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ONTOGENETIC STAGE AFFECTS RAT NEURAL
CELL SPHEROIDS FORMATION AND PROPERTIES

Aim. To compare the formation efficiency and morphometric, mechanical, and morphofunctional properties of neural
spheroids derived from brain cells of rat embryos (embryonic day 15, E15) and neonatal rats (postnatal day 0, P0).
Methods. Neural cells were isolated by mechanical-enzymatic dissociation, and spheroids were formed by the hanging
drop method. Spheroid formation efficiency, diameter, sphericity, mechanical stability, and cell behavior after spheroid
transfer to an adhesive substrate were evaluated. Results. Embryonic brain-derived cells demonstrated higher spheroid
formation efficiency, producing larger, more spherical structures with less size variability and greater mechanical sta-
bility than neonatal cells. After attachment, E15 spheroids rapidly disintegrated, accompanied by intense radial cell
migration and the formation of a confluent layer exhibiting signs of neuronal and glial differentiation. In contrast,
neonatal PO spheroids maintained a compact 3D structure and formed stable neuronal networks. Conclusions. The
ontogenetic stage of neural cells significantly affects spheroid self-organisation, mechanical stability, and morphofunc-
tional properties, highlighting its importance in selecting cell sources for 3D neural tissue models.
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Introduction

Three-dimensional (3D) cell models are increa-
singly used in biology, neurobiology, regenerative
medicine, and pharmacology, as they more ade-
quately reproduce cell-cell interactions, tissue ar-
chitecture, and microenvironmental features than

traditional two-dimensional (2D) cultures [1, 2].
By enabling spatial organisation, dense intercellu-
lar contacts, and gradients of metabolites and
growth factors, 3D systems more closely mimic
in vivo conditions [3, 4].

Spheroids formed by cell self-assembly repre-
sent one of the simplest and most informative
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forms of 3D cellular organisation. They are wide-
ly used to model development, differentiation
and cell interactions in various tissues, particu-
larly in the nervous system [5]. For neural cells
(NCs), spheroid models are especially valuable
because they reproduce the heterogeneous cellu-
lar composition of nervous tissue, spatial interac-
tions between neuronal, glial and progenitor
populations, and the formation of primitive neu-
ronal networks [6]. However, cell self-organisa-
tion is a complex, multifactorial process deter-
mined by cell viability, metabolic and mechanical
properties of the initial population, and the level
of intercellular adhesion [7].

The hanging drop method is one of the most
common approaches for obtaining spheroids, as it
enables the study of cell self-assembly under con-
trolled conditions without solid matrices or artifi-
cial scaffolds [8, 9]. This approach provides op-
portunities to analyse intercellular interactions,
geometric organisation of aggregates, and their
mechanical properties. Nevertheless, comparative
studies of neural spheroids formed by cells at dif-
ferent stages of brain development remain limi-
ted. In particular, the differences in morphomet-
ric characteristics, mechanical stability and subse-
quent cellular behaviour between spheroids de-
rived from embryonic and neonatal brain NCs are
insufficiently explored.

An important criterion for the functional integ-
rity of 3D structures is their ability to attach, mi-
grate and differentiate after transfer to an adhesive
surface [10], as these processes reflect integrative
cellular properties and determine the suitability of
spheroids for modelling in vitro neurogenesis and
applied neurobiological research. These properties
may vary depending on the developmental stage of
cells, reflecting differences in their proliferative ca-
pacity, differentiation status and intercellular in-
teractions. Embryonic day 15 (E15) corresponds
to a stage of active neurogenesis with a high pro-
portion of neural progenitors [11], while postnatal
day 0 (PO) reflects a more differentiated cellular
composition [12]. Such ontogenetic contrast pro-
vides a relevant model for analysing how develop-
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mental stage influences neural cell self-assembly
and spheroid characteristics.

Therefore, this study aimed to investigate neu-
ral spheroid formation in hanging drop cultures
using brain cells from embryonic day 15 (E15)
and postnatal day 0 (P0) rats, and to perform a
comparative assessment of self-assembly efficien-
cy, morphometric parameters, mechanical stabil-
ity, and morphofunctional cellular behaviour fol-
lowing the transition from 3D culture to adhesive
growth conditions.

Materials and Methods
Obtaining neural cells

Primary neural cell (NC) suspensions were iso-
lated by mechanical-enzymatic dissociation of
whole brains from neonatal rats (PO; n = 6) and
embryonic rats (E15). For the embryonic group,
whole brains from all embryos of each pregnant
dam (n = 6) were pooled to obtain the cell sus-
pension for each individual experiment. Brain
tissue was removed, washed with sterile saline,
incubated for 2 min at 37 °C in 0.25% trypsin
(Biowest, France), transferred to DMEM/F12
medium (Biowest, France) supplemented with
10% rat serum [13] and antibiotics (50 U/mL
penicillin and 50 pg/mL streptomycin) and me-
chanically dissociated into single cells by vibra-
tion [14]. The suspension was filtered through
a 70 pum cell strainer (nylon mesh; Bioswisstec,
Switzerland) and centrifuged for 3 min at 100 g to
remove trypsin. The cell pellet was resuspended
in DMEM/F12 with 10% rat serum. Cell viability
was determined using 0.4% trypan blue (Sigma,
USA) and expressed as a percentage. Cell number
was counted in a Goryaev chamber.

Cultivation of neural cells

Freshly isolated NCs were seeded in 24-well
plates (TPP, Switzerland) at 2 x 10° cells/well in
DMEM/F12 medium supplemented with 10%
rat serum, 2 mM L-glutamine, 50 U/mL penicil-
lin, and 50 pg/mL streptomycin. No additional
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coating with adhesive substrates was applied.
The cells were cultured at 37 °C in 5% CO; and
95% air. Half of the culture medium was replaced
every 3—4 days.

Upon reaching subconfluence, the cells were de-
tached using a 1:4 mixture of 0.25% trypsin (Biowest,
France) and versene solution (Simesta, Ukraine). The
reaction was stopped by adding a 5-fold volume of
DMEM/F12 with 10% serum, followed by centrifu-
gation for 4 min at 100 g. The pellet was resuspended
in culture medium, and cell number and viability
were assessed. These precultured NCs (passage 0)
were used for spheroid formation.

Preparation of NC spheroids

Spheroids were generated using the hanging drop
method [15]. Drops (20 pl) of precultured NC sus-
pension containing 4 x 10° cells were placed on the
inner surface of 100 mm Petri dish lids (SPL Life
Sciences, Korea). The lids were inverted over the
dish bottoms containing sterile saline with anti-
biotics and cultured in a CO, incubator at 37 °C in
an atmosphere of 5% CO, and 95% air for 24—
72 hours. The viability of cells within the formed
spheroids was assessed using fluorescein diacetate/
propidium iodide (FDA/PI) staining [16]. For sub-
sequent analysis, 5 spheroids were randomly se-
lected from each independent experiment (i.e.,
from spheroids derived from neural cells of all em-
bryos of a single pregnant female or from a single
neonatal rat).

Morphometric parameters

Microscopic analysis and microphotography of cell
cultures were performed using a laser scanning
confocal microscope LSM 510 META (Carl Zeiss,
Germany) and an inverted light microscope (Am-
Scope MT3000, USA). For each spheroid, diameter,
projection area, and sphericity (circularity index)
were measured. Spheroid formation efficiency was
calculated as the percentage of drops in which
morphologically stable spheroids with clearly de-
fined boundaries were formed.
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The circularity index of spheroids was calcula-
ted using the formula:

Circularity = 4m x A/P?

where: m = 3,1416, A — projection area of sphe-
roid, P — the perimeter of spheroid.

Evaluation criteria: Circularity = 1.0 — perfect
circle (sphere); 0.8—0.95 — high sphericity (typi-
cal of well-formed spheroids); <0.7 — deformed,
asymmetric or loose aggregates.

Mechanical stability of spheroids was evaluated
by their ability to maintain integrity after 4 cycles of
aspiration and expulsion through the tip of a 200 uL
automatic pipette. Spheroids were then classified
into three categories: stable — retained a regular
spherical shape and clear boundaries; partially de-
formed — individual cells or small conglomerates
detached from the spheroid while the core remained
intact; destructured — the spheroid completely dis-
integrated into single cells or shapeless aggregates.

The degree of spheroid fragmentation after the
mechanical stability test was calculated as the dif-
ference between 100% and the proportion of intact
spheroids after mechanical stress, according to the
formula:

Degree of fragmentation (%) = 100% — propor-
tion of intact spheroids (%).

Data analysis

The experiments were performed in at least five in-
dependent replicates. Statistical analysis was con-
ducted using Microsoft Excel 2021 and GraphPad
Prism 9.0. The data are presented as mean + stan-
dard error of the mean (SEM). Normality was as-
sessed using the Shapiro-Wilk test. As the data
showed normal distribution, comparisons between
two independent groups (E15 and P0) were per-
formed using Students t-test. Differences were
considered statistically significant at p < 0.05.

Bioethical norms

Animal experiments were conducted in accor-
dance with the “General Principles of Animal Ex-
periments” (V National Congress on Bioethics,

ISSN 1993-6842 (on-line); ISSN 0233-7657 (print). Biopolymers and Cell. 2026. Vol. 42, No. 2



Ontogenetic stage and neural spheroid properties

Kyiv, 2013), the “IV European Convention for the
Protection of Vertebrate Animals used for Experi-
mental and other Scientific Purposes” (ETS 123,
Strasbourg, 1986), and with the approval of the
Bioethics Committee of the Institute for Problems
of Cryobiology and Cryomedicine of the NAS of
Ukraine (Protocol No. 2, 23/02/2021).

Results

In our previous studies [17], freshly isolated NCs
demonstrated a limited ability to self-aggregate
into spheroids. This limitation may be associated
with methodological factors, particularly the cell
isolation procedure, which may result in partial

Fig. 1. Spheroids formed after 24 h hanging drop culture from embryonic (E15, g, ¢) and neonatal PO (b, d) rat brain
cells. Cells within spheroids (¢, d) were stained with fluorescein diacetate/propidium iodide. Scale: a, b — 100 um,
¢, d — 50 pm
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loss of adhesion molecules. Precultivation impro-
ves the cell suspension quality by reducing the pro-
portion of damaged cells and enriching the popula-
tion with viable cells (~90% viability). Therefore, in
the present study, spheroids were generated using
the hanging drop method from precultured NCs.
All key stages of 3D self-assembly of precultured
NCs occurred within the first 24 hours of culture.
If spheroid formation did not initiate during this
period, further cultivation in hanging drops did
not result in their formation. Cultivation of formed
spheroids for 7 days caused no significant changes
in morphometric parameters, except for moderate
compaction accompanied by a slight reduction
in size.

Typical spheroids are shown in Fig. 1, and their
morphometric and physico-mechanical character-
istics are summarised in Tables 1 and 2. During
the first day of cultivation, significant differences
were observed between cells of embryonic and
neonatal origin. Embryonic NCs formed sphero-

ids with a larger mean diameter (123.5 + 9.6 um)
compared to neonatal cells (111.0 + 12.9 um). The
coeflicient of variation was lower in the embryonic
group (17.4% vs 26.1%), indicating more homoge-
neous aggregation. The sphericity index was also
higher in embryonic spheroids (0.87 + 0.04) than
in neonatal ones (0.75 + 0.05; p < 0.05).

Shape distribution analysis (Table 2) showed
that 60% of embryonic spheroids exhibited high
sphericity (=0.80), compared to 40% in the PO
group. No deformed aggregates were detected in
the E15 group, whereas 20% of neonatal spheroids
had a sphericity (circularity index) <0.70.

Additionally, the spheroids formed by neonatal
rat NCs exhibited pronounced geometric deterio-
ration with increasing size: at diameters > 110 um,
the circularity index markedly decreased, often re-
sulting in deformed or loose aggregates. In con-
trast, the embryonic spheroids maintained a com-
pact, nearly spherical morphology even at larger
diameters (up to ~150 pm).

Table 1. Comparative characteristics of neural spheroids derived
from embryonic (E15) and neonatal (P0) rat brain cells (m+SEM)

Parameter

Embryonic E15 (n = 30) Neonatal PO (n = 30)

Mean spheroid diameter, um

Percentage of formed spheroids per drop, %

Mean sphericity

Percentage of loose structures, %

Spheroid resistance to mechanical test, %

Degree of spheroid fragmentation, %

Coeflicient of variation (CV) of spheroid diameter, %

123.50 £9.60* 111.00 £ 12.90

82.00 + 4.34** 47.90 £ 6.43
0.87 £0.04* 0.75 + 0.05
22.50 £ 3.35** 52.40 £ 4.14
90.00 £ 5.16** 51.50 £ 5.86
10.00 + 5.16** 48.50 + 5.86
17.40 26.10

Notes: E15 — embryonic day 15; PO — postnatal day 0; differences are significant compared to neonatal rat neural cells: * —

p < 0.05 ** — p < 0.001.

Table 2. Distribution of circularity index-based shape categories
of spheroids derived from embryonic (E15) and neonatal (P0) rats after 24 h of culture

Form category (sphericity)

Embryonic E15 (n = 30), %

Neonatal PO (n = 30), %

High (>0.80) 60 40
Moderate (0.70—0.79) 40 40
Deformed (<0.70) 0 20
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Fig. 2. Migration and differentiation dynamics of spheroid-derived cells after transfer to an adhesive surface. Spheroids
formed by neural cells from E15 rat embryos on days 2 (a) and 7 (b) of culture. Spheroids formed by neural cells from
PO neonatal rats on days 2 (c) and 7 (d) of culture. Black arrows indicate neuroblast-like and neuron-like cells; white ar-
rows indicate glia-like cells. Scale: 50 pm

Mechanical stability assessment (Table 1) sup-
ported these findings. The proportion of intact
spheroids after mechanical loading was signifi-
cantly higher in the E15 group (90.0 + 5.16%) than
in the PO group (51.5 + 5.86%; p < 0.001). Accord-
ingly, fragmentation was nearly fivefold higher in
neonatal spheroids (48.5% vs 10.0%; p < 0.001),
indicating weaker intercellular adhesion and re-
duced mechanical resistance. Overall, embryonic
NCs not only formed spheroids with better geo-
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metry but also provided greater structural integri-
ty and resistance to mechanical stress.

To evaluate functional viability, the mechani-
cally stable spheroids were transferred to adhesive
24-well plates and cultured for 7 days. On day 1,
both embryonic and neonatal spheroids exhibited
100% attachment.

By day 2, the embryonic spheroids demonstra-
ted active radial cell migration and spreading, for-
ming a wide migration zone (Fig. 2a). Numerous
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elongated spindle-shaped cells with thin cytoplas-
mic processes migrated outward from the aggre-
gate. In parallel, flattened polygonal cells with lar-
ger spreading areas were observed, likely corres-
ponding to immature glial elements. Migrating
cells established early intercellular contacts thro-
ugh extending processes, forming an initial cellu-
lar network around the spheroid. The spheroid
core remained compact but showed signs of partial
loosening at the periphery.

By day 7, the embryonic spheroids had com-
pletely dispersed due to extensive outward migra-
tion, resulting in a nearly confluent monolayer on
the culture surface (Fig. 2b). The culture exhibited
marked cellular heterogeneity and a highly deve-
loped network architecture. A large number of
elongated neuroblast-like and neuron-like cells
with long, thin neurite-like processes formed dense
interconnected structures resembling the neuropil.
Stellate and flattened polygonal cells, morphologi-
cally consistent with astroglial or radial glial-like
elements, were widely distributed among the neu-
ronal cells and likely contributed to substrate or-
ganization and cell adhesion. The culture exhibited
high cell density and significant overlap of migra-
tion zones, indicating strong proliferative and mi-
gratory activity of embryonic neural stem/progeni-
tor and differentiated cells.

The neonatal spheroids at day 2 also showed ac-
tive radial migration and substrate colonization
(Fig. 2¢). Migrating cells were predominantly bi-
polar or spindle-shaped with clearly distinguisha-
ble contours and short cytoplasmic protrusions.
Compared with embryonic cultures, the migration
zone appeared more compact and spatially orde-
red. Individual cells migrated radially around the
spheroid, while only early stages of network for-
mation were observed. The spheroid core retained
a dense rounded morphology with moderate pe-
ripheral dispersal.

By day 7, the neonatal spheroids likewise under-
went almost complete dispersal with the forma-
tion of a broad, nearly confluent cellular mono-
layer (Fig. 2d). Numerous small elongated cells
with long branching processes formed an extensive
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interconnected cellular network throughout the
culture area. Flattened polygonal cells were inter-
spersed among neuron-like cells, likely represen-
ting astroglial elements contributing to substrate
support and intercellular interactions. Compared
with day 2, the density of cellular processes and
degree of intercellular connectivity markedly in-
creased, indicating progressive maturation of the
culture.

Discussion

The results indicate that neural cells from rat em-
bryos (E15) exhibit a significantly higher potential
for spheroid formation compared to neonatal cells.
This is reflected in a greater proportion of formed
spheroids, larger average diameters, higher spheri-
city, lower size variability, and markedly improved
mechanical stability. These differences align with the
notion that embryonic neural cells possess greater
plasticity, proliferative capacity, and self-organisati-
on potential than postnatal brain cells, which are at
more advanced stages of differentiation [18, 19]. The
data also show that all key stages of spheroid self-
assembly occur within the first 24 hours of culture,
and prolonged residence in hanging drops does not
lead to the formation of additional aggregates. This
observation is consistent with the literature reports
indicating that the early phases of 3D aggregation
are governed by rapid activation of intercellular ad-
hesion, actin cytoskeleton reorganisation, and the
balance of mechanical stresses within the cell aggre-
gate [20, 21]. The recent reviews on 3D neural mo-
dels further emphasise that the first 24—48 hours of
culture are critical for establishing stable spheroid
architecture and enabling subsequent functional dif-
ferentiation [22].

Higher sphericity values and lower diameter co-
efficient of variation in embryonic spheroids indi-
cate a more homogeneous and predictable pattern
of self-organisation. As reported in studies on
neural spheroids and brain organoids, the geomet-
ric regularity of aggregates is closely associated
with the consistent cell proliferation, uniform dis-
tribution of cell types, and stable intercellular
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contacts [23]. In contrast, the decline in sphericity
observed in neonatal spheroids with increasing di-
ameter may reflect the limited proliferative poten-
tial and greater heterogeneity of the cell popula-
tion, which are characteristic of more mature
neural cells [24].

The mechanical testing results confirmed the
morphometric observations: embryonic spheroids
exhibited significantly higher resistance to me-
chanical stress and a markedly lower level of frag-
mentation. The mechanical stability of 3D aggre-
gates is known to depend on the density of cell-cell
contacts, the expression of adhesion molecules,
and the production of extracellular matrix, which
further reinforces spheroid structure [19]. These
mechanisms likely underlie the observed differen-
ces between embryonic and neonatal spheroids.
These differences may also be explained by under-
lying molecular mechanisms regulating cell-cell
interactions. In particular, enhanced expression of
adhesion molecules (e.g., N-cadherin, NCAM) in
embryonic cells could promote stronger intercel-
lular cohesion and higher mechanical stability,
consistent with the established role of cadherin-
mediated adhesion in neural tissue organisation
[19, 20, 25]. In parallel, the increased cytoskeletal
plasticity and active actin remodelling may facili-
tate efficient aggregation and spheroid integrity
[20, 21]. Difterences in the formation of intercel-
lular junctions and integrin-mediated interactions
with extracellular matrix components may further
influence spheroid architecture and post-adhesive
behaviour, as reported for 3D neural models [21—
23, 26]. It should be noted that these mechanisms
were not directly investigated in this study and re-
main hypothetical. Therefore, the targeted analysis
of adhesion molecules, cytoskeletal organisation,
and associated signalling pathways represents an
important direction for future research.

The functional viability of mechanically stable
spheroids from both groups was confirmed by
100% attachment to the adhesive surface; however,
their subsequent spatio-temporal behaviour and
morphological organization differed depending
on their origin.
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By day 2, the embryonic spheroids exhibited
rapid attachment and robust radial migration,
forming an extensive migration zone (Fig. 2a). This
process culminated by day 7 in the nearly complete
dispersal of the 3D aggregate and the formation of
a dense, highly heterogeneous monolayer (Fig. 2b).
This behaviour aligns with the current models of
neurospheres and organoids, in which embryonic
NCs exhibit a high capacity to transition from 3D
organisation to active migration and differentiation
under adhesive growth conditions [23]. The pre-
sence of long, neurite-like processes forming neu-
ropile-like structures, alongside large flattened glia-
like elements, suggests advanced structural matu-
ration of the embryonic culture.

In contrast, the neonatal spheroids initially dem-
onstrated a more compact and spatially ordered
radial migration (Day 2, Fig. 2c). While they also
underwent nearly complete dispersal by day 7,
forming a confluent monolayer (Fig. 2d), their or-
ganization remained more uniform compared to
the embryonic group. Neonatal cultures were cha-
racterized by a denser population of smaller neu-
ron-like cells and a more regular arrangement of
cellular elements, which is consistent with the for-
mation of stable neuronal networks in postnatal 3D
cultures [24]. This suggests that while both cell
types effectively transition to 2D growth, the neo-
natal cells maintain a more organized architecture,
potentially supporting more structured synaptic
connectivity.

It should be noted that the identification of
cell types in this study is based on morphological
criteria and should be considered preliminary.
Further studies will include detailed phenotyp-
ing using specific molecular markers

Conclusion

The results indicate that the ontogenetic stage of
NCs is a key determinant of their self-organisa-
tion efficiency under three-dimensional culture
conditions. It influences the morphofunctional
and mechanical properties of the resulting sphe-
roids, as well as the patterns of cell migration
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and differentiation following transition to adhe-
sive growth. The embryonic brain NCs exhibit
higher plasticity and self-organisation potential,
whereas the neonatal brain NCs tend to form
more stable and structurally ordered neuronal
networks. These differences highlight the impor-
tance of considering the ontogenetic origin of

cellular material when selecting a cell source.
Such consideration is critical for developing
physiologically relevant 3D models of neural tis-
sue tailored to specific experimental goals, in-
cluding studies of neurogenesis, cell migration
and differentiation, neuroregeneration, or phar-
macological screening.
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BIUIVB CTAII OHTOTEHETMYHOT'O PO3BUTKY
HA ®OPMYBAHHS TA BTACTUBOCTI COEPOIIIB HEPBOBVMX KJIITUH IITYPIB

Mema. IlopiBHATK edeKTUBHICTD GOpMYBaHHA Ta MOPPOMETpUYHI, MeXaHiuHi it MOpdodyHKIiOHAIbHI BTaCTUBOCTI
HelipalbHUX cepoifiB, OTPUMAHUX i3 K/IITVH I'OJIOBHOTO MO3KY eMOpioHiB 1ypiB 15-i fobu recrauii (E15) Ta HeoHa-
tanpHux IypiB (P0). Memoou. HeitpanbHi KIiTMHM i30/MI0BaM METOZOM MeXaHiKO-pepMeHTaTMBHOI Amcorianil
Ta ¢popmyBamu cepoiny MeTonoM BucsAdoi kpart. OniHoBany epeKTUBHICTb chepoifoyTBOpeHHs, fAiameTp, cde-
PUYHICTb, MEXaHIUHY CTIMIKICTD i MOBeNiHKY KIITUH MiC/IA epeHeceHHs cepoifiB Ha aare3uBHUI cyocrpat. Pesyno-
mamu. KniTvHu eMOpioHaIbHOrO MO3KY IeMOHCTPYBaIM BUILY e(eKTUBHICTb chepoifoyTBOpeHHA Ta popMyBaIn
cdepoinu 3 6inpnM HiaMeTpoM, BUIIOW CHEPUIHICTIO, MEHIIOK BapiabenbHICTIO pO3MIipiB i Kpallol MeXaHi4HOH
CTiNIKiCTIO MOPiBHAHO 3 HeoHaTanbHUMM. ITica npukpimiensa chepoiny E15 mBuaKo gesinTerpyBanm 3 iHTEHCUBHOIO
papianbHOIO Mirpaniero KaitiH i popMyBaHHAM KOHGIIOGHTHOTO LIapy 3 03HaKaMM HelipOHa/IbHOI Ta ItiasbHol aude-
peHianil, Toxi Ak HeoHaTanbHi cepoinm 36epiranu koMnakTHy 3D-cTpyKTypy Ta popMyBasm cTabiIbHI HelipOHaIb-
Hi Mepexi. Bucnoexu. OHTOreHeTHYHA CTaflis HelIpaJbHUX KIITUH CYTTEBO BIUIMBAE Ha CaMOOPraHisaliilo, MeXaHiqHy
cTabinbHIiCTD i MOPPODYHKIIIOHANTBbHY TOBEAIHKY HellpalbHUX CPepoiiB, 10 € KPUTUIHUM )11 BUOOPY KIIITMHHOTO
mKepena y 3D-Mopenax HepBoBOi TKAaHMHI.

Kntouoei cnosa: nevipanbHi wiitunu, cdepoinn, 3D-KyIpTUByBaHHsI, OHTOTeHe3, BUCSIYA Kparwii, MOpQodyHKIfio-
HaJIbHi BIaCTUBOCTI.
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