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AnHoTanus. B crartee mpencrtaBieH 0030p COBPEMEHHBIX TEXHOJOTHH CTPOUTEIHCTBA
[EMEHTOOETOHHBIX aBTOMOOMJIBHBIX JOPOI B KOHTEKCTE TIOBBIIICHHUS JOJTOBEYHOCTH,
HKOJIOTUYECKOM  yCTOWYMBOCTH W OKOHOMHUYECKOH  A(PQPEKTHBHOCTH  TPAHCHOPTHOM
uHpacTpykTypsl. [Ipoananu3npoBaHbl MUPOBBIE TEHACHIIMU IPUMEHEHHS] OETOHHBIX MOKPBITUI
B CTpaHax C Pa3IMYHBIMH KJIMMATHYCCKUMHU YCIOBUSMH, a TAK)KE BO3SMOKHOCTH UX BHEAPEHUS B
Pecnyonuke Kazaxcran m llentpanbHoit A3zun. Ocoboe BHUMaHHE YIEICHO HCIIOIh30BAHUIO
MUHEPANbHBIX J00aBOK Y MPOMBINUICHHBIX OTXOMOB (3071a-YHOC, JIOMEHHBIA MUIAK,
MHUKPOKPEMHE3EM, CTEKJI000M) i MOmM(UKAIUM LIEMEHTOOCTOHHBIX cMeceil. PaccmoTpeHsl
Pe3yNbTaThl UCCIIEA0BAHUH BIUSHUS 100aBOK Ha IPOYHOCTH, BOJOIOMIOIIEHUE, MOPO30CTOMKOCTD
U TPEUTMHOCTOUKOCTh OeToHa. O000IIEH 3apyOeKHBIM OTBIT MPUMEHEHHSI MOHOJIUTHBIX, COOPHBIX
U apMUPOBaHHBIX OCTOHHBIX MOKphITHH, BKItouas TexHojormu CRCP, RCC u whitetopping.
[TokxazaHo, 4TO MpUMEHEHHUE MOAU(DUIIMPOBAHHBIX OETOHHBIX MOKPBHITUN MO3BOJISIET YBEIUYUTH
CpOK cIIyk0bI topor 10 30-50 et u CHU3UTH KCIUTyaTalnoHHbIe 3arparsl 10 30-40 %. BoisBneHsbl
NEePCIEeKTUBbl MPUMEHEHUs JaHHBIX TexXHoJoruil mans ycnoBuit Kazaxcrana c  yuétom
KITUMATUYECKUX U IKCILTYyaTaIllHOHHBIX 0COOCHHOCTEH.

KuiroueBble  cjioBa:  OCTOHHBIE  TMOKPBITHS,  [IEMEHTOOETOH,  JIOJTOBEYHOCTb,
Monu(HUITMPOBaHHBIE OETOHBI, 30JIa-YHOC, JOMEHHBIA IIIJIaK, MUKPOKpPEMHE3EM, CTEKIIOOOMH,
IPOMBIIIJICHHBIE OTXOJbl, YCTOHYMBOE CTPOUTEILCTBO, HopoxHble Marepuansl, CRCP, RCC,
whitetopping, MOp0O30CTORKOCTE, IPOYHOCTH, BOAOIMOTIIONICHHE, TPAHCIIOPTHAS HH(PACTPYKTypa.

BBenenue

PazButne TpaHCOpTHONH HHMPACTPYKTYPHI SIBISETCS OTHUM W3 KIIOUEBBIX (DAKTOpPOB
HPKOHOMHYECKOTO POCTAa W COIHUAIBHON CTA0MIIBHOCTH TOCYIapCcTBa. B YCIOBHSAX pacTyIIux
HArpy30K Ha JIOPOXXKHBIC TOKPHITHS, BBI3BAaHHBIX YBEIMYCHHEM HHTECHCHBHOCTH IBIIKCHHS
TSOKENOTO  aBTOTPAHCIIOPTA, BO3PACTAIOT TPEOOBAaHUS K JIOJTOBEYHOCTH, HANE&KHOCTH H
SKOHOMHYECKOH 3PHEKTUBHOCTH aBTOMOOMIIBHBIX TOPOT. B 7TOM KOHTEKCTE OETOHHBIE TTOKPHITHS
BHOBB IPUBJICKAIOT BHUMAHKE KaK aJIbTePHATHBA TPAJAULIMOHHOMY ac(anbroOeTony, 6maromgaps ux
BBICOKOH TIPOYHOCTH, YCTOMYMBOCTH K KIMMATHYECKMM BO3JCHCTBUSAM H  HU3KHM
SKCINTyaTallUOHHBIM 3aTparaM.

59


https://science-jolshy.qazjolgzi.kz/ru/index
https://doi.org/10.71031/qhsi.2025.v1.i4.006

Qazaq Highway Science and Innovation, 2025, Ne4

B muposoit mpaktuke (CIIA, I'epmanwns, Kurait, Hunepmanapr) 6eTOHHBIE TOPOTH IIHPOKO
MPUMEHSFOTCS B MATHCTPAIBHOM U MIPOMBIIIUICHHOM CTpouTenbeTBe. [lo nanueiv denepanbHOTO
yrpasieHus: aBToMoomnsHbIX gopor CIIA (FHWA), cpok ciry:kObl OETOHHOTO MOKPBITHS MPH
MpaBUIILHOM AKCIUTyaTaluu MOKeT focturarb 30-40 JeT, 4To mOUYTH B JIBa pa3a MPEBBILIAET CPOK
CITy’kObI achanbTo0eTOHHBIX aHaioroB. IIpu 3ToM cymmapHbie sku3HeHHble 3arpathl (life-cycle
cost) Ha OETOHHBIC JOPOTH OKA3bIBAIOTCS HUXKE 3a CUET PEIKUX PEMOHTOB M MEHBIIHX 3aTpar Ha
comepskanue [1].

AKTyallbHOCTh TPUMEHEHHS] IIeMEHTOOCTOHHBIX MOKpHITHI B PecmyOnuke Kaszaxcran u
crpanax lleHTpanbHOll A3um 0OycioBiIeHa codeTaHueM (AaKTOPOB: PE3KHUE TeMIEepaTypHbIS
nepernagbl, BBHICOKUH ypPOBEHb YABTPAQHUOIECTOBOTO M3IyYeHUs, a TakKe WHTEHCUBHAsS
SKCIUTyaTallMsi TPAHCIOPTHOM CeTM B YCIOBUSAX  TPAH3UTHBIX TIPY30IEPEBO30K IO
MEXIYHAPOIHBIM KopuaopaM. [IpuMeHeHne TpaguiinoHHOTo acaibTo0ETOHA B TAKUX YCIOBUSIX
NPUBOAUT K YCKOPEHHOW KoJieeoOpa3oBaHHIO, TPEIIMHOOOPA30BaHUIO M BHIKPALIMBAHUIO, YTO
TpeOyeT 4acThIX PEMOHTOB U YBEIMYMBACT IKCILUTyaTallHOHHBIC 3aTPATHI.

Metonogorus

B nocneaue rogpl 3HAYUTENIEHOE BHUMAHHE YIETSETCS MOAU(DHUKAIINT OETOHHBIX CMECei ¢
MCIIOJIb30BaHUEM MTPOMBIIIJICHHBIX U SHEPIreTUYECKUX OTXOJIOB - 30JIbI-yHOCA, JOMEHHOTO [IUIaKa,
MUKpPOKpeMHe3EMa U T.1. Takas TEXHOJOTHS MO3BOJSET HE TOJNBKO YIYYIIUTh MPOYHOCTHHIE U
nehopMaIlMOHHbBIE XapaKTEPUCTUKU OETOHA, HO M CHU3UTh YIJIEPOJIHBIN CIIEe]] CTPOUTENHCTBA, YTO
COOTBETCTBYET IIeNsAM YycToiunBoro pasputus (SDGS) M MexayHapOAHBIM KIUMATHUYCCKUM
conmamenusm (ITapmxkckoe cornamenwne, 2015). Hanpumep, uccnenosanus B [Toneme (Koztowski
et al., 2021) nokazamm, uyto 3ameHa 20-30 % mnopTIaHALEMEHTa 30JI0-YHOCOM CHHXKAET
TEIUIOBbIIETICHUE TP TBEPJCHUH, TIOBBIIIAET CTOMKOCTD K BO3JEHCTBHUIO COJIEH U MOPO3Y, a TAKXKE
ymMmenbImaeT Beiopocs CO2 Ha 15-20 % [2].

Kpome TOro, coBpemeHHOE MPOEKTHUPOBAaHHE OETOHHBIX JOPOI HEBO3MOXKHO 0e3 yuéra
MEXaHUKH B3aUMOJICHCTBHS KOJIEC TPAHCIIOPTHBIX CPEJCTB U MOKPHITHS, ONTHMH3AIUH TOJIITTHBI
IUTAT U IIBOB, BHEIPEHUS METOIOB HenpephiBHOTro apmuposanus (CRCP — continuously reinforced
concrete pavement) u UCIOJIb30BaHKS BBICOKOIPOYHBIX IIEMEHTHBIX KOMITO3UIH. B psine ctpan
(Kanana, FOxxnast Kopest) y:xe BHeApeHbI THOPUIHBIC KOHCTPYKIIMA C TOHKUM CJ0eM acdaibTa
noBepx OeroHa (Whitetopping), 4ro mo3BoJsieT coueTarh MPEUMYIIECTBA 00EUX TEXHOIOTHIA.

Takum 00pa3oM, B YCJIOBHUSX YBEIMYEHHUS WHTEHCHUBHOCTH JBUKEHUS, KIUMATHUYECKUX
BBI30BOB M HEOOXOAMMOCTH CHHIKEHHUS OSKOJOIMYECKOTO BO3JCHCTBUSA, OCTOHHBIE JOPOTHU
MPEICTABISIIOT cO00M MEePCIeKTUBHOE HAMPAaBICHUE PAa3BUTHSI JOPOKHOTO CTpouTenbCcTBa. Llens
JAaHHOTO 0030pa — MPOaHATN3UPOBATh COBPEMEHHBIC TCH/ICHIINN, HTHHOBAIIMOHHBIE MaTepHAIIbl U
TEXHOJIOTMYECKHUE PpEIIeHHUs] B 00JacTU CTPOUTEIhCTBA OETOHHBIX ABTOMOOWJIBHBIX JOPOI, C
AKIIEHTOM Ha 3apyOeXHBII OTBIT M BO3MOXXHOCTH IpuMeHeHus1 B Kazaxcrane.

B nocnepnue necsatunetuss B psAae CTpaH MPOBEACHbI MacuITaOHble HCCIeI0BaHUS,
HANPaBIICHHBIC HAa ONTHMHU3AIMIO COCTaBa IIEMEHTOOETOHA [UIsl JOPOXKHBIX TMOKPBITUH C
MCIIOJIb30BAaHNUEM IPOMBIIIJICHHBIX OTXOJ0B. JTU PabOThl UMEIOT BBIPAKEHHYIO MPHUKIAJHYIO
HAIPaBIEHHOCTh, TaK KAaK CBSI3aHbl HE TOJHKO C TIOBBIIICHHEM JOJTOBEYHOCTH JOPOKHBIX
KOHCTPYKITUH, HO U C PEIICHUEM 3a]1a4 SKOJIOTHUECKOM 0€301MacHOCTH.

3ona-yHoc (fly ash), oOpasyromiasics npu CKUraHUM YT HAa TEIUIOBBIX JIEKTPOCTAHIIMSAX,
aKTUBHO TNpUMEHsETCs B JN0pokHOM ctpoutenibcTBe B CIIA, Kurtae, Unauu, ABctpamuu u
ctpanax EC. MccnenoBanus okas3pIBalOT, YTO YaCTUYHAS 3aMEHA TOPTIaHALIEMEHTA 30J101-yHOC
B KonmuecTBe 15-30 % mo3Bosser:

e CHU3UTH TEIUIOBBIJICIICHUE TIPU TBEPACHUU;

e YMEHBILIUTH yCaJ04YHbIe AePopMallii;

e TIOBBICUTH JIOJITOBEYHOCTH B YCIIOBUSX IIUKIMYECKOTO 3aMOPAKUBAHUS U OTTABAHUS;

e VIYYIIUTH PAO0UYIO yI000YKIIAIBIBAEMOCTh CMECH 3a CUET cheprudecKoi (OpMBbI YaCTHII.
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B CIIA, cornacuo manneiM Federal Highway Administration (FHWA), exeroaHo B
JIOPOKHOM CTPOUTEIBCTBE MCIIONB3YeTCs A0 12 MIIH TOHH 30JbI-yHOCA, IPU 3TOM JA0Js €€
MPUMEHEHHUS B OETOHHBIX MOKPBITHSIX cocTaBisieT okoio 50 % ot obuiero o0bEMa.

JloMeHHBIE W CTaJCIJIaBWIbHBIC IIJIAaKW OONANalOT JIATEHTHOW THUIPAaBINYCCKON
AKTUBHOCTBIO M B MPHUCYTCTBUM IIEIOYHBIX aKTUBATOPOB CHOCOOHBI (POPMHUPOBATH MPOUYHYIO
CTPYKTYpY LEMEHTHOro kaMHs. B Iepmanum u SlnoHum npuMeHEHHE TpaHyIMPOBAHHOIO
JIOMEHHOTO IIaka B KojmuecTBe 25-40 % OT Macchl IIeMEHTa IMO3BOJISIET MOBLICUTH CTOMKOCTD
0eToHa K Cyab(paTHOW KOPPO3UHU U arpECCUBHBIM CPEAaM, YTO OCOOEHHO BaXKHO IPH YCTPOICTBE
JIOpOT B IPHOpPEXKHBIX 30HAX [3].

B Kanane m ABcTpaauy TOHKOMOJIOTBHIM CTEKJIOOOM HCHONB3YeTCsl KaK IYyIIIOJIaHOBAS
n00aBKa M KaK YaCTUYHAs 3aMeHa KBapIEBOTO MECKa B JOPOXKHBIX OeToHax. [Ipumenenue 10-20
% cTexs1000s1 yydIllaeT MUKPOCTPYKTYPY 3a C4ET (hOpMUPOBAHUS TOMOIHUTENBHOTO renst C—S—
H, a Takxe CHU)KAaeT MOPUCTOCTb.

Tadoauua 1 - IlpumeHeHrne NPOMBINITIEHHBIX 0TX00B B IEMEHTO0ETOHHBIX TOPOKHBIX
NMOKPBITHAX B PA3HBIX CTPAHAX

Crtpana Bun orxona | [Jdouasi 3amennl | OcHOBHbBIE 3P PeKThI HUcTounuk
BSIKYLIEro, % | npuMeHeHHs

CIIA 3oma-yHoc 15-30 VBennuenue noaroseudoctu, | FHWA,
CHIDKEHUE TEIUIOBBIICIICHUS 2021

I'epmanns | Llnax 25-40 YcroitunBocTh K cynsgataoir | Miller et al.,
KOPPO3UH, TIOBBIIIIEHNE 2020
MOPO30CTOMKOCTH

Snonus [lnak 20-35 [ToBbIiieHue Tanaka et
TPEIIUHOCTOUKOCTH H al., 2019
MIPOYHOCTH Ha M3THO

Kanana Creknoboit 10-20 CHUXCHHUE TIOPUCTOCTH, Shao et al.,
VIIYYIICHUE CTPYKTYPHI 2020

ABctpanus | 3oma-yHoc, 15-25 [oBbIeHne Thomas et

CTEKIIO00H M3HOCOCTOMKOCTH, al., 2021

YMEHBIIICHUE YCATKH

Pesynbrarsl u O0cyxkaenune

I'padmyeckue qanHbIe O U3MEHEHHUIO IPOYHOCTH M BOJOTIOTIIONICHHSI ITPU 3aMEHE IIEMEHTa
30JI0-yHOC ¥ HUIaKaM{ I10Ka3bIBAIOT, YTO ONTHMallbHas CTENEHb 3aMeIleHUsl BapbUpYeT B
npenenax 15-30 %, npu 3ToM pocT JOArOBEYHOCTH MOXKeT gocturarb 40-50 % 1o cpaBHEHUIO C
KOHTPOJIBHBIMU cocTaBamu [4]. Ha pucynke | mokasan ontumanbeHblil nuamnas3oH 15-20 % nis
MaKCUMaJIbHOM IIPOYHOCTH U MUHUMAJIbHOTO BOJOTIOIVIOIICHHUS.
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Pucynok 1 - Bausinue 3aMenieHHs1 IEMEHTA 30J10-YHOC HA IPOYHOCTDH M BOJOIOIVIONICHUE

B nocneanue rosl B MUPOBON M OTEUECTBEHHOM MPAKTUKE CTPOUTENHCTBA ABTOMOOMIIBHBIX
JOopor HaOJ0/IaeTCsl 3HAUUTEIbHBIA HWHTEpPEC K NMPUMEHEHHUIO I[EMEHTOOETOHHBIX MOKPBITHIA.
JIaHHBI THUI TIOKPBITHS JIEMOHCTPUPYET BBICOKYIO HM3HOCOCTOMKOCTb, IOJITOBEYHOCTh U
YCTOMYHMBOCTh K HEOJArompHUsATHBIM KIMMAaTHYECKHM YCIOBHSIM, YTO OCOOCHHO aKTyallbHO IS
PETMOHOB € pE3KMMHU TEMIEepPaTypHBIMH KOJICOAHHUSMH U BBICOKMMHU Harpy3kamMu Ha
TPAHCIIOPTHYIO HHPPACTPYKTYPY.

TpaguuuoHHAsE TEXHOJOTHS YCTpOicTBa OETOHHBIX JOpPOTr IMpeanojaraeT yKIAAKy
MOHOJIMTHOTO IIEMEHTOOETOHHOIO CJIOS TOMIIHMHON 22-28 ¢M Ha IIOATOTOBIEHHOE OCHOBAHHUE.
Beron ymnotHsieTcs ¢ momonibio BUOpoOpyca uir 0eTOHOYKIa4HKa, [TOCIIE Yero MPOM3BOIUTCS
pe3ka TEMIIEPaTyPHBIX IIBOB " 170:¢ repMeTH3aLHs.
B mupoBoii npaktuke, B yactHoctu B CIIA u I'epmanuu, oco6oe BHUMaHUE YIEISIETCS Ka4eCTBY
HCXOJIHBIX MaTEpHaJIOB. MPUMEHSIOTCA BbICOKOMapouHble IeMeHThl (CEM 1 42,5 u BbIme),
me0eHb ¢ BHICOKUM MOJIYJIEM YIIPYTOCTH U MOAU(DUITUPYIOIINE JOOABKH, CHU)KAIOIINE YCalOUHbIe
nedhopmaruu.

B ycnoBusix HE00X0IMMOCTH YCKOPEHHOTO BBOJIA IOPOTH B 3KCILTyaTaIlMIO IPUMEHSIOTCS
cOOpHBIE )Ke1e300€TOHHBIE TUIUTHI 3aBOJICKOT0 M3TOTOBIEHUS. IX MOHTaX BO3MOKeH 3a 2—-3 NHs
HA y4YacCTKE B HECKOJIBKO KHUJIOMETPOB, YTO KPUTHMYECKH Ba)XKHO I PEMOHTAa MarucTpajieu ¢
BBICOKOW TpaHCHOPTHOM Harpy3koil. OJHAKO TakWe TMOKPBHITHS TPEeOYIOT BBICOKOTOYHOMU
TE€OMETPUH OCHOBAHMUS U CIIOXKHBIX TEXHOJIOTUM CTHIKOBKH IIJIMT.

B SInonnn u FOxuo# Kopee mogo0OHas TEXHOIOTHS aKTHBHO UCTIOIB3YETCS B METAIOINCaX,
I7Ie Jake KpaTKOBPEMEHHAs OCTAaHOBKA JBM)KEHUS BEINET K 3HAYUTEIbHBIM SKOHOMMUYECKHUM
MOTEPSIM.

JIJ1 MOBBIIIEHNS POYHOCTH U TPEIIMHOCTOMKOCTH MOKPBITUS IPUMEHSIIOTCS Pa3JIMYHbIE
BHUJIBI APMHUPOBAHHS - OT CTAJIBHOW CETKU IO JUCIEPCHOM CTAJIBHOW M TOJUMEpPHON (puOpHI.
HccnenoBanus nokassiBaioT, uro BBeaeHue 0,5-1,0 % momunponuneHoBoi GpuOps 3HAYUTEIBHO
CHI)KAET pa3BUTHE MUKPOTPEIINH HAa pAaHHUX CTaJAMSIX TBEpJCHHUS OETOHA, UTO YBEIMYUBAET CPOK
ciryx0b1 MoKpbITHs 10 30-40 et [6]. Ha pucynke 2 Mbl MOKEM yBHJIETh 3HAUUTEIbHOE CHIDKEHHE
mukpotpemuH mnpu 0,5-1 % ¢ubpsl.
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PucyHok 2 - BiusiHue oJMnponuieHoBoi Gpudpsl Ha pa3BUTHE MUKPOTPELINH

RCC - 310 TexHOJOrHs, B KOTOPOH HCHONb3yeTcs KECTKass OeTOHHAs CMECh C HU3KHUM
BOJIOLIEMEHTHBIM OTHOIIEHHEM. CMech YKJIaIbIBAaeTCsl CIOSMHM U YIUIOTHSAETCS JOPOKHBIMU
KaTKaMH, 4TO YCKOpPSET IPOLIECC CTPOUTENHCTBA U CHUXKAET ce0ecTOMMOCTh. Takoi moaxon
MOJIy4nJ1 IIHMPOKoe pacmnpoctpaHeHue B Kanane u ABcTpanuu A CTPOMTENbCTBA JOPOT B
MPOMBINIJICHHBIX 30HAX.

[IpumeHeHrne 1eMEHTOOETOHHBIX MOKPBITHH B JOPOKHOM CTPOHUTENIbCTBE HMMEET psf
TEXHOJIOTUYECKUX, OKOHOMHYECKHX M  OKCIUIyaTallMOHHBIX  MIPEUMYIIECTB, KOTOpbIC
00yCIaBIUBaIOT PACTYIIHNI HHTEPEC K STOMY BUAY JOPOKHBIX KOHCTPYKIIHI B MUpE.

Cpok ciyk0bl OETOHHBIX Jopor B cpeaHem coctaBiser 20-40 et 6e3 KamuTalbHOTO
PEMOHTa, YTO 3HAYUTENbHO IPEBBIIIACT AHAJIOTMYHBIM MoKa3aTenb i ac(aabTOOETOHHBIX
nokpelTuii  (00bryHO 8-12 ner). Hampumep, B I'epmanuu OeTOHHBIE YYacTKH aBTOOAHOB,
noctpoeHHble B 1980-X romax, A0 CUX MOp HAXOIATCS B SKCIUTyaTallMM ¢ MHHUMAaJIbHBIMHU
PEMOHTaMH, IIPU 3TOM BbIJIEP’KUBasi MHTEHCUBHOE IBU)KEHUE TPY30BOTr0 TpaHcmopTa [7].

beron o6namaer momynem ympyroctu 25-35 I'Tla, uto obecmeunBaeT paBHOMEPHOE
pacrpenienieHne Harpy3oK Ha OCHOBaHHME. DJTO OCOOCHHO BaXKHO Ha JOpPOrax C TSDKEIBIM
TpancnoptoM (¢ypbl, aBTOOYCHI), TAe acdaiabT CKIOHEH K KojeeoOpazoBanuio. B Kaname
UCCIIEIOBaHMsI TIOKa3all, YTO OCTOHHBIC MOKPBITUS COXPAHSIOT POBHOCTH MPOGUIIS Jaxke IMpH
Harpy3kax cBeimie 11,5 ToHH Ha ock [§].

Beronnble nOporm MeHee MOABEP)KEHBI TEPMOIIACTUYECKUM JeQOopManusM JIETOM |
TPEIMHOOOPA30BAHUIO 3UMOM, OCOOEHHO MpU NPUMEHEHHH MOPO30CTOMKHUX IEMEHTOB H
BO3/IYIIHOBOBJICKAIOIINX JOOABOK.

B Kazaxcrane m Poccum yxe ecTh ycrHemHble MUJIOTHBIC MPOEKTHI OCTOHHBIX Tpacc,
KOTOpBIC TIOKA3aJM, YTO TIOKPHITHE COXPAHSET SKCIUTyaTallUOHHBIC XapaKTEPUCTUKU TIPU
TeMIlepaTypHbIX Kosebanusx ot - 40 °C mo +40 °C.

XoTs nepBOHaYallbHasi CTOMMOCTh yCTpoiicTBa 6eToHHOM noporu Ha 20-40 % BbIme, Yyem
ac(hambTOBOMH, 3aTpaThl HA PEMOHT U COJIEP)KaHHUE 32 BECh CPOK CIyKObI oka3biBaroTcs Ha 30-50
% wwmwxke. [lo manapiM @enepanbHOro ympasieHus aBToMoOwnbHbIX gopor CIHA (FHWA),
CyMMapHbI€ KCIITyaTallnOHHbIE PACX0JIbl Ha OeTOHHBbIE MOKPHITHA 3a 30 neT B cpeanem Ha 37 %
MEHbIIIE, YeM Ha ac(hanbTOOETOHHBIE.

DKOJIOTHYECKUE MPEUMYIIECTBA!

-Bo3MOXXHOCTP ~ NPUMEHEHUS  NPOMBIIUICHHBIX ~ OTXOJIOB  (30J7a-yHOC,  IIUIAKH,
MHUKPOKPEMHE3EM) B COCTaBE OETOHHON CMECH.

63



Qazaq Highway Science and Innovation, 2025, Ne4

-OtcyrcTBHe He(TENMpOAYKTOB B cocCTaBe, uTO CHmkaeT BbIOpockl JIOC (neryumx
OpPraHUUYECKUX COECIUHEHUN).

-bonee BBICOKMIT KO3(PIHUIIMEHT OTpPa)KEHUSI COTHEYHOTO CBETA, YTO CHWXKaeT d(Pdekt
TOPOCKOT0 TETJIOBOTO OCTPOBA.

beron nMeer cBETIIyI0 MOBEPXHOCTb, YTO YJAy4lIaeT BUIMMOCTh B HOUHOE Bpems. Kpome
TOTO, COBPEMEHHBIC TEXHOJOTHMH TEKCTYPUPOBAHUS TO3BOJSIOT CO3/1aBaTh IMOBEPXHOCTh C
BBICOKMM KO3()(PHUIIMEHTOM CLEIICHHS], yMEHbIIasl PUCK aKBaIllJIaHUPOBAHUSI.

3akJjaroueHue

Pa3BuTHe TEXHOIOTHI CTPOUTENHCTBA OETOHHBIX aBTOMOOMIIBHBIX JOPOT OTPa)kaeT 0OIIyI0
TEHJCHUMIO K MOBBIIIEHUIO JOJTOBEYHOCTH, IKOJIOTHUYECKON YCTOMUYMBOCTU M IKOHOMHUYECKON
3 exTUBHOCTH TpaHCTIOPTHON HH(PpacTpyKTyphl. [IpoBenénnbIil 0030p COBPEMEHHBIX HAYUYHBIX
UCCIICIOBAaHUA ¥ TIPAKTHYECKUX PEHICHUH TOKa3ajx, 4YTO KIIOYEBBIMU HAIpPaBICHUSIMU
COBEpIICHCTBOBAHUS OCTAIOTCS:

1. Monu¢ukanust cocraBa OeToHa - MPUMEHEHHE MHMHEPAJIbHBIX J00aBOK (3011a-yHOCa,
[UJIAaKH, MUKPOKPEMHE3EM) M MOJIMMEPHBIX KOMIIOHEHTOB IO3BOJIIET HE TOJBKO YITYYIIHUTH
INPOYHOCTHBIE M MOPO30CTOMKHE XapaKTepUCTUKHU, HO M CHH3UTh YIJICPOIHBIA clen
IIPOU3BO/ICTBA.

2. Vcnonb30BaHNE BTOPUYHBIX PECYpPCOB - INepepabOTaHHBIE CTPOUTENBHBIE OTXOABI M
MPOMBIIUICHHbIE MOOOYHBIE TMPOAYKTHI CHOCOOCTBYIOT (POPMHUPOBAHHIO 3aMKHYTOTO LHKIIA
MaTepHajoB, YTO COOTBETCTBYET MIPUHLIUIIAM «3€JIEHOT0» CTPOUTEILCTBA.

3. VlHHOBaIMOHHBIE METOBI YKIAIKH U YXOJa - BHEJIpEHHE aBTOMAaTU3UPOBAHHBIX CUCTEM
KOHTPOJISI KayecTBa, JIa3epHOTO HUBEIMPOBAHUS M YCKOPEHHOTO TBEPJACHHS TOBBIIIACT
MIPOU3BOIUTENBHOCTD U HAAEKHOCTD TIOPOKHOTO TOKPBITHS.

4. Jl1onroBeYyHOCTh M HKCIUTyaTaIl[HOHHBIC XapaKTEPUCTHKH - MCCIEJOBAHUS MOKA3bIBAIOT,
YTO MPaBUIBLHO CIPOEKTUPOBAHHBIE U MOCTPOCHHbIE OETOHHBIE JOPOTU CIIOCOOHBI CIIYXUTh 30—
50 et mpu MUHUMAJILHOM PEMOHTE, YTO ONIPaB/AbIBACT UX 00JIe€ BHICOKYIO HAUYaIbHYIO CTOUMOCTh
10 CPaBHEHUIO ¢ ac(haabTOBBIMU OKpBITUSIMHE [9, 10].

Takum o00pa3omM, OETOHHBIE aBTOMOOWJIbHBIE JOPOTH OCTAIOTCS CTPATETHUYECKU Ba)KHBIM
HaAIpPaBJIEHUEM Pa3BUTHsI TPAHCIIOPTHOM CeTH, 0COOEHHO B YCIOBHSIX BO3PACTAIOIINX HATPY30K,
KIIMMATHYEeCKHX BBI30OBOB U HEOOXOIMMOCTH CHWIKCHHSI OKCIUTyaTallMOHHBIX 3aTpar. Mx
JaNbHEeNIee COBEPILIEHCTBOBAHUE BO3MOXKHO MPU KOMIUIEKCHOM IOAXOJIE, BKIIOYAIOIIEM Kak
WHHOBAIIMOHHBIC MAaTepuajbl, TaK M TEPEIOBBIE METOJbl CTPOUTEILCTBA U YIPABICHUS
YKU3HEHHBIM LIUKJIOM JIOPO>KHBIX COOPYXKEHUH.
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AHHOTanusA. Makanaga IeMEHT-0ETOH aBTOMOOWIIb JKOJJIAPBIH CalyAblH 3aMaHayu
TEXHOJIOTHSUTAPBl  KApacTBIPBUIBIT, KOJIK WHQPaKYPBUIBIMBIHBIH OCpIKTITIH, 3KOJIOTHSIIBIK
TYPaKTBUIBIFBIH KOHE AKOHOMHKAIBIK THUIMIUITIH apTTBIPY Macesenepi TalfaHfaH. OpTypii
KJIIMMATTHIK JKaFaainapel 0ap enzaepae 0eToH xaObIHIApAbl KOJAaHy skahaHIbIK TeHICHIUSIIAPHI
3eprrenin, Kasakcran PecnyOnukacel MeH OpTtaiblk Asusia ojapblH €Hri3y MYMKIHIIKTEpi
KapacThIpbUIFaH. MUHEpaIbIK KOocIajgap MeH OHIIPICTIK KAJIIbIKTapAbl (YHTAKThl KOMIp KYJIiH,
JOMHA  IIIJTAKTapblH, MHUKPOKYMJBI, CBIHBIK IIBIHBIHBI) I[IEMEHT-OCTOH  KOCIHaJTapbiH
MomuUKAIFsIIAYy VIIH KOJNJaHyFa epekiie Hazap aynapburrad. KocmamapablH OETOHHBIH
OepikTirine, cy CiHIpyiHe, as3Fa TO3IMJLUIITIHE kKOHE >KapBIKKa TO3IMILIITIHE ocepi 3epTTelreH
HOTIDKENIEp  KapacThIphUIFaH. MOHONHTTIK, 3aybITTBIK JKOHE apMarypaliaHFaH O€TOH
xaObiHaapeiH, conblH iminge CRCP, RCC jxone whitetopping TeXHOJOTHIAPbIH KOJAAHY
OOMBIHIIA MIETENIIK TOKIpHUOE capanianFrad. MoaudukanusiaHFad OCTOH JKaObIHIApbIH KOJIaHy
XKoamapaelH Kei3MeT Mep3imiH 30-50 okpurra  gediH  y3apTyFa KOHE OSKCILTyaTalUsIIbIK
meiFeHAApAR 30-40 %-ra azaiiTyra MYMKIHIIK OepeTiHi kepcetiireH. Ka3akcran sxkaraaiibiHIa
KITUMATTBIK JKOHE SKCILTYyaTAlUsUIBIK ePEeKIIeTIKTePAl eCKepe OTBIPBIN, OCHI TEXHOJIOTHUSIAPIbI
KOJIJJaHY TTePCIIEKTUBAIaphl aHBIKTAJIFaH.

Tyiinai ce3gep: OeToH xkaOblHAAp, LEMEHT-O0ETOH, OEpIKTIK, MOAU(pUKALUSIAHFAH
OeToH1ap, YHTAKTHI KOMIp KYJIi, IOMHA IIJIaKbl, MUKPOKYM, CHIHBIK IIIBIHBI, OHIIPICTIK KAJIJIBIKTAP,
TYpaKThl Kypbuibic, ko marepuannapsl, CRCP, RCC, whitetopping, asizra Te3iMIiiK, OEpIKTIK,
Cy CIHIPY, KoK HHPPAKYPHUIBIMBI.
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APPLICATION OF FLY ASH AND OTHER INDUSTRIAL WASTES IN PRODUCTION
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Abstract. This article presents a review of modern technologies for constructing cement
concrete roads, focusing on increasing durability, environmental sustainability, and economic
efficiency of transport infrastructure. Global trends in the use of concrete pavements in countries
with various climatic conditions are analyzed, as well as the possibilities for their implementation
in the Republic of Kazakhstan and Central Asia. Special attention is given to the use of mineral
additives and industrial wastes (fly ash, blast furnace slag, microsilica, crushed glass) for
modifying cement concrete mixtures. The results of studies on the effects of these additives on
strength, water absorption, frost resistance, and crack resistance of concrete are reviewed. Foreign
experience in the use of monolithic, precast, and reinforced concrete pavements, including CRCP,
RCC, and whitetopping technologies, is summarized. It is shown that the use of modified concrete
pavements can extend the service life of roads to 30-50 years and reduce operating costs by 30-
40 %. Prospects for the application of these technologies under the conditions of Kazakhstan,
taking into account climatic and operational features, are identified.

Keywords: concrete pavements, cement concrete, durability, modified concretes, fly ash,
blast furnace slag, microsilica, crushed glass, industrial wastes, sustainable construction, road
materials, CRCP, RCC, whitetopping, frost resistance, strength, water absorption, transport
infrastructure
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