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Annotation. The article focuses on the
technological aspects of fabricating a reinforced
concrete shell using concrete 3D printing combined
with polystyrene formwork. A comprehensive
literature review was conducted to analyze recent
advancements in additive manufacturing methods
for shell structures, with a particular emphasis on
the development and application of flexible and
stay-in-place formwork systems. A step-by-step
manufacturing procedure for the test shell element
was implemented, including the generation of a
digital parametric model, followed by the
fabrication of a custom polystyrene mold. The mold
was assembled using layered foam sheets, which
were cut according to pre-defined templates,
bonded using adhesives, and manually refined to
ensure geometric accuracy.

The digital model was processed in CAD software
and converted into a format suitable for slicing. The
slicing operation was performed to define the layer
height, printing path, and tool trajectories. Based on
the generated G-code, a robotic concrete printer
(console-type, “UTU 3D”) was employed to
execute the additive layering process. The concrete
was deposited layer-by-layer on the pre-installed
polystyrene form, beginning from the bottom ring,
which was reinforced with embedded steel bars to
accommodate lifting hooks. Thixotropic concrete
mix was used to maintain the stability of each
deposited layer and to prevent slippage on the
curved surface of the mold. Short pauses between
layers were introduced to manage curing and
maintain interlayer bonding.

The finished shell was allowed to cure under
ambient conditions until the desired structural
strength was achieved. The study confirmed the
feasibility and efficiency of combining foam-based
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formwork and 3D printing for creating thin-walled
curved concrete structures, offering significant
potential for use in both experimental and
industrial-scale applications in the construction
industry.

Further research is aimed at conducting full-scale
tests of the shell under the action of quasi-uniform
static loading in order to determine the bearing
capacity and deformability of the structure.

Keywords: concrete shell; 3D concrete printing;
polysterene formwork; additive technology.

INTRODUCTION

Shell structures continue to represent one of the
most expressive forms of architectural and
structural ~ solutions in  contemporary
construction.

Due to their curved geometry, they provide
exceptional spatial rigidity while maintaining
minimal  thickness and low material
consumption, making them highly efficient
from an engineering perspective. At the same
time, the complex shape of such elements poses
a number of technological challenges for both
designers and builders. The conventional
construction of shells requires the use of
custom-made formwork systems of
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complex configuration, high-precision layout,
and strict geometric control at every stage.

The formation of double curvature is
particularly  difficult, often demanding
expensive molds, flexible materials, numerous
temporary supports, and specialized equipment.
These processes are generally labor-intensive
and resource-demanding, and their
implementation is only feasible with the
involvement of highly qualified specialists.

In modern construction, there is a growing
demand for new approaches to shell fabrication
that can preserve architectural freedom while
optimizing manufacturing and assembly
processes. One of the most promising directions
is the wuse of digital form-generation
technologies and three-dimensional concrete
printing (3DCP) [1-3], which enables the
elimination or significant simplification of
complex formwork, transforming it into a
flexible auxiliary element.

In this context, the present study investigates
the production process of a test sample of a
spherical concrete shell fabricated using 3D
concrete printing. The experiment was carried
out using the technology and industrial
capacities of the Ukrainian company “UTU 3D«

[4].
ANALYSIS OF PREVIOUS RESEARCH

An analytical review of recent scientific
achievements shows that interest in 3D
concrete printing (3DCP) is steadily growing
worldwide — including in Ukraine. In recent
years, 3D concrete printing has been addressed
by the scientific schools of Prof. V. Shmukler
[5-6], Prof. M. Savitsky [7-8], and Prof.
B. Demchyna [9-10], etc. Specifically, study
[11] gives a structural solution for a building
frame whose components — beams, columns,
and slabs — are manufactured using 3D-printed
concrete  formwork. The design allows
flexibility for use not only in new construction
but also in renovation. Work [12] is devoted to
a comparative analysis of bridge-type
3D-printer constructions used in construction;
an improved model with two extruders was
proposed. The results demonstrated a reduction
in the cost of producing 1 m* of products by
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1.9-2.7 times and a decrease in metal
consumption by 1.8-2.6 times compared to
traditional printer designs. In article [13], a
solution to the problem of transverse
reinforcement in 3D-printed
reinforced-concrete load-bearing beams was
proposed. The developed technology enabled
vertical reinforcement cages to be placed in
their design position without interrupting the
printing process, ensuring the ability of the
structure to resist both bending moments and
shear forces.

Contemporary international  publications
demonstrate a wide variety of research efforts
aimed at automation, serial production, and
reduction of the impact of labor-intensive
factors in construction. In the field of
shell-structure printing, a particularly relevant
challenge remains the use of formwork —
including stay-in-place formwork. In this
regard, the work by A. Jipa and B. Dillenburger
[14] should be mentioned, in which a
comprehensive review of indirect methods for
producing concrete components via 3D-printed
formwork is conducted. In that article, five
different technologies for 3D-printing concrete
formwork (material extrusion, ink- or foam-jet
printing, powder binding, etc.) are classified
and approximately 30 implemented projects are
analyzed. The authors discuss new geometrical
possibilities, improvements in efficiency and
sustainability in construction enabled by these
technologies, and outline their advantages and
challenges compared to traditional methods.

In the study by Ivaniuk et al. [15], the concept
of assembling reinforced-concrete  shell
structures using robotic installation of modular
falsework was examined. The authors describe
the automated placement of rigid components
that form the supporting geometry of a shell.
The results confirmed the effectiveness of
robotics in ensuring geometrical accuracy,
reducing labor costs, and enabling the
standardization of structural solutions. The
method is suitable for serial production of
curved shell buildings. Research [6] introduces
a new technology called F3DP — robotic 3D
printing of mineral foam to create stay-in-place
formwork for lightweight, complex concrete
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elements. Two experimental demonstrations
are provided: a perforated facade panel and an
arched slab, where the foam inserts printed
served as formwork for the concrete. The
results showed up to 50 % savings in concrete
volume and more than 60 % reduction in mass
without loss of strength. The foam inserts
remain within the elements, providing
additional thermal and acoustic insulation.

In the article by Li et al. [16], a systematic
review of modern formwork systems used in
concrete construction is presented, with
particular attention to their environmental
friendliness, economic  efficiency, and
technological flexibility. The advantages and
drawbacks of various types of formwork —
timber, steel, modular, 3D-printed, and
pneumatic — are summarized. The authors
emphasize the relevance of developing reusable
systems with reduced material consumption. A
special section is devoted to formwork for
geometrically complex shell structures, in
which traditional solutions are often inefficient.
In work [17], a method is presented for printing
concrete layers onto a temporary flexible
formwork to create a thin shell. The researchers
combined an adjustable flexible template
(developed by TU Delft) with a gantry-type 3D
printer, printing part of a shell onto a curved
surface; the remaining sections were cast
conventionally with concrete. As a result, a thin
shell of ~5 m? was obtained: part was
3D-printed and part cast, using a CNC-milled
polystyrene mold for support during printing.
This work demonstrates the possibility to
overcome the limitations of concrete’s self-
supportiveness  during  3D-printing by
employing temporary forms.

Article [18] describes the “Eggshell”
technology, which consists of 3D-printing an
ultra-thin (= 1-2 mm) plastic formwork and
simultaneously filling it with concrete. This
approach combines formwork fabrication and
concreting in one process: a robotic system
prints a hollow “eggshell”’-shaped mold, and
then a fast-hardening concrete mix is poured
immediately inside. This enables efficient
production  of  geometrically  complex
reinforced-concrete clements with minimal
formwork waste. It was shown that
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reinforcement can be easily placed inside the
thin printed shell; the resulting concrete
elements (e.g., branching columns) have
optimized geometry and strength unattainable
by traditional methods.

In study [19], an innovative technology for
creating curved shells using 3D-printed flexible
formwork is described. Initially, a flat mesh
formwork made of a special polymer is
robotically printed; then this mesh is elastically
bent into the shell shape and used as a base for
applying concrete (e.g., via shotcrete) or laying
fibre-reinforced concrete. It was experimentally
confirmed that approximately 80 kg of the
printed mesh formwork successfully supported
about 400 kg of fresh concrete. This method
enables the construction of thin, doubly-curved
reinforced-concrete  shells with complex
geometry without traditional rigid formwork;
the printed formwork may remain as part of the
structure or be reused.

The analytical review leads to the conclusion
that current research in 3D-concrete printing,
especially for shell structures, is aimed at
overcoming the technological limitations of
traditional monolithic construction, reducing
material  consumption, and introducing
automated systems. The main trends include the
development of stay-in-place and flexible
formwork systems, integration of
reinforcement during printing, and the use of
lightweight forming materials (foam, plastic,
polymer meshes), allowing the realization of
complex-geometry  shells. The  most
economically efficient technologies proved to
be those in which 3D printing is applied not
only to concrete itself but also to the production
of the formwork.

PURPOSE AND METHODS

The aim of the study was to test a method for
constructing a concrete shell with a diameter of
2200 mm, a thickness of 40 mm, and a rise of
300 mm using 3D concrete printing technology.
In this study, the implementation of a
rationalized [20] concrete shell formed using
expanded polystyrene formwork is presented.
The objectives of the research included:
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- the preparation of a digital model of the
shell based on preliminary calculations using
the finite element method (FEM);

- the cutting and fabrication of the
expanded polystyrene mold, which served as a
supporting surface for the application of
concrete extrusion;

- the printing of the concrete shell using a
cantilever-type 3D printer manufactured by
UTU 3D.

MAIN PART OF RESEARCH

To generate the shell geometry and define the
contours of the formwork layers, the Autodesk
Fusion 360 software package was used in
combination with a parametric modeling
module. The shell geometry was created as a
solid body with adjustable parameters for
diameter, height, and thickness. Subsequently,
the digital model was stratified into layers
according to the thicknesses of the polystyrene
foam sheets (50 mm and 20 mm).

The design dimensions of the shell were
obtained as a result of FEM analys according
the energy rationalization approach [21-22] and
defined as follows: a diameter of 2200 mm, a
rise of 300 mm, and an average thickness of
40 mm. A general view of the shell with the
integrated polystyrene formwork insert is
presented in Fig. 1.

T N

g |15, ® 1970 15, 8
2200

Fig. 1 General view of the concrete shell
Puc. 1 3aranpuuii BUrsiy O€TOHHOT 000JIOHKHA

Given the relatively small dimensions of the
test shell, the use of a polystyrene foam screen
was considered the most rational solution, as it
is capable of withstanding the weight of freshly
placed concrete without deformation [23].

Standard expanded polystyrene (EPS) sheets of
type PS-30 with dimensions of 1x1 m and
thicknesses of 50 mm and 20 mm were used to
shape the precise geometry of the shell. This
thickness gradation was chosen to increase the
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accuracy of the form, based on the calculated
shell geometry.

A total of four 50 mm layers and five 20 mm
layers were cut. Since the overall size of the
shell exceeded the width of a standard sheet,
most layers had to be assembled by bonding
multiple sheets together.

Silicone adhesive and a hot glue gun were used
for this purpose. Each prepared layer was
marked with the outer and inner contours, after
which cutting was performed along the outer
line.

The geometry of the shell and the cutting
strategy of the EPS screen are shown in Figure
2. Figure 3 presents the cutting layouts for each
formwork layer, using EPS blocks measuring
2x2 m and individual sheets of 1x1 m.

concrete shell

e i
g O
o . \
N polystyrene formwork
9" layer 250 250
8ih layer - 7
70 layer - - Lh’%elr
'_Y_h N . | ayer
=1 60 layer |~ S|/ 3layer
3 = = vy " Jayer
< g * -""""-l?;'_j\l;‘ 1% layer
3 i s

s |
115 986 L 986 15,

- 7
Fig. 2 Shell with a polystyrene screen (top) and
vertical layer-wise cutting of the polystyrene screen
(bottom)

Puc. 2 OOGononka 3 TMIHOMJIACTOBUM EKPaHOM
(Bropi) Ta po3pizaHHS e€KpaHy 3 MIHOIUIACTY Ha
HIapy 1O BUCOTI (BHU3Y)

The cutting of polystyrene sheets was carried
out in accordance with layouts prepared in the
design software environment. The entire
process was performed in several stages:

1. Marking of layer contours was carried
out manually.

2. Initial cutting of sheets to the required
dimensions and their assembly into blocks of
the desired thickness was performed, with
staggered joints to enhance structural integrity.

3. Mechanical shaping was conducted
using: a construction knife (for rough cutting),
a hot knife (for curves and radii), and a wire-
type thermal cutter (for precise shaping of
curved areas).

The blocks were assembled into the final form
sequentially, with visual control of dimensional
and geometric accuracy. The layers were glued
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together, and surface irregularities at transitions
were sanded. A tensioned string and manual
visual inspection were wused to verify
compliance with the design profile.

After cutting the formwork layers, each
segment was trimmed along its edge to match
the geometric profile of the shell. During the
fabrication process, it became evident that
2000

1000

small and thin segments were difficult to
process using thermal cutting tools due to a
sharp drop in accuracy. The high temperature of
the equipment caused local melting of the
polystyrene, and due to the slow processing
speed, the risk of damaging the workpiece
beyond correction increased significantly.

1l layer i

1000

2000

1000

616 616

T ey g FOu P O oS e w e
A% layerl ook

Fig. 3 Cutting layouts of polystyrene sheets
Puc. 3 Cxemu po3KpoIO JIUCTIB MIHOIIACTY
Fig. 4 shows the results of cutting using a hot
knife (Fig. 4a), a heated nichrome wire (Fig.
4b), and a standard utility knife (Fig. 4c). The

labor intensity and time required for manual
led to a significant increase in

e

1000

1000
1000 L 1000

production time. For future industrial-scale
applications, the use of CNC-controlled
equipment is recommended to ensure precision
and efficiency.

Fig. 4 Polystyrene processing: a) with a hot knife, b) with a heated wire, ¢) with a utility knife. Photo by V.

Tenensku

Puc. 4 O0poOka miHoIIaCTy: a) TEPMOHOXKEM, 0) Tapsu0r0 CTPYHOIO, B) OY/IiBEIbHUM HOXeM. ABTOpP (OTO

B. Tenececky

After all layers had been cut according to the
prepared design drawings, the assembly of the
polystyrene formwork into a single three-
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dimensional structure was initiated. The
primary objective at this stage was to ensure
geometric compliance with the design shape,
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provide secure bonding between individual
components, and create a smooth, monolithic
surface capable of withstanding the load from
the concrete mixture.

Before assembly, each layer was carefully
cleaned of dust, debris, and glue residue from
the previous cutting operations. Any rounding
or surface irregularities that could result in
deviations from the desired form were
manually corrected using sanding mesh or
abrasive paper. To bond the polystyrene
components, two types of adhesive were
employed: a silicone-based construction
adhesive was used for bonding large surface
areas, providing sufficient working time; and
hot melt glue (applied with a glue gun) was
used for quick point-fixation at joints and
curved sections.

ISSN 2522-4182

The layers were stacked sequentially, starting
from the bottom, with strict adherence to
orientation markings. The adhesive was applied
in narrow strips, after which the next layer was
firmly pressed into position and held under
slight pressure for 10-15 minutes to achieve
initial bonding.

Upon completion of the assembly, surface
alignment and sealing were performed. Some
layers were additionally trimmed with a utility
knife; joints, gaps, and irregularities were filled
using an acrylic-based putty. After drying, the
filled areas were sanded using abrasive tools to
ensure a smooth transition between layers and
an even surface finish.

The step-by-step formwork making is presented
in Fig. 5.

Fig. 5. Procedure for creating polystyrene formwork: a) manual marking of individual polystyrene
sheets; b) basic cutting of fragments with a utility knife; c) general view of blanks before edge trimming;
d) blanks after edge trimming; e) shape adjustment after assembling the formwork; f) puttying of seams

and joints. Photo by V. Tenensku

Puc. 5. [Iporienypa cTBOpeHHsS OonayyOKH 3 MIHOIUIACTY: a) PO3MITKA OKPEMHX JIUCTIB MIHOTUIACTY
BpyuHy; 0) 0a3oBe Hapi3aHHS OKpeMux (¢parMeHTiB OyIiBeTbHHUM HOXEM; B) 3arajJbHUA BT
3aroTOBOK J0 3pi3aHHA KpaiB; B) 3arOTOBKH ITiCJIsl MiAPI3KK KpaiB; T) miapi3zka opMu micist GopMyBaHHS
OTayOKH; T) IMATIIOBaHHA MIBiB 1 cTHKiB. ABTOp (hoTo B. Tenececky

Subsequent ~ operations involved the
transportation of the assembled formwork to
the printing site and the concrete 3D printing
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process itself using a console-type 3D printer.
Before initiating the printing, it was essential to
properly prepare the digital model. A CAD
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program was used to model the volume of the
shell structure, taking into account thickness,
curvature, and reinforcement layout. The model
underwent mesh and geometry validation and
was then exported in STL format.

Next, a specialized slicing software was used to
divide the model into thin horizontal layers
[24]. Parameters such as layer thickness,
extruder path, reinforcement insertion levels,
and other print settings were defined. Based on
this data, the slicing software generated G-code
for the 3D printer. When needed, a print

P—

)

simulation was conducted to check for
collisions, sagging, or printing errors. Only
after this verification process was the print job
initiated. This approach allowed for the
transformation of complex 3D geometry into an
executable construction sequence, while
accounting for technological constraints

At the construction site, the polystyrene
formwork was installed in its project position,
and the printing of the outer concrete ring began
(Fig. 6a).

a2

Fig. 6. Stages of shell printing: a) installation of the formwork and printing of the support ring; b) placement
of reinforcement and mounting loops; c—€) layer-by-layer extrusion of concrete along the height of the
formwork; f) transportation of the shell after it has gained sufficient strength. Photo by V. Tenensku

Puc. 6. Eramu npyky oOOJOHKHM: a) BCTaHOBJICHHS OMATyOKH 1 IPYK OMOPHOTO KMbIS; 0) YKJIaJaHHS
apMaTypd Ta MOHT@XHHX II€TeNb;, B-J) IIOIIApOBa EKCTPY3is OETOHy IO BHCOTI OMaMyOKH; XK)
TpaHCIIOPTYBaHHsI 000JIOHKH Ticisl HabpaHHs Heto MiHocTi. ABTop oto B. Tenececky

The printing proceeded vertically from the base
of the form upward. The structure was designed
without area-wide reinforcement, except for the
lower support ring. In this region, 10 mm
diameter steel bars were placed to secure four
6 mm mounting loops (Fig. 6b), fastened using
steel binding wire. These reinforcement
elements were embedded within the initial
extrusion layer and subsequently enclosed by
additional printed layers (Fig. 6c—d).
Technological pauses between layers were
allowed, though their duration was minimized
to prevent cold joints and ensure interlayer

ByniBenbHi kKoHCTpyKUii. Teopis i npakTuka * 17/2025

bonding. At the same time, considering the
curved geometry of the formwork, short breaks
helped prevent sliding of fresh concrete layers
due to the weight of upper layers.

The concrete mix used for printing exhibited
thixotropic properties, essential for layer-by-
layer extrusion. Upon completion of printing,
the concrete shell was left to cure under ambient
conditions until it reached the required strength
(Fig. 6e). After hardening, the structure became
suitable for further transportation (Fig. 6f) and
integration into larger construction processes.
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CONCLUSIONS AND
RECOMMENDATIONS

The article presents the technological sequence
of producing a reinforced concrete shell of
complex geometry using polystyrene foam
formwork and concrete 3D printing. An
efficient approach is proposed for shaping the
curved surface by means of layer-by-layer
assembly of foam formwork, which ensured
high geometric accuracy while minimizing
material consumption and labor resources. The
process of digital model preparation,
fabrication and assembly of the polystyrene
base, as well as subsequent concrete printing
using a 3D printer, confirmed the viability of
the proposed technology under real-life
experimental conditions.

The proposed method significantly simplifies
the fabrication of complex-shaped elements by
avoiding the use of traditional rigid formwork
and can be adapted for different construction
scales. The feasibility of using foam-based
formwork as a foundation for printing was
confirmed, with subsequent application of
concrete  mixture without compromising
geometric precision or structural integrity.
Further research is aimed at conducting
experimental investigations of the concrete
shell to determine its deformability and load-
bearing capacity.
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TEXHOJIOI'TYHI ACIIEKTH
3BEJEHHSI BETOHHOI OBOJIOHKH
3A 1OIIOMOI'OI0 3D-IPYKY
BETOHOM

Braoucnae TEHECECKY

AHoTamisi. Y CcTarTi OCHOBHa yBara MNpHUIiICHA
TEXHOJIOT1YHUM acreKTam BUTOTOBJICHHS
3a11300eTOHHOT O0OJIOHKM 3a Jornomoroto 3D-
IpyKy OETOHy B TMOE€IHAHHI 3 TIOJNiCTUPOIHHOIO
onaiy0OKkoro. byJo mpoBeeHO KOMITJIEKCHUH OTJIsi
JTEpaTypu Ui aHali3y OCTaHHIX JOCATHEHb Y
METOAaX aJAUTHBHOTO BUPOOHHUIITBA OOOJOHKOBUX
KOHCTPYKITiHi, 3 0COOJIMBAM aKIIECHTOM Ha PO3poo0TIi
Ta 3aCTOCYBaHHI THYYKHX Ta  HE3HIMHHUX
onasryoOYHMX ~ cHUCTeM. bymo  peanizoBaHO
MOKPOKOBY TPOLENYPY BUTOTOBJIEHHS TECTOBOTO
eleMEeHTa OOOJIOHKHM, BKJIIOYAKOUM CTBOPEHHS
muppoBoi  MapaMeTPUYHOiI MOJET, a MOTIM
BUTOTOBJIEHHS ~ CIEIIAJIBHOI  TOJIICTUPOJBHOT
¢dopmu. @opmy Oyio 3i0paHO 3 BHKOPHCTaHHIM
[IapyBaTHX IIHOIUIACTOBUX JIMCTIB, fKi OynH
BHpi3aHi 3a 3a3/1aJ1eri/Ib BU3BHAYCHUMH 1abJIOHaAMH,
CKJIGEHI 3a JIOTIOMOTOI0 KIeiB Ta BpY4YHY
BIOCKOHAJEHI UId 3a0e3Me4YeHHs] Te€OMETPUYHOI
TOYHOCTI.

HudpoBy Mozens 6yno 00poOIIeHO B IPOrpaMHOMY
3abe3neueHHi CAD Ta meperBopeHo y QopmMar,
NPUAATHUA  JUII  CJIAWCYBaHHS. Ormepartist
cnaiicyBanHs Oyna BUKOHaHa JJisi BU3HAYCHHS
BUCOTH IIAPY, HAIPSAMKY IPYKY Ta TPAEKTOpiil pyxy
comwta. Ha ocHoBi 3renepoBanoro G-komy s
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BUKOHAHHS TPOIECY AJAWTUBHOTO HallapyBaHHS
OyJ0 BHKOPUCTAaHO pPOOOTH30BAHUN OCTOHHMIA
npuHTep (KoHcompHOTO THMy, «UTU 3D»). Beron
VKJIaJaBcs Imap 3a [IapoM Ha TONepeaHbO
BCTAHOBJICHY MIHOTIOJI CTHPOIIBLHY ¢dopmy,
NOYMHAIOYM 3 HWKHBOTO KUIBLS, sIKe OyJo
apMOBaHO BOYZOBaHUMH CTAJEBUMH CTPYIKHIMH
JUIS  PO3MIIICHHS  BaHTAXOIIIHOMHUX  TaKiB.
TukcoTporHa OETOHHA CyMilll BUKOPUCTOBYBAJIACS
JUTSL TITPUMKH CTa01IbHOCTI KOKHOTO HAHECEHOTO
mapy Ta 3aro0iraHas CIIOB3aHHS 110 KPUBOJIIHIHHINH
noBepxHi popmu. Byu BBeieHI KOPOTKI May3H Mix
HrapaMu JiIsi KepyBaHHS TBEPIIHHSAM Ta MiATPUMKH
MIXKIIIAPOBOTO 3YETIICHHSI.

I'oToBi#t 00OJIOHII A2k 3aTBEP/IITH B HOPMAaJIbHUX
YMOBax JI0 JOCSTHEHHS OaxkaHoi CTPYKTYypHOI
MittHOCTI. JIoCiKeHHS MiATBEPIUIIO TOUUIBHICTD
Ta e()eKTUBHICTh MOETHAHHS OMAITyOKM Ha OCHOBI
nojicruponry Ta 3D-Apyky Ui CTBOpEHHS
TOHKOCTIHHHUX KPWBOTIHIHHIX OeTOHHMX
KOHCTPYKIiH, II0 TPOIMOHY€E 3HAYHHN TMOTCHIIiAN
JUTSE BUKOPHCTAHHS SIK B €eKCIIEPUMEHTAIFHUX, TaK 1
B IPOMMUCIIOBHX LUISIX Y OyIiBeNbHil ramysi.
Tlomanpmri JIOCITITHKCHHS CIpsIMOBaHi Ha
NpPOBENCHHS IOBHOMAcIITAaOHUX BHIPOOYyBaHb
000JIOHKH i Ti€ro KBa3-piBHOMIPHOTO
CTaTUYHOI'O HABAaHTAXKEHHS 3 METOI BU3HAUCHHS
Hecydoi  3maTtHocTi Ta  AedOpPMATHBHOCTI
KOHCTPYKIIii.

KarouoBi cnoBa: OeronHa oOomonHka; 3D-apyx

OeroHOM; omamyOka 3 TIHONACTYy; aJWUTHBHI
TEXHOJIOTI.
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