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1. InceprauiiiHa po60Ta NpUCBIY€HA PO3POOIEHHIO TEOPETUYHUX OCHOB OZ€P>KaHHSI HAHOMOAM(DIKOBAaHUX
HaUIBUIKOTBEPAHYYMX LIEMEHTYIOUMX CUCTEM [17151 €DEKTUBHUX BUCOKOQDYHKIIOHAJIbHMX GETOHIB Ha iX OCHOBI 3
NOKpallleHUMHU OyJiBeJIbHO-TEXHIYHUMHU BJIACTUBOCTSIMU B YMOBAX Pi3HUX €KCILIyaTallilHUX BIIMBIiB. BU3HaueHO
IIPUHLUININA HAHOMOAM(DIKyBaHHS BUCOKOPYXJIMBUX LIEMEHTHMX MAaTPULb IJ1s1 CUHTE3Y ITiIBUIIEHOi MIIJHOCTi B
PaHHIl nepioy TBEpAHEHHS 32 paxyHOK BUKOPUCTAHHS KOMITJIEKCHUX OpraHO-MiHepaJbHUX HAaHOMOIU(IKaTOPiB Ha
OCHOBI yJIbTPaAUCIIEPCHUX MiHEPAJIbHUX KOMIIOHEHTIB, @ TAKOX I0JIiIKapOOKCUJIATHUX CylepIiacTudikaTopis 3
HAHOCIIPOEKTOBAaHMMM JIaHLIOramMu. BcTaHOBIIEHO (i3uKO-XiMiYHI 3aKOHOMIPHOCTI IIPOLIECIB rimparatii ta
TBEPAHEHHS] HAHOMOAU(IKOBAHUX LIEMEHTYIOUUX CUCTEM, L0 MOJISTaloTh y HANpaBeHOMY (GOPMyBaHHi
MIKpOCTPYKTYPHY LIEMEHTYI0UOI MaTpULli 3 IPUCKOPEeHUM POPMYBaHHSIM TiJPOCUIIKATHOrO TeJll0, PiIBHOMIDHUM
PO3IOLiNEHHHSM TifpaTiB B 00ME>KEHOMY MiXK3€PHOBOMY IIPOCTOPI Ta YTBOPEHHSIM OJHOPiAHOI
IPiGHOKPHUCTANIYHOI CTPYKTYPH LIEMEHTHOTO KaMeHI0. Y aucepTalii po3po6eHO CUCTEMHUI MifXia 1o

KOMITO3ULiliHOI 100Yy10BYM e(eKTUBHUX BUCOKOQYHKIIOHAIbHUX OETOHIB, 110 TOJISTaE Y NOoJliMacITabHOMY



MoaudiKyBaHHi Ta apMyBaHHi CTPYKTYPH KOMIIO3UTY Ha HAHO-, MIKpPO- Ta ME30PIiBHSIX [1JIs1 OJlep>KaHHSI HEOOXiTHUX
TEXHOJIOTIYHMX, MIIJHICHUX Ta eKCIIyaTallilHUX BJIACTUBOCTEN. 3AiICHEHO IPOMUCIIOBE BIIPOBAIPKEHHS Ta
BU3HA4YE€HO TEXHIKO-€KOHOMIUHY €(DEKTUBHICTh BUKOPMCTAaHHS HAHOMOAU(DIKOBAHUX HAJIIBUAKOTBEPAHYYMX

LIEMEHTYIOUYMX CUCTEM Ta BUCOKO(YHKIIOHAIBHUAX OETOHIB Ha iX OCHOBI.

2. The thesis is devoted to the development of theoretical bases of obtaining nanomodified ultrarapid hardening
cementitious systems for efficient high performance concrete on their basis with improved building and technical
properties in different exposure conditions. The principles of nanomodification of high flowability cement matrix
for the synthesis of high strength in the early hardening period due to the system combination of nano- and
ultrafine mineral components and superplasticizer based on the polycarboxylate ether with nano-engineered
chains have been established. The scientific understanding of the formation of the hierarchical structure of
cement systems on the micro- and nanolevels on the basis of the multiparametric analysis of the granulometric
distribution of ultrafine components, taking into account the relationship between the elements of the matrix and
pore space is expanded. The physical and chemical peculiarities of the processes of hydration and hardening of
nanomodified cementitious systems, which consist in the directed formation of the microstructure of a cement
matrix with accelerated formation of a hydrosilicate gel with a more homogeneous distribution of hydrates in a
limited intergranular space and the formation of a homogeneous fine-crystalline structure of cement paste, are
studied. On the basis of the analysis of the research results nanomodified ultrarapid hardening cementitious
systems were developed based on the nanostructure formation types "top-down" and "bottom-up". Nanomodified
ultrarapid hardening cementitious "top-down" systems are characterized by a significant increase in early strength
after 1 and 2 days Rcl/Rc28=56.2 %; Rc2 /Rc28=63.5 % respectively and standard strength (Rc28 = 60.8-66.9 MPa).
According to these indicators they relate to ultrarapid and high strength binders. The ultrarapid hardening high
strength cementitious systems obtained by bottom-up nanotechnology by introducing of suspension of
synthesized calcium hydrosilicate nanosized particles, which are the centres of crystallization of C-S-H phases in
the intergranular space, and polycarboxylate superplasticizers, are characterized by high rates of development of
early strength of cement in high flowability conditions Rcl/Rc28 = 54% and high standard strength Rc28 = 84.8
MPa. The thesis has developed a systematic approach to the creation of effective High Performance concrete of a
multi-level structure based on nanomodified ultrarapid hardening cementitious systems of "bottom-up" and "top-
down" technologies. The scientific basis of the development of High Performance concrete with high technical and
building properties, including impact resistance are designed. They are consisted in reducing the defect of the
structure of the surface layer and the transition zone, the growth of the solid phase during the optimization of the
system by introducing elements of various scale levels, as well as the formation of an increased number of
hydrated products in matrix, dispersion reinforcement of the structure. Designed High Performance concretes are
characterized by improved technological, strength and operational properties - consistence classes of fresh
concrete S4-S5, rapid strength development (fcm2 /fcm28 = 0.56-0.72), high-strength (class C55/67), water
absorption 1.9-2.1%, increased water resistance (W18-W20), frost resistance (F300-F400). The modulus of elasticity
of nanomodified concrete is 41.2-53.6 GPa, the Poisson's ratio is reduced to 0.17. Designed nanomodified self-
compacting, fiber-reinforced self-compacting concrete mixtures meet the requirements for flow class SF3 and are
characterized by homogeneity and resistance to sedimentation, and concrete on their basis characterized a rapid
strength development under normal hardening conditions (fcm2 /fcm28 = 0.55-0.62). Compressive strength
classes of fiber-reinforced concretes based on nanomodified ultrarapid hardening cementitious systems are C
50/60-C60 /75, the critical stress intensity factor increases in 1.2 times and the impact strength in 11.5 times
compared to unreinforced concrete. High Performance concrete on the basis of nanomodified ultrarapid
hardening cementitious systems at the expense of increasing the density of cement paste, accelerating the process
of hydration and pozzolanic reaction are characterized by high early and standard strength; under the elevated
temperatures up to 400 C their strength further increases by 20-30%. The results of industrial approbation of the
developed nanomodified ultrarapid hardening cementitious systems and concretes on their base are presented in
the concreting of bearing monolithic structures, and the technical and economic efficiency of their application are
shown. The obtained theoretical and methodological developments concerning the design of High Performance



concrete on the basis of nanomodified ultrarapid hardening cementitious system are used in the educational
process.
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