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ADVANCED DAMAGE - PLASTICITY MODELLING AND CALIBRATION
STRATEGIES FOR ACCURATE FINITE - ELEMENT ANALYSIS OF
UNREINFORCED CONCRETE IN THIN - WALLED STRUCTURES

Anotation. Accurate prediction of unconventional, unreinforced concretes in
three-dimensional finite-element analysis demands a synthesis of advanced constitutive theo-
ry, rigorous experimental calibration, and careful numerical implementation. This study con-
solidates recent progress and remaining challenges in modeling slag-blended, recy-
cled-aggregate, fiber-reinforced, and ultra-thin formwork concretes within the ANSYS envi-
ronment. A literature survey identifies three dominant strategies for plain concrete: the lega-
cy smeared-crack SOLID65 element, generalized Drucker—Prager plasticity with user-defined
damage, and detailed mesoscale representations that resolve aggregates, mortar, and inter-
faces. Comparative findings show that damage-plasticity formulations, exemplified by the
Concrete Damaged Plasticity (CDP) model, reproduce load—deflection responses and crack
patterns within fifteen percent of experimental results when parameters are calibrated against
comprehensive test sets that include compression, tension, fracture, and time-dependent data.
Calibration protocols remain inconsistent across studies, hindering reproducibility and
cross-comparison. The absence of an open benchmark database for non-standard concretes is
highlighted as a key barrier to consensus on default parameters. Thin-walled elements expose
additional difficulties: geometric nonlinearity couples with progressive stiffness degradation,
causing mesh-dependent fracture energy dissipation and solver convergence issues. Remedies
include refined through-thickness meshes, nonlocal regularization, and robust arc-length so-
lution controls. Explicit crack-tracking techniques such as phase-field fracture and cohesive
segments offer improved fidelity, especially for fiber-rich mixes where residual tensile capaci-
ty governs serviceability, yet systematic validation of these methods remains sparse.
Long-term phenomena such as creep, shrinkage, and durability, along with high-rate behav-
iors under impact and seismic loading, are underrepresented in current model verification,
particularly for slag-rich and recycled-aggregate mixes. A practical roadmap is proposed
that integrates five core actions: creation of a public benchmark database with fully docu-
mented laboratory tests; development of unified modeling protocols that specify calibration
sequences, error metrics, and reporting formats; targeted investment in explicit fracture mod-
els for thin and fiber-reinforced members, expansion of long-term and dynamic experimental
programs, and adoption of machine-learning tools to automate parameter identification and
flag anomalous model behavior. Complementary software advances, including plug-and-play
material subroutines and graphical calibration wizards, are recommended to lower the exper-
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tise threshold for practicing engineers. Collectively, these measures chart a pathway from
current academic advances toward robust, industry-ready simulations capable of guiding the
design of sustainable, reinforcement-free concrete structures.

Key words: finite-element analysis, damage-plasticity modeling, fiber-reinforced concrete,
recycled-aggregate concrete, thin-walled formwork, model calibration

Statement of the problem. Concrete exhibits pronounced heterogeneity, strain-rate
sensitivity, and quasi-brittle fracture, all of which complicate its representation in
three-dimensional finite-element analysis (FEA). The challenge intensifies for unconvention-
al, unreinforced mixes: slag-blended, recycled-aggregate, fiber-reinforced, and ultra-thin con-
cretes employed as permanent formwork because their mesoscale composition departs mark-
edly from that of conventional Portland cement concrete. Reliable prediction of cracking,
crushing, and post-peak softening therefore demands material models that go beyond the leg-
acy smeared-crack or linear elastic-perfectly plastic formulations still common in industrial
workflows.

Current research converges on three methodological pillars. First, sophisticated consti-
tutive laws — most prominently Concrete Damage Plasticity (CDP), Drucker-Prager, and re-
lated damage-plasticity hybrids are adopted to capture stiffness degradation, tension-
compression asymmetry, and irreversible volumetric dilation. Second, model parameters are
calibrated against targeted laboratory data, including not only uniaxial tension and compres-
sion tests but also fracture-energy, size-effect, and cyclic-loading protocols that reveal
rate-dependent and path-dependent behavior. Third, numerical tactics such as adaptive mesh-
ing, non-local regularization, and staged loading are introduced to maintain solution objectivi-
ty once strain localization initiates.

This article reviews state-of-the-art ANSYS implementations for unreinforced con-
cretes, with special attention to thin-walled elements where through-thickness cracking, hy-
drostatic casting pressure, and local buckling pose additional difficulties. Experimental cam-
paigns that underpin parameter identification are synthesized, and modelling workflows are
distilled into reproducible steps. Representative case studies drawn from literature illustrate
the best practice, while contrasting influential investigations by geometry, constitutive
framework, calibration strategy, and achieved predictive accuracy. The discussion culminates
in recommendations for practitioners and highlights emerging trends, such as ma-
chine-learning-assisted parameter inversion and phase-field fracture formulations that are
poised to advance concrete simulation in commercial FEA environments.

Analysis of the latest research and publications. Three principal modeling routes
dominate current ANSYS practice for unreinforced concrete. The legacy option employs the
SOLID65 element, which embeds a smeared-crack formulation coupled to the Willam-
Warnke failure surface [1]. By reducing elastic moduli at integration points once tensile
cracking or compressive crushing initiates, SOLID65 can replicate stiffness degradation;
however, abrupt modulus drops often trigger convergence difficulties. Researchers have miti-
gated this weakness by tuning the crushing-stiffness factor (CSTIF), thereby stabilizing cyclic
analyses of concrete-filled tubes and aligning numerical responses with experiments.
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A second route relies on general nonlinear elements such as SOLID185 or SOLID186,
assigned an elastic-plastic law with a Drucker-Prager yield criterion and optional damage reg-
ularization [2]. Crack propagation is approximated through element birth-death procedures or
strain-based failure rules. Although less concrete-specific, this framework gains versatility
through USERMAT subroutines, which allow implementation of damage-plasticity laws
comparable to the Concrete Damaged Plasticity model available in other FEA platforms.

The third, research-oriented route constructs mesoscale representations that discretely
model aggregates, mortar, and interfacial transition zones [3]. Random placement of coarse
particles or short fibers, scripted in APDL, captures initiation and coalescence of microcracks
more realistically than homogeneous continua, albeit at substantial computational cost. Select-
ing among these approaches therefore entails a trade-off between numerical efficiency and the
fidelity required to reproduce mixed specified fracture phenomena.

Robust finite-element prediction of unconventional, unreinforced concretes hinges on
constitutive laws that reconcile compression hardening with tension-softening fracture. The
literature converges on damage-plasticity frameworks, spearheaded by the Concrete Damaged
Plasticity (CDP) model [4]. CDP couples a multisurface yield function with scalar damage
variables d, and d . that degrade the elastic modulus during cracking or crushing, thereby re-

producing unloading stiffness loss and cyclic degradation. Key parameters — dilation angle,
eccentricity, shape factor K., and the biaxial-to-uniaxial strength ratio are routinely

back-calibrated to uniaxial, biaxial, and fracture-energy tests; once tuned, CDP has repro-
duced load-deflection responses of fibered and recycled-aggregate beams within ten to fifteen
percent of experiment. In commercial ANSYS, comparable behavior is achieved through
USERMAT subroutines or by invoking concrete formulations in LS-DYNA and Autodyn,
confirming that algorithmic availability rather than theoretical limitation governs platform
choice.

Plasticity-only options remain widespread when computational economy is paramount.
The Drucker-Prager surface, implemented in standard SOLID185/186 elements, captures
pressure-dependent yield and confinement effects, but requires auxiliary tension cutoffs or
element deletion to mimic cracking, a simplification that restricts accuracy in post-peak re-
gimes. Enhanced yield criteria such as Menétrey-Willam extend Drucker-Prager by differenti-
ating tensile and compressive meridians and underpin the cracking logic of legacy SOLID65
elements [5]. At the research frontier, microplane models and mesoscale formulations deliver
fidelity across loading paths, albeit at the cost of parameter sets and run time [6]. Specialized
high-rate models RHT and HJC enrich the toolbox for impact and blast scenarios [7]. Exper-
imental calibration and, where necessary, regularization remain decisive for stability and pre-
dictive reliability.

Calibration with experimental data also should be provided. Material parameters must
be grounded in laboratory evidence before a concrete model can predict structural behavior
with confidence. Fundamental calibration begins with stress-strain curves in compression and
tension, which supply Young’s modulus, peak strengths, and post-peak slopes. Fiber additions
typically flatten the descending branch, while high slag replacement may lower both modulus
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and strength; these trends should inform hardening or damage functions. Fracture energy,
measured from notched-beam tests, governs the tension-softening curve [8]. Higher values
observed in fiber-reinforced mixes translate to wider crack openings at residual strength,
whereas recycled aggregates often reduce fracture energy and must be reflected by steeper
softening.

Advanced vyield surfaces such as Drucker-Prager or Menétrey-Willam require biaxial
and triaxial data to fix friction and dilation angles. When full multiaxial tests are unavailable,
published values or sensitivity studies can substitute, with parameters adjusted until fi-
nite-element load-deflection curves align with experiments. Iterative model updating, some-
times automated through optimization algorithms, further refining stiffness, peak load, and
crack patterns. Finally, long-term phenomena like creep, shrinkage, or cyclic degradation are
tuned to field or laboratory time-history data, completing a calibration workflow that converts
generic constitutive laws into mix-specific predictive tools [9-10].

Thin concrete walls and permanent formwork panels pose coupled material-structural
difficulties that differ markedly from those in massive members. Their high slenderness ratios
amplify geometric nonlinearity; once tensile cracking degrades stiffness, out-of-plane instabil-
ity can develop well below the elastic buckling load. Accurate prediction therefore demands
large-deflection analysis combined with a fracture-capable constitutive law. Robust solution
controls, such as arc-length or displacement-control algorithms, are often required to trace
snap-through or snap-back paths without numerical divergence.

Mesh objectivity is a second concern. With only one or two solid elements through the
thickness, the crack band width is fixed artificially, leading to mesh-dependent energy dissi-
pation. Objective results call for either a refined through-thickness mesh or a nonlocal or
regularized damage formulation that decouples fracture energy from element size. Element
deletion strategies must also be applied cautiously; wholesale removal of coarse elements can
produce unrealistically soft post-peak responses in thin panels.

Boundary conditions during casting introduce additional complexity. Hydrostatic pres-
sure from fresh concrete can bow to a thin panel before the mix gains strength. Realistic stag-
ing therefore applies time-dependent lateral pressure while the panel itself undergoes strength
development and possibly temperature or shrinkage strains. Omission of these effects can
overpredict serviceability performance.

Material behavior further complicates matters. Ultra-high-performance concrete and
glass-fiber-reinforced concrete exhibit strain hardening and residual tensile capacity that must
be included through multilinear tension curves or damage models with residual stress
plateaus [11]. Neglecting fiber bridging leads to unconservative crack-width predictions and
underestimated flexural capacity.

Finally, dynamic phenomena may arise because thin elements possess low mass and
stiffness. Sudden crack formation can trigger inertial oscillations that alter load-displacement
histories. Incorporating a small viscosity parameter or performing explicit transient analysis
can capture these rate effects.
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Collectively, these challenges underscore the need for calibrated damage-plasticity
models, fine or regularized meshes, staged loading, and validation against targeted experi-
ments when simulating thin concrete formwork in ANSYS.

A review of the recent literature highlights several recurring findings that guide material
selection and modeling strategy. First, partial replacement of cement with slag or fly ash alters
early-age kinetics, often slowing strength development and modifying creep and shrinkage
rates. Finite-element models should therefore reduce early compressive strength and, when
early loading is critical, include maturity effects; at standard 28-day testing ages, moderate
slag replacement can be modeled with compressive strength values like ordinary Portland ce-
ment concrete.

Second, recycled aggregate concrete introduces pre-existing flaws at the old mortar in-
terface. Engineers have two practical options: reduce bulk properties such as Young’s modu-
lus, tensile strength, and fracture energy in a homogeneous model, or explicitly mesh aggre-
gates and mortar in a two-phase mesoscale scheme. Laboratory data suggest that 30 percent
aggregate replacement typically lowers modulus by about 10 percent and tensile strength by
about 20 percent, values that provide a reliable starting point for homogeneous models.

Third, discrete fibers without steel rebar enhance ductility and fracture energy. Constitu-
tive laws must raise the residual tensile stress in the post-crack regime, using residual-strength
ratios available in codes or derived from beam tests. Omitting this adjustment markedly un-
derestimates load capacity and overpredicts crack widths.

Fourth, thin-walled elements and permanent formwork demand accurate serviceability
predictions. Nonlinear fracture models calibrated to crack-width data outperform purely elas-
tic approaches for these applications.

Across all material variants, rigorous calibration and validation against laboratory re-
sults remain essential; default material parameters seldom achieve acceptable accuracy with-
out targeted adjustment.

Presentation of the main material of the research. Despite steady progress in consti-
tutive theory and numerical techniques, several critical research gaps continue to limit the
predictive power and practical uptake of concrete simulation. Foremost is the absence of a
standardized calibration protocol. Although nearly every study stresses the need to tune model
parameters against laboratory evidence, the procedures adopted vary widely, ranging from
manual curve fitting to ad hoc inverse analyses. The lack of a shared benchmark database for
compressive, tensile, flexural, and fracture tests hampers cross-comparison and slows conver-
gence toward reliable default values. Establishing universally accepted calibration guidelines,
supported by open repositories of well-documented experimental data, would provide a com-
mon reference point and accelerate methodological consensus.

A second limitation concerns the representation of cracking. Mainstream frameworks
such as Concrete Damaged Plasticity or Drucker-Prager typically employ smeared-damage
formulations that diffuse fracture energy over the finite-element mesh. While computationally
efficient, this approach struggles to reproduce localized crack paths and their interaction with
geometric instability in thin-walled or fiber-reinforced members. Emerging techniques such as
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phase-field fracture, discrete crack insertion, and cohesive interface elements offer the poten-
tial to track crack initiation and propagation explicitly, yet systematic studies that compare
these methods and validate them against detailed imaging of crack evolution remain scarce.

Long-term and high-rate behaviors constitute a third underexplored domain. Most nu-
merical investigations target short-term strength and initial cracking, paying less attention to
creep, shrinkage, thermal cycling, or durability phenomena that govern service life, especially
in slag-rich or recycled-aggregate concretes. Likewise, dynamic loading scenarios such as im-
pact, blast, or seismic excitation are often addressed with empirical high-rate models whose
parameters have not been verified for modern, unreinforced mixes or thin panels. Expanded
programs of time-dependent and dynamic testing, coupled with model refinement and valida-
tion, are therefore imperative.

Finally, the practical deployment of advanced models is hindered by the dual challenges
of mesoscale complexity and user accessibility. Interface behavior between aggregates, fibers,
and mortar is known to control strength and fracture, yet mesoscale simulations remain com-
putationally intensive and difficult to generalize. Parallel advances in ma-
chine-learning-assisted parameter identification and in intuitive software toolkits could lower
the expertise barrier, enabling practicing engineers to exploit sophisticated damage-plasticity
or microplane formulations without resorting to bespoke user subroutines. Closing these gaps
will be essential for translating academic advances into robust, industry-ready design tools.

Advancing concrete simulation hinges on a coordinated strategy that blends shared data
resources, methodological rigor, and modern digital tools. An open benchmark database con-
taining meticulously documented tests: compression, tension, fracture, creep, shrinkage, and
high-rate loading for both conventional and non-standard mixes would give researchers a
common reference for calibration and validation, promoting objective cross-comparison.
Building on that foundation, the community can draft unified modeling protocols that spell
out recommended calibration sequences, target error metrics, mesh-objectivity checks, and
reporting formats; a consensus document of this sort streamlines peer review and accelerates
the flow of best practice into everyday engineering work.

With reliable data and clear procedures in place, attention can shift to improving
crack-tracking fidelity. Explicit approaches such as phase-field fracture, cohesive segments,
or discrete crack insertion deserve systematic evaluation against imaging-based observations,
particularly for thin panels and fiber-reinforced concretes where smeared models lose accura-
cy. Long-term and dynamic behaviors must also be incorporated: experimental programs that
pair creep and shrinkage measurements with environmental histories, along with impact and
seismic tests on modern mixes, will supply the rate-dependent parameters that current formu-
lations lack.

Machine learning provides a practical means of automating these workflows. Surrogate
models trained on the benchmark database can expedite inverse analysis, suggest initial pa-
rameter values, and flag outlier responses, thereby reducing analyst effort and improving re-
producibility. Complementing these advances, plug-and-play material subroutines, graphical
calibration wizards, and detailed documentation will lower the expertise threshold, ensuring
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that sophisticated constitutive laws migrate from academic studies into routine design prac-
tice.

Conclusions. Accurate finite-element analysis of unconventional, unreinforced con-
cretes now follows a well-defined workflow that pairs advanced constitutive laws with sys-
tematic experimental calibration. Damage-plasticity models remain the most dependable op-
tion because they capture both compression hardening and tension softening, while simpler
yield-surface approaches can perform acceptably when supplemented by explicit tensile fail-
ure rules and verified against a broad test set. The foundation of any reliable simulation is
high-quality data: compressive, tensile, flexural, fracture, and time-dependent tests supply the
parameters that let calibrated models reproduce load—deflection curves and crack patterns
within about fifteen percent of laboratory observations.

Important gaps still limit predictive power and everyday use. A public benchmark data-
base of validated tests would give analysts a common reference for parameter identification,
encourage objective cross-comparison, and speed agreement on default values. Clear model-
ing protocols that spell out calibration sequences, error metrics, mesh-objectivity checks, and
reporting formats would turn diverse research practices into industry-ready standards.
Thin-walled and fiber-reinforced elements continue to expose weaknesses in smeared-damage
formulations; focused studies that compare phase-field, cohesive, and discrete-crack methods
against detailed imaging are needed to track localized fracture and its interaction with geomet-
ric instability. Long-term effects such as creep, shrinkage, and durability, along with dynamic
loading scenarios like impact and seismic excitation, are still underrepresented in validation
programs, especially for slag-rich and recycled-aggregate mixes.

Machine learning can bridge complexity and usability. Surrogate models trained on
benchmark data can automate inverse analysis, suggest starting parameter sets, and flag outli-
ers, reducing analyst effort and improving reproducibility. User-friendly software additions
plug-and-play material subroutines, graphical calibration tools, and thorough documentation
will further lower the expertise threshold. By combining these practical recommendations
with proven damage-plasticity modeling and rigorous calibration, engineers can extend fi-
nite-element simulation confidently to the next generation of sustainable, reinforcement-free
concrete structures.
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Yoockonaneni mooeni nnacmuunocmi 3 ypaxyeanuam pyiunyeanns
ma cmpamezii Kaniopy8anHsa 0na mo4H020 CKiHYeHHO-e/1eMEeHMHO20 AHAi3y
Oemony 6e3 apmyeanHsa y MOHKOCMIHHUX KOHCMPYKUYIAX

Toune npocHo3ysanus noOGeOIHKU HeMPAOUYIUHUX, HeaPMOBAHUX OEMOHI8 Yy MpPUSUMIp-
HOMY CKIHYEeHHO-eleMeHMHOMY aHaNi3i nompedye cunmesy pPO3GUHYMOI KOHCMUMYMUGEHOL
meopii, pemenbHOi eKCnepuUMeHmanbHol KanibposKu ma yeaxdcHoi 4uciosoi peanizayii. V yii
pobomi y3a2anbHeHO OCMAHHI OOCACHEHHA Ul OKPeCleHO AaKMYANbHi GUKIUKU MOOEN08aH s
WIIAKONOPMIAHOYEMEeHMHUX, OemoHnié Ha nepepobieHOMYy 3aN08HI08AYI, GOJIOKHUCMUX MA
VabmMpamoukux onanyonux oemonie y cepedosuwyi ANSYS. Ozns0 nimepamypu eudinse mpu
nPOGIOHI nidxoou 01 36uyaiinoco oOemony: xnacuunut eiremenm SOLID6S i3 poszmasza-
HO-MPIWUHHOIO MOOELI0, Yy3a2albHeHa niacmuynicme /[pykepa-Ilpacepa 3 kopucmysaybkum
NOWKOONCEHHAM | 0emaibHi Me30MO00eNi, WO PO3PI3HAIMb 3aN0GHI08AY, DO3UUH [ MENCO8I
30nu. IlopisHanvHull ananiz noKasye, wo NOUKOONHCEHO-NAACMUYHI POpMYTI08AHHSA, 30KpeMda
mooenv Concrete Damaged Plasticity (CDP), siomesopioioms Kpugi Ha8anmasicenHs-npocumy
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ma KapmuHu mpinjuHoymeopeHusa 3 mounicmio 00 15 % 3a ymosu kanibpysanus napamempis
Ha NoséHoMy HaOOpi eunpobyeanb HA CMUCK, pO3mMse, PO3KO | mpusany nosedinky. Ilpome
NPOMOKOIU KANIOPYBAHHS 3ANUUUAIOMbCS HECUCMEMAMUZ0B8AHUMU, WO YCKIAOHIOE 8i0ME0PIO-
8anicmsv i NOPIGHAHHICMb pe3yibmamis. Biocymuicmo 8iokpumoi emanonnoi 6azu oanux s
HempaouyiiHux Oemonie GU3HAHO KIH0Y0B0I0 NEPeUK000I0 HA WLIAXY 00 Y3200H4CEHUX NOYaAm-
Kosux napamempie. ToHkOCMIiHHI elemenmu cmeopioioms 000AMKO8I MPYOHOWI. 2eoMempu-
YHA HEeNIHIUHICMb NOEOHYEMBCA 3 NPOSPECYIOUUM ZHUINCEHHAM HCOPCMKOCMI, CNPUYUHAIOYU
3a1exCcHe 8i0 CImKU pO3CIAHHA eHepeii pYUHYSaHHs ma npobaemu 30iicHOCmi po36 a3Ky. Ak
3ax00U NPONOHYIOMbC YMOUYHEHe CIMKY8AHHA KPi3b MOSWUHY, HENOKANbHA pe2ynsapu3ayis
ma cmiuKi aneopummu 0y2080i 008cunu. AHi Memoou giocmedicenHs mpiun, 30Kpema ga-
3080-N01bOBE PYUHYBAHH MA KO2E3IUHI ceeMenmu, NIOSUWYIOMb MOYHICMb, 0COOUBO O/
cymiwieli i3 BUCOKUM BMICMOM 80JI0OKOH, 0€ 3aNUWKO8A Hecyua 30amHicmb Y pO3msey 6U3HA-
yae eKCnayamayiiny npuoamHicms, 0OHAK ix cucmemamuyHna eepuikayis noxu wo oome-
Jcena. J{loseompusani sasuwa, maxi K nO83yUiCMy, Ycaokda, 008208IYHICMb, A MAKON’C BUCO-
KOWBUOKICHI HABAHMANCEHHS NPU YOAPaAX YU CEUCMIYHUX 8NIUBAX HEOOCMAMHbO NPeOCmas-
JIEHT y CYYACHUX NPOSpamax nepesipku mooeiuetl, 0cooauso 0ns 6emomie 3i uiaKom i nepepoo-
JICHUM 3AN06HI08AYEM. 3aNPONOHOBAHO NPAKMUYHY «OOPOICHIO KAPMY», Wo 00 €OHye n’simo
KAI0408UX Oill: CMEoperHsl NyOIIuHOI emaloHHOI 6a3u sunpoOysans,; po3pooieHts YHIQIKo8a-
HUX NPOMOKOJI8 MOOEN0BAHHS 3 YIMKUMU MEMPUKAMU NOXUOOK, YiNbosi iHeecmuyii 6 s6HI
MoOeni mpiuHOYMeopeHHs Ol MOHKOCMIHHUX MA B0JOKHUCIMUX €l1eMEeHMI8; PO3ULUDEHHS]
00620mpusanux i OUHAMIYHUX eKCNePUMEHMANbHUX NPOcpam, YNPOBAONCEHHS MAUUHHO20
HA8UaHHA O] asmomamu3ayii niobopy napamempie i 6UsGIEHHSI AHOMAILHOI NOBEOIHKU MO-
Oeneu. CynymHi npocpamHi  B00CKOHANEHHS  NIOKNIOYHI  NIONpocpamu  Mamepianie
«plug-and-play» ma epaghiuni maiicmpu KaniopysanHs 3HUNCYIOMb NOPie 6X00Y 015 NPAKMU-
Kytouux inacenepis. CyKynHo yi 3axoo0u npoxiaoaroms wiisax 6i0 akademidHux Hanpayro8aHs
00 HAOIUHUX, 20MOBUX 00 NPOMUCTIO8020 BUKOPUCMAHHS CUMYIAYIU, 30AMHUX RIOMPUMAmMu
NPOEKMYBAHHA CMIUKUX OEMOHHUX KOHCMPYKYIL 6e3 apmamypu.

Knrouoei cnosa: Ckinuenno-enemenmuuil amanis, NOUKOOIHCEHO-NAACMUYHE MOOENI0-
8aHHsl, 6OIOKHUCIMUL ODemOoH, OemoH Ha nepepodIeHOM) 3aN08HIO8AYI, MOHKOCMIHHA ONaAy0-
Ka, Kaniopysanus mooeneu.
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