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3axapos [I.C. JlopoxHi IeMeHTH1 O€TOHU 3 BUCOKOIO MIITHICTIO Ha PO3TAT. —
Pykomnuc.

Jucepraiiis Ha 3100yTTS HAYKOBOT'O CTYIIEHS KaHIUAaTa TEXHIYHUX HAYK 3a
cnemianbHicTiO 05.23.05 — OyniBenbH1 Matepianu Ta Bupobu. (19 — Apxitekrypa 1
OyIIBHUIITBO). —  XapKIBCbKUU  HAI[lOHAJIBHUNA  aBTOMOOLIBLHO-IOPOXKHIN
yHiBepcUTeT, M. XapkiB, 2019. 3axuct Bin0Oynerscs B YKPAiHCHKOMY J€P:KaBHOMY
YHIBEPCHUTETI1 3aII3HUYHOTO TPAHCIIOPTY, M. Xapkis, 2019.

B poboTri mokazaHo, 110 OCHOBHOK NPHUYHMHOK PYHHYBaHHS JTOPOXKHIX
OCeTOHIB € I1X HU3bKa MIIHICT, TOpu 3ruHi. [IpoananizoBaHo ¢akropu, sKi
BIUTMBAIOTh Ha (PI3MKO-MEXaHI4H1 BJIACTHBOCTI OETOHIB, B TEpIIy 4Yepry — Ha
MIIHICTh TIpU 3rUHI. Ha OCHOBi aHaNi3y MpOBEICHUX paHille TOCTIIKEHb OyiH
BUJIJIEHI OCHOBHI 3 HHUX: SKICThb 30HHM KOHTAaKTy «IIEMEHTHHM KaMiHb-
3aIOBHIOBAY», CITIBBIAHOIIIEHHS MK 3allOBHIOBauyaMU, HasiBHICTh a00 BIIACYTHICTb
aucriepcHoro  ¢GiopoapMyBaHHS, CynepruiacTU(IKyrOdi 1 akTUBHI MiHEpaJIbHI
nob6asku. by mpoBeaeHuit aHaii3 myOikaiiid BITYM3HIHUX 1 3apYODKHUX BUSHUX
B 111 ramy3i.

ITokazaHo, MO I JOCTKEHHS OyJId CHOpPSAMOBaHI Ha OIIHKY BIUIMBY
BUJIUIEHUX (DAKTOPIiB HAa MIIHICTh OCTOHIB TPH CTHUCKY, IIUIBHICTh, a TaKOX
CIeliaJIbHUX BIJIACTUBOCTEH, TaKWX, SK yJapHa CTIMKICTh, TPIMIUHOCTIMKICTD,
KOpo3iiiHa CTiiKicTh Ta 1H. BUBYEHHIO MIITHOCTI TIpu 3rWHI B pobOoTax OyIo
MPUILIEHO HEOCTATHBO YBaru, 4acTo Il JOCIIHKEHHS HE TIPOBOIHIIN.

[TokazaHo, 1O SKICTh 30HM KOHTAKTy Tpa€ OCHOBHY pOJIb B MiJABUIICHHI
MIIHICHUX BJIACTHUBOCTEH OETOHIB, a TaKOX iX JOBrOBIYHOCTI, TOMYy IIIO BOHA €
HaWOUTBII CTAOKOIO JIAHKOIO CTPYKTypu OeToHy. bymm po3polrieHi cmocobu
MOJIIMIIIEHHST  SKOCTI 30HM KOHTAaKTy, HaMpHUKIaa, TomepeaHss o0poOka
3alOBHIOBAYIB PO3YMHAMM XIMIYHMX pEareHTiB. AJle el crmocid He MOXHa

3aCTOCYBATH /10 TEXHOJIOT1i BUTOTOBJICHHS! MOHOJIITHUX JIOPOKHIX O€TOHIB. Y ToO#



Ke dYac, HeoOXiTHO CHCTEMAaTHU3yBaTH BILUIMB HAa 30HY KOHTAKTYy 3allOBHIOBAdYiB,
CYy4YaCHUX XIMIYHHX 1 MIHEpAJIbHUX JOOABOK.

Takoxx Oyno moKa3aHoO, IO [JJS BaXKUX OETOHIB €(EKTUBHUM €
3aCTOCYBaHHSI apMyBaHHs 3 jgonoMoroto (iOpu. [lokazani pizHOBUAM (GiOpH, 110
J03BOJIUJIO BUJAUTUTH B SIKOCTI HAHOUIbII €(EeKTUBHOI MOJINPOINUIEHOBY (iOpy.
JlocnipkeHHsl moAO0 ii 3aCTOCYBaHHS y BaXKUMX OeToHax Oyiu copsiMOBaHI Ha
NiABUIIEHHS TPIUMHOCTIMKOCTI, YAapHOi CTIMKOCTI, 3HOCY. JlaHi MO0 BIUIUBY
¢$10pu Ha MIHICT, OETOHIB MpPH 3TUHI PO3PI3HEHI, CyNEpeuuBl 1 BUMAararoTh
YTOYHCHHSI.

BB sKoCT1 3amoBHIOBaYiB, a TaKOX CITIBBIJHOIIEHHS MK HUMU Ha
MIIHICTb OETOHIB MpH 3ruH1 0ys10 moka3zano B podotax mkin XHAJY 1 YkpdY3T,
B SKUX TOKa3aHO, IO JJIS JOPOXXKHIX OETOHIB MOKHa CTBOPIOBATH MaKCHMaJbHO
HIUIBHY YIAaKOBKY 3alOBHIOBauiB. B 1boMy BHMaiKy HEOOXITHO 3aCTOCYBAaTH
ONTUMATBHUN KOS(IIIEHT PO3CYHEHHS 3epeH MIeOEHI0 PO3UMHOM (Olonr). [T0Ka3aHo,
M0 B JOCHDKEHHSX BIJIICYTHI JaHl MIOAO BIUIMBY JIEHIaAHUX YAaCTHMHOK Ha
BJIACTUBOCT1 O€TOHIB, B TOMY YHCIIi, MIITHICTb MPH 3THUHI.

Benuka KibKicTh poOiT O6yJ10 NMPUCBIYEHO BIUIMBY XIMIYHUX 1 MiHEPAIBHUX
100aBOK Ha BIACTUBOCTI BaKKUX OeToHIB. OJIHAK, B TOPOKHIX OETOHAX paHilIe HEe
3acTocoByBaM mojikapOokcunaTHi cynepriactudikatopu (IICIT) 1 axtuBHI
MiHepaiabHi  100aBku  (AMJI). BimcyTHi  gocHimKeHHS  IIOJ0  BIUIMBY
noBiTpoBTsryBansHux (IIBJl) moGaBox Ha MinHicTh OeToHY mpu 3ruHi. Hemae
pPE3yNbTATIB MIOAO0 BIUIMBY KOMIUIEKCIB ITUX J00ABOK Ha MIIHICTH OETOHY IMpHU
3TUHI.

Y TeopeTHYHOMY PpO3IUTI JUCEpTalii PO3IIISTHYTI TEOPETUYHI OCHOBH
MIBHUIICHHS MIITHOCTI JOPOXKHIX OETOHIB Ha PO3TAT npu 3ruHi. IlokazaHo, 1o
pPO3TATYIOUI HANpPYTH, SKi BHHHUKAIOTh B JOPOKHBOMY O€TOHI BiJ 30BHINIHIX
MEXaHIYHMX HaBaHTaXEHb, a TAaKOX BiJ TPAJIEHTIB TEMIEpaTypud 1 BOJOTOCTI
MOXyTh gocsirat 3,5 MIla 1 6uibiie. Tomy HeoOX1HA BEJIMUKMHA MIITHOCTI OETOHY
npu 3ruHi, noBuHHa Oyt He MeHme 7 MIlla. TlpoBeneHo aHaini3 OCHOBHUX

croco01B MIJBUILEHHS MIIIHOCT1 O€TOHIB IIPH 3TUHI.



YTouHeHo MmexaHi3M BIUIMBY AM/J] Ha CTpyKTypy 1 MILHICTh JOPOKHBOTO
oetony. Ilepenbavaerncsi, mo akTuBHI HeHTpU AMJl 1 IIEMEHTHHX YacCTUHOK
BCTYNAalOTh B PEAKI[il0 3 TOSIBOI HOBOYTBOPEHb, HAHOUIbII HMOBIPHO B 30HI
KOHTAKTy «IIEMEHTHHH KaMiHb-3alIOBHIOBAY», 110 3MIHIO€ BIACTUBOCTI CaMOi 30HU
1 Bcboro OeroHy. Takox 1€ 3HMXKYE HEOE3NeKy MOXJIMBOI B3a€EMOJII MIiX
peakiiifHO31aTHUM 3all0OBHIOBaueM 1 Jyramu nemeHty. Kpim mporo, AMJ[ MoxyTh
3MIHIOBaTH CTPYKTypy mop O€ToHy, 3MEHIIyBaTH TJIMOMHY KapOoHi3awil
CTPYKTypu. BHCIOBIEHO 1 TEOpeTHYHO OOTPYHTOBAHO TPHUITYIIEHHS, IO B
pe3yibTaTi YyTBOpPEHHs KapOOHATIB KaJbI[il0 B IIEMEHTHOMY TICTI 3MEHIIYEThCS
BMicT Ca(OH),. lle npuBoauTh 10 MPUCKOPEHHS TIAPONIZY ajiTa 1 MPUCKOPEHHS
YTBOpPEeHHsI TopTiIaHauTa. llopTmanmut Bcrymae B peakmio 3 AMJ[ i B
[IEMCHTHOMY KaMEHi YTBOPIOETBHCA TiJBUIICHA KUTbKICTh HH3bKOOCHOBHUX
T1IPOCHITIKATIB KaJIbIIiI0, B TIEPIIY YEPT'y — B 30HI KOHTAKTY 1 B ITOpax.

VY po3aini gaHo TeopeTUdHe OOTPYHTYBaHHS MEXaHI3MY Jii KOMIUIEKCIB 13
XIMIYHUX 1 MIHEpaJlbHUX J00OABOK Ha IMPOIECH CTPYKTYPOYTBOPEHHsI B OETOHAX.
ITokazaHo, mo BUCOKY epeKTUBHICTh nii mojikapOokcmiatHux CII 1 komruiekciB
100aBOK 3 HHMMU MO’KHA TOSICHUTH HAsBHICTIO 00'€MHOr0 €JIeKTPOCTATUYHOTO
BIJIIITOBXYBAaHHS YaCTUHOK, Ha sikux ajgcopoysascs CIL

BucnoBieHo mNpumylieHHs,, 0 BIUIUB TOBITPOBTATYBAIBHUX J100ABOK
(ITB/]) monsirae B CTBOPEHHI PIBHOMIPHO PO3MOAUICHHX MYXHPIIB MOBITPS. Mixk
UMy OynpOamkamu, sSKi 3HaXOMSIThCS HAa YAaCTUHKAaX IICKY, MOXYTb BHHUKATH
3HAYHI CWJM 34eruieHHs. Yum Ounble Takux OynpOamok, TUM OUIbIEe CHUITU
suerieHHs. BBemenns AMJl Moxe cnpusTH 3MEHIICHHIO pO3MipiB Oyib0Oamox
mpu 30UIBIICHH] iX KUIBKOCTI, IO MIABHINUTH MIIHICT TpH 3ruHi. Tomy B
npucytHocTi kKomiuiekcy CII + AMJI minBUIyeThCS OMHOPIAHICTH TOPOBOT
cTpykTypu OetoHy. Jlns 1oka3zy OyB MPOBEISHHH PO3PAXYHOK CTIHKOCTI
MOBITPSTHUX OynpOamok pizHUX po3MipiB. Bin mokasas, mo B npucytHocti CIT +
AMJI po3mip op 3MEHIIY€EThCS, 3HUKYETHCS KUIbKICTh MAKpOMOpP 1 30 UIBIIY€ETHCS
KUIbKICTh MiKponop. TUCK ycepennHi OyibOaniky NOBITPS B CUCTEMI, sIKa MICTUTh

komiuiekc CIT + IIBJI + AM/I Buie, Hixk B cuctemi 6e3 AM/I B 1,41 pasm.



TeopeTuuHO OOTPYHTOBAHO MOKJIMBICTh BUHUKHEHHS MiIBUIIEHOT KIIBKOCTI
MOp B 30HI KOHTAaKTy MiJ JICIIAJHUMU YacTUHKaMu 1iebeHto. [lokazano, mo 1e
MO>KJIMBO MPH YIIUIBHEHHI, TOMY, 110 YacToTa BiOpalii He 301raeTbcs 3 4aCTOTOIO
BJIACHUX KOJIMBaHb JICIIAJHUX YAaCTHHOK. KpiM TOro, jemaaHi 4acTKH MOXKYTh
NepeMIlaThCs B BEPXHIO YACTUHY OETOHY, «CIUIMBATW», IO MIATBEPAMIN MPAMI
JTOCIIIKESHHS.

YTOouHEHO MeXaHi3M BIUIUBY MOJINPOMNUIeHOBOT (10pu. Bonokna ¢idbpu
CIIPHIMAIOTh YaCTHHY 30BHINTHIX HABAHTAXXCHB 1 MEPEIIKOKAIOTh BUHUKHECHHIO
TpiliH. B 1boMy BuUnaaky pyilHyBaHHS O€TOHY MOKe BIJOYBATHCS 3a PaXyHOK
pPO3pUBY 1 BUCMHUKYBaHHSI BOJIOKOH (hiOpH, 110 MiJBUINWTH MIIHICTh MPU 3THHI.
[Ipu noBxuHi nominpornisienoBoi Gidpu 12 MM 1 ToBmmHI BosokHa 20...50 MkM B 1
kr (iOpu mictutrhess 500 MIIH. BOJIOKOH. 32 YMOBH PIBHOMIPHOTO PO3MOALTY
BOJIOKOH IO BCIX TPbOX OCAX KOOPJMHAT, MPUPICT MIIHOCTI OETOHY MpH 3TUHI 3a
paxyHOK BBeJIEHHs mosinporisieHoBoi ¢idpu gocsrae 3,38 MlIla. Kpim Toro,
MOKa3aHo, M0 TMOJJimpoIriieHoBa ¢Gidpa 3amydae B O€TOH JOJATKOBE IMOBITPS, IO
MO3UTUBHO BIUIMBAE HA JIOBTOBIYHICTh OETOHIB.

BianoBigHO 10 TiMOTE3W MOCHIIKEHb IIJIBUIICHHS MIIHOCTI OETOHY MpHU
3TMHI MOKHa 3a0e3MEeUMTH 3a PAaXyHOK BBEJCHHS B MOro CKJIaJ Cy4acHOTO
nosikapookcuinatHoro CII B kommexkci 3 AMJ[ 1 TIBJ. lle mo3BoiauTh
JUCTICPTYBaTH BEJIMKI TOBITPSAHI OyIbOaIIKH, CTBOPUTH PIBHOMIPHO PO3MOAUICHY
MIKPOMIOPUCTICTh 1 aKTUBI3yBaTH MOSIBY HOBOYTBOPEHb, B IMEPIIY YEpPry — B 30HI
KOHTaKTy «IIEMEHTHHHM KaMiHb-3allOBHIOBAY» Ta INJIBUIIUTH IIUIHHICTH PIBHIB
cTpykTypu Oetony. [Ipu 11poMy HEOOX1THO BH3HAYUTH ONTUMAIBHUI KOe(DIIli€eHT
PO3CYHEHHsSI 3epeH IeOeHI0. A BBEIEHHA J0 CKiamy OeToHHOI cywmimri (idpu
MIEBHUX PO3MIPiB 3a0€31eUNTh TOAATKOBE 30UTBIIICHHS MIITHOCTI IIPH 3THHI.

Jlami HaBeleHI XapaKTEPUCTHUKH MaTrepialliB 1 METOIIB JIOCTIIKCHHS, SKi
3aCTOCOBYBAJIM B POOOTI.

VY nucepraiiii mpeAcTaBiIeHl pe3yJibTaTU E€KCIEPUMEHTAIBHUX JOCIIIKEHb
11010 MiJIBUIIEHHSI MIITHOCTI IOPOKHBOTO OETOHY Ha PO3TAT mpu 3ruHi. [lokazaHo,

110 00poOKa MOBEPXHI 3aIOBHIOBAYIB PO3YMHOM COJIi 400 BOAOIO0 Majo MiABUIIYE



MILHICTh OETOHY MNpU 3rUHI 1 L0 TEXHOJIOTII0 HEMOXJIMBO peani3yBaTd Ha
MPaKTHUIIL.

Byno mnpoBeneHO poO3paxyHOK Oonr, SIKAM IOKa3aB, IO SIKIIO CEpeaHId
po3Mip 3epHa micky aopiBHioe 0,47 MM, a 3epHa MEOEHI0 — 7,5 MM, TO Oonr = 1,42,
Jlani 6yB po3paxoBaHuil KOe(DIIIEHT PO3CYHEHHS Ha 3aCTOCOBYBAaHUX B JIUCEpTallil
Marepianax, sikuit ayist 6etoniB 6e3 CII ckiaB 1,32, a ns 6etoniB 3 CII cknas 1,27.
3a oTpUMaHUMU JaHUMU OyJu po3paxoBaHi ckiaau 6eronnux cymimeit 3 CII 1 6e3
CII. byno BHUroTOBJIEHO 3pa3Ku O€TOHIB PI3HMX CKJIaJiB, SKI BUIPOOYBaJIM Ha
MiHIcTh. [loOygoBaHO rpadiyHi 3a1eXHOCTI MIIHOCTI OETOHY BiI 0, SKi
M1ATBEPUIIH, 10 MIITHICTh 0€TOHY MPU 3TMHI MaKCUMaJIbHA JIJI1 OTPUMAHUX Olopsr-

[TokazaHo, mo mpu 30UIBIIEHH] BMICTY B II€OCHI JeNafHUX YaCTUHOK BiJl
5 % 1o 25 % MIIHICTh NMpU 3TUHI 3HUXKYeTbea Ha 14 %, a npu ctucky — Ha 5 %.
Pe3ynpTaT ONTHYHOI MIKPOCKOINIi TOKa3aliv, IO ITiJ JICIIaJHUMH YaCTHHKaAMHU
4iTKO BHIHA 30HA KOHTAaKTy, B sKill 3HAXOAUThCA BeIMKA KibKICTH HOp. IX
KUIBKICTh 3pOCTAa€ MPH 30UIBIIEHH]I KUIBKOCTI JIEHIaAHUX YacTHHOK. Po3mip mop
Opu I[bOMY TaKOX 30UTbIIYeThCsA. [lokazaHo, 110 OCHOBHMI HEraTUBHUM BILUIWB
JENIaHUX YaCTUHOK TOJISATa€ B MOTIPIICHH] SIKOCT1 CTPYKTYpH O€TOHY, 3pOCTaHHI
MOPUCTOCTI, 1O BeAC /O IJBHINCHHS BOJOIOIJIMHAHHSA 1 3HUKCHHS
MOPO30CTIMKOCTI OETOHY.

Y pob6oTi HaBeneHi pe3yabTaTH JOCHiKeHb Mogo BiuBy CII pi3zHoro
XIMIYHOTO CKJIaqy Ha MIIHICTh O6eToHiB. [lokazaHo, mo B 6eTtonax 3 CII miHICTh
OCTOHIB TIpU 3TUHI 3pOCTa€ OUIBIIO MIPOID, HDK MIIHICTh TPH CTHCKY.
OnHOPIMHICTE CTPYKTYPH TPH IILOMY 3pOCTa€, IO IMATBEP/KYE 3MCHIICHHS
koediuieHTa 1ePeKTHOCTI, K e, KU € BITHOMIEHHS MIIIHOCTI OETOHY MPHU CTUCKY
1o MirHOoCcTi OetoHy mpu 3runi. Tomy mis CII B mepury yepry mpuBOAWTH [0
IIJIBUIIICHHS MIITHOCTI MPH 3THHI, @ HE TIPH CTUCKY.

JlocmimKeHHsl moKa3aiu, Mo 3acTocyBanHs AM/] B omTuManbHii KUTBKOCTI
(5...7 % Bim Macu EMEHTY) J03BOJISE MIABUIIMTHA MIITHICT mpu 3ruHi Ha 20 %, a

npu ctucky — Ha 10,5 %. 3acrocyBanua komiuekcy CII + AMJI mo3Bonmio



MIJBUIIUTH MIIHICTb TIpH 3ruH1 Ha 38 %, a npu cTtucky — Ha 32 % B MOPIBHSIHHI 3
O0eToHaMu 0e3 100aBOK.

HaBeneHo pesynbraté AOCHIIKCHHS BIUIMBY TMOBITPOYTATYBaHHS Ha
MILHICT, OeToHIB. bBylio BCcTaHOBIEHO, 10 MpU 30UIBIIEHHI BMICTY 00’ €My
BTATHYTOI'O MOBITPsI BiIOYBAETHCS 3HUKEHHS MIITHOCTI OETOHIB, SIK IPH 3TUHI, TaK
1 IpU CTUCKY, OJIHAK, MIITHICTb [IPU CTUCKY 3HMXKYEThCA B 1,5...2 pa3u Outblie, HIK
MIIHICTh TpH 3rUHI. Y Takux O€TOHax 3pOCTaHHS MINHOCTI MpU 3TUHI
BIIOYBA€ThCSl IIBUJIIE, HDK MPU CTUCKY. JOCHIIKEHHS BIUIMBY KOMIUIEKCIB
100aBOK Ha MIIHICTh OETOHIB MOKAa3ano, 10, IPU OJHAKOBIA KUIBKOCTI 00’ €My
BTATHYTOIO MOBITPS 3actocyBaHHs AMJl mpuBoauTh 10 30UIbIIEHHS MIITHOCTI
oetony B 1,5 pa3u Ouibiie B mopiBHsHHI 3 6eToHOM 0e3 AMJI. i mani moGigHO
OIATBEP/KYIOTh Te, 1m0 B npucytHocTi AMJl dopmyeTrbcs Outbin apiOHa
MOPUCTICTh, 4 TaKOX IMOJIMIIYEThCS SKICTh 30HW KOHTAKTy 1 IiJIBUIIYETHCS
OJTHOPIJHICTH OETOHY.

PesynbTaTil mOCHimKEHHS BIUTMBY TOJIMPOIUIEHOBOI (BiOpH 103BOJIHIN
BCTAHOBHUTH, 110 MPH ONTUMAJILHOMY BMICTI (piOpu MIIHICTH MpU 3THHI OETOHIB
6e3 CII 3poctae Ha 40 % B mopiBHSHHI 3 OetoHamu Oe3 ¢ib6pu. Ha crimbku x
nominmyerbest Kyep. 3HMKEHHS Ky B IbOMY BUIAAKY BiAIOYBA€THCS 3a paxyHOK
NepPEBaKHOTO 30UIBIICHHS] MIITHOCTI TP 3THHI. ExciepruMeHTanbH1 TOCITiIKEHHS
BIUTMBY KomIuiekcy mob6asok CII + IIBJ] + AMJI + ¢ibpa mokasanu, 1o 3MiHa
CHBBITHOIIEHHS M1 KPYITHHUM 1 IpiOHUM TIeO€HEM MPUBOAUTH /10 3MIHH MIITHOCTI
o6etoniB. [lpu 30iUAbIIEHHI BMICTY ApiOHOTO IMEOCHIO MIMHICTh TPH CTUCKY
3HIDKYETHCSI Ha HEBENHMKY BenuuuHy. [Ipu 30UThIIEHHI KUTBKOCTI KPYITHOTO
1eOCHIO 3HIKEHHS MIITHOCTI HE BiOyBaeThes. Lle MOkHA MOSICHUTH THUM, IO TPH
MPaBWIBHO MiAIOpaHOMY CHIBBIIHOIIEHHI MDX Ime0eHeM B OeToHi (popmyeThes
NIUTBHAA KapKac, SIKWWA TMpUAMae 30BHINTHI HaBaHTaXeHHsS. [Ipw mpaBuiIbHOMY
BHOOPI CIIBBITHOIICHHS MK IIeOCHEM MIIHICTh OCTOHY IPH 3THHI 3POCTAE.

[TokazaHo, 10 Mpu BBEACHHI JO CKJIagy OETOHY MHOJINPONiIeHOBOI (Hidpu
CIOCTEpIraeTbCsl 3HA4YHE 3HUKEHHS Kiep, AK€ B1IOYBa€TbCA MNpPU MOCTIAHOMY

MIJBUINIEHH] MIMHOCTI mpW 3ruHI. ToMy MOXKHa CKa3aTh, 10 BBEICHHSA



MOJIIMPONIEHOBOI (IOpH CHPHSE 3pOCTAHHIO MIIHOCTI MPHU 3THHI 1 MiJIBUILIEHHIO
OJIHOPITHOCTI CTpYyKTypu OeToHy. IlokazaHo, 110 MOpPO30CTIHKICTH OETOHIB 3
¢i6poro 3poctae Ha 1..2 mapku B mNOpiBHSHHI 3 OeroHamu Oe3 ¢iopu. Lle
0OyMOBJIEHO HE€ TUIbKM 3AaTHICTIO (iOpH JOAATKOBO 3allydaTH MOBITps, ajie 1
30UTBIIEHHSM MILHOCTI OETOHY MPHU 3THHI.

B po6oTi BuKOHaH1 Q13UKO-XIMIUHI TOCTII)KEeHHs. BOHM JOBENIM TEOPETUUH1
1 ekciepuMeHTanbHi npunyimeHas. [lokaszano, no B 6eroHax 3 AMJ[ KUIbKICTh
TIPOCUJIIKATIB 3 HU3bKUM CTYIIEHEM OCHOBHOCTI 3HAYHO OLIbIIE B 30HI KOHTAKTY
«IIEMEHTHUM KaM1Hb-3alIOBHIOBAY», HIK B CEpeIHINA 4acTHHI OETOHY.

Hami B poOOTI ONHWCAaHO 3aCTOCYBaHHS OTPUMAHUX pe3yJbTaTiB. bynu
po3po0JieH] peKOMEeHIallil 1010 BUTOTOBJICHHS OETOHHUX CyMilleld 1 OCTOHIB 3
MiIBUIICHOI0 MIIHICTIO TpU 3ruHI. PO3p0o0ieHO MpoeKT Aep>kKaBHOTO CTaHIAApTy
VYkpainu, 3aTBepKeHi 4 HOpMAaTUBHI JOKYMEHTH. 3a IUMH PEKOMCHIAIlIIMH OYIIH
BUTOTOBJICH1 1 yKJaJeHlI OeTOHHI cywimii B M. XapkoBi. HaBemeHo po3paxyHOK
€KOHOMIYHOTO €()eKTY BiJI 3aCTOCYBaHHsI pe3yJIbTaTiB POOOTH.

Kuarwo4oBi ciioBa: akTiBHa MiHepalibHa 100aBKa, TOPOXKHIN OETOH, JIelIa Ha
YacTUHKA, MIIHICTh NPHU 3THHI, MIIHICTh MPH CTUCKY, OPraHO-MiHepaIbHUN

KOMILJIEKC, TOJImpornijieHoBa ¢iopa, CTpykTypa OeToHY, cymnepruiactudikarop.



ABSTRACT

Zakharov D.S. Road cement concrete with high flexural strength. —
Manuscript.

Thesis for the degree of candidate of technical sciences by specialty
05.23.05 — building materials and products (19 — Architecture and construction). —
Kharkiv National Automobile and Highway University, Kharkiv, 2019. The
defense will be held at the Ukrainian State University of Railway Transport,
Kharkiv, 2019.

The paper shows that the main cause of the destruction of road concretes is
their low flexural strength. There were factors analyzed influencing the
physicomechanical properties of concrete, first of all — on their flexural strength.
Based on the analysis of previous studies, the main ones were identified as follows:
the quality of the contact zone "cement stone-aggregate”, the ratio between the
aggregates, the presence or absence of dispersed fiber reinforcement,
superplasticizing and active mineral additives. The analysis of publications of
domestic and foreign scientists in this field was carried out.

It is shown that these studies were aimed at assessing the influence of the
selected factors on the strength of concrete under compression, density, as well as
special properties, such as impact resistance, crack resistance, corrosion resistance,
etc. The study of flexural strength in the above mentioned papers was not paid
enough attention, often these studies were not conducted at all.

It is shown that the quality of the contact zone plays a major role in
improving the strength properties of concrete, as well as its life, since it is the
weakest link in the structure of concrete. Methods have been developed to improve
the quality of the contact zone, for example, pretreatment of aggregates with
solutions of chemical reagents. However, this method cannot be applied to the
technology of manufacturing monolithic road concretes. At the same time, it is
necessary to systematize the effect on the contact zone of aggregates, modern

chemical and mineral additives.



It has also been shown that for heavy concretes, the use of fiber
reinforcement is effective. Fiber reinforcement types were described, which made
it possible to make polypropylene fiber stand out as the most effective one. Studies
on its use in heavy concrete were aimed at improving crack resistance, impact
resistance, wear resistance. The data related to the effect of fiber reinforcement on
the strength of concrete during flexural is scattered, contradictory and require
clarification.

The influence of the quality of aggregates, as well as the relationship
between them on the strength of concrete during flexural, was shown in the papers
of researchers from the Kharkiv National Automobile and Highway University and
the Ukrainian State University of Railway Transport, in which it was shown that
for road concrete there should be no dense packing of aggregates created. In this
case, it is necessary to apply the optimum separation coefficient of crushed stone
grains with mortar (opt). It has been shown that in studies there are no data on the
effect of flat particles on the properties of concrete, including flexural strength.

A large number of works was devoted to the influence of chemical and
mineral additives on the properties of heavy concrete. However, in road concretes,
polycarboxylate superplasticizers (PSP) and active mineral additives (AMA) were
not previously used. There are no studies on the effect of air-retaining substances
on the strength of concrete during flexural. There are no results on the effect of the
complexes of these additives on the strength of concrete during flexural.

In the theoretical section of the thesis, the theoretical foundations of
Increasing the strength of road concrete under tensile flexural are considered. It is
shown that tensile stresses arising in road concrete from external mechanical loads,
as well as from temperature and humidity gradients can reach 3,5 MPa and more.
Therefore, the required strength of concrete during flexural should be at least 7
MPa. The analysis was carried out of the main ways to increase the strength of
concrete during flexural.

The mechanism of AMA influence on the structure and strength of road

concrete was clarified. It is assumed that the active centers of AMA and cement



particles react with the appearance of neoplasms, most likely in the contact zone
“cement stone-aggregate”, which changes the properties of the zone itself and the
whole concrete. It also reduces the risk of a possible interaction between the
reactive aggregate and the alkali of the cement. In addition, AMA can change the
structure of concrete pores, reduce the depth of carbonization of the structure. The
assumption was expressed and theoretically justified regarding the fact that as a
result of the formation of calcium carbonates in the cement paste, the content of
Ca(OH), decreases. This leads to the acceleration of the hydrolysis of alite and the
acceleration of the formation of Portlandite. Portlandite reacts with AMA and an
increased amount of low-base calcium silicate hydroxide is formed in the cement
stone, primarily in the contact zone and in the pores.

The thesis section provides a theoretical justification of the mechanism of
action of complexes of chemical and mineral additives on the processes of
structure formation in concrete. It was shown that the high efficiency of the action
of polycarboxylate SPs and complexes of additives with them can be explained by
the presence of bulk electrostatic repulsion of particles on which SPs were
adsorbed.

It was suggested that the effect of air-retaining substances (ARS) is to create
evenly distributed air bubbles. Between these bubbles, which are on the sand
particles, there can significant adhesive forces appear. The more such bubbles, the
greater the force of adhesion. The introduction of AMA can help reduce the size of
the bubbles with an increase in their number, which will increase the flexural
strength. Therefore, in the presence of the SP + AMA complex, the homogeneity
of the pore structure of concrete increases. For proof, we calculated the stability of
air bubbles of different sizes. It showed that in the presence of SP + AMA the pore
size decreases, the number of macropores decreases and the number of micropores
increases. The pressure inside the air bubble in the system containing the SP +
ARS + AMA complex is higher than in the system without AMA 1,41 times.

The possibility of the occurrence of an increased number of pores in the

contact zone beneath the flat particles of crushed stone is theoretically



substantiated. It is shown that this is possible with compaction, as the frequency of
vibration does not coincide with the frequency of natural oscillations of flat
particles. In addition, the flat particles can move to the upper part of the concrete,
to “float up”, as confirmed by direct research.

The mechanism of influence of polypropylene fibers was clarified. Fibers
perceive some part of external loads and prevent the occurrence of cracks. In this
case, the destruction of the concrete can occur due to the breaking and pulling out
of the fibers, which will increase the flexural strength. With a length of
polypropylene fiber of 12 mm and a fiber thickness of 20...50 microns, 1 kg of
fiber contains 500 million fibers. Provided that the fibers are evenly distributed
along all three axes of coordinates, the increment in concrete strength during
flexural due to the introduction of polypropylene fiber reaches 3.38 MPa. In
addition, polypropylene fiber has been shown to draw additional air into concrete,
which has a positive effect on the durability of concrete.

According to the research hypothesis, concrete flexural strength can be
achieved by introducing into its composition a modern polycarboxylate SP in
combination with AMA and ARS. This will allow dispersing large air bubbles,
creating a uniformly distributed microporosity and activating the appearance of
new growths in the first place in the contact zone “cement stone-aggregate” and
increasing the density of the concrete structure levels. It is necessary to determine
the optimal separation coefficient of the crashed stone grains. While the
introduction of concrete fibers of certain dimensions into the concrete mix will
provide an additional increase in flexural strength.

The following are the characteristics of materials and research methods used
In the study.

The thesis presents the results of experimental studies to increase the
strength of road concrete under tensile flexural. It is shown that the surface
treatment of aggregates with a solution of salt or water slightly increases the
strength of concrete during flexural and this technology cannot be implemented in

practice.



The calculation of aqp Was carried out, which showed that if the average
grain size of sand is equal to 0.47 mm, and the crashed stone grain — 7,5 mm, then
aopt = 1,42. Further, the separation coefficient for materials used in the thesis was
calculated, which for concrete without SP was 1,32, and for concrete with SP was
1,27. According to the data obtained, the compositions of concrete mixes with and
without SP were calculated. Concrete samples of various compositions were made
and tested for strength. Graphic dependences of concrete strength on o were built,
which confirmed that the strength of concrete under flexural is maximum for opt
obtained.

It is shown that with an increase in the content of flat particles in the crashed
stones from 5% to 25 %, the flexural strength decreases by 14 %, and when
compressed — by 5 %. The results of optical microscopy showed that beneath the
flat particles there is a clearly visible contact zone, in which there is a large number
of pores. Their number increases with an increase in the number of flat particles.
The pore size also increases. It is shown that the main negative effect of the flat
particles is a deterioration in the quality of the concrete structure, an increase in
porosity which leads to an increase in water absorption and a decrease in the frost
resistance of concrete.

The paper presents the results of studies related to the effect of SPs of
different chemical composition on the strength of concrete. It was shown that in
concrete with SP the strength of concrete during flexural increases to a greater
extent than the compressive strength. The uniformity of the structure at the same
time increases, which confirms the decrease in the defect ratio, Kger, Which is the
ratio of the strength of concrete under compression to the strength of concrete
under flexural. Therefore, the SP action, first of all, leads to an increase in the
flexural strength, and not in compressive strength.

Studies have shown that the use of AMA in the optimal amount (5...7 % by
weight of cement) allows to increase the flexural strength by 20 %, and the

compressive strength — by 10,5 %. The use of the SP + AMA complex allowed to



increase the flexural strength by 38 %, and the compressive strength - by 32 %
compared to concrete without additives.

The results of the study of the effect of air retaining on the strength of
concrete were given. It was found that with an increase in the content of retained
air, there is a decrease in the strength of concrete, both during flexural and
compression, however, the compressive strength decreases 1,5...2 times more than
the flexural strength. In such concretes, the increase in flexural strength occurs
faster than in compressive strength. The study of the effect of additive complexes
on the strength of concrete showed that, with the same amount of retained air, the
use of AMA leads to an increase in the strength of concrete by 1,5 times more
compared to concrete without AMA. These data indirectly confirm that, in the
presence of AMA, a smaller porosity is formed, the quality of the contact zone is
improved, as well as the uniformity of the concrete is increased.

The results of the study of the effect of polypropylene fiber made it possible
to establish that, with an optimal fiber content, the flexural strength of concrete
without SPs increases by 40 % compared with concrete without fiber. Kger IS
improving by the same amount. The reduction of Kger in this case occurs due to a
predominant increase in flexural strength. Experimental studies of the effect of SP
+ ARS + AMA + fiber complex of additives showed that a change in the ratio
between large and small crashed stone leads to a change in the strength of concrete.
With an increase in the content of small crushed stone, the compressive strength
decreases by a small amount. With an increase in the number of large crushed
stone, there is no decrease in strength. This can be explained by the fact that with a
properly selected ratio of crashed stone in concrete, a dense framework is formed,
which bears external loads. Having made the right choice of the crashed stone
ratio, the strength of concrete in flexural increases.

It is shown that with the introduction of polypropylene fiber into the concrete
composition, a significant decrease in Kger 0ccurs, which occurs with a constant
increase in flexural strength. Therefore, it can be noted that the introduction of

polypropylene fiber contributes to the growth of flexural strength and increases the



homogeneity of the concrete structure. It is proved that the frost resistance of
concrete with fiber in its content increases by 1 ... 2 marks compared to concrete
without fiber. This is due not only to the ability of the fiber to retain air, but also to
increase the strength of concrete during flexural.

Physicochemical studies were performed within the scope of this paper.
They proved theoretical and experimental assumptions. It was found that in
concretes with AMA, the amount of hydrosilicates with a low degree of basicity is
significantly higher in the contact zone “cement stone-aggregate” than in the
middle part of concrete.

The following describes the use of the results obtained. Recommendations

were made for the manufacture of concrete mixtures with increased flexural
strength.
A draft of the state standard was developed, 4 regulatory documents were
approved. According to these recommendations, concrete mixes were made and
laid in
Kharkiv. The calculation of the economic benefit of the application of the results
of work was given.

Key words: active mineral additive, road concrete, flat particle, flexural
strength, compressive strength, organo-mineral complex, polypropylene fiber,

concrete structure, superplasticizer.
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[NEPEJIIK YMOBHUNX ITO3HAYEHD

AMJI — akTHBHa MiHEpaJibHa 10OaBKa

B/I1 — Boo1ieMeHTHE BiTHOILICHHS

I'CK — HU3BKOOCHOBHI TAPOCUIIKATH KaJIbLIIIO

[1B/] — noBiTpoBTAryBaibHa 100aBKa

[1CII — nonikapOoKcUIaTHUN cymiepriacTudikaTop

CH® — cynepruactudikarop HapTamiHPOpMaIbIET1IHOTO TUITY
CM® — cynepruiactudikatop MeaaMiHQOPMabAETiTHOTO TUITY

CII — cynepractudikatop



BCTVII

AKTyaJIbHICTh TeMH. AHam3 poOOTH JOPOXKHIX IEMEHTHUX OETOHIB
BEPXHIX IIapIB TOKPUTTIB TMOKa3ye, IO BOHU 3HAXOMSTHCA TiJ MOCTIHHUM
BIUIUBOM PI3HUX arpeCUBHUX UYMWHHHUKIB: TPAJIEHTIB TEeMIEpaTypud 1 BOJOTOCTI,
HUKJIIYHUX 1 CTal[lOHApHUX MEXaHIYHUX HaBaHTaXE€Hb, PO3YMHIB XIMIYHHX
pearedrtiB Ta iH. Jii uux (akTOpiB MPHUBOASTH 10 MOSBH B CTPYKTYpl OETOHY
BHYTPIIIHIX HANpYXeHb pO3TATY, $KI NPUBOJATH JO YTBOPEHHS TPIIIMH 1
nojayiblioro pyHyBaHHs OeroHiB. L[i mporecu cramum oco0auBO HeOE3MeuHi B
oCcTaHH1 2...3 JOeCATWIITTS, KOJMW IHTEHCUBHICTL 1 4YacTOTa TaKWX BIUIMBIB
30UThIIMIIACS Y KUIbKa pasiB, a BUMOTH J10 (PI3UKO-MEXaHIYHUX BIJIACTHBOCTEN
JOPO’KHIX OETOHIB 3aJUIIMIMCS HA KOJUIIHBbOMY piBHI. Hampukman, B mpoekTax
BUKOHAHHS POOIT, KJIaCc MIITHOCT1 Ha PO3TAT MpPH 3rMHI BCTAHOBIICHUM HE BHIIE 5,2
MIlla, mo $BHO HENOCTaTHbO, a YACTO HOT0 HE BKAa3ylOTh, OOMEXYHOUYHCH
HOPMYBaHHSIM  MIIIHOCTI ~ OPU  CTUCKY.  3aCTOCYBaHHA  TpaJMIIIHHUX
cynepruiacTugikaTopiB HE TMPUBOJIUTH JO HEOOXTHOTO PIBHA 30LIBIICHHS
MIITHOCTI O€TOHIB HA pO3TAT TMPU 3TUHI, a BBEJAECHHS OOOB'SI3KOBUX
MOBITPOBTATYBAJbHUX J00AaBOK BeJe N0 3HWKEHHS MiHocTi. Ilpu 1pomy
pyHHYBaHHS JIOPOKHIX OETOHIB MNpuU OyAb-SIKUX BHUIAX 30BHINIHIX BIUIMBIB
BiIOYyBA€ThCS BiJl HAIPYXKEHb PO3TATY, PIBEHb SKHX IMOCTIHHO 3pocTae. Y IUX
yMOBax aKTyaJJbHUMH € JOCIIKEHHsI, CIPsIMOBaH1 Ha MiABUIIEHHS MIITHOCTI TpPH
3TUHI JOPOKHIX OETOHIB, MO0 MICTATH Cy4YacHI OpraHO-MIHEpaJibHI M00aBKU 1
bi6py.

3B's130Kk po00TH 3 HAYKOBMMH NpPOrpamMamMu, IJiaHamMmu, teMamu. PoGota
BUKOHAaHa Ha Kadeapi TEXHOIOTii MOpOXHBO-OYAiBETbHUX MaTepialiB 1 Ximii
XapKiBChKOTO HAI[IOHATHHOTO aBTOMOOUTHHO-IOPOKHBOTO YHIBEPCHUTETY y CKIIafi
nepxxoromkeTHoi Temu 1iany HJIP 3a 3amoBnenHsM Jlep)kaBHOTO areHTCTBa
aBTOMOOUTEHUX Jopir Ykpainu (Ykpastomop) Ne JIP 01170003625 «IIpoBectu
JOCJIIJIPKEHHSI Ta PO3POOUTH HAIIOHAIBHUM CTaHAAPT IIOJ0 TEXHIYHMX YMOB Ha

CyMiIlli IIEMEHTOOETOHHI Ta IleMeHToOeToH mopoxHi»; Ne JIP 0115U001617



«IIpoBecTn AOCHIKEHHS Ta PO3POOUTH PEKOMEHJalli 3 BIALITYBaHHS IIApiB
JOPOXKHIX OJISTIB 13 MICHOTO YKOUYBAHOI'O LIEMEHTOOETOHY.

MeTta pgocCHiKeHHSI — CTBOPEHHS JIOPOXHIX LEMEHTHHX OETOHIB 3
MIABULICHOK MIMHICTIO Ha pO3TAr MpU 3TMHI 32 PaxXyHOK MIIBUIICHHS
e(eKTUBHOCTI 3aCTOCYBaHHS HOTO CTPYKTYPHUX KOMIIOHEHTIB.

3anayvi qocJrixKeHHs:

— Ha MiJICTaB1 aHaMI3y JITepaTypHUX JXKepea BUSBUTH OCHOBHI KOMIIOHEHTH
CTPYKTypH, 10 BIUIMBAIOTh HA MIABUIIECHHS MIIHOCTI MPU 3TUHI JOPOXKHIX
IIEMEHTOOCTOHIB;

— JIOCTIIUTH BIUTUB 30HM KOHTAKTy «IIEMEHTHUH KaMiHb-3allOBHIOBAYY», a
TaKOX CIIBBIAHOIICHHS MDXK JIPIOHUM 1 KPYITHUM 3alIOBHIOBaYaMM Ha CTPYKTYpY 1
MIIHICTb MIPH 3rUH1 OETOHY MPHU PIZHOMY BMICTI JICIIAJHUX YACTUHOK Y IIeOeH],

— BHUBYHUTH XapaKTep BIUIMBY CYIMEPIUIACTU(IKATOPY MOIiKapOOKCHIATHOTO
TUIY, aKTUBHOI MiHEpaJIbHOI JOOABKH, MOBITPOBTATYBAJIBHOI JOOABKH, a TAKOX iX
KOMILJIEKCIB Ha CTPYKTYPY 1 MIIIHICTh OCTOHIB IIPH 3THHI;

— JIOCTIAWTH BIUIMB TMOJINPONICHOBOT (PiOpu Ha MIIHICTH OETOHIB TIPHU
3THHI;

— BUBYUTHM MEXaHI3M BIUIMBY CKJIQJIOBUX KOMIIOHEHTIB CTPYKTYypU Ha
iBUILICHHS MIIIHOCT1 O€TOHY IPH 3TUHI;

— IIPOBECTH JOCIITHO-TIPOMUCIIOBE BIPOBAKEHHSI OTPUMAaHUX PE3YJIbTATIB.

OO0'eKkT MOCHITKEHHS — TPOIEC 3MIHM MIITHOCTI MPU 3THUHI JOPOKHIX
[IEMEHTHUX OETOHIB MPH /11 KOMIIOHEHTIB CTPYKTYPH.

IIpeamer pociaixKeHHs — 3aKOHOMIPHOCTI BIUIMBY CIHiBBIIHOIICHHS
3aIOBHIOBAYiB, XIMIYHMX, aKTUBHUX MIHEpaJIbHUX J00aBOK 1 (iOpH HAa MIIHICTh
MIPY 3THHI 1 eKCIUTyaTalliifH] BIIACTUBOCTI JOPOKHBOTO OCTOHY.

MeTtoau gociaigxeHHsi. OCHOBHI  eKCIEPUMEHTAJIbHI  JIOCIIKESHHS
BUKOHAHO 3a JIOTIOMOTOI0 CTaHJAPTHUX METOIB BU3HAUEHHS (DI3MKO-MEXaHIYHUX
Ta €KCIUTyaTal[liHUX BJIACTHBOCTEH MOPOXKHIX IIEMEHTHUX OeTOHIB. JloChimKeHHS

CTPYKTYpH O€TOHY 3/IMCHIOBAIN 3a JIONMIOMOTOI0 ONTHYHOI Mikpockomii. dazoBuii



CKJaJ IIEMEHTHOTO KaMEHIO BHBYAIHM 3a JOMOMOTOI pEHTreHo(da3oBoro Ta
I epeHIIITHO-TEPMIYHOTO aHATI31B.

JlOCTOBIPHICTD I OOIPYHTOBAHICTH OJEPKAHMX Pe3YJbTATIB J0CIi/KEHb
3a0e3neyeHa 3aCTOCYBAaHHSIM B EKCIIEPUMEHTAIBHUX JOCTIKCHHIX HE3aJeKHHUX
CTaHJApTHUX (I3UKO-XIMIYHUX 1 (DI3UKO-MEXaHIYHUX METOAIB JIOCIIKEHb,
CTaTUCTHUYHOI OOpOOKM OTPUMAHUX pE3yJbTATIB JNOCHIIKEHb. Y TEOPETUYHUX
JAOCTIDKEHHSIX — 3ay4eHHAM (yHIAMEHTAILHUX TOJO0XEHBb 1 3aKOHOMIpHOCTEH
($13UKO-XIMIYHOT MEXaHIKH JUCIEPCHUX CUCTEM 1 MaTepialliB Ta KOJOIMHOI XiMii.
Pe3ynpTaTH  eKCIEpUMEHTATBHUX JOCHIIKEHb MiATBEP/UKYIOTh TCOPETUYHI
ySIBJICHHS.

HaykoBa HOBHM3HA 01ep:KaHHUX Pe3yJIbTATIB:

Bnepwe:

- BCTAaHOBJICHO MEXaHi3M BIUTUBY JICIIAJHUX YAaCTHHOK Ha CTPYKTYpPY 30HHU
KOHTaKTy, ME30CTPYKTYPY 1 BIACTUBOCTI JOPOXKHIX OCTOHIB BEPXHIX IIAPIB, SIKUMA
MOJISITa€ B PO3IYIICHHI O1YHUX 1 HUKHIX MOBEPXOHB ITiJT JEIIaJHUMU YaCTUHKAMU
npu BiOpaillii B pe3yJibTaTi HECIIBIAAIHHSA MapaMeTpiB BIOPOYIIUIPHEHHS 1 BIACHUX
YacTOT KOJIUBaHb JICMIAJHUX YACTUHOK, 110 MPUBOAUTH O 3HIKEHHS MILHOCTI 1
MOPO30CTIMKOCTI OETOHY;

- BCTAHOBJICHO MEXaHIi3M BIUIMBY AaKTHBHOI MIHEpaJbHOI J00aBKM Ha
dbopMyBaHHS MOPOBOI CTPYKTypH OETOHY B IMPHUCYTHOCTI MOBITPOBTATYBAJIbHHUX
100aBOK, 110 TIOJIATAE B JUCTIEPTYBaHHI KPYMHUX Oynbp0aIiok i yTBOPEHHI YMOBHO-
3aMKHEHO1 MIKPOIOPHUCTOCTI, IO CIPHUSIE MIIBUINCHHIO B MEPIILY YepPry MII[HOCTI
IIPH 3TUHI 1 MOPO30CTINKOCTI OETOHY;

- BCTAaHOBJIEHO, 10 3aCTOCYBaHHS MOJIIKApOOKCUIATHOTO
cymnepriacTugikaTopy i aKTUBHOI MIHEpaTbHOI JOOABKH, a TaKOX iX KOMIUIEKCY
MIPUBOJIUTH JIO TIEPEBAKHOTO 3POCTAaHHS MIITHOCTI OETOHIB NP 3TWHI B MOPIBHAHHI
3 MIIHICTIO TIPH CTUCKY;

- BCTAHOBJICHO XapaKTep BIUIMBY OPTraHO-MIHEPAJbHOTO KOMIUIEKCY, IO
CKJIAJIa€ThCS 3 MOBITPOBTATYBAJBbHOI, CYNEpPIIACTUPIKYIOUOi 1 aKTUBHOI

MIHEpalbHOI J00aBOK Ha CTPYKTypy O€TOHY, 10 TMOJsArae B IMiJBUILCHHI



OJMHOPITHOCTI CTPYKTYpH B TPUCYTHOCTI AaKTUBHOI MiHEpaibHOI J00aBKH,
3HM)KEHH1 KUIBKOCTI BEJMKUX TOp 1 30UIBIIEHHI MIKPOMOPUCTOCTI 32 PaxyHOK
MEHILIOr0 BIUIUBY MOBITPSHOT MOPUCTOCTI HA MILHICTh IPHU 3TMHI B NOPIBHSIHHI 3
MILHICTIO TpPH CTUCKY, IO MIATBEPAXKYE TOBEACHE PO3PAXYHKOBUM MIISIXOM
MIJBUILICHHS CTIMKOCT1 MOBITPSHUX OYyJIbOAIIIOK.

Ompumano nooanbuuii po3eUmoK:

- YSIBJIGHHA TPO MEXaHi3M BIUIMBY KOMIUIEKCY cynepruiactudikatop +
aKTMBHA MIHepaibHa J00aBKa Ha MIIHICHI BIACTHBOCTI OETOHY, LIO MOJIATAE B
YTBOPEHHI MiJBUIIEHOT KUIBKOCTI TIAPOCUIIIKATIB Kajbl[ll0 B 30HI KOHTAakTy (B
NOPIBHSHHI 3 00'€MOM), 110 MPHUBOJUTH JI0 MEPEBAKHOTO 3POCTAHHS MII[HOCT1
OCTOHY Ha PO3TAT NIPH 3THHI;

— YABJICHHS TIPO BIUIMB KOeQillieHTa PO3CYHEHHS 3€pPeH KPYITHOTO
3alOBHIOBaYa Ha MIIHICTh OETOHY, SIKE MOJSATae B TOMY, IO ONTHMI3AIlis HOTro
BEJIMYMHU PO3PAXYHKOBUM MUISIXOM, SKa 3aJIEKUTh HE TUIBKK BiJl PO3MIpIB
3allOBHIOBAYIB, a 1 Bil HAABHOCTI a00 BIICYTHOCTI cymnepruiacTugikaTopa B CKIadl
OETOHY, T03BOJISIE€ 30UTBIIUTH MIITHICTh OCTOHY TIPH 3THHI.

IIpakTHyHe 3HAYeHHS OJeP:KAHUX Pe3yJbTAaTIB.

3anponoHOBaHa METOAMKA PO3PAXYyHKY, IO JO3BOJIAE€ KUTbKICHO BU3HAYUTH
BHECOK BIUIMBY TOJIMPOIUJIEHOBOI (iOpH pI3HUX TEOMETPHYHHX PO3MIPIB Ha
MIITHICTh O€TOHY Ha PO3TAT MpH 3ruHI. Po3pobieHo ckimaaum M0poxHiX OETOHIB 3
ITIIBHIIICHOIO MIITHICTIO Ha PO3TAT IPH 3THHI.

Pospo6neno mpoekt JICTY XXXX:20XX «Cymimii I1eMeHTOOETOHHI Ta
[IEMEHTO0ETOH JopokHI. TeXHIYHI YMOBH», SKUN 3HAXOAUTHCS HAa 3aTBEPKCHHI.
Po3poOneni Ta 3aTBepaKeHI HACTYMHI HOpMAaTWBHI JokymeHtn: TY VY 23.6-
38278077-002:2015 «Cmecu ¢(pubdbpodbeToHHBIE W (PUOPOOESTOHBI BEPXHErO CIIOS
MOHOJIUTHOM >K€JI€300€TOHHON TUIUTHI [IJII CTPOUTENHCTBA M PEKOHCTPYKIIUU
TPaMBaWHOTO MYTH. TE€XHUYECKUE YCIOBUSD»; « T€XHOJIOTMYECKHNI PErIaMEHT Ha
M3TOTOBJICHHE cMecer (GUOpoOeTOHHBIX W (PUOPOOETOHOB BEPXHETO CIOS
MOHOJIUTHOM JKEJI€300€TOHHON TUIUTHI [IJIT CTPOUTENBCTBA M PEKOHCTPYKITUH

TpamBaiiHoro myTH»; P B.2.7-218-02071168-870:2016 «Pexomennmamii 1momo



NPUTOTYBaHHS MICHUX LIEMEHTOOETOHHMX CYMINIEH Ta BIIAIUTYBaHHS OCHOB
JOPOXKHIX  OJAriB 13  MICHOTO  YKOYYBaHOro ueMeHroderony»; TTK
37641918/02071168-198:2016 «TumoBa TEXHOJNOTIYHA KapTa Ha BJAIITYBaHHS
[1apy OCHOBH 13 TIICHOT'O YKOUYBAHOI'O [IEMEHTOOETOHY».

Pe3ynpTaT  AOCHIKEHb  BOPOBAJKEHI MpPU  PEKOHCTpYKWii  14-Tu
TpaMBallHUX Mepei3AiB B M. XapKoBl, a TaKoXX MNpU OYIIBHUITBI MOHOJITHOT
OETOHHOI TUTMTH HAJ KOHCTPYKTUBOM CTaHIIii MeTpo «llepemoray.

Ocobuctunii BHecok 3100yBava. Orusi JiTepaTypHUX JHKEped 3a TeMOIO
AUCEpTAIlifHOTO  JOCHIDKEHHS.  Y3aralbHEHHsS  JaHWX  [[OJI0  BIUIUBY
PI3HOMaHITHUX (AKTOPIB HA MILHICTh MPHU 3THHI JOPOXKHBOTO LIEMEHTOOETOHY,
eKCIIEPUMEHTAbHI JIOCHIUKCHHS Ta aHali3 iX pe3ynbTaTiB. DopMyItOBaHHS
rimoTe3n JOCTi/DKEHbh Ta HOBUX HAYKOBUX TIOJO0XEHh BHUKOHAHO CIUIBHO 3
HAyKOBHUM KepiBHHUKOM. OCOOHMCTHI BHECOK aBTOpa y MyOJiKaIlisgX BiIOOpaKeHO Y
CITUCKY OIyOJIIKOBAaHMX Ipallb 3a TEMOIO JIUCEpTallii.

Amnpobanisi pe3yabTaTiB aucepTauniiiHoro aociaigxeHns. OCHOBHI
MOJIOKEHHS JUCePTaIlifHOT POOOTH JOMOBianuch Ha: MDKHApOJHIA HayKOBO-
TexHIYHIA KoH(pepeHIii «[igpoTexHIUHe Ta TpaHCIOPTHE OYMIBHUITBO» (M.
Opneca, 03 gepBus 2016 p.); VI-it MixxHapoHiii HAyKOBO-TEXHIUHIN KOH(DEpeHIIii
«IIpobGneMu HaAAIAHOCTI Ta MOBrOBIYHOCTI 1HXEHEPHUX CHOpyA Ta OyiBelIb Ha
3aIBHUYHOMY TpaHcmopti» (M. XapkiB, 19 — 21 xBitaa 2017 p.); Il-i
MixHapoaHii HayKOBO-TeXHIUHIM KoHGepeHlii «EdexktuBHi TexHOMOTi B
OyniBaunTBi» (M. Kuis, 6 — 7 xBiTHs 2017 p.); MixkHApOaHIA HAYKOBO-TIPAKTUYIHIN
koH(pepeniii «EdexTuBHICTh TiANpPUEMCTBA — I1HHOBAIIMHI TEXHOJOTII Ta
eKoHOMIUHi pimeHHs» (M. XapkiB, 7 — 8 uyepBHs 2018 p.); 80-i1, 81-i1, 82-i
HAyKOBO-TeXHIYHIA Ta  HAayKOBO-METOAWYHIA  KOH(epeHIii XapKiBChbKOTO
HaIlIOHAJILHOTO aBTOMOOUIBHO-IOPOKHBOTO yHiBepcuTeTy (M. Xapkis, 2016 p.,
2017 p., 2018 p.).

Iy6aikanii. OCHOBHI pe3yNbTaTH JUCEPTaLitHOT pOoOOTH OMyOIIKOBAHO Y
14 naykoBux mnyOmikamisix, 3 SKuX 6 nyOnmikanid y ¢axoBUX BHJIAHHSX,

pekomenaoBanux MOH VYkpainu, y ToMy uucii 2 myOmnikamii y BUJAHHSX, IO



BXOJIATh 110 MDKHapOJHUX HAyKOMETpUYHUX O0a3 jaHux, 1 mnyOmikamis y
3apyOilkHOMY (axoBoMy mMepioJUYHOMY BHAaHHI, 4 mpaili anpoOaIiiHoro
XapakTepy, 3 HUX 1 —y MDKHapOAHIA HayKOMETpUUHiN 6a3i Scopus; 3 — 10AaTKOBI
myOmiKarii.

Ctpykrypa i oOcar aucepramii. [luceprailis ckiiamaeTbcs 3 aHOTAIli,
BCTYNY, 5 pO3/iIiB, 3arajJbHUX BUCHOBKIB, CIIUCKY BHUKOPHUCTAHHMX Jixkepel 13 163
HaliMeHyBaHb Ta 7 A0jaTKiB. 3aranbHuil oOcsar auceprauii 201 cTopiHOK, y TOMY

gucii 130 cTopiHOK OCHOBHOTO TEKCTY, 42 pUCYHKa, 35 TaOIullb.



CIIMCOK BUKOPUCTAHUX IKEPEJI

1. Ilectonepos C. B. Jlonroeunocts Oerona. M.: ABroTtpancusaar, 1960.
368 c.

2. bupyna A. K. Okcmyaranuss aBTOMOOWIBHBIX Jopor. M.: Tpancnopr,
1966. 328 c.

3. llleiinun A. M. WccnenoBaHue CBOMCTB U TEXHOJIOTUU MEIKO3EPHUCTOTO
IIEMEHTHOT0 O€TOHa ISl CTPOUTEILCTBA aBTOMOOWJIBHBIX JIOpOT: aBTOped. Jucc.
... kaup. TexH. Hayk: 05.23.05 / CorozmopHUU. Mocksa, 1970. 21 c.

4. JliBma P., OnbxoBuk M., BacekiB H. CyMicHMii BIJIMB BOJOrocTi i
TEMIIEpaTypH Ha TMO3J0BXHIO CTIHKICTh MOHOJITHUX IIEMEHTOOCTOHHUX MOKPHTH.
Aemomobinwhi dopoeu i 0opodxcHe 6ydienuymaso. 2004. Bun. 72. C. 47-52.

5. ®dyHakocu HouTn. MeTo OICHKH JTOpPOXKHBIX Mmokputhii. Roads and
Road Conctruction. 1981. Ne 484. P. 81-82.

6. I'pymko U. M., Kupeepa E. b. [loBroBiunicTe 0€TOHY NpH CHUIBHIA i1
CepeZIOBHUINAa Ta MEXAaHIYHOTO HABAaHTAXKCHHS. A68mMOoMOOINbHI 00pocu i OOPOINCHE
oyoienuymeo. 1978. Ne 23. C. 64—68.

7. I'pymixo U. M., Uneun A. T'., PameBckuii C. T. [IpouHocTs G€TOHOB Ha
pactspkenue. X.: u3a-so XI'Y, 1973. 156 c.

8. TonmaueB C. H. PazButue Teopun pa3pyueHuss 1 CTOMKOCTH JTOPOKHBIX
IIEMEHTHBIX OETOHOB MPHU JIEWCTBUM arpecCHUBHBIX (DaKTOPOB: NIUC. ... J-pa TEXH.
Hayk: 05.23.05 / Ykp. nepx. akaa. 3aili3HMYH. Tp-pa. XapbkoBs, 2013. 425 c.

9. 3onoraproB B. O. BunpoOyBaHHS HOpPOKHBO-OYIBEIBHUX MaTepialliB:
JlaGoparoprauii nmpaktukym / pea. B. O. 3omoraproB. Xapkis: XHAJY, 2006. 352
C.

10. Tommawo C. M., Piakozy6oB O.O., 3axapo J[I. C. Ilpobremu
MIIBHUINCHHS MIIHOCTI JOPOXHIX OeTOHIB Ha po3Tar. CydacHi TEXHOJOTii Ta
METOIH PO3paxyHKiB y OymiBHUITBI. JIybk, 2015. Bum. 4. C. 219-225.

11. ITunyc 3. P. KoHTakTHBIE CJIOM LIEMEHTHOTO KaMHSI B O€TOHE M HX

sHaueHue. Cmpykmypa, npounocms u degpopmayuu 6emornos. M., 1966. C. 44-53.



12. BinsHuEe NOBEpXHOCTHBIX HAJETOB M IUICHOK HA 3€pHAxX IEeCKa Ha
npouyHocTh pactBopoB u OeroHoB / [O. W. Kpeimos, II. A. MenbHUYEHKO,
A.T. Onprunckusi u ap.|; Tp. XHHT. 1965. Bein. 73. C. 25-30.

13. bpaxxuuk A. B. MOHOJIUTHBIE TOPOXKHBIE EMEHTHbBIE OETOHBI BHICOKOM
MOPO30CTOMKOCTH C OPraHOMUHEPAIbHBIM KOMILUIEKCOM U (UOPOM: JUC. ... KaHJ.
TexH. HayK: 05.23.05 /Ykp. nepxk. yH-T 3aji3H. Tp-Ta. Xapbkos, 2015. 151 c.

14. TonmaueB C. H. CpaBHuTenbHas OLIEHKAa UCTUPAEMOCTH MOHOJIUTHOTO
O0eToHa M ero KOMIOHEHTOB. Cmpoumenvrovle mamepuanst. 2012. Ne 12, C. 11- 2.

15. Usherov-Marshak A.V., Sopov V.P., Zlatkovski O.A. DSK
investigation and analysis of ice formation in capillary-porous materials. Proc.
ESTAC-7. Balatonfurd. Hungary. 1998. P. 158.

16. Onbrunckuit A.T., PeakozyboB A. A. PerymupoBanue mnpoyHOCTH
MEJIKO3EPHUCTBIX IIEMEHTHBIX OETOHOB IO 3JIEKTPOKMHETHUYECKOMY IOTEHIIUATY
3aMojgHUTeNA. Becmuux Xapbko8ckozo — 20Cy0apcmeeHHO020  a8MOMOOUTIbHO-
00POIICHO20 MexHuuecko2o yHusepcumema. XapbkoB, 1996. Beim. Ne 3. C. 42-45.

17. Tlunyc 3. P. O6 ynpoyHEHUHU 30HBI KOHTAKTa MEXY 3alOJHUTENIEM U
BSDKYIIIUM B O€TOHE. /[oK1aodbl u coobweHus Ha HayuHO-MeXHU4eCKOM CO8eUjaHUul
no cmpoumenscmaeay asmomoounvHulx oopoz. M.: T'occtponuznar, 1963. C. 14-25.

18. Tonmaue C. H., bennuenko E. A., 3axapos [l. C. IloBbIlieHHe CBOMCTB
JIOPO’KHBIX OETOHOB BBEIICHUEM TMOJUIIPONHICHOBON (QuoOpel. Cmpoumenvhovie
mamepuanvt u uzoeausi. 2016. Ne 1. C. 76-79.

19. Graham G. M. Suspension steel concrete. US Patent No. 983, 274, 7
Feb. 1911.

20. Kleinlagel A. Method for the preparation of a synthetic, machinable iron
mass. German Patent No. 388, 959, 18 Jan. 1920.

21. Scailles J.C. High density mortar. French Patent No. 514, 186, 21 April
1920.

22. Milind V. Mohod Performance of Polypropylene Fibre Reinforced
Concrete. IOSR Journal of Mechanical and Civil Engineering (IOSR-JMCE).
2015. Vol. 12, Issue 1 Ver. | (Jan- Feb. 2015). — P. 28-36. URL:



www.iosrjournals.org. DOI: 10.9790/1684-12112836/ (mara  oOpamicHus
25.09.2018)

23. PabunoBuu @. H. KoMmo3utsl Ha OCHOBE JHCIEPCHO-APMUPOBAHBIX

O0eToHOB. Bompocbhl TeopuuM U TNPOEKTUPOBAHUS, TEXHOJOTH, KOHCTPYKILIMH:
MoHorpadis. Mocksa: ACB, 2004. 560 c.

24. Jean-Louis Tailhan, Pierre Rossi, Claude Boulay. Tensile and bending
behaviour of a strain hardening cement-based composite: Experimental and
numerical analysis. Cement & Concrete Composites. 2012. Vol 34. Issue 4. P.166—
171

25. Jun-Yan Wang, Nemkumar Banthia, Min-Hong Zhang. Effect of
shrinkage reducing admixture on flexural behaviors of fiber reinforced
cementitious composites. Cement & Concrete Composites. 2012. Vol 34. Issue 4.
P. 443-450

26. Aitcin P.-C. High-Performance Concrete. Taylor & Francis, 2004. 621 p.
ISBN 0-203-78327-1.

27. Kynsxos K. JI., HeBckuii A. B., Ymakos A. C. Biusitnue aucnepcHOro
APpMHUPOBAHUSA 0a3aJIbTOBLEIM BOJIOKHOM Ha IMPOYHOCTHBIC CBOMCTBa OeToHA.
llepcnexmusvt  pazsumusi  QYHOAMEHMANbHBIX — HAVK: Marepuanbl X
MEXTyHApOIHON KOH(PEPEHIIUH CTYICHTOB U MOJIOJBIX yueHbIX (T. Tomck, 23 — 26
apens 2013 r.). Tomck: ToMmckuil TOCYIapCTBEHHBIM apXUTEKTYPHO-
cTpouTenbHblid yHUBepcuTeT, 2013. C. 708—710.

28. XKykoB A. /., Pymnunxas B. A., CmupnoBa T.B. Apmupyromue
BOJIOKHA B Te€XHOJIOTH 0eTOHOB. Becmuux MI'CY. 2012. Ne 4. C. 160-164.

29. Zhang D. S. Air Entrainment in Fresh Concrete with PFA. Cement &
Concrete Composites. 1996. Volume 18. Issue 6. P. 409-416.

30. TommauoB C. M. OcobIMBOCTI MOBITPOYTATHEHHS Y TOPOXKHI OETOHU Ta
bi6pobeToHn. A8momobinbHi dopocu i  O0PONHCHE OYOIHUYMBO. HAYKOBO-
mexuiunuil 30ipnux. Kuis: HTY, 2017. Bun. 99. C. 67-76.

31. Conoxkuii C. M., Karanos B.O., Toprikoscska I. b., Typ6a IO. B.

JIoCHiJIPKEHHST TPIIMHOCTIMKOCTI Ba)KKUX OETOHIB Ta MiHOOETOHIB, apMOBaHUX


http://www.iosrjournals.org/

MOJIIMPONUIEHOBOO ~ (P1Opor0 1711 AOPOKHBOrO  OyniBHUUTBA. Bocmouno-
esponetickutl sHcypHa nepedogvix mexronoauti. 2015. Ne 4/5 (76). C. 40-46.

32. Conomkuit C.H., Typ6a IO.B. IlizBuieHHA TPilMHOCTIHKOCTI
JUCTIEPCHO apMOBAHUX MOJINPONUIEHOBOIO (Pi1Opor0 OETOHIB TEXHOJIOTTUHUMU
YyuHHUKaMU. Bichux  Oodecvkoi  OepoicasHoi  axademii  OyoigHuymea ma
apximexmypu, 2017. Bum. 66. C. 99-105.

33. Hannant D. J. Fibre-Cements and Concretes, Wiley.-Chichester, UK,
1978. 228 p.

34. PycanoB B. E. T'uOpuansiii ¢uOpoOETOH MJii NEPEXOAHBIX IUIHT.
Aemomobunvhwie dopoeu. 2014. Ne 9. C. 72-73.

35. Hepesuko B.H., Kymuup E.I'., Canamaxa JI. B. Bnusnue
NOJIMIIPONIMIICHOBBIX ~ BOJIOKOH Ha  pPEOJIOTMYECKHE CBOMCTBAa  JIUCIIEPCHO-
apMHpoBaHHBbIX cMecelt. Bicnux O/JJABA. 2009. Bun. Ne 35. C. 118-123.

36. TonmaueB C. H., 3axapoB [l. C. Biusinue 3anonHuTeneld Ha NPOYHOCTh
JIOPOXKHBIX 0eTOHOB. Bichux Qodecvkoi Oepowcasnoi axademii OydisHuymea ma
apximexmypu. Oneca «3oBHIiIpekaaMmcepnic», 2016. Bum. 63. C. 191-196.

37. Tlpuxompko A.Il., IlImupsxko H.B., VYasuenxko T.B. wu n1p.
BrICOKOMIPOYHBIM  CaMOYIUTOTHSIIOIIUICS OETOH ¢  HCIOJIb30BAaHUEM  IEOHS
bpakuuu 5-10 mMm. Bicuux Ilpuouinpoecvkoi depoicasnoi akademii 6ydisHuymea
ma apximexkmypu. J1.: II'ACA, 2012. Ne 11. C. 8-13.

38. 3axapo /JI. C., Ilamant O.B., TommauoB C.M., Ilnyrin /. A.,
MoiiceeBa I1. E. BimuB koedimieHTa po3cyHeHHS 3epeH IeOeHI0 PO3YMHOM Ha
MIIHICTh IIEMEHTHUX O€TOHIB mpu 3THHI. 30ipHux Haykosux npaye Yrkpl[V3T.
2017. Bum. 169. C. 64-72.

39. I'pymiko M. M., Unbun A. T'., YUuxmaaze 3. /l. [loBbilieHue NpOYHOCTH U
BBIHOCIIMBOCTU O€TOHa. XapbkoB, 1986. 149 c.

40. KopmynoB B.M. HccnenoBanue CBOWCTB M TEXHOJOTMM OETOHA ¢
no6aBkamu I[IAB mis cTpouTenbcTBa MOKPHITUM aBTOMOOWIIBHBIX JOpPOT B
CKOJB3silell omanyOke: aBroped. Auc. ... KaHa. TexH. Hayk: 05.23.05 /

XapbKOBCKHI aBTOMOOMIBHO-A0POKHBIN HHCTUTYT. XapbKkoB, 1976. 23 c.



41. Mertoauueckne PEKOMEHJALUU [0 MPUMEHEHUI0 MEJIKUX M OYEHb
MEJKMX  TECKOB  JIJIi  CTPOUTENIbCTBA  IIEMEHTOOCTOHHBIX  MOKPBHITUH
aBTOMOOWIBHBIX J0por U a’poapomoB. M.: CoroznopHUU, 1984. 23 c.

42. Kynnesuu O.B. MccnegoBanue CTpyKTYpbl U CBOMCTB MEIKO3€PHUCTOTO
O0eToHa ¢ KoMIUIeKCHOM o6aBkoit [TAB Ha meckax paznuuHoi kpynHocTH. Hogwle
mamepuanvl u mexroao2uu 6 cmpoumenscmee na Cesgepe. J1., 1986. C. 24—-26.

43. Kanunun O.A. CoBeplIeHCTBOBaHUE COCTaBa U CTPYKTYpbl O€TOHA s
MOBBILIEHUSI TPEUIMHOCTOMKOCTH KEJI€300€ TOHHBIX U3JIETUI: IUCC. ... KaH/I. TEXH.
Hayk: 05.23.05 / XapbKoBCKas TOCYJapCTBEHHAsl aKaJeMHsl KeJIe3HOJIOPOKHOTO
TpaHcnopTa. XapbkoB, 1995. 183 c.

44. Hereca H. ., Kupssiu B.T. DddextuBHOCTE OGETOHHBIX CMeceill cC
palMoHAIBLHBIM 3€PHOBBIM COCTaBOM. Bicu. [lpuouinp. Oepoic. akao. 6yo-ea ma
apxim. 2001. Ne 5. C. 41-46.

45. Ilynarin B., Cagin JI., Hlumkia O. KepyBaHHsI BIaCTUBOCTAMH OETOHY.
Kpuguii Pir: Minepai, 2001. 155 c.

46. CwuzoB B.II. TlpoexkTupoBaHuE COCTAaBOB TsDKeloro OeToHa. M.:
Crpownituznar, 1979. 144 c.

47. Ilnyrun A. H., Tlnyrun A.A., Kamuuun O.A. Crpykrypa u
JIOJITOBPEMEHHBIC CBOMCTBa OeToHa. byodieenvni mamepiaru ma eupoou, 2003.
Ne 4. C. 17-22.

48. Fennis S. A. A. M., Walraven J. C., J. A. den Uijl. Optimizing the
particle packing for the design of ecological concrete. 16. Internationale
Baustofftagung, — 2006. Band 1. P. 1313-1320.

49. TommaueB C.H. Ponp wMenkux 3amoiHuTeNei B (QopMUpOBaHUU
CTPYKTYpbI U CBOMCTB JOJTOBEYHBIX JOPOKHBIX [IEMEHTHBIX OETOHOB. TexHonocuu
oemonos. 2013. Ne 9. C. 36-40.

50. dBopkun JI. U., [IBopkun O. JI. IIpoexkTupoBanre cocTaBOoB OETOHA C
3aJaHHbIMH cBoiicTBaMu. PoBHo: U3a-Bo PI'TY, 1999. 202 c.

51. Isopkiu JI. 1., Jlanoscska C. JI. Byxnisenbhe Matepiano3naBcTBo. PiBHe:

Bun-so HYBI'TIL, 2016. 448 c.



52. BucOKOMILIHI IIBUAKOTBEpAHYIOUl OeroHu Ta (iOpoOeroHn /
JI. Y. {BopkiH Ta in.; 3a pen. JLU. JIBopkina, E.M. Ba6uua. Pisae: HYBI'TI, 2017.
331c.

53. TommauwoB C.M., beniuenko O.A., 3axapoB [I. C., YopuHoran
P. O. BruuB nemagHux 4aCTUHOK Ha MILHICTh MPU 3THUHI TOpOXKHIX OeTOHIB. Hosi
mexnonoeii 8 6yoisnuymei. 2017. Ne 32. C. 53-60.

54. Momanckuit H. A. IlnotHOocTh W  cTOMKOCTH OeToHOB. M.:
I'occTpoituzpar, 1951. 210 c.

55. CpmuoB B.II. HccnemoBanme MOPO30CTOMKOCTH —IIEMEHTOOETOHA
MPUMEHUTENIBHO K CYPOBBIM KJIMMATHYECKUM YCJIOBHUSM SIKYTHU: JAHCC. ... KaH].
TexH. Hayk: 05.23.05 / XapbkoBCKMIl aBTOMOOMIBHO-JIOPOKHBI WHCTHUTYT.
Xapbkos, 1977. 189 c.

56. Bunorpanos b. H. Bnusnue 3anmonnuTeneit Ha cBoicTBa OeroHa. M.:
Crpoiinznar, 1979. 224 c.

57. T'opnon C. C. CTpykTypa U CBOMCTBA TSXKEJIBIX OCTOHOB Ha Pa3IMYHBIX
3anonHuTensax. M.: Crpoinszaar, 1969. 151 c.

58. UrnkoBuu C. M. 3anonautenu a1 6etona. Munck: Brici. mikona, 1983.
214 c.

59. Tonmaues C. H., KonnpateeBa U. I'., Kocrenko FO. A. u np. Hekoropslie
OCOOCHHOCTH  TMOJ0Opa cocTaBa OETOHOB 1O  METOJAY  IPEPHIBHCTOM
rpanynoMeTpun. Pecypc i be3nexka excniyamayii KoHCmpyKyii, 6yoigens i cnopyo:
Matepiamun  MibkHapomHoi koHpepentii, XapkiB, XJTYBA. Haykosuii 6icnux
oyoienuymea. — XapkiB: XJITYBA, 2003. Ne 23. C. 251-254.

60. Michael A. Caldarone High-Strength Concrete. A Practical Guide.
London: T&F e-Library, 2008. 273 p.

61. Nakanishi H., Tamaki S., Yaguchi at el. Performance of a
Multifunctional and Multipurpose Superplasticizer for Concrete. Seventh
CANMET/ACI Intern. Conf. on Superplasticizers and Other Chemical Admixtures
in Concrete: ed. by V. M. Malhotra. ACI SP 217, 20-24 October 2003: Proc.
Berlin (Germany), 2003. P. 327-342.



62. UzoroB B. C., UGparumoB P. A. HoBble KOMIUIEKCHBIE JOOABKH Ha
OCHOBE 3(QupoB nonaukapookcunara. Texuwonocuu 6emonog. 2012. Ne 3—4. C. 34—
35.

63. ToamaueB C. H. Cynepractudukatopbl NPOYHOCTH. A8MOMOOUIbHBIE
oopoeu, 2015. Ne 12 (1009). C. 54-57.

64. Ray I., Gupta A. P. & Biswas M. Physicochemical Studies on Single and
Combined Effects of Latex and Superplasticiser on Portland Cement Mortar.
Cement & Concrete Composites. 1996. Volume 18. Issue 5. P. 343-355.

65. Mario Collepardi, Admixtures-enhancing concrete performance. 6-th
International Congress, Global Construction, Ultimate Concrete Opportunities,
Dundee, U.K. —5-7 July 2005. 15 p.

66. Kamamnukos B.W., T'ymgsesa E.B., Bamer .M. wu gp.
BricokoaedkTuBHBIE  MOPOMIKOBO-aKTUBHPOBAHHBIE  OCTOHBI  Pa3IMYHOTO
(GYHKIIMOHAJIBHOTO HAa3HAYEHHs] C KCIOJIb30BAaHUEM CYTNepIiacTU(UKATOPOB.
Cmpoumenvhnoie mamepuanvt. 2011. Ne 11. C. 44-47.

67. ®damukman B.P. Hoswie »¢ddexkTuBHBIE BBHICOKO]YHKIIMOHATBHbBIC
6etonbl. bemon u ocenezobemon. 2011. Boimn. 1. C. 48-54.

68. TonmaueB C. H., benuuenko E. A. IloBelieHrne kauecTBa IEMEHTHBIX
KOMIIO3UTOB 3a CUET BBEACHHUS IUCHEPCHBIX MaTepuanoB. Bicuux Odecvbkoi
0epaHcasHoT akaoemii OyOieHuymea ma apximekmypu, Opeca
«3oBHImpexIamcepsicy, 2016. Bun. 61. C. 392-397.

69. Cheng-yi H., Feldman R.F. Influence of silica fume on the
microstructural development in cement mortars. Cem. and Concr. Res. 1985.
Vol 15. Ne 2. P. 285-294.

70. Xeparn P., Jutepmann M., Imuar K. JJonaroBedyHocTh OETOHOB Ha
OCHOBE MHOTOKOMIIOHEHTHBIX LIEMEHTOB. [[emenm u e2o npumenenue, 2011. Ne 1.
C. 76-80.

71. Co6onp X. C., MapkiB T. €., Canunpkuii M. A., Koryu I'. B. Bruus

aKTUBHUX MIHEpPAJIbHUX JIOJATKIB HA BJIACTUBOCTI KOMIIO3MIIIMHUX IIEMEHTIB.



Bichux Hayionanvnozo yuieepcumemy “‘Jlvgiscoxa nonimexuika”. “Ximis ma
ximiuna mexnonoeis”. 2003. Ne 755. C. 274-278.

72. Mumytun A. B., Cwmonsnen B. B., KpossikoB C. A. Ilpumenenue
LIEMEHTOOETOHHBIX MOKPBITUH ISl TOPOJICKUX ynull U Maructpanu «Cesep — HOry.
Bicnux OHABA, 2013. Bum. Ne 52. C. 176-182.

73.  Tpodpumo b. 4., Kpamap JI.S. Ponp  HampaBieHHOTO
CTPYKTYypoOOpa3oBaHusl THAPATHBIX (a3 B TOBBIIMICHUH CYIb(AaTOCTONKOCTH
OEMCHTOB. HpO6]l€Mbl CmMpoumelbHo2co Mamepuaﬂoeedeﬂuﬂ U HOoeble MEeXHOJI0cUU.
Y. 1 @ynoamenmanvhvle npobiemvl CMPOUMENbHO20 MAMePUalo8e0eHusl. —
benropoxa. 1995. C. 66-70.

74. Kasumaromenos W. J., lentyn C. FO. BnusitHue MUKpOHANOJIHUTENEH
Ha ycaJlouHble aedopMalii pacTBOPOB ISl HATUBHBIX IMOJIOB. 30ipHUK HAYKOBUX
npayb Yxpaincokoco Oepoicagnozo YHigepcumemy 3ANi3HUYHO2SO MPAHCHOPMY .
Xap-kiB: YkpIY3T,2016. Ne 159. C. 57-63.

75. Coxomko E. B., 3aituenxko H. M. CamoymuioTHstomuiicsi O€TOH B
COBPEMEHHOM MOHOJIUTHOM JOMOCTPOSHUH. Bicuux J[lonbac. Odepoic. axao..
oyoieniy. i apximexm. «CyuacHni O0yoieenvni mamepiaau». MakiiBka, 2009.
Bum. 1 (75).

C. 112-116.

76. Feldman R.F. Pore Structure, Permeability and Diffusivity as Related to
Durability. 8" International Congress on the Chemistry of Cement, Rio de Janeiro,
Brazil, September 22-27. 1986. P. 1-21.

77. Markovic I. High-Performance Hybrid—Fiber Concrete. Development
and Utilisation. DUP Science. The Netherlands, 2006.

78. Peter J. M. Bartos & Wenzhong Zhu. Effect of Microsilica and Acrylic
Polymer Treatment on the Ageing of GRC. Cement & Concrete Composites. 1996.
Volume 18. Issue 1. P. 31-39.

79. Alhozaimy A. M., Soroushiad P. & Mirza F. Mechanical Properties of
Reinforced Concrete and Materials Polypropylene Fiber the Effects of Pozzolanic.
Cement & Concrete Composites. 1996. Volume 18. Issue 2. P. 85-92,



80. I'pymko W. M., Kongpareea W.I., Tonmaue C.H. Buusuue
NBUIEBUIHBIX (pakUMii NECKa Ha MOPOBYIO CTPYKTYypy OeroHa. CmpoumenbHvle
mamepuanvl u koncmpyxkyuu, 1989. Ne 3. C. 37-38.

81. Hobmmi JI. M., TToptaoB WU. I'., ConomatoB B. 1. Mopo3ocToiikocTh
OETOHOB TPaHCHOPTHBIX coopyxkeHuil. M.: MUUT, 1999. 236 c.

82. Illeiiknn A. E., Yexosckuit 0. B., bpyccep M. U. Crpykrypa u
CBOMCTBa 1leMeHTHBIX 6eToHOB. M.: Ctpoituznar, 1979. 344 c.

83. rapk U., Buxt b. Jlonroseunocts 0erona. Kues: Opanrta, 2004. 301 c.

84. Toshio H. Influence of curing conditions on the compressive strength
and the modulus of elasticity of concrete, especially in case of drying. Cem. Accos.
Jap. Rev. 13" Gen. Meet. Techn. Sess. Tokyo, 1976. P. 190-192.

85. Jeffrey J. Thomas, Hamlin M. Jennings. Changes in the size of pores
during shrinkage (or expansion) of cement paste and concrete. Cement and
Concrete Research. 2003. Ne 33. P. 1897-1900.

86. TonmauoB C. M., beniuenko O. A., 3axapos JI. C. JlocniykeHHS BILUTUBY
MOBITPOYTSTYBAaHHS Ha MIIHICTh TOPOXKHIX 0€TOHIB. Bichux Odecvkoi depocasnoi
akaoemii 6yoisnuymea ma apximexmypu, Oneca, 2017. Bumn. 68. C. 96-101.

87. TonmaueB C. H., Bpaxxuuk A. B. CHmwxeHue mpoyHOCTH OETOHA TpH
BBEJICHUM BO3/YXOBOBJICKAIONINX J100aBOK B OeToHHYIO cmech. CogpemernHvle
npobiemMsvl cmpoumenbecmea U JHcusHeobecneuenus: 0e30ndacHOCmb, Kaiecmaeo,
9Hepeo- u pecypcocoepexcernue: c6. TpynoB III Bcepoccuiickoit Hay4dHO-
npaktudeckoit kondepenuun (Akyrck, 3 — 4 mapta 2014 r.) / CeBepo-Boctounslii
denepanpabiil yHEBepcuTeT UM. M. K. AMocoBa. Akyrck, 2014. C. 369-373.

88. TonmaueB C. H., benuuenko E. A. BiausHue BOBJI€YEHHOr0 BO3AyXa Ha
CBOMCTBa JOPOXHBIX O€TOHOB M (puOpoOeToHOB. Cmpoumenvhbvie mamepuavl,
2017. Ne 1-2. C. 68-72.

89. Sabir B. B. Mechanical Properties and Frost Resistance of Silica Fume
Concrete. Cement & Concrete Composites. 1997. Volume 19. Issue 4. P. 285-294.



90. Chatterji S. Freezing of air-entrained cement-based materials and
specific actions of air-entraining agents. Cement & Concrete Composites. VVolume
21. Issue 7. 2003. P. 759-765.

91. Xos3un B.T., Mopozos H.M., MyrunoB X.I. Ocobennoctu
dbopMupoBaHusi  CTPYKTYpbl ~ MOAUMUIIMPOBAHHBIX  TIECYAHBIX  OETOHOB.
Cmpoumenvnvie mamepuanwt, 2010. Ne 9. C. 72—-73.

92. baxxenos 0. M. Texnonorus 6erona. M.: U3n-Bo ACB, 2003. 500 c.

93. Pemernax W.A. HccrnenoBanue JOPOKHBIX — MEIKO3EPHUCTHIX
[IEMEHTHBIX OETOHOB: JUCC. ... KaHA. TexH. Hayk: 05.23.05 / XapbkoBckuii
aBTOMOOMJILHO-IOPOXKHBIN MHCTUTYT. XapbkoB, 1968. 272 c.

94. Topeuxuit JI. 1. Teopus u pacyeTr 1IEMEHTOOETOHHBIX IMOKPBHITHI Ha
TeMIiepatypHslie Bo3aencTBus. M.: U3a-Bo Tpancnopt, 1965. 165 c.

95. TonmaueB [I. C. TpemMHOCTOMKHE MEIKO3EPHUCThIE IIEMEHTHBIC
OCTOHBI TPAHCIIOPTHOTO HA3HAYEHUS: OHUCC. ... KaHA. TexH. Hayk: 05.23.05 /
XapbKOBCKHI HAllMOHAJIBHBIM YHUBEPCUTET CTPOUTEIBCTB aul aAPXUTEKTYPHI.
Xapbkos, 2015. 155 c.

96. IOpenena E. B. Pabota 1op0oKXHBIX TOKPUTUN. A8mMomModUIbHbIE 00PO2U,
1966. Ne 12. C. 12-13.

97. Cnoco6 ompenerneHus cocraBa 0eToHHOW cmecu: A.c. SU 1787972 Al;
3asB71. 26.06.1990; omy6s1. 15.01.93, bron. Ne 2.

98. IOxueBckuit II. U. BimsHue XuMHYeckod mpUPOJbI J00aBOK Ha
cBoiicTBa 0etonoB. Munck: BHTVY, 2013. 310 c.

99. bapanoa I'.Il. CwmemanHbIC BSDKYIIME Ha OCHOBE KOMITO3HUITUI
IIEMEHTOB €  Cynb(pOOCTUTOUTIOMUHATHBIMU ¥ MHUKPOKPEMHE3EMHUCTHIMHU
noOaBkamu: gucc. ... KaHa. TexH. Hayk: 05.17.11 / KpacHospckas
rOCy/IapCTBEHHAsI ApXUTEKTYPHO-CTpOUTENIbHAA akaaeMus. Kpacnosipck, 2004. 157
C.

100. Gutt Witold, Nixon Philip. Alkali aggregate reactions in concrete.
Construction. 1979. Ne 31. P. 30-31.



101. Davis D. E. Cement aggregate reaction. Concrete and Beton. 1979. Ne
16. P. 8-14.

102. Paxumbaes I1I. M., Tonemuna E. M., baimec A. A. Bausane no6aBox-
IIaCTU(UKATOPOB HAa BHYTPEHHIOO KOppo3uto OeroHa. HMuHosayuonHbvie
mamepuanvl, mexuHonro2uu u obopyoosanue Oisi CMpPOUmMenbCmea CO8PEeMeHHbIX
MPAHCNOPMHBIX COOpyHceHuil: cO. NOKIanoB MexayHap. Hayd.-MpakTHU4. KOH.,
benropon, (8-10 okTs6pst 2011 r.). benrop. roc. Texnon. yu-1. benropoa: U3n-o
BI'TY um. B.I'. lllyxosa. T. 1. C. 195-197.

103. bo6peimes  A. H., KamamnukoB B.W., MockBun P. H.,,
XBactyHoB B. JI. Ycanounsle negopMaliuu MUHEPATbHOIUIAKOBBIX BKYIIUX U UX
TPEIIMHOCTOUKOCTh. CmpoumenvHoe mamepuaiogeoerue — meopusi U NPaKmuKda.
c6. Tp. Becepoc. Hayu.-npakTuy. koHD. M.: U3n-Bo CUII PUA, 2006. C. 59-62.

104. FOur B. H. Teopus mukpoOeroHa u ee paszButue. O 00CMUdI’CEHUAX
cogemcKkoli Hayku 6 obaacmu cunuxkamos: Tpynel ceccum BHUTO. M.:
[TpomcTpoitnznar, 1949. C. 49-54.

105. Makpuaun H. 1., Makcumona U. H., [Ipomun A. I1., u ap. CtpykTypa,
1ehOpMaTUBHOCTD, TPOYHOCTHh U KPUTEPHUH PA3pPYyIICHUs [IEMEHTHBIX KOMITO3UTOB
/ nmon pen. B. U. ConomaroBa. CapatoB: u3n-Bo CapaTOBCKOTO YHHMBEPCHUTETA.
2001. 280 c.

106. ITanactok B. A., Beiposoii B. H., Cunbuenko C. B. AHanu3 nusMeHeHus
CBOMCTB MHKPOCTPYKTYphl O€TOHa BO BpeMeHH. PecypcoexonHomHi mamepianu,
KOHCmpykyii, 0yoieni ma cnopyou: 30. Hayk. mpamb. PiBae. 2011. Bum. 22.
C. 120-124

107. Victor C.Li & Mohamed Maalej. Toughening in Cement Based
Composites. Part I: Cement, Mortar, and Concrete. Cement & Concrete
Composites. 1996. Volume 18. Issue 4. P. 223-237.

108. Iewnnu JI. A. IlymkapeBa E. K. Ilpouecsl camopranuzanuu
CTPYKTYpHbI CTpouTeNbHBIX KOMIIO3UTOB. K.: ['amma-tipunt, 2009. 153 c.

109. Kamnpuenos C. C., lleitndensn A. B., Kpuob6oponoB A. B. Bnusinue

CTPYKTYPBI LIEMEHTHOTO KaMHS c n00aBKaMH KpeMHe3eMa u



cyneprnajicTupukaropa Ha cBoicTBa OetoHa. bemon u ocenezobemon. 1992. Ne 7.
C. 4-6.

110. Copoukun M. A., Ilypor A.®., VYpees H.b. Bo3sgelictBue
YIJIEKUCIOro raza, Kak MeTo/l MHTEHCU(UKALMU MPOLECCOB TUAPATALUU [IEMEHTA.
JAH CCCP. 1970. T. 194. Ne 1. C. 149-151.

111. XKXutkoBcekuii B. B., PasymoBcbkuii A. P. EpexTuBHICTD 3aCTOCYBaHHS
METaKaoNiHy y BaXXKUX OETOHax pi3HOro ckjiany. Pecypcoekonomui mamepianu,
KoHCcmpyKyii, Oyodieni ma cnopyou: 30. Hayk. mpanb. PiBue. 2011. Bum. 31.
C. 98-105.

112. XKakunobexon L. K. MoauduuupoBaHHble MaJIOKIMHKEPHBIE BSKYIIHE
1 OCTOHBI C MCTOJB30BAHUEM TEXHOTEHHBIX OTXOJOB: aBTOped. AMCC. JI-pa TEXH.
Hayk: 05.23.05 / HayuyHo-uccrnenoBaTeNbCKU W MPOEKTHBIA  HMHCTUTYT
ctpourenbHbix matepuanoB TOO «HUUCtpomnpoekt». Anmarsl: HI[ HTU,
2010. 42 c.

113. PatunoB B. b., Po3enGepr T. U. JlobaBku B 6eToH. M.: CTtporiuzaar,
1989. 188 c.

114. Compater C., Nonat A., Pourchet S., Mosquet M., and Maitrasse P. The
Molecular Parameters and the Effect of Comb-Type Superplasticizers on Self-
Compacting Concrete: A Comparison of Comb-Type Superplasticizer Adsorption
onto a Basic Calcium Carbonate Medium in the Presence of Sodium Sulphate.
Proceedings of Seventh CANMET/ACI International Conference on
Superplasticizers and Other Chemical Admixtures In Concrete, ACI SP 217,
Berlin, Germany, 20-24 October 2003. P. 195-210.

115. Jlepmur P. Ilpobnemsr Texnonoruu 6erona. M.: Uzn-so JIKU, 2007.
296 c.

116. Muennos-Ilerpocsta M. O. Konoinaa ximisa. X.: XHY, 2012. 500 c.

117. Koznos [I. B. OcuoBsl rugpoduzuku. M.: MI'VII, 2004. 300 c.

118. IMleitndennn A. B. OcobenHoctu ¢GOpMUPOBAHUS HEPAPXUUECKOU

MUKPO- u HaHOCTPYKTYPhbI OEMCHTHBIX CHCTCM C KOMIIJICKCHBIMH



OpraHoOMUHEpalbHbIMU MoOJupukaropamu. bemown u oswcenezobemon, 2016. Ne 2.
C. 16-21.

119. Farran J. Contribution minerlogique a l'etude de I'adherence entre
constituants hydrates des cimens et les materiaux enrobes. Materiaux et
constructions. 1956. P. 155 —72.

120. Jiang L. H. Studies on hydration, microstructure and mechanism of
high volume ash concrete. Thesis, Hohai University, Nanjing, China, 1998. P. 25—
28.

121. Vivekanandam K., Patnaikuni I. Transition zone in high performance
concrete during hydration. Cement and Concrete Research. 1997. Volume 27.
Issue 6. P. 817-23.

122. AxsepnoB U. H. OcnoBwel ¢usuku Oerona. M.: Crpoiiusaar, 1981.
464 c.

123. lecor J1. E. BubpupoBaunsiit 6eton. M.: ['occTpoiinzaar, 1956. 229 c.

124. T'yceB b. B., 3azumko B. I'. BubOpanuonnas texHoyiorusi 6etonon. K.:
bynisensauk, 1991. 160 c.

125. TMamenko A. A. ApMmupoBaHHE HEOPTraHUYECKUX BSIKYIIMX BEIIECTB
MUHEpaTbHBIMU BosiokHamMu. M. : Ctpoiiuzaar, 1988. 200 c.

126. PabunoBuu @.H. [lucmepcHo apMupoBaHHbIE OCTOHBL. M.:
Crpoiinznar, 1989. 176 c.

127. TY ¥V 24.7-32781078-001:2006. BonokHo apmyroue MOJINpONiICHOBE
(BAII).

128. JIBopkin JI. W., Babuu €. M., XKurkoscekuit B. B. Ta in. Bucokowmirai
ITBHIKOTBEPAHYYi 6eTOHN Ta (BhiGpobeTorn: Monorpadis / 3a pen. JI. WM. JlopkiHa,
€. M. ba6uua. Pisue: HYBI'TL, 2017. 331 c.

129. 3aituenko H. M., Jlaxrapuna C. B. CamoymioTHsAwonmecs OETOHBI,

JUCIIEPCHO-apPMUPOBAHHbBIE MOJMMEPHBIMH BOJIOKHAMH. OJEKTPOHHBIN pecypc:

Pexxum poctyma k myOmmkaruu: http://www.nbuv.gov.ua/old_jrn/natural/Rmkbs
/2011 22/11.pdf


http://www.nbuv.gov.ua/

130. TonmaueB C. H. D@¢dekTuBHOCT NPUMEHEHUS MOJIUIPONUICHOBOM
buOpHI B TOPOKHBIX OeTOHAX. Pecypcozbepesicentst i XiMiko-exoo2iuni npodiemu
mexnono2iuHux npoyecig: matepianu | BceykpaiHCbKOi HayKOBO-NPAKTHUYHO1
[urepuer xondepenuii, (Xapkis, 10 — 12 nucronaga 2014 p.) XHALAY. Xapkis:
XHALY, 2014. C. 142-145.

131. ACTY b B.2.7-46:2010. bynisenbni wmatepianu. lLlemenTu
3araJbHOOYIBEIBHOTO Mpu3HaYeHHs. TexHiuHi ymoBH. [Uunuunii Bix 2011-09-01].
Bun. ogin. K.: Minperion6yn Ykpainu, 2011. 20 c.

132. ICTY b EN 197-1:2015 (EN 197-1:2011, IDT). llement. YacTtuna 1.
Cknan, TEeXHIYHI YMOBHM Ta KpUTEpil BIAMOBIAHOCTI JJIsi 3BUYAWHHUX IIEMEHTIB.
[Yunanauit Bix 2016-07-01]. Buna. odin. K.: Miaperion Ykpainu, 2016. 59 c.

133. ICTY b B.2.7-43-96. bynisenwsHi matepianu. betonun Baxkki. TexHiuHi
ymoBH. [Uumnnuit Big 1997-01-01]. Bua. odin. K.: MiHictepcTBo Oy/IiBHHUIITBA,
apXITEKTYpPH Ta JKUTIOBO-KOMYHAJIBHOTO TocmoapcTBa Ykpainu, 1996. 40 c.

134. JICTY b B.2.7-85-99 (I'OCT 22266-94). byniBenbHi MaTepiad.
LemenTn cynbdaroctiiiki. Texuiuni ymoBu. [Uunuuii Big 1999-10-01]. Bua. odi.
K.: JlepxaBHUli KOMITET apXITeKTypH, OYIIBHHUIITBA Ta >KWUTJIOBOI IOJITUKH
VYkpainu, 1999. 13 c.

135. ACTY b B.2.7-32-95. byniBenbni Marepianu. Ilicok miiapHUN
IPUPOTHUN 1711 OyAiIBEIbHUX MaTepiaiiB, BUPOOiB, KOHCTPYKIIiK 1 po0iT. TexHiuH1
ymoBH. [UunHuit Big 1996-01-01]. Bun. odin. K.: depxxomctanmapt YkpaiHwu,
1996. 20 c.

136. ACTY b B.2.7-232:2010. byaiBenpri watepiamm. Ilicok s
OymiBeslbHUX poOiT. MeTtoau ButipoOyBanb. [YunawmiA Big 2011-01-01]. Bua. odi.
K.: AIT «HAIBMB», 2010. 28 c.

137. ACTY b B.2.7-75-98. Ctpoutennubie matepuansl. [llebenp u rpaBwmii
MJIOTHBIE TIPUPOJHBIC JJISI CTPOUTEIHHBIX MATEPUATIOB, W3/ICTUH, KOHCTPYKIIUNA |
pabor. Texuuyeckue ycmoBus. [UYumuuii Big 1999-01-01]. Bua. odim. K.:
['ocynapcTBEHHBINI KOMHMTET CTPOMTENBCTBA, APXUTEKTYPbl M  KUJIULIHOU

nonuTuky Ykpaussl, 1999. 11 c.



138. ACTY b B.2.7-71-98. Ctpoutenbuble matepuansl. 1llebenb u rpaBuii
U3 IUIOTHBIX TOPHBIX TOPOJ M OTXOJOB IMPOMBIIUICHHOTO IPOU3BOJCTBA IS
CTPOUTENBHBIX paboT. MeTonbl (hU3NKO-MEXaHUYECKUX UCTIbITaHUM. [UnHHMIA Bij
1999-01-01]. Bua. odir. M.: 'occtpoit Poccun, 1997. 49 c.

139. ACTY b B.2.7-171:2008. BynisenbHi matepianu. Jlo6aBku /11 OETOHIB
1 OyniBeIbHMX PO3YMHIB. 3arayibHi TexHiyHi ymoBu. [Uumuuii Bixm 2009-01-01].
Bun. ogin. K.: Minperion0yn Ykpainu, 2010. 93 c.

140. ICTY-H b B.2.7-175:2010. byniBenbni Marepianu. HactanoBa oo
3aCTOCYBaHHS XIMIYHMX J00aBOK y OeToHax 1 OyAiBedbHUX po3uuHax. [YMHHMIM
Big 01-10-2009]. Bua. odin. K: JIlepxxOyn Ykpainu 2009. 30 c.

141. JCTY b B.2.7-273:2011 (I'OCT 23732-79, MOD). BbyniBenbHi
marepianu. Boga qis 6eToniB 1 po3uuHiB. TexHniuni ymou. [Yunnuii Big 2012-12-
01]. Bua. odiu. K.: IIT «HAIEMB», 2011. 20 c.

142. JICTY b B.2.7-128:2006. BbyniBenbni matepianu. J[00aBKHM aKTHBHI
MiHepaidbHI Ta J00aBKH-HAMOBHIOBadYl A0 HeMmeHTy. [Uunawmit Bix 01-12-2007].
Bun. odin. K: MinictrepcTBO OymiBHUIITBA, apXITEKTypH Ta KUTIOBO-
KOMYHaJILHOTO TocnonapcTBa Ykpainu, 2006. 12 c.

143. TY VYV B-2.7-24.6-19266746-004:2008. Jlo6aBka YHuuBepcan BM.
TexHu4yecKkne ycioBusl.

144. ICTY b B.2.7-176:2008. bynisensHi matepianu. Cymimri OeTOHHI Ta
O0ctoH. 3arampHi TexHiuHI ymoBHW. [Uwmuumid Bim 2009-01-01]. Bua. odim. K.:
Minperion6yn Ykpaiau, 2010. 109 c.

145. ICTY b B.2.7-114-2002 (I'OCT 10181-2000). byxiBenbHi MaTepiaiu.
Cywmimi 6eronni. Metonu BunpoOyBanb. [Yuanamii Big 2002-07-01]. Bun. odim.
K.: JlepxaBHu#l KOMITET apXiTeKTypu, OyMIBHUIITBA 1 J>KUATIOBOI TIOJITUKH
VYkpainu, 2002. 32 c.

146. JICTY b B.2.7-170:2008. bymiBensHi Martepianu. beronu. Mertoau
BU3HAYCHHS CEPEAHBOI TYCTHHH, BOJIOTOCTI, BOJIOMOTJIMHAHHSA, ITOPUCTOCTI 1
BogoHenpoHUKHOCTI. [Uunauii Big 2009-07-01]. Bua. odiu. K.: Minperionoyn
VYkpainu, 2009. 38 c.



147. JCTY b B.2.7-224:2009. byaisenbni matepianu. betonu mnpaBuia
KoHTpoto MinHocTl. [UYunuuit 3 2010-09-01]. Bua. odiu. K.: Minperionoyn
VYkpainy, 2010. 27 c.

148. ICTY b B.2.7-214:2009. bynisensHi marepianu. betonu. Metonu
BU3HAYCHHS MIIHOCTI 32 KOHTPOJbHMMHU 3pa3kamu. [Ywmuawmii Bixg 2010-09-01].
Bun. ogin. K.: MinperionOyn Ykpainu, 2010. 43 c.

149. JACTY b B. 2.7-47-96. byniBenbHi Matepianu. beronun. Meroau
BU3HAYCHHS Mopo3ocTidkocTi. [Uunauit Bix 1997-04-01]. Bua. odin. M.,
Munctpoit Poccun, 1996. 14 c.

150. ACTY b B.2.7-49-96. byniBenbHi matepianu. beronu. Ilpuckopeni
METOJIM BHU3HAYEHHS MOPO30CTIMKOCTI Mpu OaraTopa3oBOMY 3aMOpPOKYBAaHHI Ta
BinraBaHHi. [Yunauit Big 1997-04-01]. Bun. odiu. K.: JlepkkommicToOy1yBaHHS
VYkpainu. 48 c.

151. bonbmakos B. WU., IBopkun JI. 1. CtpoutenbHoe MaTepuaaioBeICHUE.
Huenponetrposck: PBA «/lninpo — VAL», 2004. 677 c.

152. JICTY b B.2.7-212:2009. bynienbHi Matepianm. beronu. Metoau
BU3HaYeHHs crtupaHHocTi. [Yumuaumit Big 2010-09-01]. Buxg. odin. K.:
Miunperion6yn Ykpainu, 2010. 15 c.

153. I'pymiko U. M., Cunenko B. M. OCHOBBI Hay4HBIX HCCIICIOBAaHUHN. X.:
Bumia mik. U3n-Bo npu Xapbk. yH-Te, 1983. 224 c.

154. @aiinep M. III. BBenenue B MaTeMaTHYECKOE MOIECIUPOBAHUE
texHoaoruu oerona. JIeBos: CBut, 1993. 240 c.

155. Mayrme A.H., Nayrud A.A., Tpuko3s J1.B., KaraHosckuin A.C,,
MNnyrnd An. A.  OcHOBbl Teopuu TBEPAEHMA, MNPOYHOCTWU, pPa3PyLIEHNA W
LLONTOBEYHOCTM MOPTNAHALEMEHTA, 6BETOHA U KOHCTPYKUMA 13 Hux: B 3 T. / K.:
HaykoBa gymkKa, 2011. T. 1. KonnongHasa xmumma n GU3NKO-XMMUYECKAA MeXaHUKA
LemMeHTHbIX 6eToHoB / noa,. pea. A. H. Mayruna. 340 c.

156. IInyrun A. H. Ilnyrun A. A., Kanunaun O. A. u ap. OcHOBBI Teopun

TBEPACHUA, IIPOYHOCTH, pa3pyIICHUA U JOJITOBCUYHOCTH ITOPTIAHAICMCHTA, OetoHa



u KoHCTpykuuil u3 Hux: B 3 1. / Kue: HaykoBa mymka, 2012. T.2. Teopus
TBEp/ACHU NopTianaueMmenta / nox. pea. A. H. Ilnyruna. 223 c.

157. Tonmaues C. H., Penko3y0oB A. A., 3axapos /[I. C. [lytu noBbieHus
OJTHOPOJHOCTU OUTYMOB. Aémomoobunvrbie dopoeu. 2016. Ne 2. C. 51-54.

158. TonmaueB C. H., KouagparseBa U. I'., Mapakuna JI. JI., Matam A. B.,
Conparenko C. E. CgoiicTBa IOpPOXHBIX OETOHOB C TMOJUMEPHON (PuUOPON.
Hayrosuii sicnux 6yoienuymea. Xapkis, XA TYBA. 2008. Ne 48. C. 150-154.

159. T'opuikos B. C. Tepmorpadusi crpoutenbHbix MmatepuanoB. M.: U3a-Bo
JIAT-PBI IO CTPOUT-BY, 1968. 240 c.

160. Pamauannpan B. C. [lpumenenne nuddepeHnnaibHOro TePMUIECKOTO
aHanu3a B xumuu 1ieMeHToB. / [lep. ¢ anrn. B. b. Patunos. M.: Ctpoituznar, 1977.
480 c.

161. Yougnauar Y. Tepmuueckue metoanl aHanuza. M.: M3n-Bo «Mupy,
1978. 528 c.

162. Mamsp B. B., Konapartsesa I. I'., Okcak C. B. MetoauuHi BKa3iBKH 10
€KOHOMIYHOI YaCTMHM JUIUIOMHUX TPOEKTIB 3 TEXHOJOTii BHPOOHHIITBA
JOPOXKHBO-OyMiBeTbHUX MatepiamiB / 3a pen. B.O. 3onoraproBa. Xapkis:
XHAY, 2012. 19 c.

163. JIBH B 2.3-4:2015 ABToMo6inbHI moporu. Yactuna I. TIpoekTyBaHHS.
Yacruna II. byaisaunrso. [Yuuuuii Big 01-04-2016]. Bua. odin. K: MinicrepcTBo
PETIOHATBFHOTO PO3BUTKY, OYMIBHUIITBA Ta JKUTIOBO-KOMYHAJIBHOTO TOCIIO/IapCTBA

VYkpainu 2015. 91 c.






