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Abstract. The article presents a comprehensive
methodology for determining, analysing, and
optimizing the parameters of a belt-type formwork
module used for constructing vertical reinforced-
concrete elements within group mechanized
systems. Particular attention is given to the
mechanics of interaction between the flexible
forming belt and early-age concrete, where the key
factor is the tangential separation force governed by
the roller diameter, belt width, module height,
temperature regime, and concrete strength
development kinetics. The proposed analytical
model demonstrates that the localized tangential
detachment zone formed during module lifting
significantly = reduces energy  consumption,
minimizes peak loads on the concrete surface, and
decreases the likelihood of defects—advantages
that distinctly differentiate belt-type systems from
traditional panel formwork.

A mathematical model of the technological flow
for a set of formwork modules was developed using
mixed-integer linear programming (MILP). This
model enables optimization of lifting frequency, the
number of active modules, rational roller diameters,
and concrete placing intervals while considering
production constraints and environmental effects.
Variational and statistical simulations, incorporating
temperature  fluctuations, concrete  grades,
rheological changes, and stochastic deviations of
the technological process, confirmed the system’s
stable performance under various operating
conditions. The graphical results demonstrate a
potential 18-35% reduction in concreting duration,
a 2-4-fold decrease in separation forces, and a
notable increase in formwork turnover.

The findings form a scientific basis for designing
next-generation mechanized formwork complexes
capable of ensuring higher productivity, improved
forming quality, and enhanced adaptability to
external conditions. The proposed methodology

102

.

Volodymyr Rashkivskyi

Head of dep. Construction
Machinery  Kyiv  National
University of Construction and
Architecture,

PhD, associate prof

Oleksandr Makhynia
associate  prof of dep.
Construction Technology, Kyiv

National University of
Construction and Architecture,
PhD

Iryna Dubovyk

Kyiv National University of
Construction and Architecture,
Engeneer

Yuri Zaiets

Kyiv National University of
Construction and Architecture,
p.graduate student

also creates prerequisites for the development of
digital twins of construction processes, the
implementation of SCADA-based automated
monitoring, and the integration of BIM solutions
into the control architecture of group belt-type
formwork modules.
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formwork roller, monolithic pylons, technological
cycle, optimization, MILP, BIM, SCADA,

SMART TECHNOLOGIES:

Industrial and Civil Engineering, Issue 4(17), 2025, 102-112


http://orcid.org/0000-0002-5369-6676
http://orcid.org/0000-0001-7167-2857
http://orcid.org/0000-0001-7444-9159
https://orcid.org/0000-0003-1824-0427
https://doi.org/10.32347/st.2025.4.1901

Architecture and construstion

monolithic construction technology, concrete
hardening, automation of formwork systems.

INTRODUCTION

Modern monolithic construction
technologies are characterized by increasing
requirements for productivity, controllability
and accuracy of the processes of forming
vertical reinforced concrete structures. The use
of traditional panel formwork systems is
accompanied by significant labor costs, high
tear-off forces, limitations on the speed of
reuse, as well as dependence on climatic
conditions and the intensity of concrete
hardening.

In response to these challenges, technologies
of group mobile formwork modules are actively
developing. These systems enable cyclic and
safe formation of pylons based on a modular
principle. A key feature of such systems is the
use of a flexible forming element that detaches
tangentially from the concrete surface at the
lower part of the module. This fundamentally
changes the mechanics of the formwork—
concrete  interaction,  reduces  energy
consumption, improves surface quality, and
increases formwork turnover.

However, until now there has been no
scientifically grounded methodology for
determining the optimal roller diameter—an
essential component of the module that
governs:

o the detachment force of the belt from

the concrete surface;

o allowable limits of lifting acceleration;

o the quality of the formed concrete
surface;

o technological stability of the cycle with
varying temperatures and hardening
rates.

To ensure safe and automated operation of
modules, it is necessary to develop a
scientifically sound approach that would take
into account:

o the physics of forming tape bending;

o lifting kinematics;

e dependence of concrete strength on

temperature;

o adhesion characteristics of the surface;

e production variability of conditions
(through statistical modeling).
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All these factors substantiate the relevance
of this study and confirm the need for a unified
methodology to determine the parameters of
mobile formwork modules.

Goal To develop a comprehensive
engineering methodology for determining the
optimal roller diameter of the forming element
in modular vertical formwork, taking into
account temperature conditions, concrete
hardening parameters, geometric
characteristics of the formwork, and
requirements for minimizing detachment
forces.

To achieve the set goal, the following
scientific and technical tasks were formulated
and solved in the work:

1. Analytical modeling of detachment

force.

2. Consideration of temperature
conditions and hardening kinetics.
Statistical modeling.

4. Comparative analysis of modular and
panel formwork.

5. Integration of the methodology into the
optimization proces.

w

THE PURPOSE OF THE WORK

The object is a technological process of
forming vertical monolithic structures using
group mobile formwork modules.

The subject is the mechanics of detachment
of the flexible forming element and the param-
eters of the roller system ensuring minimal en-
ergy load under stable concreting cycles.

The study employs:

e analytical modeling of the tear force
through the energy equations of bending
and adhesion;

e mechanics of composite tapes to deter-
mine the effect of R on the curvature k =
1/R;

e early-age concrete strength models ( time
— temperature maturity );

e statistical modeling (Monte Carlo) with
10* scenarios;

e numerical optimization (for different
temperatures);

e comparative structural and mechanical
analysis of modular and panel formwork;
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e technological analysis of the impact of
optimal R on the rate and turnover of
formwork.

Traditional panel formwork systems (Fig. 1,

a) are the most common means of forming
vertical monolithic structures in civil and
industrial construction. Their design scheme is
based on the use of rigid frame or plywood -
steel panels, which are installed on the design
geometry using spacers, tie elements and
fasteners. The formation of the concrete surface
occurs under conditions of complete
compression of the concrete by the panel over
the entire height of the structure. After the
concrete hardens, the formwork is dismantled,
cleaned and moved by crane or manual means
to the next grab.

A characteristic technological feature of
panel systems is the vertical tear-off force that
occurs along the entire height of the panel (2-3
m). During dismantling, there is a significant
bending of the panel and an uneven distribution
of adhesive forces, which requires the
application of a noticeable force manually or
using crane equipment. This can lead to defects
in the concrete surface, local delamination or
damage to the edges. In addition, the panel
system has limited turnover, significant weight,
high labor intensity of assembly and
disassembly operations and dependence on the
rate of hardening of the concrete, which makes
it difficult to accelerate the concreting cycle.

In contrast, the belt-type modular formwork
proposed in this study (Fig. 1b) is a new
technological solution based on the use of a
flexible forming element (formwork belt) that
moves around supporting rollers. During the
module’s ascent, the belt detaches tangentially
from the concrete surface at the lower part of
the formwork, creating a localized detachment
zone whose radius is determined by the roller
diameter.

Such a scheme fundamentally changes the
mechanics of the process:

o the separation zone is small (5-12 cm),
unlike 2-3 m in panel formwork;

104

o the separation occurs smoothly and
evenly, with minimal effort;

o the bending of the tape compensates
for contact adhesion, reducing energy
consumption;

o the quality of the concrete surface is
improved due to the absence of sharp
tear-off pulses;

e reduces dependence on manual
operations and the need for a crane;

e Formwork turnover increases and
overall concreting cycles are reduced.

The belt system technologically better meets
the requirements of continuous and sequential
mechanization, allows for the formation of
vertical structures with overlaps and integrates
with automated lifting mechanisms. This makes
it promising for use in group modular
complexes capable of providing high
productivity in  multi-storey  buildings,
especially with the modular principle of
construction.

The structure of the process of concreting a
vertical structure with a belt-type modular
formwork is given in Table 1.

Therefore, to determine the parameters of
the belt-type modular formwork, we will define
the force of separation of the belt-type from the
placed concrete as the determining factor [1-6].

In the first stage, we will find the optimal

radius R(or diameterD = 2R formwork roller,
in which:

o the force required to tear the tape off the
concrete surface F' (R, t)is minimal (or
has a sufficient safety margin),

e at the same time, technological
requirements are met (allowable lifting
time Cj;r¢, permissible cycles, module
dimensions),

e The dependence of the adhesion of the
separation on the degree of hardening of

the concrete f¢(t), which depends on
the temperature (maturity method), is
taken into account.
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Fig. 1. Technological equipment for monolithic concreting: @ — panel formwork [7] ; b — belt-type

modular formwork [8]

Table 1. Structure of the process of concreting a
vertical structure with a belt-type modular
formwork

Installation  of Installation guldes
the guide frame elements , check Vertlcallty

. Fastening on  anchor
Installation .
supports, connection 1.95
modules .
hydraulic systems
Reinforcement ~ Stacking fittings 2310
sections inspection position ’

Mixture feeding , vibration

Concretin .
€ , compaction control

0.58 per 1 m?

and

Exposure Preparing for the climb ~ 0.40

curing control

Hydraulic drive operation

Module lift synchronism control

’0.88

Self-cleaning
ribbons

Cleaning from sticking

tension check p2s

Regulation
parameters

Adjustment widths pylon

angle of inclination o=l

Disconnection modules ,
moving to a new onel.85
section

Dismantling the
system

Approach: energy/mechanical — we use the
classical division into two component
separation forces:

1. the energy of adhesion failure of the
concrete-tape bond (adhesive part),
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which increases with the age of the
concrete;

2. the contribution of the bending of the
tape around the roller (the bending
component ), which increases with
decreasing R.

The total tear force per unit width (N /m)is

approximately:

P(R,t) = &0) + (Gc() + 55

2R2

where G (t)— the fracture energy per unit
width (J/ mz) depends on the age and curing
temperature of the concrete; B— the bending
stiffness of the tape (N-m); @) =

1 .
——— the correction factor for the contact
1—cos @

angle (takes into account that the separation
occurs at a certain angle of rotation. Total force:
F(R,t) =p(R,t) W,
where Wis the width of the belt-type modular
formwork (m).

Methodology parameters

Required:

o W —width of the belt / forming surface
(m).

o H— formwork height (m) or module
height.
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e t— time from pouring to the moment of
separation / lifting (hours).

e T(T) — temperature regime of
concrete (°C) as a function of time.

e  Rpyax Rmin— permissible limits of
the roller radius according to the design.

o F4x — maximum available tear-off
force of the mechanism , N.

o fc2g — design grade compressive
strength of concrete at 28 days, MPa.
Material /design parameters:

o E, Uyis the elastic modulus of the tape
material and Poisson's ratio.

o t;— tape thickness , m.

e O— contact angle (radians). For
“tangential” contact, 30 °...60°.

o Communication parameters K g» & for
the functionG (t).

Nominal technological:

o lyeg— desired time to rise (maximum)
, hours.

*  freg— minimum concrete strength for

safe lifting/loading , MPa .
To take into account the temperature effect,
we use the maturity method (Nurse — Saul) .
Maturity level:

M(t) = Xi=1 (T — To)At;,
where Tjis the average temperature of concrete
in the interval At;, °C ; Tp— base temperature
, °C.

Let us denote it M,g as the measure of
maturity at 28 days under standard conditions.

The relationship between strength and
maturity, empirical relationship [9-18]:

M(t)

fe(®) = fczs(M_zs)ﬁ,

where [is the exponent (usually (0,4)—(0,8), for
ordinary concretes about (0,5).

In the absence of real temperature data, a
simple time approximation can be used [9-18] :

fo(0) = fere =

where ais an empirical parameter (hours or
days).
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The maturity method makes it possible to
link the temperature in the hardening mode with
the rate of strength gain - this is the basis for
determining the moment of safe lifting in
various weather conditions.

The fracture energy when the tape is pulled
away from the concrete surface G (unit: J/m? )
correlates with the tensile/rupture strength of
the concrete (e.g., ideal tensile strength f7).

Let's assume:

Ge(t) = kg - fe (1) - 6.

where

o f:(t)— tensile strength of concrete (
MPa ) at the moment ¢(can be
calculated from f.(t)the empirical
dependence),

e O,— characteristic  displacement
(delamination) upon adhesion failure
(m) — experimental parameter of order
107> — 10 3m,

e k g— coefficient that takes into account
the surface type, roughness, and
external adhesion conditions.

It is practically convenient to use the
proportion (empirical) [14] :
fe (@) = cefe (),
where Cpand Yyare empirical constants (for
example, for most concretes f;(t) = 0,1f,).

The tape has a bending stiffness per unit
width [9-18] :

_ Bt}
T 12(1-92)

unit: N m (per 1 m width). Here Eis the elastic
modulus of the tape, t;is the tape thickness in
m, Uzand is the Poisson's ratio of the tape.
The effect of bending on the energy of
separation (per unit width) is approximately:
Eband (R) ~ %

This shows a rapid increase in the energy
component as (R) decreases.

SMART TECHNOLOGIES:
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If the tape bends at an angle Hat the
beginning of the tear, then its geometry
coefficient is determined by [9-18]:

1
1—cos @’

D(0) =

When 6 — Othis factor is large (a certain
conservatism), when it & = is exactly 1/2. In

practice, the value@ is chosen based on the
actual contact profile (typically (30 °—90 °). If

the system is “tangential” (small @), it

increases significantly p: the separation
becomes more energy-intensive .
Tearing force per unit width:

P(R, ) = ®(0) (Ge(t) + 3), Nim.
Total tear-off force:

F(R,t) = p(R,t)W,N.

Assumption: we neglect the friction of the
tape on the surface of the pressure plate.
When selecting R, the following two
conditions must be satisfied:
1. Concrete strength sufficient for
lifting/loading (design limit):

fc(tlift) > freg-

2. Mechanical capacity of the mechanism
lifting: the breakaway force must not
exceed the available capabilities:

F(R, tlift) < Fact.max-
Also, a safety margin condition is desirable
S:

Fact.max

F(Rtype) 0
Sreq = 1,2..1,5.

Let {jjrebe the estimated lifting time
(depends on the organization of work and the
ambient temperature [1-4] ). We are looking for
R € [Rin) Rmax], which  satisfies  the
constraint and optimizes the criterion. Possible
options for the objective function:

Option A — minimizing the pull-off force:

SMART TECHNOLOGIES:
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min
Runin < R < Rpax © (R, tuge),

under restrictions:

fe(tiier) = freqr F(R tyige) <
Fact.max-

Option B — minimizing cycle time under
force limitation (adaptation): choose the
minimum &;;¢¢(i.e., faster rise) provided that

there exists Rsuch that F(R,t;r) <

Fct max- Here Rcan be an arbitrary parameter
or a given one.
Option C — multi-criteria optimization:
minimize the total indicator « - Tprod +
F

- , where Tpmd— technological time
act.max

(depends on {5y, and «, [— weighting
factors.
In a simple implementation, we note

analytically: F (R, t)decreases with increasing

Rthrough B /2R?— hence from the point of
view of the bending component it is better to

choose the largest possible R, but design

constraints and the influence on G, (t)(due to
increased contact) may change the solution.

In panel formwork, the separation is
performed normally to the entire area (height 2—
3 m), and the separation force acts over the
entire contact surface.

We assume that the force is determined by
the adhesion energy per area S=W - HS, and the
effective “arm” of separation is proportional to
H/2:

Fo(H,t, T,W) = aG.(t, )WH,

where 0~1.5-2.0 is the correction factor for the
non-ideality of separation (due to uneven
adhesion).

The implementation of the methodology was
performed in Python for: panel and strip
formwork, strip width 1, 1,2, 1,5 1,8; panel and
module height up to 1,6 m, 2 m, 3 m; strip
material — rubber; panel material — metal;
formwork module width 1,2 m, concrete
hardening temperature 10, 20, 30°C.

The graphical results presented in the
methodology demonstrate the typical nonlinear
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behavior of the pull-out force F(R) for the strip
surface of the formwork (Fig. 2-5).

7 4

concrete strength vna
N w - w

[
!

0 5 10 15 20 25

Fig. 2. Graphical representation of the development of concrete strength as different ambient temperatures
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Fig. 3. Graphical representation of the change in the tear-off force of the formwork module tape when changing
the concreting width for 20 °C.
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Fig. 4. Graphical representation of the change in the tear-off force of the formwork module of the shield when

the ambient temperature changes for a module width of 1.

6 m, a displacement time of 8 h.

—8— H=2.0M, W=15mM
H=2.5M, W=15m
—8— H=3.0M, W=15mM

160

140 A

=
N
o

tear-off force F.H
o
o

80

60

10.0 125 15.0 175 20.0

225 25.0 27.5 30.0

temperature, °c

Fig. 5. Graphical representation of the change in the formwork shield separation force when changing the

concreting height for 20 °C

The graphical results presented in the
methodology demonstrate the typical nonlinear
behavior of the pull-out force F(R) for the strip
surface of the formwork.

When the roller radius R decreases, the
separation force is:
increases sharply for R <200-250 mm,
moderately decreases with increasing R
to 300400 mm,

SMART TECHNOLOGIES:
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approaches the asymptotic region for R
> 450-500 mm.

With a small value of the roller radius, the
tape must bend under a much larger curvature,
which: increases the bending resistance
moment, increases the energy component of the
separation, and creates a peak contact stress in
the lower zone of the concrete.
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The graph of the R opt (T) dependence
shows a monotonic decrease in the optimal R
with increasing temperature.

That is, at high temperatures, concrete gains
strength faster, respectively, the adhesion

(3.758, 7.341] -

(7.341, 10.888] -

(10.888, 14.435] -

o (14.435,17.982] -
<

*:3 (17.982, 21.529] -

(21.529, 25.076] -

(25.076, 28.623]
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(28.623, 32.17]
(32.17, 35.717] 4
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(119.942, 125.999] -
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component G[I(t) increases, and the

permissible F max is not achieved even at
lower R.

130
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|
[
o
o

tear-off force.H

149.988, 155.985] -
(155.985, 161.982] -
(161.982, 167.979] -
(167.979, 173.976] -
(173.976, 179.973] -

roller radius wm
Fig. 6. Monte Carlo simulation of the minimization of the tear-off force
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Fig. 7. Monte Carlo simulation of the dependence of the optimal belt roller radius on ambient temperature

Used in the methodology for estimating
uncertainties allows us to determine: the
randomness of temperature fluctuations
+5...10 °C; variations in concrete strength at an
early age; possible deviations of the tape
thickness +£10%; errors in measuring the contact
angle 0 (Fig. 6,7).

In the diagram (Fig. 7), a «cloud» of F(R)
scenarios can be observed: for small R (100—

110

150 mm), there is high dispersion — indicating
system instability; for R > 300 mm, the curve
stabilizes and the spread of scenarios decreases.
Such analysis shows the reliability of the
solution when changing hardening conditions,
allows you to choose a diameter with the
maximum technological margin, and allows
you to design equipment for the “worst case
scenario.” Therefore, the range R = 300450
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mm demonstrates the minimum risk of
increasing tear-off forces.

CONCLUSIONS

the obtained analytical data show a radical
difference in the mechanics of separation: for
modular strip formwork, the separation zone is
local, in the lower part, the “shoulder” of the
separation force is minimal (depends on the
radius of the roller), the value of the force F is
70-150 N. For panel formwork, separation
occurs along the entire height of the panel (2-3
m), the “shoulder” of the force is H/2 (tens of
times larger), F is 400-700 N, i.e. 3-8 times
larger.

Therefore, panel formwork has linearly
increasing forces with height, while in a
modular system the forces act pointwise and for
a short time - therefore the formwork removal
process is "soft", does not disturb the concrete
surface, allows for early lifting, and is less
critical to adhesion heterogeneity.

Graphical dependencies confirm that the
optimal roller diameter is not just a design
parameter, but a critical element of
technological safety and efficiency of mobile
modular formwork. This parameter is
influenced by a combination of: temperature
conditions, concrete hardening dynamics, belt
bending mechanics, roller geometry, and lifting
mechanism features.
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MeTtonuka BU3HA4YEeHHS apaMeTpiB
CTPIYKOBOI0 ONAJYOHOI0 MOXYJISI LISt
OyniBeJIbHUX BEPTHKAIBHUX 32113006 TOHHHX
KOHCTPYKIii

Bonooumup Pawkiscoruil’, Onexcanop Maxuns’,
Ipuna J[ybosux’, IOpiii 3aeys’

1234 Kuigcokuti nayionanohuil ynieepcumem
OyOisHuymea i apximexmypu

AHoOTamisi. Y CTaTTi NpeACTaBICHO PO3TOPHYTY
METOJIMKY BU3HAYEHHS, aHAJI3y Ta ONTHUMI3aIlii ma-
paMeTpiB CTPIYKOBOTO OMAITYOHOTO MOIYJIS, 11O 3a-
CTOCOBY€EThCSI JUIsl (POPMYBAHHSI BEPTHKAILHHUX 3a-
3006 TOHHUX KOHCTPYKIIN Y CKJIaJli TPYIIOBUX Me-
XaHi30BaHUX cucteM. OcobnuBy yBary NpHIijIeHO
MeXaHill B3aeMoJii THy4Kol (OpMyBalbHOI CTpi-
YKd 3 OETOHOM Ha pPaHHIX CTalisX TBEPMAiHHSA, JI¢
KJIFOYOBUM (DAKTOPOM € JOTHYHE BiJPHUBHE 3Y-
CHJLIIA, SIKE 3aJIeXKUTh BiJI AiaMeTpa Ta KoH]irypaiii
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POJMKOBOI CUCTEMH, IIUPUHH CTPIYKH, BUCOTH MO-
TyJisl, TEMIIEPATypHOTO PEKUMY Ta KiHETHUKH Ha-
00py MiItHOCTI. 3apONOHOBaHa MOJAETH IEMOHCT-
PYE, 110 JIOKaJIi30BaHa 30HA TaHTECHIIAJILHOTO BiJIO-
KpEMJICHHS CTPIYKHU 3a0e31edy€e CyTTEBE 3HIKEHHS
EHePTrOBUTpAT, MiHIMI3aIlif0 MIKOBUX HABAaHTAKCHb
Ha OETOH i 3MEHIICHHS! HMOBIPHOCTI JeeKTiB mo-
BEPXHi, 110 BUT1THO BUPI3HAE CTPIUKOBY ONaIyOKy
cepel TPAAUIIIHHUX IIUTOBUX CHCTEM.

CTBOpeHO MaTeMaTH4yHy MOJENb TEXHOJOIid-
HOTO MOTOKY KOMIUIEKCY MO/YJIiB HAa OCHOBI 3Mila-
HOTO IIUIOYHCIOBOTO JIHIHHOTO TPOTrpamMyBaHHS
(MILP), sixa mo3BoJIs€ BU3HAYATH ONTHUMAIBHI ma-
paMeTpu 4acTOoTH MiIHOMYy, KiJIbKOCTI MOZYNiB Y
po0OTi, palioHAILHUX JiaMeTpiB POJIMKIB Ta 4aco-
BHX IHTEpBaJiB OETOHYBaHHS BiMOBIAHO IO BHPO-
OHHMYHUX 1 TEXHOJIOTIYHUX 0OMEKeHb. Bapiartiiini ta
CTaTUCTUYHI PO3PaxyHKH, BUKOHAHI 3 ypaxyBaH-
HSIM TeMIIepaTypHHUX KOJIMBAaHb, MApOK OETOHY, pe-
OJIOTIYHHUX 3MiH 1 CTOXaCTHYHUX BiIXWIEHb IPO-
LIeCy, MiITBEPININ MOXIIUBICTh CTAOUTLHOTO (hyH-
KI[IOHyBaHHA CHUCTEMH 3a Pi3HUX yMoB. ['padiuni
3aJIe)KHOCTI JAEMOHCTPYIOTh TIOTEHIIIIHE CKOpO-
YeHHs TpuBanocTti 6etonyBaHHs Ha 18-35 %, 3Hu-
JKCHHsl BipUBHUX 3yCWJb y 2—4 pasu Ta MiABHU-
IIeHHS 000POTHOCTI POPMYBATBHUX MOIYIIB.

PesynbTatu AOCHIIKEHHSI CTAHOBJISITH HAYKOBE
MiATPYHTS UL POEKTYBAHHS MEXaHi30BaHHUX OIla-
TyOHUX KOMITJIEKCiB HOBOTO TTOKOJIIHHS, 10 3AaTHI
3a0e3MeYnTH MiIBUIICHY MPOAYKTHUBHICTH, SKICTh
(hopMyBaHHsI Ta aJalTHBHICTh JIO 30BHIIIHIX YMOB.
3anponoHoBaHa METOJMKA TAKOX CTBOPIOE Iepel-
YMOBH I TIOOYI0BY UG POBUX IBIHHUKIB TEXHO-
JIOT1YHUX TPOLIECiB, BIPOBAPKEHHSI CHCTEM aBTO-
MaTu3oBaHoro MoHiTopuHry SCADA Ta iHTerpariii
BIM-pimens y nporiec kKepyBaHHS TPYIIOBHMH CTpi-
YKOBUMH MOJTYJISIMH.

KuarouoBi cioBa: rpynoBuii onanyOHUI MOTYI,
CTpiUKOBa OMaNTy0OKa; IMUTOBA OMAITyOKa; JOTHIHUH
BIJIpUB; POJHMK OMNATyOKW; MOHOJITHI IiJIOHH;
TEXHOJIOTIYHUI nuKII, omrumizaiis, MILP; BIM;
SCADA; TexHOJOriss MOHOJITHOrO OY/iBHHUIITBA;
TBEpIiHHSA OETOHY; aBTOMAaTH3allisl OIATyOHHX
CHCTEM.
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