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30iticneno docniodcenHss AKICHUX Xapakmepucmux OpiOHO3epHUCIO20 OemoHy,
akuil 68 MOOUDIKOBAHUL WAAXOM 3ACMOCYBAHHA 800U 3AMIULYBAHHSA, CIPYKMYPOBAHOT
Nn0BEPXHEBO-AKMUBHUMU PEHOBUHAMU y HAOMATUX KOHyenmpayiax. Bcmanoeneno, wo
BUKOPUCINAHHA CMPYKMYPOBAHOI 600U 6 CKAadi OpIOHO3epHUCIO20 OemoHy Ha
WAAKONOPMAAHOYEMEHME  CHPUSE  NIOBUWEHHIO MIYyHOCMI )y PAHHbOMY 6iyi ma
NOKPAWEHHIO NOKAZHUKIE 0OHOPIOHOCMI MIYHOCMII.

Portland cement is a highly energy-intensive and unecological material. In contrast,
blast furnace cement does not require the consumption of significant energy resources and
is more environmentally friendly. Therefore, the use of blast furnace cement in fine-grained
concrete seems reasonable. However, its widespread use is constrained by the fact that
compared to Portland cement, it has a slower rate of structure formation and,
consequently, strength gain. Of the currently known methods of accelerating the curing
rate of concrete and increasing its strength, the use of structured water by applying
surfactants in ultra-low concentrations is of considerable interest. However, such studies
have not paid attention to the issue of concrete strength uniformity. This is an important
issue, because when assessing the quality of concrete, not only its strength is important,
but also the coefficient of variation, which characterizes the uniformity of the strength
distribution. Therefore, the aim of this study is to determine the effect of surfactants used
in ultra-low concentrations to structure the water of fine-grained concrete mixing on blast
furnace cement on the stability of its quality characteristics. As a result of the studies, it
was found that the use of ultra-low concentrations of surfactants to structure the water of
fine-grained concrete mixing on blast furnace cement leads to a significant increase in
concrete strength at an early age. It was determined that simultaneously with the increase
in the strength of fine-grained concrete on blast furnace cement, there is a decrease in the
coefficient of variation of strength. This indicates an increase in the homogeneity of the
concrete strength distribution. Therefore, the modification of fine-grained concrete on
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blast furnace cement by structuring the mixing water with ultra-low concentrations of
surfactants improves the quality characteristics of such modified concrete.

Kmiouosi  cnosa: WAAKONOPMAAHOYEMEHN, OpibHozepuucmuil  OemoH,
CMPYKMYPOBAHA 800d, HAOMALL KOHYeHmMpayii, Miynicms Oemony, Koegiyicnm sapiayii
MIYyHOCMI.

Keywords: blast furnace cement, fine-grained concrete, structured water, ultra-low
concentrations, concrete strength, coefficient of variation of strength.

Beryn. Sk Bimomo, 3 OCHOBHHX KOMIIOHCHTIB OCTOHY MOPTIAHALIEMEHT
BIPI3HSEThCSI HAWOUTBIIOIO BapTicTio. Jlo TOro >, HOro BHPOOHHIITBO
CYIPOBO/IKYETHCS] 3HAUHIMHU BHKHAAMH IBOOKHCY BYTJEI0. BpaxoBytoun, mo
Hapasi 30epiracTbcs CBiTOBa TCHACHIIA [0 CKOPOYCHHS BHTpAT (K
MaTepialbHUX, TaK 1 CHEPreTHYHMX) Ta BXKUBAHHs 3aXOJiB MO0 3MCHIICHHS
BukuniB CO; mpu BHPOOHMUTBI LeMeHTIB [1, 2], NOUIIbHUM BOA4a€THCS
3aCTOCYBAaHHS IIJIAKONOPTJIAH/IIEMEHTIB, BUIOTOBJCHHS SKUX He NOTpeOye
CIOXKMBaHHS 3HAYHHUX PECYpPCiB i € OimblI ekosoriuHuM. [IpoTe BUKOpHCTaHHS
TaKUX  MAQJIOCHEPTOMICHMX  NUIAKONOPTJIAHIIEMEHTIB  MEBHHM  YHHOM
CTPUMYEThCS TUM (PakTOpPOM, IO BOHH Y HOPIBHSHHI i3 MOPTIaHILEMEHTOM
BOJIOZIFOTH CIIOBUIBHEHOIO IMBHUIAKICTIO ()OpPMYBaHHS CTPYKTYpH, a OTXKe, 1
HAOYTTS MIITHOCTI.

AHaTi3 aKkTyaJbHHX A0CHiTxKeHb. OTHEM i3 JOOpe BIIOMHX METOIIB
MIPUCKOPEHHS TBEPIIHHS Ta OTPUMAHHS OLIBII BHCOKHX IOKA3HUKIB MIITHOCTI
OCTOHIB € MeXaHIYHA Ta MEXaHO-XIMIYHA aKTHBAIlis eMeHTIB [3]. Y mociimkeHHi
[4] ommcano BHWKOpHWCTaHHS MEXaHOAKTHBALii Ta MoAudikamii opraHo-
MiHEPATbHOI JO00aBKOI MOPTIAHIIEMEHTY 3a/JIs MiABUIICHHS ¢()EKTHBHOCTI
HOro 3acTOCyBaHHs y BUCOKOMIIIHUX OeToHax. Ta B TOil sxe yac 1eil MeTo He Ja€e
MOXKJIMBOCTI 3HU3UTH BUKOPUCTAHHS €HEPreTHYHHUX PECYpPCiB.

Y pobori [9] momaHi pe3yabTaTH AOCIIIHKEHb MIIHICHUX XapaKTePHUCTUK
cydacHOTO BuAy OeTOHy — peakiiiiHo-mopomkoBoro ¢idbpobderony 3
KOMIIO3UIIIHHAM TUCTIEPCHUM apMyBaHHSAM. BiaMidaeTscs, mo omHOUYacHE
BUKOPHCTAHHS PI3HOTO BHJY BOJIOKOH JUISl JMCIEPCHOTO apMyBaHHS CIIPHSE
30UIBIICHHIO MIIHOCTI MPU CTUCKY Ta HAa po3TsAT (hiOpoOeTOHY Y paHHBOMY Billi.

Ipwu oniHIi sTKOCTI OETOHY BasKIIMBHUM € HE TUTBKHM TOKa3HUK HOTO MIITHOCTI,
ane W KoediumieHT Bapiamii, SKMH XapaKTepHU3ye OIHOPIAHICTH PO3MOILTY
MitHOCTI [7]. AjKe B HOpMaTHBHHX JIOKYMEHTax BKa3aHo, 110 ITPY BUTOTOBJICHH]
AK 301pHUX KOHCTPYKIIH, TaK i MOHONITHUX, NpUHMaHHA OCTOHY 3/iHCHIOETHCS
000B’SI3KOBO 3 ypaxyBaHHSAM HOTO OJHOPIAHOCTI 3a MiIHICTIO [8].

IIpote B AoCHiKEHHAX, MPUCBIICHUX BUBUCHHIO MPOOJIEMH ITiIBUIICHHS
TTOKa3HHUKa MIITHOCTI OETOHY, a TaKOXK IIBHIKOCTI ii (hopMyBaHHS, HEJOCTATHLO
yBard MpUAiIEHO MUTAHHIO 3a0€3MeYeHHsI CTa01TbHOCTI MIITHOCTI.

IIpomo3uiis 3aMiHU TPAAUIIIHHOTO MOPTIAHIIEMEHTY B SIKOCTI B’ S)Ky4OTO
Ha [UIAKOBUI KOMIIO3UT i3 3aCTOCYBAHHSIM aKTHBATOPa, SIKUH € B OLIbIIOMY
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CTyIHEHI HH3bKOCHEPrOEMHHM Ta CKOJIOTIYHMM, ajieé TaKoX HE BPaXxOBYE
PO3MOLTY MIIIHOCTI OTpHMaHoOro ApidHo3epHUCcTOrO OeTony [10].

B Toii e yac 3 MeTOI0 MPUCKOPEHHS (POPMYBaHHS CTPYKTYpU OETOHY Ta
30TBIICHHS HOrO MII[HOCTI 3alpOIOHOBAHO BUKOPUCTAHHS HAaIMallUX
KOHIICHTpAIil MOBEPXHCBO-aKTUBHUX PEYOBUH s Moaudikaiii  BOAH
3amimyBaHHg [5, 6]. Tox mnomanplnl JOCHI/DKEHHS B IIbOMY HaNpsMKY i3
3aCTOCYBAaHHSIM IIUTAKOMOPTIAHAIEMEHTIB BOAYAIOTHCS AOIUTEHUMH.

IMocranoBka Metru i 3amau gociimkeHHsi. OCKIIBKM HOCITIDKEHHS B
HanpsIMKy BHKOPHCTAHHS BOJH JUISI BUTOTOBJIECHHS APiOHO3EPHHCTHX OCTOHIB,
CTPYKTYpPOBaHOI HaJMaJIUMH KOHLIEHTPALISIMA MOBEPXHEBO-aKTHBHUX PEYOBHH
(ITAP), npencraBisitoThCsl HEPCIIEKTUBHUMH, JOLIBHO TOCTIUTH OTHOPIJHICTh
MinHOCTI  MOAu(dikoBaHOrO  OETOHY Ha  LUIAKONOPTIAHALEMEHTI i3
3aCTOCYBAHHSM MOBEPXHEBO-aKTHBHUX PEUOBUH y HaJIMaJIHNX JO3aX.

Toxx Mera [OaHOro MJOCHIIKEHHS — Bu3Hauuth BmumB aii ITAP,
BUKOPHCTAHUX y HaJMaluX KOHLEHTpaUisiX, A CTPYKTYPYBaHHS BOAM
3aMilTyBaHHS JpPiOHO3EPHHUCTOrO0 OETOHY Ha IUIAKOMOPTIAHIICMEHTI Ha
cTabiIbHICTh HOTO SIKICHUX XapaKTePUCTHK.

3agagaMu JOCIHIIIKEHHS €

- BCTAHOBJIEHHS BIUTMBY CTPYKTYPOBAHOI BO/IM HAa HIBUIKICTH GOPMYBaHHS
CTPYKTYpPH Ta MIITHOCTI APiOHO3EpHUCTOTO OETOHY 13 BHKOPHCTAaHHIM
IIJIAKOTIOPTJIAHILIEMEHTY;

- BU3Ha4YeHHs BIUUBY Aii [TAP, BUKopucTaHUX y HaIMaIMX KOHIEHTPAIIisIX,
JUTSL CTPYKTYPYBaHHsI BOJIU 3aMIlllyBaHHS Ha XapakTep OMHOPITHOCTI MIIHOCTI
JpiOHO3epHUCTOrO OETOHY 13 BUKOPUCTAHHAM [IUIAKOMOPTIAHALIEMEHTY .

Metoauka gociinkeHb. [ BUTOTOBJIECHHS 3pa3KiB JpiOHO3EPHUCTOTO
Oerony OyB BukKopuctanuii mnuiakomopTiananement [T II/B-400 Ta
nomidpakuiiHuii  piYKOBUI  JHIMPOBCHKMH IMCOK B SKOCTI  ApiOHOTO
3anoBHIOBaya.  CTpyKTypyBaHHS ~ BOAM  3aMilllyBaHHS  3[ilCHIOBaJIOCS
BUKOPHCTAHHSIM  BYIJICBOJAHIO. 3pa3Kd  BHTOTOBJSUIMCS 13 3HAYCHHSM
BojonieMeHTHoro BimHomeHHs (B/1T) 0,45 Ta 0,5.

JocmimkeHHs MigHOCTI OeTOHY Ta BH3HaueHHs KoedirieHTa Bapiarii
311 CHIOBAIOCS 3a CTaHAAPTHUMHU METOANKAMH.

PesyabTaTu gociimkens. Y tabnuni | HaBeneHi pe3yabTaTH BU3HAYECHHS
MIIHOCTI JpiOHO3EPHUCTOT0 MOAM(IKOBAaHOTO OETOHY JUIS 3pa3KiB 3 pi3HUM
3HaueHHsM B/I] Ta pi3HOI0 KOHIEHTPALIEI0 MOBEPXHEBO-aKTHUBHOI PEYOBHHU Y
PpaHHBOMY BiLIi.
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Tabmus 1 — MimHicTs 3pa3kiB Moau(}ikoBaHOTO APiOHO3EPHUCTOTO
OeroHy y Bimi 7 1i0d

B/ Konnenrpauist [TAP, % | MimHicTh Ipu CTHCKY,
Mlla
0,45 0 4,6
0,0004 13
0,0006 10
0,5 0 114
0,0004 11,3
0,0006 12,4

SIk MOKa3ywoTh Pe3yabTaTH JOCTIHKEHb (Tabi. 1), CTPYKTYpYyBaHHS BOIH
3aMilllyBaHHS TIOBEPXHEBO-aKTHBHOI PEYOBHHOK, SKY BHKOPHCTaHO Y
HAJMaIMX  KOHIICHTPALiAX, MPU3BOAUTH [0  MIJABHMIICHHA  MIIIHOCTI
JpiOHO3epHUCTOrO OETOHY Ha UUIaKomopTiaHiueMmMeHti. Ilpu  1pomy
ontuMaineHU BMicT [TAP nemo Bimpi3HS€TBCS, 3alEKHO BiI TPUHHATOTO
BojonieMeHTHOTO BimHOomeHHsA. s B/I] 0,45 HalOuLTeImMN TPUPICT MIIHOCTI
crocrepiraeTbess npu BMicTi Moamdikaropa Boaum 0,0004%. [ns B/ILL 0,5
ontuMmainsHuii BMicT ITAP cranoButs 0,0006%.

Juist ominky BrumBy aii [TAP, BuKopHcTaHHX y HaAMaTUX KOHIICHTPAIIAX,
JUIL CTPYKTYPYBaHHsS BOJHU 3aMIllyBaHHS Ha XapaKTep OJHOPITHOCTI MIITHOCTI
JpiOHO3EPHUCTOrO0 OETOHY 13 BHKOPHCTaHHSAM  IUIAKOMOPTIAHALEMEHTY
MIPOBOJIMIIMCS. BU3HAUEHHSI Koe(illieHTy Bapialii MillHOCTI OETOHY y PaHHbOMY
Billi. Pe3ysbTaT 1OCIKeHb PE/CTABICHI Ha PUCYHKY 1.

s0 . KoedpiuieHT Bapiauii V,
%

—e—B/U=045
—e—B/U=05

KoHuenTpauia moaudikatopa
Boau, %

Pucynok 1 — Brutus gii mogudikaropa Boau 3aminryBanus (ITAP) na
BEJIMYMHY KoediuieHTa Bapialii MilHOCTI 6eToHy
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Sk BHIHO 3 pe3ynbTaTiB AOCIIAIB, IPH BUKOPHUCTAHHI CTPYKTYPOBaHOI BOJH
MIOBEPXHEBO-aKTHBHUMHU PEUOBHHAMH Y Ha/JIMAJIMX KOHIIEHTPALISX NPU3BOIUTH
J0 3MeHIIeHHS KoedimieHta Bapianii. ToOTO, OXHOPIOHICTH MIITHOCTI
nigBuIyeThes. [lpy 1boMy ONTUMATIBHUI BMICT MOJM(DiKaTOpa BOAM CTAHOBUTH
0,0004%. Idnst B/L1 0,45 xoediuieHT Bapiamii 3MeHIIYeTbCsl Maibke Ha 54% y
MOPIBHSHHI 3 KOHTPOJbHUMH 3paszkamu, a s B/L] 0,5 — na 77%. lle
MATBEPXKYE JOUIIBHICTD 3aCTOCYBAHHSI CTPYKTYpOBaHOI BOJM 3aMilllyBaHHS
I OTPUMAaHHA APiOHO3EpHUCTOTO OETOHY Ha OCHOBI IITAKONOPTIAHIIIEMEHTY
MM ABUIIIEHO]T SIKOCTI.

BucHoBKHM. AHaN3 OTPHMaHMX MJaHHX JO3BOJISE 3pOOUTH HACTYIHI
BUCHOBKU:

1) BHUKOPHCTAaHHS IIOBEPXHCBO-aKTHBHHX pPECYOBHH Yy  HaJAMAlHUX
KOHIICHTPALISIX U CTPYKTYpYBaHHS BOJM 3aMilllyBaHHS 3HiHCHIOE BIUTHMB Ha
LWIBUAKICTE  (OpPMYBaHHS  CTPYKTYpH JApiOHO3epHUCTOrO  OEToHy  Ha
LIJTAKONOPTIAHALEMEHTI Ta TPU3BOANUTH A0 30UIBIIEHHS MILHOCTI OETOHY Y
PaHHBOMY BiIli;

2) OJHOYACHO 3 MIJABHIICHHAM MIIHOCTI OETOHY CIIOCTEPIra€Thes
301IBIIEHHS] OTHOPITHOCTI HOTO CTPYKTYPH (TOOTO MiIBUIEHHS SIKOCTI), TIPO 10
CBIJTUUTH 3MCHIIICHHS Koe(illieHTa Bapiallii MII[HOCTI.
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