54,6 54,5 55,9 56,2

Tabamya 5 - IameHeHmne neHeTpaumm rpm 25°C MoAMdULMPOBaHHBIX 6GUTYMOB

CoaepxaHne bes moandomkaropa CoaepxaHme CbC-330A, mac. % | Coaepxanwe Elvaloy, Tpebosanusa CT PK 2534-
YHUW, mac. % mac. % 2014 Ha BMIM 50/70
1 1;5 2 0.5 1
0 - 50 51 52 63 65 51-70
1 59 48 56 64 68 53
2,5 63 47 60 62 55 51
5 64 59 58 70 65 62

Tabamya 6 - VIaMeHeHne TeMnepaTtypbl Pa3MIryeHmne rno MeToAy KOAbLO v tap, °C

CoaepxaHue be3 moaucbukaropa Coaepxanue CBC-330A, mac. % | CoaepxaHue Elvaloy, Tpe6osaHua CT PK 2534-
XHL, mac. % mac. % 2014 Ha BMIM 50/70
1 1.5 2 0.5 1
0 = 43 45 47 45 48 He Hke 62°C
1 52,6 56,6 64,2 59 52,6 55,6
2,5 51,5 633 56,8 63,8 62,6 55,8
5 56,2 58 521 55,8 52,9 57,2 55
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Tabauya 7 - MIameHeHue neHeTpaumm rpm 25°C MoAnduLmMpoBaHHbIX 6UMTYMOB

CoaepxaHue Be3 moamndcoukaropa Coaepxanme CbC-330A, CoaepxaHue Elvaloy, | Tpebosarus CT PK 2534-
XHL, mac. % mac. % mac. % 2014 Ha BMIM 50/70
1 1.5 2 0.5 1
0 - 50 51 52 63 65 51-70
1 53 47 33 47 66 53
25 55 33 43 59 58 76
5 50 41 42 58 61 58

*YHLU - HedTelAaM U3 Y3eHbKOro HEPTAHOIO MECTOPOXKAEHUSA
*JKHLU - HedTewnaM U3 XKeTblbalCKOro HedTAHOrO MECTOPOXKAEHUSA

MpucyTcTBME MOoAUDUKATOPa OBYCAOBAEHO MPOTEKAHMEM MPOLIECCOB CTPYKTYPUPOBAHUA 6UTYMa,

copepXKaHua HedTelwAaMa He MPUBOAUT K 06pa3oBaHUIO HanboAee MPOYHOM KOAAOUMAHOWM CUCTEMDbI

MOAYYEHHbIX MPOAYKTaX MOANPUKALIMN HedDTELLAAMbI AENCTBYIOT B POAW MAACTUPUKATOPA.

SKCINMEPNMEHTAADbHDIE PE3YAbTATbI MPOEKTA

Tabauna 8 - DKCrepUMEeHTaAbHbIE PEe3YALTATbI MPOEKTa

Cocrtas cmecu CpeAHss MAOTHOCTb BoaoHacsllLeHme, | CABUIOyCTOMYMBOCTb ACCDAABTOBETOHA
YMAOTHEHHOTO %
3
METEPHEAQL [/CA KoadbdpnumMeHT BHyTPEHHEro CuenAeHure npu casure
TPEHMS, tgP
Hedoreruaam (2,5% u 2,324 2.8 0,90 0,31
Elvaloy 1%)
Hedbreruaam (2,5% n 2,330 23 0,93 0,32
CBC 2%)
Tpebosanms CT PK HEe HOPM. 2,0-3,5 20,90 20,32
1223-2019
80
& KASPI 70/100
—o— U052,5%+ Elvoloy 1%
75 UOS 2,5%+ SBS 2% -
—e— ZHOS 5%+ SBS 2% poe ol
ZHOS 2,5% + Elvo]nyO,V
70 '/./,

R

Phase shift angle & in *
@
3

Lo b b b b by beaaa
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Temperature in C*

MOAI/ICI)VIKaTOp n I'I/\aCTVId)VIKaTOp, 3HAYNTEABHO MOBbILLIAET KOMMAEKCHbIN MOAYAb CABUIra npum Bcex TeMrnepaTtypax, 4to

ot 137 o AT

PucyHoK 8 - 3aBUCHMOCTb pa30BOIro YIAa CABUIra OT TeMIepaTypbl AAS GUTYMOB Pa3AUYHOIrO COCTaBa

MOXET YAYULLNTb YCTOMUMBOCTb MOKPbLITUS K KOA€eO6pPa30BaHMUIO B YXapKOM KAMMATE.

TeMnepaTypHas YyBCTBUTEAbHOCTb: Hanboaee peskoe naaeHue |G#||G™*||Gx| HabAropaeTcs y obpasua HL 2,5% +CBC

2%, 4TO roBopuT O ero 60Aee BbICOKOM TeMnepaTypHoPl YYBCTBUTEAbHOCTWN MO CPaBHEHUIO C APYTrMMN.

Y Bcex obpasyoB O pacTeT C MOBbILLUEeHVEM TeMMepaTypbl, YTO OTPAaXKaeT rnepexoas B HoAee BA3KOE COCTOSAHME: BKAAA
YMPYron COCTaBASOLLEN YMEHbLLAeTCs, BA3KOW yBeAndmBaeTcs. MIcXxoaHbIM BUTYM Bceraa MMeeT HanboAbLLMNA $a30BbIN
Yyron (= 70-76°), UTO rOBOPUT O HAMBOAbLLEN BA3KOM KOMMOHEHTE U HamMeHbluen ynpyroctu. HLL 2,5% + Elvaloy 0,5%
AEMOHCTPUPYIOT HauMeHblume O (= 49-56°), 4TO yKasbiBaeT Ha 6OAee BbIPAXKeHHYI YMPYryr COCTAaBASIOLLYH MO

CpPaBHEHUIO C OCTaAbHbIMW.

OCHOBHbIE PE3YAbTATbl HAYYHO-UCCAEAOBATEADbCKOIO NPOEKTA

Chipbe

(Bumym, Mmodugbuxamop) Bridenannbie 2adsl

Biox cuicmiy

Hacoe nepexayxu
Hegpmewnam cmecy
> m— Konnoudnaa

MenbHUYa

—» lazwr

Brok ouuemKy
2a3a

OxradumensHas
KONOHHa

Modugp

Emkocme
npedeapuImensHoRo
emewonua

-

Hacoc nepexauku
MODUDUUUPOBaHHOZ0

Bumyma

uYuposaHHbIl
Bumym

PucyHoK 9 - [PMHUMITNAABHAS TEXHOAOMMYECKAS CXeMa MOAMPUKALIMN BUTYMOB HedTeLIAaGMaMu

1. OnpeaeAeHbl OCHOBHbIE PUSUKO-XUMMUYECKME XapaKTEPUCTUKM MOAMMEPHOIO OTXOAa M ABYX 06pa3sLoB HedTellAaMa
MECTOPOXAEHUN Y3eHb U XKeTnba MaHrmcTtayckom obAacTu. Pe3yAbTaTbl aHaAM30B MOKAa3aAW, YTO HePTHAHAA YacTb
HedTelwAaMa MpPeACTaBAEHA TAXKEAbIMU PpaKUMAMU U AAAbHEMLLIEM MOXKET WCMOAb30BaATbCH KaK CbIpbe AASA

MOANDULIMPOBAHUA BUTYMa.

BbI3BaHHbIX
B3aMMOAENCTBMEM MapadPUHOHAPTEHOBbLIX YIAEBOAOPOAOB C MOAMMEPHOM COCTaBAdAloLLer HedTelAama. MoBbilleHMe

6uTyMma.

B
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2. C LeAblo CHMXKEHUS cebeCTOMMOCTU BUTYMa AAS AOPOXHOIO CTPOUTEABCTBA MOKa3aHa BO3MOXXHOCTb MPUMeHEeHUs
HedTAHbIX LLUAAGMOB B KayecTBe CbIpbsa AAS MOAYUYEHUSA MOANPULMPOBAHHbBIX BUTYMOB. BblIAM onpeaeAeHbl ONTUMaAbHble
COOTHOLUEHUA U  DUBUKO-MEexXaHUUeCcKre XapaKTepPUCTUKU MOAMDULMPOBAHHBIX OUTYMOB HedTewAaMaMn. AAs
MPOW3BOACTBEHHbIX MPOLIECCOB TMpeAAaraeTcsa CAeAaylollas peuentypa AobaBaeHMeM HedTewAama: 2,5 mac. %
HedTelwwAaMa, A0 2 % CBEC nan po 1% Elvaloy MoandmrkaTopa, oCcTaAbHOe BUTYMHAs Macca.

PE3YAbTATbl UCCAEAOBAHUA

Pe3yAbTaTbl UICCAEAOBAHUSA MOATBEPXKAAIOT BO3MOXXHOCTb 3DPEKTUBHOIO UCMOAbL30BaHUA HedTellAaMOB B KayecTBe
KOMMOHEHTa AA MOAMDUKALMM AOPOXKHBIX BUTYMOB. YCTAaHOBAEHO, UTO HedTellAaMbl MECTOPOXAEHUN Y3eHb U
XKeTbiban, coaepykallme MPEeuMyLLIECTBEHHO TsH>KEAble YIAEBOAOPOAHble paKUMK, MOrYT BbIMOAHATE  QYHKLUMIO
nAaacTudmnkaTopa BUTYMHOM OCHOBbI M B COYeTaHWU C MOAMMEpHbIMM MoandukaTopammn (CBC, Elvaloy) obecneuunBaTb
MOAyYeHMEe MOAUMEPHO-BUTYMHbBIX BAXKYLLWX, COOTBETCTBYOLLUNX TPEOOBaHUAM HAaLMOHAABHbBIX CTaHAAPTOB.

OnpeaeAeHbl ONTUMaAbHbIE peLenTypbl MOAMDULMPOBAHHbBIX 6UTYMOB (OKOAO 2,5 % HedTellAaMa Cc Ao0BaBAEHUEM A0
2 % CbC wam po 1 % Elvaloy), npm KOTOpbIX AOCTUraeTcsa YAydlLLIEeHMEe PeOAOTrMYeCcKMX U 3IKCMAyaTaLMOHHbIX
XaPaKTePUCTUK, BKAIOYASA MOBbILLEHNE CABUIOYCTONUYMBOCTM U COMPOTUBAEHNA KOAEEOHPA30BaHMIO B YCAOBUSAX BbICOKMX
TemMnepaTyp. PeaAuzauma npoekTa Crnocob6CTBYET CHMKEHUIO Cceb6eCcTOMMOCTN OUTYMHbIX BSIXKYLUMX, YTUAU3ALMN
HedTEeLUAAMOBbIX OTXOAOB W YAYULLEHUIO 3KOAOMMYECKOM cuTyaumm B HedTeAOObIBalOWMX perrmoHax, 4to AeAaeT
pa3paboTaHHY TEXHOAOIMIO NEePCrNeKTUBHOM AAS BHEAPEHWNS B AOPOXKHOM OTpacAu PecnybAnky KasaxcTaH.
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