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Modern development trends in plastering units, stations, technological sets, and
their control coordination systems

Abstract. Modern construction industry development is characterized by increased finishing operation productivity, quality, and
resource efficiency requirements, with a significant share attributable to building mortar preparation, transportation, and
application processes. Within total construction and installation work labour intensity structure, plastering operation share
remains among the largest, necessitating further plastering process mechanization and automation. Plastering unit and station
operation efficiency is largely determined by mixing and pumping unit design parameters, different mobility mortar supply stability,
pipeline system pressure pulsation levels, and equipment operation mode coordination with building mixture rheological
characteristics. Extensive morally and physically obsolete equipment use leads to technological process productivity reduction,
energy consumption increase, and material application quality deterioration. At the same time, modern construction equipment
development trends are associated with energy saving drive implementation, automated control system integration, process
parameter digital monitoring technology application, robotic mortar application complex deployment, and mortar pump and mixing
device design improvement. This necessitates existing plastering unit and station design feature system analysis and promising
further development direction identification.
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Introduction.

Analytical study of integrated plastering equipment
design features and operational capabilities for further
improvement ~ prospects  under  contemporary
technological challenges. To investigate domestic
manufacture plastering unit technological set design
feature improvement based on existing domestic and
foreign manufacturer experience. The study applies
analytical methods for design feature and technological
capability evaluation depending on building mortar

approaches aimed at finishing operation efficiency
increase depending on functional purpose. Proposed
approaches for plastering unit qualitative capability
evaluation according to classification features are
presented. Proposed advanced design solutions for
technological task solving of plastering unit operation
efficiency increase include technological set control
automation, energy saving drive link implementation,
unit and mechanism controllability improvement,
operator control comfort measures, design element
improvement through modern technological solutions,
and modern surface and mortar contact channel

rheological models, as well as structural and
technological unit and aggregate improvement
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cleaning system application. Advanced technological and
design solution implementation ensures finishing and
shotcrete operation efficiency and allows mechanized
building mixture preparation and transportation system
productivity increase, process energy consumption
reduction, and plastering unit technological parameter
stability assurance. Mechatronic mechanism control system
application in plastering units ensures technological
operation quality improvement and execution time
reduction. Self-cleaning system application also ensures
post operation maintenance time reduction. Ergonomic and
comfortable operator workplace cabin arrangement ensures
full plastering unit or station technological process
monitoring and control during finishing operations.

Problem statement.

Modern construction finishing-operation
productivity growth requirements, coating-quality
assurance  demands, and  resource-efficiency
improvement tasks determine the necessity of
plastering unit technological-set structural-functional
coordination level increase. A significant construction
installation labour-intensity share remains associated
with building-mortar preparation, pipeline
transportation, and surface-application processes,
whose effectiveness depends on mixing-device
geometric-parameter selection, pumping-unit delivery-
stability characteristics, pipeline pressure-pulsation
level reduction, and technological-process control-
system adaptability to building-mixture rheological-
property variation.

Existing plastering unit  design-solution
implementation practice demonstrates insufficient
integrated technological-set subsystem coordination
efficiency, limited energy-efficient drive-system
application level, and inadequate automated
technological-parameter monitoring capability. These
factors cause mixture-supply irregularity increase,
plaster-layer thickness deviation growth, process
energy-consumption  escalation, and finishing-
operation productivity reduction under variable
construction-site operating conditions.

At the same time, modern construction equipment
digitalization trend development, robotic mortar-
application system deployment expansion, and
adaptive  technological-process  control-algorithm
implementation necessity require integrated plastering
unit structural-layout optimization and technological-
set functional-interaction improvement based on
mixing-pumping-application subsystem coordinated-
operation principles. Therefore, plastering unit, station,
and technological-set development-trend
systematization and efficiency-increase direction
identification considering building-mortar preparation,
transportation, and application process
interdependence represent a relevant scientific-
engineering task.

Modern construction industry development is
characterized by increasing requirements for
productivity, quality, and resource efficiency of
finishing operations. A significant share of construction

and installation process labour intensity is associated
with plastering operations, the efficiency of which is
largely determined by the level of mechanization of
building mortar preparation, transportation, and
application processes. In this regard, the application of
modern plastering units, stations, and technological sets
ensuring integrated mechanization of finishing
operations becomes especially important.

Plastering equipment operation efficiency is
determined by mixing and pumping unit design
parameters, different mobility mortar supply stability,
pipeline system pressure pulsation levels, and
equipment operating mode coordination with building
mixture rheological characteristics. Insufficient mortar
uniformity, supply irregularity, and high energy
consumption lead to technological process productivity
reduction and finishing operation quality deterioration.

In construction practice, a significant share of
plastering units and stations is based on previous
generation design solutions that do not fully meet
modern requirements for mobility, versatility, energy
efficiency, and technological process automation. At
the same time, active implementation of new technical
solutions is observed, including energy saving drives,
improved mortar pumps, automated control systems,
process parameter digital monitoring technologies, and
robotic building mortar application complexes.

Under these conditions, the need arises for
systematic analysis of modern plastering unit, station,
and technological set development trends considering
design, technological, and operational functioning
factors, enabling identification of promising directions
for mechanized finishing operation efficiency
improvement in construction.

Plastering unit, station, and technological set design
improvement issues are considered in a significant
number of scientific and applied studies devoted to
building mortar preparation, transportation, and
application process efficiency improvement [1, 2, 6].

In studies devoted to next generation plastering
station development, significant attention is given to
receiving hopper, mixing device, and hydraulic drive
mortar pump design improvement ensuring different
mobility mortar supply stability and pipeline system
pressure pulsation reduction. In particular, research
conducted within the Poltava construction machinery
scientific school substantiates the feasibility of rotary
receiving hopper and differential hydraulic drive
mortar pump application as effective means for
plastering station productivity increase and operating
condition improvement [1, 2].

Further development of plastering equipment
design solutions is associated with building mixture
mixing intensity increase, unit technological capability
expansion, and energy consumption reduction, as
reflected in fundamental research on integrated
technological systems in construction [6]. Particular
attention is given to coordination of mixing and
pumping unit operating parameters with building
mortar rheological characteristics.
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Analysis of modern foreign manufacture plastering
unit designs shows that leading construction equipment
manufacturers focus on universal modular installation
development with high efficiency pumping systems,
automated drives, and electronic technological process
control systems [3-5, 7, 10, 11]. Such units ensure
stable mixture supply over long distances, operation
capability with materials of different consistency, and
increased operational reliability level.

At the same time, considerable attention in modern
research is given to building mixture transportation
process modelling using pumping equipment. The
obtained results allow evaluation of pump design
parameter and medium property influence on material
supply characteristics and pipeline system pressure
losses, which is important for plastering unit operation
efficiency improvement within technological set
structures [8, 9].

At the same time, literature source analysis shows
that integrated generalization issues of modern
plastering unit, station, and technological set
development  trends  considering  construction
production automation, digitalization, and robotization
tendencies remain insufficiently covered, which
determines the need for further research in this
direction.

The purpose of this work is analysis of modern
plastering unit, station, and technological set
development trends based on domestic and foreign
research and design solution experience generalization,
as well as identification of promising directions for
building mortar preparation, transportation, and
application process efficiency improvement through
mixing and pumping unit improvement, energy
efficient drive implementation, and automated control
system integration.

&

Figure 1 — Plastering unit IMER MIX 60 (IMER Int.)

Main part.

Modern plastering units (Fig. 1-3) and stations
(Fig. 4) should be considered not as separate local
action machines but as integrated technological
systems whose efficiency is determined by
coordination of building mortar receiving, mixing,
transportation, and application processes. This
approach corresponds to modern construction
machinery development trends, according to which

equipment technical level improvement is ensured not
only by individual unit design improvement but by
comprehensive optimization of technological system
functioning parameters as a whole.

) d)

Figure 2 — Plastering unit of a German company
PUTZMIESTER: a) with screw pump b); with a rotor—
stator (screw-type, auger-type) mortar pump c) P 715
TD P 718 with a two-piston mortar pump TD; d) P 13
EMR with single piston mortar pump

Functionally, a plastering technological set includes
a receiving hopper, mixing device, pumping unit,
transport pipeline, and mortar application working
element. Interaction of these components forms a
unified dynamic process of mortar mixture property
transformation from receiving stage to formation of a
plaster layer of specified thickness on building
structure surfaces. Therefore, unit operation efficiency
is determined not only by individual mechanism
productivity but also by their mutual coordination.

Figure 3 — Plastering units UNI 30 manufactured by
Turbosol

\\\\\\\\\\\\\\\\\\

T T

Figure 4 — Plastering station CLLI-4I"

For quantitative evaluation of plastering unit
technical level, an integral technological set operation
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efficiency criterion is proposed that considers mixture
supply productivity, mixture uniformity degree,
transportation stability, pipeline pressure pulsation
level, and specific process energy consumption. Such a
criterion allows consideration of mortar preparation
and supply processes as a unified controlled system
with interdependent parameters.

From an engineering point of view, plastering unit
operation should be represented as a structural
interaction diagram of mixing, pumping supply, and
mortar application subsystems. In this scheme, the
mixing unit ensures material structure uniformity, the
pumping unit provides transportation with specified
supply parameters, and the application working
element determines plaster layer formation quality.

One of the main characteristics of mixing process
efficiency is the building mixture uniformity
coefficient, which depends on mixer working element
geometric parameters, their operating kinematic
modes, and medium rheological properties. During
mixing, intensive mixture component redistribution
occurs, accompanied by simultaneous structure
formation and segregation processes. Consideration of
these factors allows description of mixture uniformity
change as a function of working element rotation speed
and mixer design parameters, creating the possibility
for optimal operating mode determination.

An important stage of plastering unit operation is
building mortar transportation through the pipeline
system. Hydrodynamic characteristics of this process
are determined by pipeline length and diameter,
mixture flow regime, its viscoplastic properties, and
pumping unit design parameters.

It is known that building mortars belong to the class
of structured media with yield shear stress presence;
therefore, transportation pressure losses strongly
depend on mixture rheological characteristics and
interaction conditions with pipeline inner surface.

Particular importance is given to building mortar
supply stability, which determines plaster layer
formation uniformity and finishing operation
efficiency. Supply pulsations typical of piston pumps
lead to nonuniform material distribution on surfaces
and increased mixture consumption. Therefore, one of
the promising directions of modern plastering unit
development is multipiston pumping scheme
application, pressure compensator implementation, and
adaptive mortar supply control system integration.

Plaster layer formation quality is determined by
interaction between material flow rate, working
element movement speed, and application jet width.
Coordination of these parameters ensures layer
thickness uniformity and material loss reduction during
finishing operations.

At the same time, synchronization of pumping
equipment operating modes and application working
element operation plays an important role, which is
especially relevant for automated and robotic plastering
systems.

Plastering unit energy efficiency is determined by
total power consumption for mixing mechanism drives,

pumping equipment, and auxiliary control systems.
Specific energy consumption reduction is achieved
through drive kinematic scheme optimization, variable
frequency electric motor application, and unit operating
mode coordination with building mixture rheological
characteristics. In modern plastering station designs,
this is ensured through electrohydraulic drive
implementation with automatic load regulation.

An important direction for plastering unit operation
efficiency improvement is digital technological process
parameter monitoring system application. Pressure,
flow rate, temperature, and mixture moisture sensor use
enable continuous equipment operating mode
monitoring and prompt material supply parameter
adjustment. This creates prerequisites for adaptive
control algorithm implementation in building mortar
preparation and transportation processes.

Integration of plastering units into construction site
digital environment ensures coordination of their
operation with other technological complex elements.
Building information modelling technologies enable
automatic equipment operating mode adjustment
depending on surface geometric parameters, work
volumes, and technological operation conditions. In the
future, this creates prerequisites for fully automated
finishing operation technological system development.

Thus, the proposed generalized mathematical
model of plastering unit operation allows their
consideration as integrated technological systems with
interdependent building mortar mixing, transportation,
and application parameters.

This provides the possibility of systematic
substantiation of mixing device, pumping unit,
transport system, and automated control system design
improvement directions, corresponding to modern
construction equipment development trends and
creating prerequisites for mechanized finishing
operation efficiency improvement.

Modern plastering units, stations, and technological
sets should be considered as integrated multistage
technological systems in which building mortar
receiving, mixing, transportation, and application
processes are interconnected and interdependent. In
this formulation, equipment operation efficiency is
determined not by individual unit design parameters
but by their coordinated operation within a unified
technological cycle.

For quantitative description of plastering unit
operation, an integral technological set efficiency
criterion is proposed

q):QKhKSKa

)
ESP KP

where Q - building mortar supply productivity, m3/s;
K, — mixture homogeneity coefficient;
K, —feed stability coefficient;
K, — adaptability factor of the control system;
E,, — Specific energy consumption of the

process, J/m3;
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K, —supply pulsation coefficient.

The proposed criterion enables evaluation of
plastering unit technical level considering productivity,
mixing quality, mortar transportation uniformity, and
operation energy efficiency.

One of the determining factors of plastering unit
operation efficiency is building mixture uniformity
degree after mixing. Mixture uniformity coefficient
variation depends on mixer kinematic parameters and
working element geometry and can be represented in
the form of a differential equation

%:%waﬂy(l_ Ky)—awK, ()
where « — mixer working element angular velocity,
rad/s;

Y
parameter;

/' — mixture structural instability parameter;

a,,a, —empirical coefficients;

a,y — power exponents.

In steady state conditions, the uniformity coefficient
is determined by the following relationship

generalized mixing device geometry

a Dy
<G =2l ©
a0 f +ay

The obtained relationship enables evaluation of
mixing element geometric parameter and operating
mode influence on mortar preparation quality.

Pumping unit productivity is determined by
delivery working volume, operating cycle frequency,
and material losses in the transportation system

Q=nV,n-Q (4)

where 77, — pump volumetric efficiency coefficient;
V, — delivery volume per cycle, m3;
n —working cycle frequency;
Q, — delivery losses.
Pressure drop in the pipeline system is determined

by the sum of friction losses, local losses, and the
hydrostatic component

Ap = Ap; +Ap, +Ap,, - (5)

For building mortars as viscoplastic media, friction
pressure losses can be expressed by the following
relationship

4L
My =5 ©

where L — pipeline length;

D - pipeline diameter, mm;
z,, — pipeline wall shear stress.
Plaster coating formation quality is determined by

the relationship between material flow rate, working
element movement speed, and application jet width

h— 7.Q , )

where h — plaster layer thickness, mm;

77, —material deposition coefficient on the surface;
h — application jet width;
v, —working element movement speed, m/s.

Deviation of layer thickness from the specified value
is determined by the following relationship

h—h,,
h

h

®)

opt

Based on this, an application quality coefficient is
introduced

K,=1-5, 9)

For evaluation of automated technological process

control efficiency, an adaptability coefficient is
introduced
1
K=o (10)
l+¢
where
- - h-h
8=W1|Q Qset|+W2|p pset|+W3| opt (11)
set | Peet hopt

Here w;, w,,w, —weighting coefficients of control

parameter significance.

Thus, the proposed generalized mathematical
model enables consideration of plastering units,
stations, and technological sets as a unified integrated
system with interdependent operation parameters,
creating a theoretical basis for substantiation of modern
development directions aimed at productivity increase,
material supply stability improvement, coating
application quality improvement, and technological
process energy efficiency increase.

20 T

1

Ang,
Hlar vy a0
iy, -

5 50

) [
Figure 5 — Surface of building mixture uniformity
coefficient variation depending on mixer working
element angular velocity and generalized mixing device
geometric parameter
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From the constructed surface (Fig. 5), it can be seen
that with increasing working element angular velocity
and improvement of mixer geometric parameter,
mixture uniformity coefficient increases. At the same
time, in the region of high parameter values, gradual
approach to a limiting uniformity level is observed,
indicating the presence of a mixing effect saturation
zone.

Therefore, mixing unit efficiency improvement
should be ensured not only by working element rotation
speed increase but also by rationalization of working
element geometry.

0.008

Figure 6 — Surface of plaster layer thickness variation
depending on building mortar supply productivity and
application working element movement speed

Analysis of Fig. 6 shows that the constructed
surface indicates plaster layer thickness increase with
mortar supply productivity increase and decrease with
working element movement speed increase.

This confirms the need for coordination of pumping
supply parameters and application mode to ensure
stable layer thickness. Thus, plaster coating quality is
determined not only by material flow rate but also by
application working element motion kinematics.

Conclusions.

A generalization of modern plastering unit, station,
and technological set development trends for
mechanized finishing operation execution has been
carried out, allowing formation of a systematic
understanding of the relationship between equipment

design parameters and building mortar preparation,
transportation, and application process efficiency.

It is shown that plastering unit operation efficiency
is determined by coordination of mixing device,
pumping unit, transport system, and mortar application
working element parameters, and equipment technical
level improvement should be carried out based on an
integral efficiency criterion considering material
supply productivity, mixture uniformity degree,
transportation stability, pressure pulsation level, and
specific process energy consumption.

Itis established that one of the priority directions of
plastering unit improvement is mixing unit efficiency
increase through optimization of working element
geometric parameters and rational selection of their
operating kinematic modes, ensuring building mixture
uniformity increase and rheological characteristic
stability during transportation through pipeline
systems.

It is substantiated that building mortar supply
uniformity improvement is achieved through advanced
pumping scheme application, pressure pulsation
reduction, and pumping equipment parameter
coordination with pipeline system characteristics,
ensuring plaster layer formation quality improvement
and material overconsumption reduction.

It is shown that a promising direction of plastering

station development is energy efficient drive
implementation, automated technological process
control system integration, and material supply

parameter digital monitoring system application,
creating prerequisites for adaptive equipment operating
mode implementation depending on building mixture
properties and operation conditions.

It is established that further technological set
operation efficiency improvement for plastering work
execution is associated with plastering unit integration
into construction production digital environment,
robotic material application system use, and
coordination of their operating parameters with
building object information models.

The proposed generalized mathematical model of
plastering unit operation enables evaluation of design
and operating parameter influence on productivity,
coating application quality, and process energy
efficiency, creating a theoretical basis for further
substantiation of mixing device, pumping unit, and
automated control system improvement directions for
construction machine technological sets.
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CyyacHi HanpsIMKY PO3BUTKY LLTYKaTypHUX arperaTiB, CTaHLLiW, TeXHONOriYHMX
KOMIJIEKTIB Ta CUCTEM MOroKEHHS KepyBaHHS HUMM

AnHoTaujs. CyyacHui posBuTOK BymiBenbHOI ranysi XapakTepusyeTbcs MifBULLEHWMM BUMOraMu [0 MPOAYKTMBHOCTI, IKOCTI Ta
pecypcoeteKTMBHOCTi BUKOHAHHS OMOpPSMKyBarbHUX PobGIT, 3HaYHa YacTKa SKMX MPUN3AJAE Ha MpoLEecH MNpUroTyBaHHS,
TPaHCMOPTYBaHHS Ta HaHeCeHHs ByaiBenbHUX PO34mHIB. Y CTPYKTYpi 3aranbHoi TPYHAOMICTKOCTI GyAiBesibHO-MOHTaXHUX Po6IT
yacTKa LUTYKaTypHUX OrepaLlii 3a/MLIAETbCS OfHIE 3 HaMBiNbLMX, Wo oByMoBIoE HeoBXiaHICTb TX Mopanbluol MexaHisali Ta
aBTOMaTU3aLyl. EdheKTUBHICTb (hyHKLIIOHYBaHHSI LUTYKATYPHUX arperaTiB i CTaHLjiA 3HaYHOHO MiPOHO BUBHAYAETCH KOHCTPYKTUBHUMU
rapaMeTpaM1 3MilLyBarnbHUX i HacOCHWX By3fiB, CTabiNbHICTIO Mopadi PO3uMHIB pi3HOI PYXOMOCTI, piBHEM MymnbcaLliii TUCKY B
TpY6ONpOBIAHUX CUCTEMAX, @ TaKOX Y3rofKEHICTHO peXXMMiB poboTu 0bragHaHHS 3 PeonoriYHMM XapaKTepucTMkamm 6yaiBenbHUX
CyMilleid. BuKOpUCTaHHSI 3HAYHOI KiNbKOCTi MopanbHO Ta (hisYHO 3acTapinioro obnagHaHHA MPU3BOOUTL [0 3HWKEHHS
NPOAYKTMUBHOCTI TEXHOMOrYHUX MPOLIeCiB, NiABMUILEHHS €HEeproeEMHOCTI Ta MOripLUEHHS SIKOCTI HaHeceHHs MaTepiany. BopHouac
CyyacHi TeHAeHL po3BUTKY ByfiBenbHOI TEXHIKM NOB'A3aHi 3 YNPOBaI)KeHHAM eHeprooLLafAHMX NPUBOA|B, aBTOMaTU30BaHUX CUCTEM
KepyBaHHS, LMMhPOBUX TEXHOMOTIH MOHITOPUHIY NapaMeTpiB NpoLiecy, Po6oTM30BaHMX KOMIIEKCIB HAHECEHHS PO3UMHIB, @ TaKoX
YIOCKOHaNeHHSIM KOHCTPYKLII1 PO34MHOHACOCIB i 3MilllyBarnibHUX MpUcTpoiB. Lle 3ymoBnioe HeoBxigHiCTb cUCTeMHoro aHanisy
KOHCTPYKTUBHUX OCOBSIMBOCTEM iCHYHOUMX LUTYKATypHUX arperaTiB i CTaHUi Ta BM3HAUeHHsI MepPCrieKTUBHUX HamMpsMKIB iX
MoJanbLLOro PO3BUTKY. AHaniTUUHI JOCTIIKEHHS KOHCTPYKTUBHUX OCOBMMBOCTEN KOMMMIEKCHOMO LUTYKATypHOro o6niapHaHHA Ta
eKCryaTaLiiHUX MOX/IMBOCTE 3a /1S MepCrieKTUBY BOOCKOHANEHHS Nepef, BUKIMKaMU Yacy.

MeTolo cTaTTi € BOCHIOYKEHHS MUTaHHS BOOCKOHANEHHS! KOHCTPYKTUBHUX OCOBIMBOCTEMN TEXHOMOMUHUX KOMMMIEKTIB LUTYKaTypHUX
arperaTiB BiTYM3HFHOrO BMPOBHMLTBA Ha OCHOBI iCHYHYOrO AOCBiAY BiTUM3HAHUX i 3aKOPAOHHMX BUPOBHMKIB. 3anponoHoBaHi
MiSX0ayM OLHKU AKICHUX MOMXJTMBOCTEN 33 KiacudiKaLiHUMA 03HaKaMM LLTYKaTypHUX arperatiB. 3anporioHOBaHi KOHCTPYKTUBHI
HOBITHI PpilUEHHS BMPILLEHHS TEXHOMOMYHMX 33pgad MigBUILEHHS edeKTMBHOCTI PoboTU LUTYKaTypHUX arperaTtis, a came:
aBTOMATU3ALYEIO YMPABAIHHSA TEXHOSON YHUMU KOMISIEKTaMK, eHepro3aoLlaf/IMB1M1 NPUBOAHUMM JTAaHKaMK, KePOBaHICTHO BY3MaMM i
MexaHi3MaMK, 3axofaMu KOMdopTy KepyBaHHSI OrepaTopoM, BLOOCKOHANEHHS KOHCTPYKTUBHWUX €fIeMeHTIB Yepe3 CyyacHi
TEXHOJOriYHi PiLLEHHS, Cy4aCHUMU CUCTEMAMM OUMCTKU NOBEPXOHDb Ta KaHaniB KOHTAKTY 3 PO3UYMHHUM cepefoBuLLIEM. BripoBapkeHHs
HOBITHIX T@XHOMOrMYHUX | KOHCTPYKTUBHUX pilleHb 3abe3neunTb eheKTUBHICTb NpoBefeHHs 03006/0BanbHUX Ta TOPKpeT-pobiT
[L,03BOJISIE; MiABULLMTY MPOLYKTUBHICTb MeXaHi30BaHWUX CUCTEM MPUIroTyBaHHsS | TPAHCMOPTYBaHHSA GyAiBenbHUX CyMillel, 3HU3UTU
eHeproeMHICTb NPOLIECiB Ta 3a6e3neunTy CTabiNbHICTb TEXHOMOMYHUX NapaMeTpiB PoboTK LWTYKaTypHUX arperaTiB. 3acTocyBaHHS
MeXaTPOHHWUX CUCTEM KepyBaHHsI MeXaHi3MaMy LLTYKaTypHWUX arperaTie 3a6eaneumTb sKiCTb TEXHOSOMYHUX orepaLlii Ta CKopoTUTb
yac X npoBefieHHs. TaKOX 3acTOCyBaHHA CUCTEM CaMOOYMCTKM 3abesneunTb CKOPOYEHHS 4acy Ha micrisiornepaLliiHe
o6cnyroeyBaHHs. OthopMneHHs eproHoMiuHoro Ta KoMgopTHoro pobouoro Micus (kabiHK) onepaTtopa, sike 3abeaneunTb MOBHUNA
KOHTPOJIb | YpaBRiHHSA TEXHOJOM YHUMK NMPOLLeCaMy LLITYKaTypHOro arperaTy Y4 cTaHuji fig, Yac 03n06mtoBanbHUX pobiT.

KntouoBi cnoBa: WTyKaTypHi arperaTy, LTyKaTypHi CTaHLi, TEXHONOFYHI KOMMMeKTH, byajBesibHi po3UMHK, 3MiLLlyBasbHI MPUCTPOI,
po3uMHOHAcoCH, TPYBOMPOBIOHWA TPAHCMOPT PO3UMHIB, aBTOMATM30BaHI CUCTEMM KepyBaHHS, eHeproeteKTUBHI
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