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This scientific study presents an analysis of the current state and development prospects of equipment for concrete mix
and construction mortar preparation, transportation, and vibration compaction in the context of its adaptation to European
standards requirements implemented in Ukraine. Primary attention is focused on mechanical and mechanochemical
activation research of concrete mix components under high-intensity forced-action mixer application conditions, as
well as pipeline transportation parameter and vibration compaction mode influence on mix structural-rheological
characteristics and cement stone formation process. Planetary, twin-shaft, and rotary mixer kinematic schemes and
material interaction features within construction mix preparation technological system configurations are analysed. The
applicability of Viscoprobe-type rheological property online monitoring systems and the discrete element method (DEM)
for mix behaviour prediction at mixing, transportation, and compaction stages is demonstrated. The influence of combined
mixing, delivery, and vibration parameter interaction on structural formation process acceleration and concrete physical-
mechanical property improvement, including high-performance (HPC) and ultra-high-performance (UHPC) composites,
is substantiated. The obtained results can be applied for rational operating parameter justification of technological system
configurations for resource-saving steel-reinforced concrete structure production for rapid damaged-building restoration
considering national raw material base features.

Key words: concrete mix, mortar, mixing, transportation, pump, vibratory compaction, vibrator, discrete element
method, resource-saving technologies, restoration.

Problem statement. The current stage of  EN 12350-8:2022 and DSTU EN 12390-1:2024
Ukraine’s construction industry development is char- standards has significantly changed the concrete
acterized by unprecedented challenges associated  structure quality assurance approach, shifting it from
with the need for large-scale destroyed infrastructure, strength control toward durability provision, con-

housing stock, and industrial facility reconstruction. crete mix rheological characteristic stability assur-
This process occurs against the background of regu- ance, and service-condition compliance [1-3].

latory framework deep transformation aimed at full Previously, compressive strength grade served as
harmonization with European standards. Implemen- the primary quality criterion, whereas current stand-

tation of DSTU EN 206:2022 and harmonized DSTU  ards impose integrated requirements for durability,
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watertightness, frost resistance, and, most impor-
tantly, concrete mix characteristic consistency over
time [4]. Modern multicomponent concrete applica-
tion (High Performance Concrete — HPC, Ultra-High
Performance Concrete — UHPC), fiber-reinforced
concrete, and self-compacting concrete (SCC) is
impossible without high-technology equipment for
concrete mix and construction mortar preparation,
transportation, and vibration processing. Traditional
gravity mixing methods that dominated the previous
century have exhausted their technological potential
and cannot ensure required microcomponent homo-
geneity and binder activation, which significantly
complicates subsequent concrete mix and construc-
tion mortar pipeline transportation, reduces transpor-
tation-stage rheological characteristic stability, and
leads to increased energy consumption and uneven
mix supply to construction machine working units.

Insufficient mix homogeneity and structural insta-
bility also adversely affect subsequent vibration pro-
cessing efficiency, reducing particle redistribution
intensity within the medium, worsening compaction
conditions, and complicating required density and
strength achievement of formed construction struc-
tures [5].

The construction material mixing process is no
longer considered a simple mechanical component
distribution operation. Instead, it is interpreted as
a complex set of physical, chemical, and physico-
mechanical processes resulting in uniform mineral
aggregate component and binder (cement) distri-
bution within the volume, forming a structure with
minimal defect content. However, the most control-
lable and potentially effective lever of influence on
final product quality remains concrete mix mechani-
cal processing at the preparation stage.

Subsequent concrete mix and construction mortar
pipeline transportation should also be considered an
active stage of structural-rheological property forma-
tion, since pumping conditions determine mix homo-
geneity preservation degree, flow-regime character-
istics, and working-zone supply uniformity during
construction operations. At the same time, final-stage
vibration impact on the mix ensures compaction pro-
cess intensification, promotes excess air removal
from its structure, and increases formed construction
material density and strength.

The relevance of this study is determined by the
need for scientific justification of modern concrete
mixing equipment selection and operating modes
capable of implementing mechanical activation
effects, as well as concrete mix and construction
mortar pipeline transportation parameter and final-

stage vibration processing mode justification within
the technological cycle. This will not only improve
concrete and mortar physical-mechanical charac-
teristics, ensure construction machine working-unit
mix supply uniformity and compaction efficiency,
but also optimize energy-intensive Portland cement
consumption, which is critically important under
energy constraint conditions and current environ-
mental requirements, particularly carbon footprint
reduction requirements.

Review of Research Resources and Publica-
tions. Scientific and technical source and construc-
tion equipment market analysis indicates that global
leadership in innovative mixing system development
belongs to Western European countries (Germany,
Italy, France, Denmark). Companies such as Skako,
Simem, Liebherr, Schlosser-Pfeiffer, and Couv-
rot have integrated tribology, hydrodynamics, and
materials science research developments into their
machine designs [6].

Fundamental mineral binder mechanical activa-
tion process research conducted by Ukrainian scien-
tists — Ivan V. Barabash (Odessa State Academy of
Civil Engineering and Architecture school) and Leonid
Y. Dvorkin (National University of Water and Environ-
mental Engineering school) — demonstrates that inten-
sive mechanical impact on water-cement suspension
can significantly modify hydration kinetics. Cement
stone strength gain under activation conditions can
reach 20-30%, while 28-day chemically bound water
content increases from 13% to 17.9% [7-10].

Modern international research focuses on dig-
ital mixing process modeling. Discrete Element
Method (DEM) application enables individual par-
ticle motion visualization within the mixer, blade
geometry optimization, and dead-zone identification
[11]. Simulation results correlate with laboratory test
data and show convection reinforced by radial and
vertical circulation as the dominant mixing mecha-
nism in planetary mixers. At the same time, modern
research extends to digital modeling of concrete mix
and construction mortar pipeline transportation pro-
cesses, enabling flow-channel geometric parameter,
pressure drop, and medium rheological characteris-
tic influence evaluation on mix motion patterns and
pumping equipment energy performance indicators.
A separate research direction involves construction
mix vibration impact modelling, enabling rational
oscillation frequency and amplitude parameter deter-
mination for material compaction intensification and
defect-free dense internal structure formation [12].

At the same time, available literature insuffi-
ciently addresses imported high-intensity mixer
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operating mode adaptation to Ukrainian aggregate
characteristics, particularly different grain-shape
granite crushed stone and different-origin sand prop-
erties. The practical implementation aspect of rheo-
logical online-control systems (Viscoprobe-type) at
domestic concrete plants for DSTU EN 206:2022
compliance assurance also requires more detailed
consideration.

Purpose of the work — development of scientif-
ic-methodological principles for efficient concrete
mixing equipment selection and operation for con-
struction mix preparation required for two-stage
technology resource-saving steel-reinforced con-
crete structure production for rapid damaged build-
ing floor restoration, as well as rational concrete
mix and construction mortar pipeline transportation
parameter and final-stage structural formation vibra-
tion processing mode justification to ensure uni-
form mix supply, efficient material compaction, and
restored structural element performance characteris-
tic improvement.

Discussion of research results. Structure forma-
tion is performed in two sequential stages with step-
wise concrete mix placement, ensuring controlled
system element stress—strain state variation and
favorable condition creation for self-stress devel-
opment without additional reinforcement or ener-
gy-intensive prestressing methods. At the same time,
concrete mix and construction mortar transportation
modes to the placement zone play an important role,
ensuring mix homogeneity preservation and supply
uniformity, while placement-stage vibration impact
parameters promote efficient material compaction,
porosity reduction, and dense concrete structure for-
mation with enhanced floor structural performance
characteristics.

Part of the section (steel beams or profiled deck-
ing) within concreting zones deflects downward
under freshly placed concrete self-weight, thereby
forcing adjacent unloaded steel section zones to bend
upward. After first-stage concrete placement design
strength attainment, subsequent floor section con-
creting is performed. At this stage, concreting zones
deflect downward under freshly placed concrete self-
weight, thereby forcing first-stage concreting zones
with composite steel-reinforced concrete sections to
bend upward. Adjacent span deflection magnitudes
can be predicted by selected steel and composite
steel-reinforced concrete section stiffness param-
eters, as well as support stiffness characteristics.
Under service load, the formed composite steel-re-
inforced concrete structure will operate with existing
prestress, providing the expected resource-saving

effect of the developed two-stage monolithic slab
construction method. The considered two-stage mon-
olithic slab concreting technology therefore requires
detailed evaluation of efficient concrete mix prepara-
tion equipment, as well as rational concrete mix and
construction mortar placement-zone transportation
parameter and placement-stage vibration processing
mode justification ensuring required mix homogene-
ity, efficient material compaction, and design com-
posite steel-reinforced concrete floor structure for-
mation [13].

Concrete mix preparation is traditionally consid-
ered polydisperse system homogenization (Fig. 2).
However, transition to the ‘“concrete-as-compos-
ite” concept requires deeper understanding of
phase-boundary processes occurring not only during
mixing but also during concrete mix and construc-
tion mortar transportation stages and subsequent
vibration compaction. Mechanical activation (MA)
is a process of solid-phase reactivity modification
caused by structural defect accumulation and sur-
face energy state variation under mechanical energy
action, realized under intensive forced mixing con-
ditions, maintained during pipeline pumping due
to flow shear stress effects, and further manifested
under placement-stage vibration impact during
structural formation. From the point of mixing view,
mechanical activation is realized through three main
mechanisms possible only under intensive mechan-
ical action of mixer working units, pumping equip-
ment, and vibration devices [14].

Cement floc deagglomeration occurs due to high
shear stress generation during forced mixing, con-
crete mix and construction mortar pipeline transpor-
tation, and vibration compaction, resulting in cement
grain aggregate destruction, water access provision
to individual grains, and effective hydration surface
area increase by 30-50% without cement grinding
fineness modification. Surface abrasive cleaning is
realized due to intensive friction between aggregate
and cement grains not only in high-speed mixers but
also during pipeline mixture pumping and vibra-
tion oscillation action, promoting primary hydrate
shielding film destruction, clinker mineral exposure,
and hydration induction-period reduction. Aggre-
gate energetic activation occurs due to mixer work-
ing-unit impact interaction with the material, as well
as additional dynamic effects during transportation
and vibration compaction, resulting in inert aggre-
gate surface microcrack and dislocation formation
and new-phase crystallization active-center devel-
opment within the cement stone—aggregate contact
zone.
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Fig. 1. Stages of resource-saving built-in composite steel-reinforced concrete floor construction:

a) load-bearing steel beam layout; 6) monolithic reinforced concrete slab working reinforcement

installation; B) monolithic slab concreting process; r) general view of the slab immediately after
concrete mix placement and compaction

Mass fraction (%)

=—=®— Standard cement

Particle size (um)

Fig. 2. Cement particle size distribution curve

Mathematically, mixing and activation efficiency
can be described through energy dissipation per unit
mix volume (E,):

E, = J;Hy,y -y’dt
where «,, — effective mix viscosity,
y — shear rate gradient,
¢ — mixing time.

It is the parameter that y is critical: in grav-
ity mixers it is units of c™', while in modern

(M

forced mixers (rotary, planetary) it reaches values
of 102 -103 s7".

Modern concrete mixing equipment analysis
shows that forced-action batch mixers are the most
efficient for construction mix preparation intended
for two-stage technology self-stressed composite
steel-reinforced concrete structure construction.

These include planetary, twin-shaft, and turbine
mixers providing intensive energetic impact on the
mix, promoting cement particle deagglomeration,
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aggregate surface activation, and homogeneous
medium structure formation. Rational mixer kine-
matic scheme selection determines mix component
mechanical activation level and significantly influ-
ences hydration process kinetics and subsequent
cement stone physical-mechanical characteristics.

An important component of the technological sys-
tem configuration is equipment for concrete mix and
construction mortar pipeline transportation, whose
operating parameters must ensure mix structural-rhe-
ological characteristic stability during placement-zone
supply. Flow-channel geometric parameters, pressure
drop magnitude, and medium flow regime determine
transportation process energy consumption, material
supply uniformity, and homogeneity preservation
degree, which is a decisive factor in structural perfor-
mance characteristic formation of structures produced
by two-stage concreting technology.

The final stage of composite steel-reinforced con-
crete structure formation is concrete mix vibration

compaction, whose efficiency depends on vibra-
tion equipment structural parameters and operating
modes. Rational oscillation frequency and amplitude
selection ensures particle redistribution intensifica-
tion within the medium, excess air removal from mix
volume, porosity reduction, and dense cement stone
microstructure formation directly affecting restored
composite steel-reinforced concrete floor load-bear-
ing capacity and durability [15].

Combined intensive mixing, stable pipeline
transportation, and rational vibration compaction
mode interaction ensures concrete mix homogeneity
improvement and formed structure strength develop-
ment acceleration, as confirmed by the results shown
in Fig. 4. In particular, forced-action mixer application
compared with traditional gravity mixers increases
mix homogeneity coefficient, while additional compo-
nent mechanical activation effects promote significant
early-stage concrete strength gain. At the same time,
structural-rheological characteristic stability during

Table 1

Mixer type comparison

Mixer type Mixing mechanism Advantages Limitations Main application
Convection + shear ngh.e st homogenqty, Maintenance complexity, Pregast reinforced concrete,
Planetary . efficient fine-fraction L paving blocks, architectural
(complex trajectory) . lower productivity
processing concrete
. .. o Shaft seal wear. Ready-mix concrete, massive
. + . . . ’ . ’
Twin-shaft Turbl}lence .pseudo High productivity, rellal?l'llty, difficulties with coloured reinforced concrete, road
liquefaction large-aggregate capability .
mixes concrete
Rotary (Eirich) Dispersion Maximum intensity and High cost, hlgh energy UHPC, refragtorles, special
granulation activation level consumption mixes

Planetary Countercurrent Mixers

This type of equipment [manufactured by Skako, 5icoma, Eurostar) is characterized by the vertical
arrangement of mixing stars [rotors), which rotate about their own axes and simultanegusly about the
central axis of the mixing pan (planetary motion principle).

Kinematics:
The trajectory of blade
rmotion represents a
complex hypocoycloid.
This ensures complete
cowverage of the pan
bottom area during a

Activation aspect:

Duwe to the high linear velocity of
peripheral blades and the
countercurrent motion of materizl
flows, a high level of shear
deformation is achieved. This
makes planetary mixers ideal for

Application in Ukraine:
They are most widely
used at plants producing
vibropressed products
{paving blocks, masonry

single revolution of the
planetary head. The

ghbsence of “dead zones™
is a key advantage.

preparing mixtures with a low
water—cement ratio, colored
concretes (effective pigment
distribution), and fine-grained
Concretes.

blocks) and precast
reinforced concrete
elements.

Fig. 3. Planetary countercurrent mixer characteristics: operating principle, kinematics,

and application
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Fig. 4. Strength development and homogeneity comparison

pipeline transportation ensures placement-zone sup-
ply uniformity without segregation or homogeneity
loss, while rational vibration impact parameters pro-
mote efficient air inclusion removal and dense cement
stone structure formation. Combined technological
factor interaction creates favourable conditions for
composite steel-reinforced concrete structure phys-
ical-mechanical characteristic improvement under
two-stage technology production.

Concrete mix quality stability under aggregate
moisture variability conditions (especially sand) is a
critical problem not only at the mixing stage but also
during subsequent pipeline transportation and place-
ment-stage vibration compaction. Medium rheolog-
ical parameter variation at any of these stages can
lead to material supply uniformity disturbance, trans-
portation energy consumption increase, and struc-
tural compaction efficiency reduction. Traditional
microwave moisture sensors do not always ensure
required control accuracy of such variations. Mod-
ern control paradigm is based on in-mixer rheology
measurement with subsequent mix behaviour predic-
tion during transportation and compaction stages.

A representative example of such technology is
the Viscoprobe system developed by Convi (part
of the Skako group). Viscoprobe is an active sensor
installed on amixing blade or adedicated holder inside
the mixer chamber. The device measures drag force
acting on the probe during its movement through the
concrete mix. Unlike indirect methods (mixer motor
current measurement — wattmeter-based systems)
dependent on gearbox condition, belt tension, and
filling degree, Viscoprobe provides direct medium
resistance data, enabling prompt mixing parameter
adjustment and rheological characteristic stability
assurance during subsequent pipeline transportation
and placement-stage vibration compaction.

Concrete mix quality control and viscosity adjust-
ment (Fig. 5) are based on the Bingham rheological
model describing concrete mix behaviour:

2

T=T0

where 7 — shear stress (sensor-measured);

7o — dynamic yield stress correlated with slump cone
value;

Ly — plastic viscosity characterizing mix resistance to
flow under external force action.

Stage 1. Calibration
Establishing the target viscosity curve for the mix design

Target curve
. Parameter database
Target curve for the mix
) Reference valuas
design

Stage 2. Process monitoring
Data transmission during mixing

Viscosity sensor Controller .
. o Analysis
Real-time Deviation .
. | Comparison
Measurements analysis

-

Stage 3. Automatic adjustment
Adjustment of mix composition before discharge

Water correction Admixtures Result
Water—cemenit - +0.005 water—
i . Plasticizers _
ratio adjustment cement ratio
Stable production

Self-compacting concrete

Fig. 5. Automatic viscosity control and
adjustment scheme in self-compacting concrete
production
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New mixer design development is no longer per-
formed by trial-and-error methods. Leading manu-
facturers, including Schlosser-Pfeiffer and Liebherr,
apply the Discrete Element Method (DEM) for mix-
ing process digital twin creation and particle behav-
iour prediction within the mixer working volume.

The Discrete Element Method (DEM) is based on
individual particle motion trajectory and interaction
calculation in a Lagrange coordinate system consider-
ing friction forces, elasticity (Hertz—Mindlin model),
cohesion (SJKR model for wet materials), and grav-
ity. Simulation enables particle velocity-field deter-
mination throughout the mixer volume, collision
intensity (activation energy) evaluation, material
stagnant-zone identification, and working-unit wear
prediction. The obtained modelling results create
prerequisites for mixing device geometric parameter
optimization and rational construction mix prepara-
tion mode development.

An important advantage of DEM application is
post-mixing structural-rheological state prediction
capability, enabling mix behaviour evaluation dur-
ing subsequent pipeline transportation and vibration
compaction conditions. This ensures mixing parame-
ter coordination with material supply and placement
modes, increasing overall technological system con-
figuration operating efficiency.

DEM-based optimization results show that the
optimal blade inclination angle in planetary mixers
is about 45°, ensuring material lifting—forward trans-
port balance and convective mixing maximization.
Convection (bulk material transport) is identified as
the dominant mixing mechanism, whereas diffusion
processes play a secondary role. In addition, blade
geometry modification reduces mix coefficient of
variation to 1.7% at the permissible level defined
by ISO 18650, indicating significant homogeneity
improvement and creating favourable conditions
for stable pipeline transportation and efficient vibra-
tion-load compaction during structural formation.

Implementation of the described technologies in
Ukraine must consider national regulatory frame-
work and material base specifics. Since 2022, DSTU
EN 206:2022 has been in force in Ukraine as an
identical translation of the European standard, intro-
ducing new consistency classes (S1-S5 for slump,
F1-F6 for flow), exposure classes (X0, XC, XD, XS,
XF, XA), and increased concrete mix conformity
control requirements. Traditional control methods
based on truck-mixer sampling provide information
only after mix preparation completion. Application
of Viscoprobe-type systems enables real-time pro-
duction-stage control directly during mixing and mix

behaviour prediction at subsequent pipeline trans-
portation and vibration compaction stages, minimiz-
ing nonconforming product release risk.

Ukrainian aggregate characteristics also signifi-
cantly influence construction mix preparation tech-
nological system configuration operating parameters.
In particular, granite crushed stone with increased
flaky particle content may reduce concrete mix work-
ability and increase pipeline transportation hydraulic
resistance. Forced-action mixer application compen-
sates this effect through more intensive component
mixing and denser granular skeleton structure forma-
tion, ensuring supply stability and improving subse-
quent vibration-load compaction efficiency.

In addition, Ukraine possesses significant tech-
nogenic raw material reserves, particularly thermal
power plant fly ash and metallurgical slag, whose
incorporation into concrete mixes represents an
important resource-saving reserve. Mechanical
activation of such additives in high-speed mixers
increases their hydraulic activity and enables their
use as effective pozzolanic components, ensuring
20-30% Portland cement consumption reduction
and improved mix rheological characteristics during
transportation and structural formation stages.

Activated mix application enables accelerated
strength-development concrete production, creating
prerequisites for reinforced concrete plant product
heat-moisture treatment duration reduction. Hydra-
tion induction-period reduction from 6 to 2 hours
increases mold turnover rate, reduces production
energy consumption, and ensures more efficient
placement-stage concrete mix compaction due to
faster transition to a structurally stable state.

Thus, resource-saving composite steel-reinforced
concrete structure formation efficiency under two-
stage technology is determined by coordinated mixer
operating parameters, concrete mix and construction
mortar pipeline transportation system parameters,
and final-stage vibration compaction modes within
the technological cycle. Integrated consideration of
mixer kinematic characteristics, transportation-stage
medium rheological parameters, and vibration-im-
pact dynamic parameters ensures mix homogene-
ity improvement, cement stone structure formation
acceleration, and restored structure physical-me-
chanical characteristic enhancement with simul-
taneous specific energy and cement consumption
reduction.

Conclusions. The performed analysis shows that
resource-saving composite steel-reinforced con-
crete structure formation efficiency under two-stage
technology is determined by coordinated forced-ac-
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tion mixer operating parameters, concrete mix and
construction mortar pipeline transportation system
parameters, and final-stage vibration compaction
modes within the technological cycle. Planetary and
twin-shaft mixer application provides the required
mix component mechanical activation level, mani-
fested in cement particle deagglomeration, hydration
process intensification, and 20-30% early-stage con-
crete strength increase, while creating prerequisites
for stable pipeline transportation without homoge-
neity loss. It is shown that application of Viscopro-
be-type automated rheological characteristic control
systems enables real-time production-stage mix
parameter monitoring and subsequent transportation-
and vibration compaction-stage behaviour prediction

in accordance with DSTU EN 206 requirements. It is
substantiated that mechanical activation of techno-
genic mineral additives in high-speed mixers enables
10-30% Portland cement consumption reduction,
hydration induction-period shortening to 2 hours,
and reinforced concrete product mold turnover rate
increase, creating prerequisites for resource saving
and production energy consumption reduction. The
obtained results confirm the feasibility of integrated
intensive mixing, controlled transportation, and
rational vibration-impact mode application as inter-
related elements of a unified technological system
configuration for physical-mechanical characteristic
improvement of composite steel-reinforced concrete
structures for rapid damaged-building restoration.
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V nmaniif HaykoBiif poOOTI MPOBENEHO aHAIII3 CYYaCHOTO CTaHy Ta NMEPCHEKTUB PO3BUTKY OONAJHAHHS JUIS IPUTOTY-
BAaHHS, TPAHCIOPTYBAHHS Ta BIOPALIHOTO YIIITbHEHHS OCTOHHUX CyMimlel 1 OyliBeIbHUX PO3UUHIB y KOHTEKCTI HOro
aJlanTarii 1o BUMOT €BPONENHCHhKUX CTaHIapTiB, iMmuieMeHToBaHux B Ykpaiui (JCTY EN 206:2018, ICTY 9273:2024).
OCHOBHY yBary NpuAUICHO JOCHIIPKCHHIO MEXaHIYHOI Ta MEXaHOXIMIYHOI aKkTHBaIlii KOMIIOHEHTIB OETOHHOI Cymimri
B YMOBAX 3aCTOCYBaHHS BHCOKOIHTCHCHBHUX 3MiH.IyBa‘{iB TPHMYCOBOI Iii, @ TAaKOXK BIUIUBY napaMeTpiB TpPaHCIIOPTYBaH-
H pr60HpOBlZ(HI/IMI/I CHCTEeMaMH Ta PEXKUMIB BiOpamiifHoro yLumLHeHH;[ Ha CTPYKTYPHO- PEOJIOTIUHI XapaKTePUCTHKH
cyMlmeH i mporec (bopMyBaHHﬂ [IEMEHTHOTO KaMEHIO. HpoaHamsoBaHo KiHEMaTH4HI CXeMH TUIAHETAPHIX, JBOBATBHUX
1 poTOpHHX 3M1HIYBa‘I1B Ta 0COOIMBOCTI 1X B3aEMOJIi 3 MaTepianoM y CKIIagi TEXHOIOTITHHX KOMIUICKTIB IIPHTOTYBAHHS
OyniBenbHUX cyMinteil. [loka3aHo MOKIIMBOCTI 3aCTOCYBaHHS CHCTEM OHJIAHH-MOHITOPUHTY PEONOTIIHHUX BIACTUBOCTEH
Ty Viscoprobe Ta Metoxy anckpeTtnHux eneMenTiB (DEM) st mporro3yBaHHS HOBEIIHKH CyMIIlli Ha CTAALIX 3MIIIy-
BAHHS, TPAHCIIOPTYBAHHA Ta YIIiUIbHEHHS. OOIPYHTOBAHO BIUIMB KOMIUICKCHOTO TO€AHAHHS MapaMeTpiB 3MilllyBaHHS,
nofadi Ta BiOpauiffHOTO BIUIMBY Ha MPUCKOPEHHS MPOLECIB CTPYKTYPOYTBOPEHHS Ta MiJIBUILECHHS (Di3UKO-MEXaHIUHUX
XapakTepucTuk OeToHiB, BrItodatoun BucokoMinHi (HPC) ta Hagsucokominni (UHPC) kommosutu. OTpuMmani pesyib-
TaTH MOXYTb OyTH BUKOPUCTaHI IIPU OOIPYHTYBAHHI pallioOHaIbHUX apaMeTpiB pOOOTH TEXHOIOTTYHUX KOMILIEKTIB AJIs
BUTOTOBJIEHHS PECYPCOOLIAHUX CTaje3a1i300eTOHHUX KOHCTPYKLiH NPUCKOPEHOTrO BiJAHOBIECHHS MOIIKOKEHHX Oyi-
BEIIb 3 yPaxyBaHHAM 0COONHMBOCTEH HALlIOHANBHOI CHPOBHHHOI 0a3H.

KuarouoBi ciioBa: GeToHHA cyMilll, OyTiBeTbHUI PO3UMH, 3MIIIYBaHHS, TPAHCIIOPTYBAHHS, HACOC, BIOpAIliiHE yIIIiIb-
HEHHsI, BIOpO30YTHHAK, METOJT TUCKPETHUX EIEMEHTIB, PECYPCOOIAHI TEXHOJIOT1i, BITHOBJICHHS.
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