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JMCCePTAIIMH HA COMCKAHHUE CTeneHun 10KTopa ¢punocopun (PhD)
[xexkcemOaeBoii Aceab EpmexoBHBI Ha Temy «O0ecneyeHne KayecTsa
PEMOHTHBIX HEMEHTHBIX CMeceil ISl 00beKTOB IPOU3BOACTBEHHOM,
HHKEHEPHOH, counaabHoil mHPpacTpyKTyphbl AIIK» o cnenuaabHOCTH
6D073200 «CtannapTuzanus u cepruuranus»

AKTYaJIbHOCTh T€MbI HCCJIE0BAHMSA.B COOTBETCTBUM C JONTOCPOYHBIMU
npuoputreramuCrparerun «Kazaxctan-2050» ogHON U3 TJIaBHBIX 3a71a4 OCHOBHBIX
orpacneid  skoHomuku  Pecnybnmukum — Kazaxcran — siBasieTcs  yBEJIMUYCHHE
MPOU3BOJICTBA CTPOUTENBHBIX MATEPUAIOB M KOHCTPYKIMW, IOBBIICHUE UX
KOHKYPEHTOCIIOCOOHOCTH.

Peamuszanua 3agau  T'ocynmapctBenHoit mnporpammbl — pasutus — AlIK
PecnyOnuku Kazaxcran nHa 2017-2021 roasl HEMOCPEICTBEHHO CBSI3aHA C
obecrieueHueM HHPPACTPYKTYpPBl JUJIi CO3JIaHUSI yCIIOBUM Pa3BUTHUS BCEX
HarpaBJICHUM ATIK. PazButue pacTEeHUEBOICTBA, YKUBOTHOBO/ICTBA,
nepepadaTpiBalONIUX  OoTpacied  TpeOyeT CTPOUTENbCTBA, PEKOHCTPYKIIUU
MPOU3BOJCTBEHHBIX 3JaHUH M COOPYKEHMH, 3arOoTOBUTENILHBIX XPAHUJIUII,
aneBaTopoB. JlJIsi YCTOWYMBOTO Pa3BUTHUS CEIBCKUX TEPPUTOPUA HEOOXOIUMO
npoBe/ieHne padoT MO PEMOHTY M MOJACPHHU3AIMU HMEIOIIMNXCSA OOBEKTOB
IPOU3BOACTBEHHOT' 0, COIIUATIBHOTO U KYJIbTYPHOTO Ha3HAYCHMUS.

Ha cerogusimauii neHb, pa3BUTHE UHPPACTPYKTYPHI arpONPOMBIIILICHHETO
CEeKTOpa SBJISETCS BEAYIIMM JpailBEpOM pPa3BUTHUS CEJIbCKOIO  XO3SICTBA,
HEOOXOJIMMOTO JIJIsl pOCTa KOHKYPEHTOCTIOCOOHOM AIKOHOMHKHU CTpPaHbL. 1 CEHTAOpS
2020 r. rnaBa rocynapctBa KaceiM-)Komapt TokaeB B mMociIaHUM Hapoay
Kazaxcrananopyuun [IpaBuTeabCTBY COBMECTHO C OM3HECOM HauyaTh pa3padOTKy
KaduecTBeHHO HoBoro HamuonaneHOro npoekra 1o paszpututo AIIK Ha nsaTunerky,
rae OyayT BKIIOUEHBI BOMPOCHI O MOBBIIMICHUIO MTPOU3BOAUTEIBHOCTH, YXOIY OT
CBIDbEBOM  HAMNPABIICHHOCTH,  PA3BUTHUIO  CKJIAJICKOMW W  TPAaHCHOPTHOMU
unppactpyktypst AIIK.

B coorBerctBun ¢ Konnenmueit mepexona PecmyOmuku Kazaxctan x
ycToitunBoMy pa3Butuio Ha 2007-2024 rr. 5JKOHOMUYECKHI POCT 10 HACTOSAIIETO
BPEMEHHU MPOUCXOAUT B OCHOBHOM 3a CHET pPOCTA ILIEH Ha ChIPh€ HAa MHUPOBBIX
PBIHKaX W MCTOJb30BaHUS 3HAYUTEIBHOTO0 00beMa MPUPOIHBIX pecypcoB. meroT
MECTO OTPOMHBIE TMOTEPU U JAerpajauus OpUpoAHOro kKamutana. IIpupoct
BAJIOBOTO BHYTPEHHEr0 NPOJYKTa COIMPOBOXIAETCS BBICOKUMH 3MHUCCHSIMH B
OKpyXarIiyto cpeay. [lo uMmerommmcs oreHKam, 0kojio 75% TeppuTOpUu CTPAHBI
MOABEPKEHBI TMOBBIINIEHHOMY PHUCKY 3KOJOTHYeckoil aectadmnuzauuu. OcTpo
CTOUT MpodsieMa ee onycThiHUBaHUs. «IcToprueckue 3arpsi3HEHUs», HAKOMUTEIU
OTXOJOB, HAapacTallIfe BBIOPOCHI TOKCHUYHBIX BEIIECTB OT CTAllMOHAPHBIX U
MEPEIBUKHBIX NCTOYHUKOB YTPOKAIOT COCTOSIHUIO TPUPOIHOM CPENIbl U 3I0POBBIO
HACEJICHUS.

Pa3BuTre mpou3BOACTBA LIEMEHTOB B YCIOBHUAX CJIOKHBIICHCS PHIHOYHOMN
SKOHOMHUKHU JIUKTYET HEO0OXOJUMOCTh co3AaHus HS(P(HEKTUBHBIX LEMEHTHBIX
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cMeceid Ha OCHOBE MECTHOIO ChIpbi W  MHOTOTOHH@)XHBIX  OTXOJIOB
MIPOMBIIIIECHHOCTH C BBICOKMMH TIOKAa3aTeNs MM KadecTBa MO JOCTYNHBIM st
HIMPOKOT0 MOTPEOUTENS LIEHAM.

OTcyTCcTBHE HOPMATUBHO-TEXHUYECKUX JOKYMEHTOB, TAKUX KaK CTaHIAPThI,
METOIMYECKHE WHCTPYKIMH, PETrJaMEHTUPYIOIIME TEXHOJOTHI0 MPOU3BOACTBA
MHHOBAIlMOHHBIX CTPOUTENBHBIX MATEPHUAIIOB C JO0AaBKOM MOOOYHBIX OTXOAOB
SBJISACTCS AaKTYyaJIbHOM 3a7a4yeH.

O0bexkT wucciaenoBanus. HopMaTuBHO-TeXHUYECKas JIOKyMEHTalus Ha
CTaJIeTJIAaBUIIbHBIE JIaKH, CTaJlelIaBUJIbHbIE HUTaKU KHCIIOPOJHO-
KoHBepTOpHOromnpousoacTa AO «Apcenop Murran Kazaxcran» ¢ conepxaHueM
B-oprocunukat kanbius (Tunuunbiii 2Ca0-S102), nement tumna [ 42.5H.

IIpeamer uncciaegoBanusi. CocTaBbl U CTPYKTYPACBIPEBBIX MaTepUaIOB U
[IEMEHTHBIX ~ KOMIIO3UTOB  C  J00aBKOW  CTaJeIuIlaBWIBHBIX  IUIAKOB,
NPOLECChITUApaTallK MacT, TBEPJACHUE KOMIIO3UIIMOHHBIX MaTepUaIoB Ha OCHOBE
[IEMEHTOB W  CTaJeIJIaBWIBHBIX  IIJAKOB,  (PU3UKO-MEXaHUYECKUE U
AKCIUTyaTallMOHHBIE XapaKTEPUCTUKH PEMOHTHBIX CTPOUTEIBHBIX CMece Ha
OCHOBE LIEMEHTOB.

Hean uccnenoBanus.llensmu guccepTarimoHHON pabOThI SBISIOTCS

1.Pa3paboTkaHay4YHO-TEXHUUYECKHUX OCHOB TOJIYYEHHS] KOMIIO3MIIMOHHBIX
MaTEpHUaiOB Ha OCHOBE IIEMEHTA U CTAJICIJIaBUJIBHBIX IUJIAKOB C YJIYYIIIEHHBIMU
TEXHOJOTUYECKUMHU U IKCIUTYaTAI[MOHHBIMHU MMOKa3aTeJIIMU KauecTBa.

2.Pa3paboTkaHOpPMATHBHO-TEXHUYECKON JTIOKYMEHTAIllMM Ha MaTephalbl U
U3JIeIUsT U3 TPOMBIIUICHHBIX OTXOJOB [UJIi TMPUMEHEHUS TEXHOJOTHU B
IPOU3BO/JICTBE.

3agaun  wucciaepoBaHus. /i TOCTMDKEHHMS 1iesield  ObUTM  TIOCTaBIICHBI
CJIeIYIOIINE 3aJa4H:

- aHaJU3 HOPMATHUBHO-TEXHUYECKON JOKYMEHTAIIMH 110 UCIIOJIb30BAHUIO IIUIAKOB,;
-aHallu3 HAy4YHbIX M TMPAKTUYECKUX JAaHHBIX II0 HCIIOJB30BAHUIO OTXOJIOB
METAJUTYPTUYECKON TMPOMBIIIJIEHHOCTH [UISl TOJYYEHUS MOIU(PHUIIMPOBAHHBIX
IIEMEHTHBIX KOMITO3UTOB;

-ACCJIeIOBAaHUE CBOMCTB CBHIPHEBBIX MAaTepUajoB (UBUKO-XUMHUECKUMHU H
ONTUYECKUMH METOJAMU;

-rccienoBaHie  (U3MKO-MEXaHMYECKUX U IKCIUTyaTallMOHHBIX  CBOWCTB
LEMEHTHBIX KOMIIO3UTOB C J00aBKOW CTajeIJIaBWIBHOIO IIIaKa C ULENbI0
YCTaHOBJICHHSI ONITUMAJIBHOM T03UPOBKH B IIEMEHTE;

-ACCTICJIOBAHNE BIIUSHHS BTOPUYHOTO CHIPhS HA THUAPATAUIO W TBEPACHHE
LEMEHTA; OINpeAeNiCHHEe ONTUMAIbHOW JTO3UPOBKH CTAJCIUIABHJIBHOTO MUIaKa B
IIEMEHTHOM CMECH U ampoOarus;

-pa3paboTka HOPMATHUBHOT'O JOKYMEHTA — CTaHAapTa KauecTBa;

-pazpabotka cmoco6oB A(HPEKTUBHOTO YIPABICHHUS KAa4eCTBOM BBIITYCKaeMOU
MPOAYKIIMK, YIOPABICHUS PUCKAMH TIyTeM pa3pa0OTKH, BHEAPCHHUS U
NOoJIIEpKaHUs] MHTETPUPOBAHHON CHCTEMbI MEHEIXKMEHTA,

-BO3MOKHOCTH JUJII PELIEHUs] HKOJIOIMYECKUX BOIIPOCOB, BOIPOCOB 3KOHOMUHU
IPUPOAHBIX  PECYpCOB,  IOBBIMIEHHUS  SKOHOMHYECKOM  COCTaBIISIIOLIEH



CTPOUTEIBHOTO pPBIHKA CTpPaHbl 3a CYET JOCTYNHOM CTOMMOCTH HOBBIX
CTPOUTEIILHBIX CMECEM;

-pacueT 3KOHOMHUYECKOU P(PHEKTUBHOCTH OT BHEJAPEHUS B MPOU3BOJCTBO HOBBIX
KOMITO3UIIMOHHBIX MAaTEPHUAIIOB.

Meroabl wuccaenoBaHusi. B kadecTBE METOHNOJIOTUYECKOM  OCHOBBI
JUCCEPTAIlMOHHON  PabOThl TPUMEHSJICS KOMIUIEKCHBIM aHaIu3 ChIphs U
LIEMEHTHBIX KOMIIO3UTOB. [I[pMEHEHBI Cleayonne METOAbl UCCIEIOBAHUA: METO/
MAaTEMAaTHYECKOr0  IUIAHUPOBAHUA  AKCIEPUMEHTA;  METOJl  KPUOTEHHOIO
W3MEJIBYCHUSI MAaTepUAJIOB C HCIOJIB30BAHWEM MAIIWHBI C JKUAKAM a30TOM,
SHEProAUCIIEPCUOHHBIN METO/T C MPUMEHEHUEM CKaHUPOBAHHOM
MHUKPOCKOITNU ;CKAaHUPOBAHHAS AJEKTPOHHAs MHKPOCKOTIHS LEMEHTHBIX
KOMITO3UTOB; PEHTreHO(pa30BbIil U PEHTIEHO(IYOPECIIEHTHBIA METO/bl aHaJIu3a
CBhIPbS u 00pa3Iios; rPaHyJIOMETPUUECKUI METO/T aHamu3a,
TEPMOTPaBUMETPUUECKUIN METOJ] aHajiu3a pPa3MEPOB YaCTHUIl ChIPbSl; METO]
OTpeNIeSICHUs] KOJIMYECTBA BOJIbI HEOOXOJMMOM Il HOPMaJIbHOW KOHCHCTCHITUU
TUJPABINYECKOW IIEMEHTHOM TMAacThl; METOJbl HUCHBITAHUN JJIsi ONpeAesICHUs
CPOKOB CXBAaTbIBaHUSI TUAPABINYECKOIO IIEMEHTA C MOMOILbIO UTJbI Buka; MeTobI
UCIIBITAHUN TIPOYHOCTH OO0paslloB Ha CXKaThue W W3TH0; ToyyaauadaTudecKui
METOJl;  METOJl  BaKyyMHOIro  BojomorjomieHusi. IIpuMeHeHbl  MeTOAbI
CTaHJIApTHU3allMHU, OLICHKH PHUCKOB, OLIEHKHM COOTBETCTBHS, METOJbI YIpaBIICHUS
KaueCTBOM,METO/Ibl MPEHU3NOHHOCTUPE3YIBTATOB U3MEPEHUM.

Conep:xxanue padoThi:

B BBemeHum, 000CHOBaHa aKTYyaJbHOCTh HCCJIEIOBAaHUSA, €€ Hay4dHas
HOBHM3HA U MpakTH4eckas 3Ha4uMOocTh. CHopMyIupoOBaHbl OCHOBHbBIE TOJIOKEHHUS,
BBIHOCUMBIE Ha 3allUTy, ONPEAEJICHBI LENN U 3aJa4d, PACCMOTPEHBI COCTOSHHE
BOIIPOCA UCCIIEI0BAHUSI.

B nepBoM pa3aene,ipoBe/icH JUTEpaTypHbIH  0030p IIEMEHTHOM
IPOMBILIJIEHHOCTH u HOPMAaTUBHO-TEXHUYECKON  JOKYMEHTallMu  JJIs
CTPOUTENIbHBIX CMECEH Ha OCHOBE LIEMEHTAa U OTXOJOB IPOU3BOJICTBA, AHAIIN3
HAy4YHBIX W  MPAKTUYECKUX JAHHBIX 1O  HCHOJIb30BAHUID  Pa3JIMYHbBIX
MPOMBIIIJIEHHBIX OTXO0J0B. TeopeTnueckue OCHOBBI ObUIM 3aJI0KEHBl YUYEHBIMU
Poccun,CIIA, Kutas, SAnonun, I'epmanun u apyrumu.llo pesynprataMm HaydHO-
aHAJIUTUYECKOro 0030pa OIpe/esieHa MEePCIeKTUBA BO3MOXKHOCTU UCIOIb30BaHUS
CTaJICIUIaBUJIBHBIX OTXO0JI0B B TEXHOJIOTMU MPOU3BOACTBA LIEMEHTA.

B BTOpOM pa3sgesne, onucaHa XapaKTEPUCTUKA CHIPHEBBIX MATEPUAIOB U
YCTAHOBJIEHBI METOJBI HCHbITaHUM.MccinenoBaH  KUCIOPOAHO-KOHBEPTOPHBIN
CTaJICIUIAaBUJIbHBIM IIJIAK BBICOKOW OCHOBHOCTH, Ha BO3MOKHOCTb IIPUMEHEHHS B
poin 100aBku K ctangaptHomy noptiananementy (I1L1) tuna 1. Jlns npoBeneHus
MCCIeIOBaHUM ObLIIM BHIOpaHbl MECTHBIE CTalleMIaBWIbHbIE 0TX0/1bI AO «Apcenop
Muttan Temuprtay».B 1eniX MNOATOTOBKH JOKa3aTeIbHOM Oa3bl OINpeIesICHBI
CTaHIAPTHBIE METOJbI U BBICOKOTOUHBIE HECTAHAAPTHBIE METOJIbI UCIIBITAHUMN.

B Tperbem pa3saeJsie, IpOBEACHO HCCIEAOBAHUE CHIPHEBBIX MATEPUAIOB U
TEXHOJIOTUYECKUX CBOMCTB HCIBITYEMBIX OOpa3l0B COTJIACHO YCTAHOBJICHHBIM
METOIaM WCCIIEIOBAHUM, onpeneneHa MOA3TaIHas porpamMmma
nccienoBanuil. [ [pemoxkeHbl  COCTaBbl CTPOUTENBHBIX LEMEHTHBIX CMECEH C



MOTEHIIMATBHO JIOMYCTUMBIM MPOLUEHTHBIM COJIEP)KAHUEM CTaJICILNIABUIBHOTO
nutaka B konuuectBe 1%,3%, 5%, 10%,15%.Pe3ynbrarel ucnbiTanuii 00pas3ioB
COTIOCTABJISUIM € TIOKa3aTels MM  TPaJUIMOHHOTO IieMeHTa Tuma |.B memsax
M3YUYEHUS TEXHOJIOTMYECKUX CBOMCTB MOOOYHOT0 B KOMOUHAIIUU C TPAJAUIIMOHHBIM
LIEMEHTOM CBIPEBBIE MaTEpPUANIBl HUCCIIEAOBAHbl BBICOTOYHBIMHU METOJAMU
ananu3a. KpynHbele yacTuibl moOOYHOTO OTXOJa H3MEIbYald C MPUMEHEHUEM
KpUOT€HHOTO Meroja A0 nyapbl 75-80 Mxm. Pe3dynprarel  aHanusza
peHTreHO(DIYOPECIIEHTHOM CHEKTPOMETPUM OMPEACTIIIM  XUMUYECKUM COCTaB
nulaka U oO0bIYHOro mopmiananemMenta tuna l. CralemiaBuibHBIA HIIAK UMEET
okcua kanbluga CaO B KadyecTBE JOMUHHUPYIOUIETO COEIUHEHUS B KOJIMYECTBE
46,17% wu apyrue coeaunenus kak Si02(12.03%), Al,0O3(1,53%), MgO(4.53%)
NPUCYTCTBYIOIIME B  POJM  TUJAPABIMYECKUX  CBI3YIOUIMX,  KOTOpBIC
HEMOCPEICTBEHHO BIIMSIIOT HAa NPOYHOCTh IEMEHTHOro kamusa. CorjacHo
MOJIyYCHHBIM pe3yJibTaTaM, XUMHUYECKUM COCTaB HUIaKa M ILIEMEHTa CXO0X IO
COCTaBy, 4YTO TIOATBEPXKIAaeT HaydyHOoe OOOCHOBAaHHE CXOXKECTH (PU3UKO-
MEXaHUYECKUX CBOMCTB MarepuaioB.Pazmepsl JaCTHIL CBIPbS
UCCJIEOBATMMETOA0OM JIa3epHO-TU(PPAKIIMOHHOTO aHajln3a, MHUHEPaJIoTUYeCKuit
CHIPBEBBIX MaTEPUATIOB— METOJOM peHTreHoha3oBoil audpakTockonuu. Meron
SHEProAUCIEPCUOHHOTO aHaIM3a B COYETAHUU CO CKAaHUPOBAHHON MUKPOCKOMHUEN
NPUMEHSIIN JIJIs1 UCCIIEAOBAHUS XUMUUECKHUX JIEMEHTOB Ha TOBEPXHOCTH ChIPbSI.
YCTaHOBIEHO, YTO MOPTIAHAIEMEHT M CTaleIUIaBUJIbHbIE IIUJIAKK HMEIOT
JIOCTATOYHO CTAOWUJIBHBIA COCTaB, OTXOJbI MPUTOAHBI JIJI TOJYYCHHUS PEMOHTHBIX
CTPOMTEIBHBIX CMeceili Ha ocHoBe 1eMeHTa. CoaepkaHue BpEAHBIX U
HEKeJIaTeJIbHBIX IPUMECE HaXOQUTCS B MPeiesiaX HOPMBI.

WcnbiTaHusi cTaHAAPTHBIX M CMEIIaHHBIX 00pasroB ¢ jo6aBkoit CITLI mist
omnpeneneHus: (PU3HKO-MEXaHUYECKUX IapaMeTpOB MPOBOJMIMCH IO METO/aM,
ONPEACISIONIMM :HOPMAJIbHYI0 KOHCHUCTEHIIMIO LIEMEHTHOM MacThl;Ha4aIbHOEH
KOHEYHOE BpeMsS CXBaTBIBAHHS;IIPOYHOCTH HA CXKaTHE KYOHMYECKHX H
MPU3MATHIECKUX 00pa3IOB;MPOYHOCTH Ha N3THO;BOIOOTIIONIEHNE, IIOPUCTOCTD.

[Tomyuenbl wu300pakeHUsT 0Opa3OB HA CKAHUPYIOMIEM JJICKTPOHHOM
MHKPOCKOTIC IS HAOJIOACHUS 3a JUHAMHUKOW YMEHBIIIEHHsS TIOP,BIUSIONIME Ha
MPOYHOCTh U MEXaHUUYECKHUE XapPAKTEPUCTUKHU LIEMEHTHOU CMECH.

B yerBepTOM pa3ziese, UCCIEIOBAHO BIMSHUECTANCIIABWIBHBIX OTXOJIOB
Ha TruapaTanuio W TBepAcHUe memeHTa.llomyaaunabaTudeckas KaaopuUMETPHs
WCTOJIB30BAJIACH JIJIsI OMNPENCIICHUS OILICHKH TEIIOBBIJCICHUS U €€ CKOPOCTH B
MepUoJi THUApATAllMU IIEMEHTa COTJIaCHO MeToauke craHmapta ISO 29582-
2:2009.TIpocnexxeHa 3K30TepMUUYCCKas BOJIONMS HAYaIbHOTO TEMIIEPATypHOTO
pPa3BUTHSL CBEXHMX O0O0pa3oB TMAacThl MOPTIAHIAIEMEHTa W IUIAKO-IIEMEHTHBIX
nacT.POA O mpoBeneH (ha3oBBId  aHANMM3 HMCCIEMYyEeMBIX OOpaslloB Ha
obopymoBanun ¢ wu3nydeHnem CuKo. Mertomom PutBenpna mo mapamerpam
TA(PPaKIIMOHHON  KapTUHBI  OMPEACICHBI  MEXKIUIOCKOCTHBIE  PACCTOSHUS
aQHAIM3UPYEMBIX KPHUCTANIMYECKUX BEIIECTB W HUX (Pa3oBoe COCTOSHUE B
CTPYKType. YCTAaHOBJICHA 3aBHCUMOCTH BJIMSHHUSA TEMIIEpaTypbl THApATAIlUA Ha
MPOYHOCTH IIEMEHTHBIX KOMIIO3UTOB, TTOJTY4Y€HBI OCHOBHBIC MPOAYKTHI THAPATAIIAN
CUJIMKATHBIX, KPUCTAILIOTHAPATHBIX (ha3, ONpeeIsIoNIne CBOMCTBA IIEMEHTHOTO



kamus. Kpucrtamiueckue ¢asbl aura, 6enuTa, NOpTIAHIUTA SIPKO BBIPAXKEHBI PU
aHaJu3e IEMEHTHOr0 KOMIo3uTa ¢ Jo0aBkoi 5% muiaka. MeTogoM TepMUUYECKOTO
ananusza TI'A npocnexeHa 3aKOHOMEPHOCTh MOTEPU Macchl oOpa3ua B 3-X, 7-MHU U
28-MU CYTOYHOM BO3pacTe€ TBEPJCHUSI TOJ BO3ACHCTBUEM DJHAOTEPMHUECKUX
pEaKILUH.

B nsitom pa3gene, 1o pe3ynbTaraM IPOBEIECHHBIX HUCCIEIOBAaHUN
YCTAHOBJIEH ONTHUMAJIbHBIA COCTaB LEMEHTHOM PEMOHTHOM CMECH HAa OCHOBE
1eMeHTa ¢ Jo0aBkoil 5% cTanernIaBUIBHOIO IJIaKa, OINpPEAeNieHa TEXHOJIOTHS
MPOU3BOJCTBA HOBOTO LIEMEHTHOIO KOMIIO3UTa C  YCTAHOBIIEHUEM  €T0
TEXHUYECKUX XapakKTepucTuk, pazpadoran Cranmapt opranuzamuu CT TOO-
870921401140-01-2020.Pe3ynbTaTsl PacyeTOBCOTIIACHO METOAUKE
NPELM3UOHHOCTH MU3MEPEHUN EMOHCTPUPYIOT, YTO BCE TECTUPYEMbIE 00pPa3Ibl C
cojepkanueM 1uiaka oT  1-15% wuMerT He3HauuTelIbHbIE CTaHIAPTHHIE
OTKJIOHEHUS, CBUJIETENIbCTBYIOIINEO TOYHOCTHUPE3YJILTATOB U3MEpEeHU
MEXaHUYECKOU MPOYHOCTH. [[eMEeHTHBIN KOMIIO3UT ¢ 0O0aBKOM 5% IIaka moxkasan
BBICOKME TOKa3aTelid MEXaHHUYECKOMMPOYHOCTH HMMENT  MaJO3HAuYUTEIbHOE
oTkiIoHeHue mpu cxkatuu 10 0,4 Mna m npu u3rube no 0,07 Mna B pasHbIX
Nepuoiax TBEPJCHHS, YTO IMOJTBEPXKIAIOT TOYHOCTHh MPOBEIACHHBIX H3MEPEHUM
nokasaresyiell MexaHM4eCcKo MpoyHOCTU. AlpoOalius pe3ybTaToB UCCIEIOBaHMI C
JOCTH)KEHUEM MYJIbTHUIUTMKATUBHOTO 3 (eKTa OCYIIECTBICHA MyTeM BHEAPCHHS
HOBOH TexHOJOoruu B mpou3BoACTBO TOO «CepBUCHO-3arOTOBUTENBHBIA LIEHTP
«Kericy-arpo», pa3paOOTKu cTaHIapTa OpraHU3allMU, YMNPaBIECHUS Ka4eCTBOM
NOCPEICTBOM  TOJAJEPKAHUSI CUCTEMbl HMHTETPUPOBAHHOIO  MEHEIKMEHTA,
KOHTpPOJISI pUCKOB cTaHgapTamu [SO u craructudyeckumMu MetogaMu. Pe3ynbrarsl
HAay4YHBIX HCCIEOOBAaHUI JOKIAABIBAINCh HAa MEXAYHAPOIHO-TIPAKTHUYECKUX
KOH(pEpEHIUAX, H3JI0KEHbl B MyOnukamusx. lmeeTcs maTeHT Ha MOJE3HYIO
MOJENb.

HayyHast HOBM3HA!

NunoBanusa pa3pabOTKU 3aKiIIOYaeTCs B YCTAHOBJICHHH ONTHMAabHOU
JO3UPOBKH CTAJEIUIABUIIBHOIO IIJIaKa M MOJIyYEHUU HOBOT'O COCTaBa LIEMEHTHOM
PEMOHTHOM CcMecH JUisl CTaHAAPTU3alUM WHHOBAIMOHHON TEXHOJOTUH B
MIPOU3BOJICTBE CTPOUTEIBHBIX CMECEH, PEKOHCTPYKIMU U PEMOHTA COOPYKEHHUH
AIIK, a Takke pelIeHUH DKOJOTMYECKUX BOIIPOCOB MCIIOJIb30BAHUS, XPAHECHHS U
YTUIN3ALUU KPYTHOTOHHAXHBIX OTXO/I0B IPOMBIIIEHHOCTH.

HoBH3Ha TEXHUYECKHX pEUIEHW 3al[uIIeHa MaTeHTOM Ha IMOJIE3HYI0
mozens Ned866 PK«Crioco0 wHcHonb30BaHUS CTAJCIUIaBWIBHOIO IIIaKa IS
M3TOTOBJIEHUS CTPOUTEIBbHO-PEMOHTHBIX CMECEN».

IIpakTuyeckast 3HAYUMOCTD !

1. TuccepranonHas paboTa BBINOJIHEHA B COOTBETCTBUM C WHUIIMATUBHOU
teMoii HUP «Pa3paboTka HOBBIX COCTABOB PEMOHTHBIX CMECEH, COAepKalluX
CTaJeIUIaBUJIbHBIE NUIAKK JUISI PEKOHCTPYKUHUU U PEMOHTA THUIAPOTEXHUUYECKUX
coopyxkeHui» Ne666.949:626(0,83.94H71) u  MexaAyHapOAHBIM  TPAHTOM,
dbunancupyembiii Bcemupubim 6ankoM pazsutusi NeAPP-PHD-A-18/021P no teme
«Pa3paboTka HOBBIX COCTaBOB IIEMEHTHBIX PEMOHTHBIX CMECEil ¢ cojiepKaHUuEeM
(GeppUTHBIX OTXOJIOB MPOMBIIUICHHOCTH JJISI PEKOHCTPYKIMU U PEMOHTA



COOPYKEHUI»,C TMPOXOKACHUEM IOIYroJl0BOM CTAKMPOBKM Ha 0a3ze Hay4dHO-

UCCIEN0BATEIbCKON naboparopuu Mwuunranckoro roCyJapCTBEHHOT O
ynusepcureta, CIIIA.
2.IloaTBepxxaeHo (U3UKO-XUMHUYECKOE B3aUMOJICHCTBHE MEKIY

CTAJICTUIABUJILHBIMU  OTXOJIaMH M TIPOAYKTaMU THApATAIlUU IIEMEHTa, TBEPIACHHUSI,
BIUSHUE OTXOJa Ha |IPOIECCHl CTPYKTypOOOpa3OBaHMs, TMPUBOIAIIME K
MOBBIIICHUIO TTOKa3aTeNield MPOYHOCTH MPU CKATHUM M W3THOE, a TaKkkKe 3a CUeT
CHW)KCHHS TTOPUCTOCTH, YCTAHOBIICHBI OCHOBHBIC 3aBHCHMOCTH TEXHOJIOTHYECKUX
CBOWCTB  HOBBIX COCTAaBOB  IIEGMEHTHBIX  PAacTBOPOB C  COJEPKaHHEM
CTJICTIAaBUILHBIX ITUTAKOB Ha TIOKA3aTe TN KauyeCTBA CTPOUTEIBHBIX CMECCH.

3.Pa3paboTan cTaHIapT KauyeCTBaHA HOBBIC KOMITO3MIIMOHHBIE MAaTEPHUAIIBI C
n00aBKOW CTaJeTUIaBIIIBHOTO IUTaka.HaydHO-UCCIe10BaTeIbCKHE HW3BICKaHUS
HaIlCJICHBl Ha KOMMEPIHMAJIU3AIKMI0 pPe3yJbTaToB HccienoBanuid. CraHmapt
Ka4yecTBa BHEJPCH B IIPOU3BOJICTBEHHBIN TPOIECC OPraHU3aIlHH.

AnpobGanus pe3yjbTaTOB padoThbl. Pe3ynbTaThl AUCCEPTAIIMOHHON PabOTHI
JOKJIaJIBIBATTMUCh HA PECIYOIMKAHCKUX M 3apyO0e)KHBIX MEKIYHAPOIHBIX HAYIHBIX
rkoH(pepennusax:Internationalscientificconference "Science. Research. Practice”
I'HMWNHauPassutue;, «Bricokuerexuomorununanosamu», Xl International
Scientific Practical- Conference “Global Science and Innovations: Central
Asia”nap.OcHOBHBIEPE3YIbTaThl UCCIICOBAHUSN3IIOKEHBIB CTAThAX: «AHAIN3
HOPMATHUBHO-TEXHUYECKOW TOKYMEHTAIlMU IO UCHBITAHUIO I[EMEHTa Ha IpeIMeT
TapMOHU3AIMK JUIsl TIOBIIIEHUS KayecTBa CTPOMUTENIbHBIX PEMOHTHBIX CMecei»,
«MccnenoBanue BAUSHUS (HU3UKO-MEXaHUYECKUX CBOMCTB (DEPPUTHBIX OTXOJ0B Ha
KayeCTBO PEMOHTHBIX cMeceil M pa3paboTKa peKOMEeHIAIuil 1S CTaHIapTU3alUuN
BTOPUYHOTO CBHIpbs», «Moaudukaiuss CTPYKTYpbl IIEMEHTHBIX KOMIIO3UTOB.
HccnenoBanus SKCIUTyaTallMOHHBIX CBOMCTB JJISi CTaHIAPTU3ALMUA CTPOUTEIIBHBIX
cMmecel ¢ 00aBKOM CTaNeIIaBUIIbHOTO IIIJIaKay, a TAKKE B U3JIAHUAX U3 MEepPEUHS,
yrBepxkaeHHbIXx KOKCOH Pecnyonuku Kaszaxcran, u cratee «Blended Cement
Mixed with Basic Oxygen Steelmaking Slag (BOF) as an Alternative Green
Building Material», omyOnukoBanHo#i B KypHaie «Materials Journal MDPI»,
BXOJIAIIET0 B 0a3y JaHHBIX «Scopus» ¢ umnakt-paxktopom 3.057, kBaptuiem Q2.

OcHOBHBIE N10J10KeHN I, BBIHOCUMbIE HA 3a1IUTY:

—HOBBIC KOMITO3UITMOHHBIE MAaTE€pUAIbl, MOJTYyYCHHBIC HA OCHOBE IIEMEHTOB U
CTAJICTIABUIILHBIX IIJIAKOB, COACPKAIIUX COJEpKalue [-OpTOCHIMKAT KaJlbIUS
JUTS TIOJTyY€HUSI PEMOHTHBIX CMECEH C YIyUIIEHHBIMH (PU3UKO-MEXaHMUYECKUMHU U
AKCILTYyaTallMOHHBIMU TIOKA3aTeIISIMU;

— OJKCIEPUMEHTAIIbHOYCTAHOBJICHHBIE CTPOCHUE MAaTepUajoB METOJaMu
CKaHUpOBaHHON Mukpockonuu, PDA, DJIA, TI'A u nepexon PB-oprocunukar
KaJbIns B a-(hopmy;

— OYKCHEPUMEHTAILHO YCTAaHOBJICHHBICTEXHOJIOTHUECKHE CBOWCTBA HOBBIX
IIEMEHTHBIX KOMITO3UTOB;

— DKCIIEPUMEHTAIBHO TIOJYYCHHBIC SKCIUTyaTallMOHHBIC TOKA3aTeIN HOBBIX
IIEMEHTHBIX KOMITO3UTOB;

—CTaHJapT  KadyecTBa Ha  CTPOUTEIbHbIE CcMecH ¢  J100aBKOM
CTAJICTIABUIILHOTO TITIAKA.



Crpykrypa auccepraumu. JluccepranmoHHass paOOTaBKIIOYAEeTB ceOs
BBEJICHHE, OCHOBHYIOYACTh, COCTOALLYIO U3 6-TH pa3fenoB, 3aKIIOUEHUE, CIIHCOK
MCIIOJIb30BaHHBIX UCTOYHUKOB B KoJinuecTBe 133 HaMMEHOBaHUI U MPUIIOKEHUS B
konuyecTBe 4.J/luccepranonHas padoTa U3JI0XKeHa Ha 113 CTpaHULAX,
conepxut 12 tadmun u 30 pUCyHKOB.

6D073200 «Cranaaprray KoHe cepTUPHKATTAY» MAMAHABIFbI 00ibIHIIA
¢puiocodpus noxkropsl (PhD) nopexecine i3neHy yuiH YCbIHBLUIFAH
JxexkcemOaeBa 9ces1 EpMekKbI3bIHBIH «AOK oHaipicTiK, MHKEHEPJIIK,
dJIeyMETTIK HHPPAKYPBLIbIM 00beKTLIePi YIIiH KOH/IeyTre APHAJIFAH IEMEHT
KOCNAJIAPBIHBIH CANMACHIH KAMTAMACHI3 €Ty» TAKbIPbIOBIHAAFbI
AUCCEPTALMACHIHBIH

AHHOTAIUACHI

3eprTey TaKbIPBLIOBIHBIH 63eKTLIIr. "Kazakctan-2050" ctparerusicblHbIH
y3aK  Mep3imai  OaceIMIbIKTapbiHa — colikec  Kaszakcran — PecmyOmukacsr
HSKOHOMMKACHIHBIH HET13T1 callajJapblHbIH 0acThl MIHAETTEPIHIH Oipl KYPBUIbIC
MaTepuangapbl MEH KOHCTPYKIMSUIApbl OHAIPICIH YIFalTy, oJaplblH Oocekere
KaOUIETTUIIrH apTThIPY OOJIBIT TaObLTA/IbI.

Kazakcran PecnyOnukacbiabiy AOK mambityasiH 2017-2021 xbeuigapra
apHaJIFaH MEMJICKETTIK OarIapiaMachblHbIH MIHIAETTEpiH icke acklpy AOK-HIH
OapnbplK  OaFpITTAphIH  JaMBITYFa OKaFraal kacay YIIIH WHOPAKYPBUIBIMIbI
KaMTaMachbl3 €TyMEeH Tikenel OaiaHbICThl. OCIMAIK IapyallbUIbIFBIH, Mall
IapyalibUIBIFBIH, KaliTa OHJEY callajlapblH JaMBITy OHIIPICTIK FUMapaTTap MEH
KYpPBUIBICTAP/IbI, JTanbIHAAY KOMMaJsapbIH, AIIEeBaTOPJIAPIbI Cay/Ibl,
PEKOHCTPYKIMSUIAYIbl Talam eTefl. AYBUIABIK ayMakKTapAbl TYPAKThl aMBITy
YIIiH Kojaa 0ap eHMIPICTIK, 9JCYMETTIK JKOHE MOJICHH MaKCaTTaFbl 0OBEKTLICp i
KOHJICY JKOHE KAHFBIPTY JKOHIHE )KYMBICTAp KYPri3y KaKer.

byrinri Tagma arpoeHEepKICINTIK CEKTOPABIH HHPPAKYPHUIBIMBIH JaMBITY €1
HPKOHOMHKACHIHBIH 0O9cekere KaOUIeTTUTITIH apTThIpy VIIIH KaXXeTTI aybll
apyambUIBIFBIH TAMBITYIBIH JKETEKIIi apakBepi 00bin Tadbu1aabl. 2020 KbUIFBI
1 xpipkyiiekTe Memneket bacuibickl KacsiM-XKomapt TokaeB Kazakcran xankbeiHa
XKonnaysiana Ykimerke 6usHectneH Oipiecin 6ec xpuira AOK maMmpiTy OoibIHIIIA
camaJbl KaHa YITTBIK KO0aHBI 93ipiieyai OacTaysl TarChIPbl, OHIA OHIMILUTIKTI
apTThlpy, IIUKI3ATTBIK  OarbiTTaH  Kery, AOK koiiMma kKoHE  KeJIK
WHOPAKYPHUTBIMBIH JAMBITY MOCEJIeNepi EHTI31IETIH OOl

Kazakcran Pecnyonukacweiabiy 2007-2024 >xpUiiapFa apHaJIFaH OPHBIKTHI
JTaMyFa KeIly TYKbIPhIMIaMachlHA COUKEC SKOHOMUKAIIBIK OCY OChI YaKbITKA JICHiH
HETI31HEH OJEMJIK HapbIKTapJarbl IIMKI3aT OarachlHBIH ©CYyl JXKOHE TaOufru
pecypcTap/biH €19yip KeJeMiH maiianany eceOiHeH xypeal. Taburu KanuTaiabiH
YJIKEH WIBIFBIHAAPEI MEH TO3YhI Oap. JKanmbl ki eHIMHIH ©Cyl KOoplIlaraH opTara
KOFapbl SMHCCUSIMEH Katap »xypeni. Konma Oap Oaranaynap OoifblHIIA e



ayMarbIHbIH aMaMeH 75% - bl 9KOJIOTUSIIBIK TYPAKCHI3IBIKTBIH KOFaphl KayIliHe
yuibipaiiasl. OHBIH MeJeUTTeHy npobiemackl oTKip Typ. "Tapuxu nacranymnap",
KQJIJIBIKTAp >KMHAFBIIITAPBI, CTALIMOHAPIIBIK HKOHE JKbIIKBIMAJIbl KO3/I€PJEH YBITTHI
3aTTapAblH OCIN KeJie KaTKaH LIbIFapbIH/bUIAPEI TAOWFU OPTAHBIH JKal-KyiliHe
YKOHE XaJBIKTBIH JICHCAYJIBIFbIHA KAY1I TOHIIPEI].

KanpinrackaH HaphIKTHIK JKOHOMHUKA JKaFJailblHa LIEMEHT ©HJIpPICiH
JAMBITY K€H TYTBIHYIIBI YIIIIH KOJDKETIMI1 Oaranap OOMBIHINIA cana KepCeTKIITepi
KOFaphl JKEPrUTIKTI MIMKI3aT MEeH OHEPKICINTIH KON TOHHAIBIK KaJAbIKTaphIHBIH
HETri31H]1e TUIM/1 HEMEHT KOCHAIAPhIH jKacay Ka)KeTTUIINH Tajan eTe/l.

KocpiMilia KanapIKTap KOCBUIFAH MHHOBAIIUSUIBIK KYPBUIBIC MaTepUalapbiH
OH/IPY  TEXHOJIOTUACBIH  PETJAaMEHTTEHTIH  CTaHAapTTap,  OMICTEMENIK
HYCKAYJIBIKTAp CUSKTHI HOPMATUBTIK-TEXHUKAJIBIK KYKaTTapAblH 00JIMaybl ©3€KTi
MIHJIET OOJIBITI TAOBLIAIBI.

3eprrey HbIcanbl. KypambiHna kanbuuid [B-OpTOCHIMKATBHI  (THUITIK
2Ca0-S102), 1 42.5 H tunti uement O6ap "Apcenop Mwurran Kazakcran" AK
007aTThl OANKBITY Ke31HJEe KaJiFaH KaJlJbIKTapblHAa, OTTEr1-KOHBEPTOP OHIPICIHIH
Oosat OanKbITy Ke3iHAEe KajdFaH KaJJbIKTapblHAa HOPMAaTUBTIK-TEXHUKAIBIK
Ky>KaTTama.

3eprrey moHi. Bomar GankplTy Ke3iHIE KaJFfaH KaJJbIKTapbl KOCBLIFaH
IIMKi3aT MaTepuaigapbl MEH IIEMEHT KOMIIO3UTTEPIHIH KYpaMbl MEH KYPBLIBIMBI,
nacTajapApl THApaTalusiay Mpoleci, eMEHTTep MeH O0ojaT OalKbpITy Ke3iHae
KaJIFaH KaJJAbIKTaphl HET131HE KOMITO3UIIMSIIBIK MaTepraiapsl KaTaluTy, LIEMEHT
HET131HJEr1 KOHJEY KYpPbUIBIC KOCHAJIAPBIHBIH (PU3MKAIBIK-MEXaHUKAIIBIK >KOHE
naijaiany cunaTTamanapsl.

3epTTey MakcaTTapbl. JlMccepTalUsIIbIK KYMBICTBIH MaKcaTTapbl OOJbII
TaObLIAIbL:

1.)KakcapTbulFaH TEXHOJOTHSJIBIK JKOHE MaiijallaHy cama KepCeTKIITepi
Oap 1EeMeHT XoHe OojaT OalKbBITYy Ke3iHAE KaJdFaH KaJJIbIKTapbl HETI31H/Ie
KOMIIO3UIIMSIIBIK ~ MaTepuaaaapabl adyJblH FBUIBIMHU-TEXHUKAIBIK HETI3IepiH
a3ipiey.

2.0OHaipicTe TEXHOJOTHSIHBI KOJJIaHY YIIIH OHEPKOCINTIK KaJIIBIKTapJaH
KacalFaH MaTepuaigap MeH OyibIMIapra HOPMATHUBTIK-TEXHUKAJBIK KyKaTTama
azipiey.

3eprTey MinaeTTepi. Makcarrapra )eTy YIIiH KeJeci MIHASTTep KOUbUIIb:
- KaJIJIBIKTap/bl Maiinanany OOWBIHIIA HOPMATHBTIK-TEXHUKAIBIK Ky)KaTTaMaHbI
Tanaay;

-  Moau(pUKANUAIAHFAH IIEMEHT KOMIIO3UTTEpIH ally VIIiH MEeTaJUTyprus
OHEPKICIOIHIH KaJNJIBIKTaphIH Taiijaiany OOWBIHINA FHUIBIMU JKOHE TPAKTHUKAIBIK
JIepEeKTepl Tanaay;

- MIMKI3aT MaTepUAIaPbIHBIH KaCUETTEPiH (PU3HKA-XUMUSUIBIK JKOHE ONTHUKAIIBIK
OJIICTEpPMEH 3€PTTEY;

- LIEMEHTTE OHTAlIbBl MeJjuiepieyal Oenruiey MakcaTbiHAa O0JaTThl OaIKBITY
Ke31H/Ie KaJdfaH KaJJbIKTapAbl KOCa OTBIPBIN, [EMEHT KOMIIO3UTTEPIHIH
(U3UKaNBIK-MEXaHUKAJIBIK JKOHE MaiijaaHy KaCUETTEPIH 3epTTey;



- IIEMEHTTIH THUJpaTalusIChl MEH KaTaloblHA KaiTallama IIUKI3aTThIH oCEpiH
3epTTeY;

- IIEMEHT KOCTAChIHa 0OJIATTHI OANKBITY Ke3iHAe KajdFaH KaJIABIKTapIbIH OHTANITBI
JI03aChIH aHBIKTAY JKOHE anpobanusiiay;

— HOPMATHUBTIK KY)KaT - cara CTaHAapThIH d3ipJIey;

- OHJIIPUICTIH  OHIMHIH  camacklH  THIMAI  0ackapy, MEHEIKMEHTTIH
WHTETpalMsIaHFaH J)KYHECIH 93ipliey, €HT13y JKOHE KOoJJay apKbLIbl TOYEKeIaep i
Oackapy TocUIEpiH 931pJey;

- SKOJIOTHUSUJIBIK MOceeNiepal, TaOUFu pecypcrap/bl YHEMCY MceNeliepiH 1Ienly,
KaHa KYPBUIBIC KOCHAJIAPBIHBIH KOJDKETIMI1 KYHBI €Ce0IHEeH eJIiH KYPBbUIbIC
HapPBIFBIHBIH YKOHOMHKAJIBIK KYPAYIIBICHIH apTThIPY MYMKIHIIKTEDI;

- OHJIpICKe >KaHAa KOMIO3HUIUSUIBIK MaTepHaIapAbl CHTI3YJCH SKOHOMHUKAJIBIK
TUIMJIUTIKTI €CETTeY.

3eprrey oaictepi. JluccepTalusiibIK >KYMBICTBIH OJlICHAMAJBIK HET131
peTiHAC IMUKI3aT TEH I[EMEHT KOMIIO3UTTEPIH KEIICHI Taijaay KOJIJIaHBUIIbI.
3epTTeyaiH KeJeci oaicTepl KOJJAAHBUIIBI: OSKCIEPUMEHTTI MaTeMaTHKAaJIbIK
KocIapiay oJici; CYHWbIK a30Thl 0Oap MalllMHAHBI TaiijajlaHa  OTBIPHIII,
MaTepHalapabl KPUOTCHJI yCaKTay oJliCi; CKaHEPJICHIeH MHKPOCKOIHUSHBI
KOJIJIaHa OTBIPBIIT DSHEPTHUS JUCIECPCUSIIBIK 9JiC; IIEMEHT KOMIIO3HTTEPIiHiH
CKaHEPJICHICH 3JICKTPOH/IBIK MUKPOCKOTUSACHI; IITUKI3aT TICH YITUIEpal TaJIIayablH
peHTreHodazanblK JKOHE  PEHTTeHO(IIYOPECIEHTTIK  OMicTepl;  TajdayJblH
IPaHYJOMETPHUSIIBIK OJIiC;, INHMKI3aT OeJIEeKTepiHIiH MOJIIEPIH TalaaydblH
TEPMOTPABUMETPHSUIBIK 9JIIC1; THUIPABIMKAIBIK IEMEHT MaCTAChIHBIH KaJIBIITHI
KOHCHUCTEHITUSACH YIIIH Ka)XeTTI Cy MOJIIEpIH aHbIKTay oiici; Buka uHecCiHiH
KOMETIMEH THAPABIUKAJIBIK IIEMEHTTIH OpHATy MEp3IMiH aHBIKTay YIIIH ChIHAY
omicTepi; YATUIEPAiH KbICY KoHE HITy OEpIKTIriH ChIHAY OIiCTEpi; JKapThUIaM
aauabaTUKAIIBIK OJIC; BaKYYMIBIK Cy CiHipy omici. CraHmapTray, TOyeKelaepai
Oarayiay, COMKeCTIKTI Oaramay oicTepi, camaHbl OackKapy oJicTepi, eey
HOTHKEJICPIHIH JOJIr1 9MICTepl KOJITaHBLIIbI.

KyMbICTBHIH Ma3MYHBbI:

Kipicnene 3eprreyaiH e3eKTuIiri, OHBIH FBUIBIMH JKaHAJIBIFBI MEH
MPAKTUKAIBIK MAaHBI3ABUIBIFBl HETi3enTeH. KoprayFa YCHIHBUIATBIH HETI3Ti
epexenep TYKBIPBIMIAIABI, MakKcaTTap MEH MIHJETTEp AaHBIKTaJAbl, 3epTTey
MOCEJIECIHIH JKaFJaibl KapacThIPBUIIbI.

Bipinmi OesiMae 1eMeHT ©HEpPKOCIOIHE >KOHE IIEMEHT TIeH OHJIpIC
KQJIJBIKTApbIHA HETI3JIETeH KYPBUIBIC KOCMajapblHA apHaJIFaH HOPMATHUBTIK-
TEXHUKAIBIK KyXaTTamara one0u MIoNy, OPTYPJl OHEPKICINTIK KaJIBIKTap.Ibl
naianany OOWBIHIIIA FEUTBIMU KOHE TPAKTUKAIBIK JEPEKTEepre Taay >Kypri3iii.
Teopusuieik Herizin Peceir, AKIL, Kerrai, XKanonms, I'epmanus xoHe T.0.
FAIBIMIAp Kanaabl. FBUIBIMU-TaaMamblK IOy HOTHXKENepl OOMBbIHINA IIEMEHT
OHIPY TEXHOJIOTHACBHIHAA OONAaTThl OaNKBITY Ke31HAe KalFaH KaJIbIKTapabl
naiganany MyMKIHJIT1HIH TTePCIEKTUBACHI allKbIHIAJIJIbI.

Exinmi 0esimae mmukizaT MaTepuaigapblHbIH CHUIIATTaMachl CHUNATTAJIFaH
OHE ChIHAK 9JlicTepl opHaThUIFaH. | TunTi cTangapTThl nopTiananementke (I1111)
KOCBIMIIIA PETIHJIE KOJIIAHY MYMKIHAITIHE HETI3/IeJITeH >KOFaphl HEri3/leri OTTerl-



KOHBEPTOPJbl 00NaTThl OANKbITY KE31HJI€ KalFaH KaJAbIKTap 3€pTTENAl, 3€pTTey
xyprizy yumiH "Apcenop Mutran Temipray"AK-HbIH Kepruiikri 0onarThl
OaJIKBITY Ke31HIe KajdFaH KaJJIbIKTap TaHmanawl. Jlomenmey Oas3achlH AaiibiHIAy
MakcaTblHIa CTaHAAPTThl OAICTEp MEH >KOFapbl IAJJIIKTEr1 CTaHIApPTThl €MecC
CBIHAK 9/1iCTEp1 aHBIKTAJIbI.

Ywinmi Oesimae 3eprreynepaidH OeNrUIEHreH oJICTepiHE — Coiikec
ChIHANATBIH  VATUIEPMAIH  IIWKI3aT  MaTepuagjgapbl MEH  TEeXHOJIOTHSIIBIK
KaCUETTEpiHE 3epTTey JKYPri3uiai, Ke3eH-KE3eHIMEH 3epTTey OarmapiamMachl
AHBIKTAIIBI. BOmaTThl OANKBITY Ke3iHAE KalFaH KaJIAbIKTap.IbIH BIKTUMAJ PYKcaT
eTuireH mab3abik memmepi 1%,3%, 5%, 10%, 15% Oap KypbUIbICKAa KaeT
IIEMEHT KOCMAJAPBIHBIH KYpPaMbl VCHIHBUIABL. YJTUIEPi ChIHAY HOTHKEIEPi
JIOCTYPJIi LIEMEHTIIeH Oipre 'kaHaMma ©HIMHIH TeXHOJIOTHSIIBIK KACUETTEPIH 3ePTTEY
yuriH I TUOTI JoCTypial LEMEHTTIH KOpPCEeTKIITEPIMEH CalbICThIphUIAbL. JKaHama
KaJABIKTAp/bIH YJIKEH OeJIleKTepl KPUOTEeHIIK oAICTI KojijaHa OThiphin, 75-80
MKM YHTaKKa JICHiH ycaKTajabl. PEHTIeHO(ITyOpECIEHTTI CIIEKTPOMETPHS TaJIay
HOTHOKEJIEP1 KAJIJBIKTBIH JKOHE | TUTITI KapanaibiM MOPTIAHANEMEHTTIH XUMHSITBIK
KYpPaMbIH aHBIKTaAbl. bonar OankeITy Ke3iHJe KajdFaH KaJIbIKTapIbIH KypaMbIHa
46,17% OGacbiM Kocbutbic peTiHye CaO KanbIuil OKCHII KOHE 0acKa KOCBUIBICTAp
6ap Si102(12.03%), Al203(1,53%), MgO(4.53%) 1eMeHT TachIHBIH OEpIKTIriHE
TIKeJIeH ocep C€TETIH THAPABIUKAIBIK OalJIaHBICTBIPFBINT OOJIBI. AJIBIHFAH
HOTIDKENIEpPre COMKec, KaJNJbIK MEeH IEeMEHTTIH XUMHSUIBIK Kypambl yKcac, Oy
MaTepuangapablH GU3HKa-MEXaHUKAIBIK KAaCUETTEPIHIH YKCACTBHIFBIHBIH FHUIBIMU
Herizgemeci  pactanabl. llluwkizat  OesmiekTepiHiH — eymeMaepi  Ja3eplik-
TUGPaKUMAIBIK Talngay oAICIMEH, MHMHEPAJOTHSJIBIK IIMKI3aT MaTepuaigapbl—
penTreHodaszanblK TUPPAKTOCKONUS dIICIMEH 3epTTeNAl. DHEPrus AUCTIEPCUSICHIH
Tajaay 9J1ici CKaHEPJICHIeH MUKPOCKOITMAMEH Oipre MMKi3aT OeTIHACT1 XUMUSIIBIK
AJIEMEHTTEP1 3ePTTEY YIIIH KOJITaHBUIIbI.

[TopTnanamemMeHT meH OoJyiaT OanKpITy Ke3iHJe KaJFaH KaJIJIBIKTap IbIH
TYPAKThI KYpaMbl 0ap €KEHIIT aHBIKTaIbl, KAJABIKTAp IIEMEHT HEeTi31HAe KOHACY
KYpBUIBIC KOCTIAJIApbIHA KOCYFa >Kapambl. 3USHIBI )KOHE Ka)KETC13 KOCTallap bIH
MeJTIepi HopMa IIEeTiHe OO IbI.

Ou3MKaAIbIK-MEXaHUKAJBIK MapaMeTpiiep/al aHbIKTay YIIiH OoJlaT OaJKbITY
Ke31HJe KaJIFaH KaJABIKTap IbIH KOCIAchl Oap CTaHAAPTTHI KOHE apajac YATuiepal
ChIHAY: IIEMEHT MaCTAChIHBIH KAJIBIIITHI KOHCUCTEHITUSACHIH; 0aCTaIKbl 5KOHE COHFBI
OpHATYy YaKBITBIH; TEKIIE XOHE MPU3MAIIBIK YIATUICPAIH CHIFBUTY OCpIKTITiH; UUTY
OCpiKTIriH; Cy CIHIpUTYiH, KEYeKTUIIrH aHBIKTAaUTBIH oficTep OoWbIHIIA
KYPri3ui.

[lemeHT KOCMACBHIHBIH OEPIKTIIT MEH MEXaHUKAJBIK CUMaTTaManiapbliHa 9Cep
€TeTIH CaHbUIAyJapbl a3alTy JAWHAMHUKACHIH Oakplay YIIIH CKaHEpJeyIi
AIEKTPOH Bl MEKPOCKOIITA YITLIEPIIH CYyPETTEeP1 abIHIbI.

TepTinii 0esimMae OaNKBITHIIFAH KaJABIKTapABbIH IIEMEHTTIH bUIFAIIaHYBI
MEH KaTaroblHa ocepl 3epTreni. JKaprteutait auabatukanblk kamopumerpus [SO
29582-2:2009 craHmapThiHa COWKEC IEMEHTTI BUIFAIIAHIBIPY KE3iHAC >KBUTY
IIBIFAPYABl  JKOHE OHBIH OJKBUIJAMIBIFBIH  AHBIKTAYy YIIIH  KOJIJAHBUIIHI.
[TopTnanaeMeHT macTachl MEH KaJIABIK-TIEMEHT MaCTAIAPBIHBIH KaHa YITUICPiHIH



0acTanKel TEeMIEPaTypaIbIK JaMYBIHBIH 3K30TEPMUSIIBIK 3BOTIOMUICH OalKaIIbI.
RFA cuka coynenenyiMeH jkabIpIKTa 3epTTEIreH yiruviepre (asaiblk Taamay
Kyprizal. PutBenp omiciMeH IU(paKIUsUIBIK CYpeTTiH mapameTpiepi OOoMbIHIIA
TaJTaHATBIH KPHUCTAIIABI 3aTTApABIH JKA3bIKTHIK apaJIBIK KAIIbIKTBIKTAPH KOHE
OJIapJBIH ~ KYPBUIBIMIAFbl  (pa3aiblK  JKaFgaibl  aHBIKTANABL [ Waparamus
TEMIIEPaTypachblHbIH  I[EMEHT  KOMIIO3UTTEPiHIH  OEpIKTIriHE  TOYyeJNAUIIri
AHBIKTAIIBI, IIEMEHT TACHIHBIH KACUETTEPiH aHBIKTAWTHIH CHUJIMKATTBI, KPHUCTAJLI
rUAPATTH (hazanapabl bUTFAIIAHIBIPYABIH HET13T1 OHIMEP1 albIHAbL. AJIUT, OCIUT,
MOPTJIAHIUTTIH KpUCTaabl (azanapsl 5% KanablK KOCBUIFAH IEMEHT KOMITO3UTIH
Tannayaa avkelH kepiHemi. TI'A TepMUSIBIK Tanmgay OmICIMEH SHIOTCPMHUSIIBIK
peakiusiap 9CepiHeH KaTarobiH 3, 7 oHe 28 TOyJIKTE YJT1 MacCaChIHBIH a3al0bl
OaliKaJIIbl.

Becinmi Gesiimae Xypri3uireH 3epTTeyiepiAiH HOTHXeyepi OoiibiHIa 5%
007aTThl OANKBITY Ke31HC KaJFaH KaJIBIKTap bl KOCa OTBIPHIIN, IIEMEHT HETI31H/Ie
IIEMEHT JKOHJICY KOCIACBHIHBIH OHTAMIBI KYpPaMbl aHBIKTAIbl, TEXHUKAJIBIK
cunaTTamManapblH  Oenruieid  OTBIPBIN, >KaHA LEMEHT KOMIIO3UTIH OHIIpY
TeXHOJIOTHUACH  aHbIKTaabl.  Y#eiMm  (OKIIIC)  cramgaptel  o3ipacHmi -
870921401140-01-2020.  EcenrteynepaiH  HOTIKEJIEpPl  JONME-I0d  OJIIICY
omicteMeciHe coiikec, KypambiHaa 1-15% xanaeik Oap OapJiblK ChIHAJATHIH
YATUIEpAIH ~ MEXaHUKAJIBIK  OCEpIKTIKTI  OJIIey  HOTIKENEpIHIH  JOJJIIriH
KyoJIaH[IBIPATHIH IIaMalibl CTAaHAAPTTHI aybITKYJapra ue eKeHIIriH kepceteni. 5%
KaJIJbIK KOCBUIFAH IIEMEHT KOMIIO3UTI MEXaHUKAIBIK OEpIKTIKTIH >KOFaphl
KOPCETKIMITEPIH KOPCETTi, KaTaroJblH opTypiai kezexaepinae 0,4 Mmna-ra neitiH
uiny ke3inzae sxone 0,07 Mma-ra fAeiiiH mamMaibl aybITKy O0JIbl, OYJI MEXaHUKAJIBIK
OEpIKTIK KOPCETKIMTEPIH OJIIIey TOAIrH pacTaiiibl. MyJIbTUIUIMKATUBTIK dcepre
KOJ JKETKI3€ OTBIPBIN, 3epTTeyjiep HOTHXKeIepiH ampodammsuiay «XKerticy-arpo
«cepBUCTIK-maibiHaay opTaiabFb» KIIC eHaipiciHe )KaHAa TEXHOJOTHSHBI CHI13Y,
MHTETpalUsJIaHFaH MEHEIKMEHT KYHeCiH KOJIaHy apKbUIbl YUBIMIACTHIPBUIIBI,
camaHbpl 0ackapy CTaHIApPTBIH o3Ipjiey apKbUIBI JKy3ere acelphuigbl. 1SO
CTaHIAPTTapbl MEH CTaTUCTUKAIBIK OJIICTEPMEH  ToyekenmepAi Oakpuiay
Kyprizinai. FeutbiMu 3epTTeynepaiH HOTHKENIEepl XadbIKapalbIK-MPAKTUKAIBIK
KoH(pepeHmsIapaa OasHIAbIN, >KapHsUTaHBIMIApJa JKapblk kepmi. [laimaib
MOJIeIbI'e TIATCHT Oap.

FblibIMu KaHAJIBIK:

O3ipiiey MHHOBAIMACKHI, 0OJIATThI OAIKBITY KE31HJe KaJFaH KaJIBIKTap IbIH
OHTAWIBI ~ JT03aChIH  Oenriiey KoHE  KYpPBUIBIC  KOCIHAaJapblH  OHIIpYIe
WHHOBAIMSIIBIK TEXHOJIOTHSIHBI CTaHmapTray, AOK KypbUIbICTapblH KaiiTa Kypy
KOHE JKOHJCY YIIIH JKOHJCYre apHalFaH IEMEHT KOCMACHIHBIH XaHA KYpPaMbIH
alyJaH, COHJai-aK 1pl OHEPKACINTEPAiH KONTeTeH TOHHAIBIK KaJJAbIKTapbIH
naijanany, cakTay KoHE KoJere IKapaTyAblH OJKOJIOTHSUIBIK MOCETeNepiH
MISTTYACH TYPaIbl.

Texuukanplk MmemiMaepaiy skaHaaslFbl KP Ned4866 maiimansr mopeniHe
«KypbUibIC-)KOHIeYy KocnajapblH JalbIlHAAy YIIIH OO0JaTThl OalKBITy Ke31HJe
KaJIFaH KaJAbIKTap bl aljajJaHy TOCLI1» NaTEHTIMEH KOpFaJlFaH.

IpakTUKAJBIK MAHBI3AbLIBIFbI:



1. JluccepTanusibIK AKYMBIC Ne666.949:626(0,83.94H71)
"T'HIPOTEeXHUKAIIBIK KYPBUIBICTApIbl KalTa KYpy JKOHE XOHJEY YIIiH OOJaTThI
OaJIKBITY Ke3iHJEe KaJlfaH KaJIIbIKTapel Oap KeHJey KOCHaJapblHBIH JKaHa
KypamaapeiH a3ipiey" F3K o3 OacramameH >Kypri3ull€H TaKbIPHINITa KOHE
Jlyauexysinik  gamy — OaHki  KapxbUiangeipran  NeAPP-PHD-A-18/021P
"KypbUibicTapapl KailTa Kypy JKOHE J>KOHJAEY YIIIH OHEPKICINTIH (QeppuTTi
KJIJIBIKTapbl O0ap IEMEHT >KOeHJEYy KOocHalapblHbIH jKaHa KypamaapblH o3ipiey"
XaJIbIKapajblK TPaHThIHA Coiikec, MUUUTaH MeMJICKeTTIK yHuBepcuTeTiHiH (AKL)
FBUIBIMH-3EPTTEY 3€pTXaHACBIHBIH 0a3achbIH/A JKapThl JKBUIIBIK TaFbUIBIMIaMaaH
OTYy Ke31H/I¢ OPBIHIAJIJIBI.

2. bonat GankpITaThIH KaJJABIKTAp MEH IIEMEHTTI THApaTaIusiay eHiMaepi
apachIHIarbl (U3MKA-XUMHUSIIBIK ©3apa iC-KUMBUI, KaTar, KaJABIKTBHIH CBIFBLTY
KOHE HMUTY Ke3lHJeri OEpiKTIK KOpPCETKIIITEepPIHIH apTyblHa 9OKEJIETIH KYPBhUIbIM
TY3UTy TPOLECTEpPIHIH ocepiHe, COHJaN-aK KEyeKTUIIKTI TOMEHJIETy eceOiHEeH,
KYPBUIBIC KOCIAJIAPBIHBIH calla KepCeTKIIITepiHe KypaMblHIa OojaT OalKbITy
Ke31H/e KaJFaH KaJAbIKTapbl Oap LEMEHT epITIHAUICPIHIH *aHa KypaMmJIapbIHbIH
TEXHOJIOTHSIJTBIK KACUETTEPIHIH HET13T'1 TOYEIIUTIr aHBIKTAJIJIbI.

3. bomarTel 0ankpITy Ke3iHJAe KajlFaH KaJJIbIKTapJbl KOca OTHIPHIN, JXKaHa
KOMITO3UIIMSJIBIK MaTepHalllap CalachlHBIH CTaHAApThl d3ipyieHai. FrutbiMu-
3epTTey 13[ICHICTEPl 3€PTTECY HOTHXKEJIEPIH KOMMEPIIUSJIAHIBIpyFa OarbITTaIFaH.
Camna ctangapTsl YUBIMHBIH OHIIPICTIK MPOIECIHE SHT131ITCH.

Kymbic HITHKesepiH ampodamusiiay. JluccepTalusiablK KYMBICTBIH
HOTIDKENIEpl  pecnyOJIMKANbIK — KOHE  MIETENAIK  XaJbIKapaJblK  FHUIBIMH
KoH(pepeHusiapaa Oasumanael: International scientific conference «Science.
Research. Practice»; T HINHarnPa3sutue; "BbicOKkre TEXHOIOTMH U MHHOBAIUN'";
X1l International Scientific Practical-Conference™ Global Science and Innovations:
Central Asia" >xoHe T1.0. 3eprreyaiH Herisri HoTkenepi: «Kypbuibic keHIEY
KOCIaJIapBIHBIH CallaChlH apTTHIPY YIIiH IIEMEHTTI ChiHAy OOHBIHIIIA HOPMATHUBTIK-
TEXHUKAIBIK KYKaTTaMaHbl  YWJECTIpY TYPFBICBIHAH  Tangay», ' @Deppur
KaJITLIKTapbIHBIH (bU3UKAIIBIK-MEXaHUKAJIBIK KaCHETTEPIHIH KOHICY
KOCTIAJapbIHBIH ~ CalachlHA OCEpiH 3epTTey IKOHE KalTajama MIMKI3aTTh
CTaHmapTray OoibIHIIA YCBIHBICTAp d3ipiey”, "lleMeHT KOMMO3UTTEepiHIH
KYPBUIBIMBIH ©3TepTY, 00JAaTThl OAJIKBITY KE31HJE KaJIFaH KaJJIbIKTapabl KOCYMEH
KYpBUIBIC KOCIAJapblH CTaHIApTTay YIIIH TNaijalaHy KacHUeTTepiH 3epTrey',
cogmaii-ak  Kaszakcran  PecmyOmukaceiaeiH ~ BFKY  Oekitken — Ti30eneri
OacbuTBIMIap/a XoHEe SCOpUS mmmakT-pakropbl 3.057, kBaptmiie Q2, "Materials
Journal MDPI" xypuaneiaga "Blended Cement mixed with Basic Oxygen
Steelmaking Slag (BOF) as an Alternative Green Building Material" makaacser
KapUsTaHFaH.

Koprayra mbirapbu1aThIH HeETI3Ti epekeJiep:

- KaKCapThUIFaH (bUBUKATBIK-MEXaHUKAIBIK ~ JKOHE naianany
KOpCeTKIITepl 0ap KeHJey KochajapblH aly YIIIH KypaMmblHIa Kalbluil -
OPTOCHJIMKATBI 0ap IIEMEHTTEP MEH 00JaTThl OANIKBITY KE31He KaJIFaH KaJAbIKTap
HETi31H/Ie aJIbIHFaH )KaHa KOMIIO3UITUSUTBIK MaTepuasaap;



- ckaHepieHreH Mukpockonus, P®DA, 3DJIA, TI'A onictepimeH
MaTepHalIIapAblH SKCIIEPUMEHTAIAbIK OPHATBUIFaH KYPbUIBIMBI )KOHE KajabLuH [3-
OpPTOCHJIMKATBIHBIH O-MIIIIHIE OTY1;

- JKaHa  LEMEHT  KOMIIO3UTTEPIHIH  TEXHOJOTUSJIBIK  KacuerTepi
AKCIIEPUMEHTANIBI TYPAE OPHATHUIABL;

- JKaHa UEMEHT KOMIIO3UTTEPIHIH TKIPUOENIK alblHFaH Maiijianany
KOPCETKILITEP];

- Oonar OalKbITy Ke3lHAE KalFaH KaJlAbIKTapbl KOCBUIFAH KYPBUIBIC
KOCHaJIapblHA apHaJIFaH cala CTaHIapThl.

Juccepraums KYpbUIbIMBI. JuccepTallusiibK XKYMbIC Kipicne, 6 6eJiMHEH
TYpPaThIH HEri3ri 0ejliM, KOPBITBIHABI, 133 maiinanaHpuiraH onedueTTep Ti3iMi
KoHe 4 KochbIMIIaaaH Typaabl. Jucceprauusiblk xymbic 113 Oerre OGasHaanraH,
12 kecte meH 30 cypeTTeH Typajsbl.

ANNOTATION

of the dissertation for the degree of Doctor of Philosophy (PhD)
Assel Yermekovna Jexembayeva on the topic ""Quality assurance of
repair cement mixes for industrial, engineering, social infrastructure of
agro-industrial complex™, specialty 6D073200 **Standardization and
certification™

Relevance of the research topic.In accordance with the long-term priorities
of the strategy "Kazakhstan-2050", one of the main tasks of the main sectors of the
economy of the Republic of Kazakhstan is to increase the production of building
materials and structures, increase their competitiveness.

The implementation of the tasks of the State Program for the development
of the Agro-industrial complex of the Republic of Kazakhstan for 2017-2021 is
directly related to the provision of infrastructure to create conditions for the
development of all areas of the agro-industrial complex. The development of crop
production, animal husbandry, and processing industries requires the construction
and reconstruction of industrial buildings and structures, procurement storages,
and elevators. For the sustainable development of rural areas, it is necessary to
carry out works on the repair and modernization of existing industrial, social and
cultural facilities.

Today, the development of the infrastructure of the agro-industrial sector is
the leading driver of the development of agriculture, which is necessary for the
growth of a competitive economy of the country.On September 1, 2020, in his
address to the people of Kazakhstan, Head of State Kassym-Jomart Tokayev
instructed the Government, together with business, to start developing a
qualitatively new National Project for the development of the agro-industrial
complex for the five-year period, which will include issues on increasing
productivity, avoiding the raw materials orientation, developing the warehouse and
transport infrastructure of the agro-industrial complex.



In accordance with the Concept of Transition of the Republic of Kazakhstan
to sustainable development for 2007-2024, economic growth to date has been
mainly due to rising prices for raw materials on world markets and the use of a
significant amount of natural resources. There are huge losses and degradation of
natural capital. The increase in gross domestic product is accompanied by high
emissions into the environment. According to available estimates, about 75% of
the country's territory is exposed to an increased risk of environmental
destabilization. The problem of its desertification is acute. "Historical pollution”,
waste accumulations, increasing emissions of toxic substances from stationary and
mobile sources threaten the state of the natural environment and the health of the
population.

The development of cement production in the conditions of the current
market economy dictates the need to create effective cement mixtures based on
local raw materials and multi-tonnage industrial waste with high quality indicators
at affordable prices for the general consumer.

The lack of regulatory and technical documents, such as standards,

methodological Instructions regulating the production technology of innovative
building materials with the addition of by-products is an urgent task.
The object of the study. Normative and technical documentation for steelmaking
slags, steelmaking slags of oxygen-converter production of JSC "Arcelor Mittal
Kazakhstan™ with the content of beta-orthosilicate of calcium (typical
2Ca0*Si02), cement of type | 42.5 N.

The subject of the study. Compositions and structures of raw materials and
cement composites with the addition of steelmaking slags, the process of hydration
of pastes, hardening of composite materials based on cements and steelmaking
slags, physical, mechanical and operational characteristics of repair building mixes
based on cements.

Research objectives.The objectives of the dissertation work are:

1. Development of scientific and technical bases for obtaining composite
materials based on cement and steelmaking slags with improved technological and
operational quality indicators.

2. Development of normative and technical documentation for materials and
products from industrial waste for the use of technology in production.

Research objectives.To achieve the goals, the following tasks were set:

- analysis of regulatory and technical documentation on the use of slags;

- analysis of scientific and practical data on the use of waste from the metallurgical
industry for the production of modified cement composites;

- study of the properties of raw materials by physico-chemical and optical
methods;

- study of the physical, mechanical and operational properties of cement
composites with the addition of steelmaking slag in order to establish the optimal
dosage in cement;

- study of the effect of secondary raw materials on the hydration and hardening of
cement; determination of the optimal dosage of steelmaking slag in the cement
mixture and testing;



- development of a regulatory document-a quality standard,;

- development of methods for effective product quality management, risk
management through the development, implementation and maintenance of an
integrated management system;

- opportunities for solving environmental issues, issues of saving natural resources,
increasing the economic component of the country's construction market due to the
affordable cost of new building mixes;

- calculation of the economic efficiency from the introduction of new composite
materials into production.

Research methods. A comprehensive analysis of raw materials and cement
composites was used as the methodological basis of the dissertation work. The
following research methods were applied:method of mathematical planning of the
experiment; method of cryogenic grinding of materials using a machine with
liquid nitrogen; energy dispersion method using scanned microscopy; scanned
electron microscopy of cement composites; X-ray phase and X-ray fluorescence
methods of analysis of raw materials and samples; granulometric method of
analysis; thermogravimetric method for analyzing the particle sizes of raw
materials; method for determining the amount of water necessary for the normal
consistency of hydraulic cement paste; test methods for determining the setting
time of hydraulic cement using a Wick needle; test methods for the compressive
and bending strength of samples; semi-adiabatic method; method of vacuum water
absorption. Methods of standardization, risk assessment, conformity assessment,
quality management methods,methods of precision measurement results are
applied.

The content of the work:

In the introduction, the relevance of the research, its scientific novelty and
practical significance are justified. The main provisions submitted for defense are
formulated, goals and objectives are defined, the state of the research issue is
considered.

In the first section, a literary review of the cement industry and regulatory
and technical documentation for building mixes based on cement and industrial
waste, an analysis of scientific and practical data on the use of various industrial
waste is carried out. The theoretical foundations were laid by scientists from
Russia, the USA, China, Japan, Germany and others. According to the results of
the scientific and analytical review, the prospect of the possibility of using
steelmaking waste in cement production technology is determined.

In the second section, the characteristics of raw materials are described and
test methods are established. Oxygen-converter steelmaking slag of high basicity
was studied for the possibility of using it as an additive to standard Portland
cement (PC) type I. Local steelmaking wastes of JSC "Arcelor Mittal Temirtau"
were selected for the research.In order to prepare the evidence base, standard
methods and high-precision non-standard test methods are defined.

In the third section, a study of raw materials and technological properties
of the tested samples was carried out according to established research methods, a
phased research program was determined.The compositions of construction



cement mixtures with a potentially permissible percentage of steelmaking slag in
the amount of 1%,3%, 5%, 10%,15%.The test results of the samples were
compared with the indicators of traditional type | cement.In order to study the
technological properties of the by-product in combination with traditional cement,
raw materials were studied by high-precision analysis methods. Large particles of
by-product were crushed using the cryogenic method to a powder of 75-80
microns. The results of the analysis of X-ray fluorescence spectrometry
determined the chemical composition of slag and ordinary type | Portland cement.
Steelmaking slag has calcium oxide CaO as the dominant compound in the amount
of 46.17% and other compounds such as Si02(12.03%), AI203(1.53%), MgO
(4.53%) present as hydraulic binders that directly affect the strength of cement
stone. According to the results obtained, the chemical composition of slag and
cement is similar in composition, which confirms the scientific justification of the
similarity of the physical and mechanical properties of materials.The particle sizes
of raw materials were studied by laser diffraction analysis, the mineralogical
nature of raw materials was studied by X-ray diffraction. The method of energy
dispersion analysis in combination with scanned microscopy was used to study
chemical elements on the surface of raw materials.

It is established that Portland cement and steelmaking slags have a fairly
stable composition, the waste is suitable for obtaining repair building mixes based
on cement. The content of harmful and undesirable impurities is within the normal
range.

Tests of standard and mixed samples with the addition of SPSH to
determine the physical and mechanical parameters were carried out according to
the methods that determine:normal consistency of cement paste; initial and final
setting time; compressive strength of cubic and prismatic samples;bending
strength; water absorption, porosity.

Images of samples were obtained using a scanning electron microscope to
observe the dynamics of pore reduction, which affect the strength and mechanical
characteristics of the cement mixture.

In the fourth section, the influence of steelmaking waste on the hydration
and hardening of cement is studied. Semi-adiabatic calorimetry was used to
determine the assessment of heat release and its rate during the hydration of
cement according to the methodology of the ISO 29582-2:2009 standard. The
exothermic evolution of the initial temperature development of fresh samples of
Portland cement paste and slag-cement pastes is traced. The phase analysis of the
studied samples was carried out on the equipment with CuKa radiation. By the
Rietveld method, the interplane distances of the analyzed crystalline substances
and their phase state in the structure are determined by the parameters of the
diffraction pattern. The dependence of the influence of the hydration temperature
on the strength of cement composites is established, the main hydration products
of silicate and crystal hydrate phases that determine the properties of cement stone
are obtained.The crystalline phases of alite, belite, and portlandite are pronounced
when analyzing a cement composite with the addition of 5% slag. The method of



thermal analysis of TGA traced the pattern of mass loss of the sample at 3, 7 and
28 days of hardening under the influence of endothermic reactions.

In the fifth section, according to the results of the conducted research, the
optimal composition of the cement repair mixture based on cement with the
addition of 5% steelmaking slag is determined, the technology of production of a
new cement composite with the establishment of its technical characteristics is
determined, the Standard of the organization of ST LLP is developed-
870921401140-01-2020.The results of calculations in accordance with the
precision measurement method demonstrate that all tested samples with a slag
content of 1-15% have insignificant standard deviations, indicating the accuracy of
the results of mechanical strength measurements. The cement composite with the
addition of 5% slag showed high mechanical strength indicators and had a minor
deviation when compressing up to 0.4 Mpa and when bending up to 0.07 Mpa in
different periods of hardening, which confirms the accuracy of the measurements
of mechanical strength indicators.The approbation of the research results with the
achievement of a multiplicative effect was carried out by introducing a new
technology into the production of Zhetisu-Agro Service and Procurement Center
LLP, developing an organization standard, quality management by maintaining an
integrated management system, risk control by ISO standards and statistical
methods. The results of scientific research were reported at international practical
conferences, and are presented in publications. There is a patent for a utility
model.

Scientific novelty:

The innovation of the development is to establish the optimal dosage of
steelmaking slag and obtain a new composition of cement repair mixture for
standardization of innovative technology in the production of building mixes,
reconstruction and repair of agricultural facilities, as well as solving environmental
issues of the use, storage and disposal of large-capacity industrial waste.

The novelty of technical solutions is protected by the patent for utility model
No. 4866 of the Republic of Kazakhstan " Method of using steelmaking slag for
the manufacture of construction and repair mixtures".

Practical significance:
1.The dissertation work was carried out in accordance with the initiative topic of
research "Development of new compositions of repair mixtures containing
steelmaking slags for the reconstruction and repair of hydraulic structures” No.
666.949:626(0.83.94H71) and an international grant funded by the World
Development Bank No. APP-PHD-A-18/021P on the topic "Development of new
compositions of cement repair mixtures containing ferritic industrial waste for the
reconstruction and repair of structures", with a six-month internship at the research
laboratory of the University of Michigan state University, USA.
2.The physicochemical interaction between steelmaking waste and cement
hydration products, hardening, the effect of waste on the structure formation
processes leading to an increase in compressive and bending strength, as well as
by reducing porosity, has been confirmed, the main dependencies of the
technological properties of new cement mortar compositions containing



steelmaking slags on the quality indicators of building mixes have been
established.

3. A quality standard has been developed for new composite materials with the
addition of steelmaking slag.Research studies are aimed at commercialization of
research results. The quality standard is implemented in the production process of
the organization.

Approbation of the results of the work. Results The results of the
dissertation work were reported at national and foreign international scientific
conferences: International scientific conference "Science. Research. Practice
"GniiNasrazvitie;" High technologies and innovations”; XII International
Scientific Practical-Conference "Global Science and Innovations: Central Asia"
etc. The main results of the research are described in the articles: "Analysis of
regulatory and technical documentation for testing cement for harmonization to
improve the quality of construction repair mixtures”, "Study of the influence of
physical and mechanical properties of ferritic waste on the quality of repair
mixtures and development of recommendations for standardization of secondary
raw materials”, " Modification of the structure of cement composites. Studies of
operational properties for standardization of building mixes with the addition of
steelmaking slag", as well as in publications from the list approved by COXON of
the Republic of Kazakhstan, and the article "Blended Cement Mixed with Basic
Oxygen Steelmaking Slag (BOF) as an Alternative Green Building Material”,
published in the journal "Materials Journal MDPI", included in the Scopus
database with an impact factor of 3.057, quartile Q2.

The main provisions submitted for protection:

- new composite materials obtained on the basis of cements and steelmaking
slags containing calcium beta-orthosilicate for the production of repair mixtures
with improved physical, mechanical and operational characteristics;

- experimentally established structure of materials by methods of scanned
microscopy, XRD, EDA, TGA and the transition of calcium B-orthosilicate to a-
form;

- the technological properties of new cement composites have been
experimentally established;

- experimentally obtained performance indicators of new cement
composites;

- quality standard for building mixes with the addition of steelmaking slag.

The structure of the dissertation. The dissertation work includes an
introduction, a main part consisting of 6 sections, a conclusion, a list of used
sources in the amount of 133 titles and appendices in the amount of 4.The
dissertation work is presented on 113 pages, contains 12 tables and 30 figures.



