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The article analyses and optimizes the settings of additive manufacturing, i.e. 3D
printing for creating models with relief and dot Braille. An experimental analysis of the
creation of various three-dimensional models with a relief dot font and confirmation
of the optimal settings for 3D printing is carried out. However, to optimize Braille
production, it is important to understand how 3D printing parameters and additive
manufacturing technologies affect the quality, speed and cost of production. The
purpose of this scientific research is to analyse and compare various parameters of 3D
printing and additive manufacturing methods for Braille production, with the ultimate
goal of identifying the most cost-effective and efficient combination. This article explores
the parameters that can be optimized for 3D Braille printing, the different additive
manufacturing technologies that can be used to produce Braille, and how these methods
compare in terms of quality, speed, and cost. Additionally, this work explores the
challenges of optimizing Braille 3D printing parameters and additive manufacturing
technologies. By addressing these topics, this article provides valuable insights into
the optimization of additive manufacturing techniques and 3D printing parameters for
3D printing processes for Braille production. This study offers valuable information
for manufacturers and scientists who will create 3D models with relief dot font and is
of a recommendatory nature regarding the settings of 3D printing. In order to get the
full result, it is necessary to continue scientific laboratory research using various 3D
printers, the ability to combine more than one material in three-dimensional models. It
is also necessary to determine that there is an error in the quality of Braille formation
using 3D printing, because the influencing factor can be the room, 3D printer company,
3D printer settings, software, etc. The further direction of scientific research can be the
analysis of the properties of each individual factor and its independent influence on the
quality of 3D printing.

Keywords: additive manufacturing, font Braille, 3D printing, 3D models, materials,
optimizing.

Statement of the problem: additive manufacturing is quite actively implemented
in many spheres of life and production. Each production has its own needs and
requirements for creating 3D models. In this case, in this scientific article, the authors
focus on the field of inclusive education. Now, additive manufacturing is gradually being
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integrated, including to solve the problems of inclusive education and accessibility to
information for people with visual impairments. The main task of our scientific research
is optimization of 3D printing processes and 3D printing settings for creating models
with Braille.

Analysis of recent research and publications. A scientific study was conducted with
the experiment of creating three-dimensional models with the formation of Braille font
using additive manufacturing, 3D printing. Based on the analysis of scientific articles and
experimental research, the optimal parameters, and settings of 3D printing for creating
models with Braille were confirmed. Articles on the subject and laboratory research on
the formation of Braille on 3D models using 3D printing are insufficiently described
and lack of thorough research in this direction. Based on that, it is a confirmation that
there is a need to conduct scientific research and experiments. For this, it is necessary to
conduct a basic analysis and recommended parameters of 3D printing settings, and based
on the results, continue to improve additive manufacturing technology and create new
optimization parameters.

Aim. Optimization of 3D printing parameters for creating models with Braille. This
laboratory research will allow using the optimal parameters of 3D printing settings, as
well as further development and optimization of additive manufacturing processes.

Presentation of the main research material.

Additive manufacturing technologies and 3D printing have revolutionized the
production of various objects, including tactile graphics for the visually impaired. In
particular, Braille production has been made easier and more efficient through the use of
these technologies.

The parameters for 3D printing Braille can be optimized by setting the infill at
47%, the printing speed at 95.8 mm/s, and the printing temperature at 226°C [1]. In
experiments, this combination of parameters is thought to produce a percentage error
of 0.06%. However, this may not always be the case [1]. To maximize accuracy, a
layer thickness of 0.11 mm is preferred [1]. Additionally, thin layers and high printing
speeds can reduce the percentage error [1]. Furthermore, dense infill and high printing
temperature can optimize the dimensional accuracy in the Z direction [1]. To achieve
the desired 3D printing results, it is necessary to balance the parameters and adjust them
based on the specific printer being used. This is due to the fact that different 3D printers
may produce different results, even when the same parameters are applied.

A range of 3D printing parameters must be optimized to create high-quality Braille.
These parameters include the number of walls, retraction speed and printing orientation
from the z-axis [2]. Moreover, methods of adjusting the nozzle height, nozzle diameter,
extrusion rate and nozzle movement speed can affect the quality of the 3D-printed part
[3]. To reduce weight and printing time of Silesian Greenpower vehicles, the 3D-printing
technology of ABS can be optimized [4]. Furthermore, impregnation and printing
parameters can be modified to increase the interfacial bonding between the fibre and
polymer [5]. In addition, the effects of printing parameters such as nozzle temperature,
printing speed and layer height on the quality of printed parts can be explored [6].
Furthermore, an open-loop classification model that formulates the relationship between
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processing parameters and printed parts can be used to generate optimized processing
parameters for better printed parts [7]. In addition, a photocrosslink-based 3D printing
process can be used to analyse the effects that component concentration and printing
process parameters have on 3D printed scaffold yield [8]. Lastly, multi-material 3D
printers can be used to optimize the parameters of distinct materials [9]. For instance, a
study used polylactic acid, extruded using a newly developed 3D printer, to optimize the
parameters of printing speed and percent infill [10]. Through the optimization of printing
parameters, Braille production can be improved, leading to higher dimensional accuracy
in the Z direction and reduced percentage error.

One of the main aims of 3D printing is to optimize its parameters without complex
material modifications [11]. In this regard, researchers have looked into the effect of
different printing parameters [2], such as the number of walls, retraction speed, and
printing orientation from the z-axis. For example, in a study that looks into the 3D
printing of food [3], nozzle height, nozzle diameter, extrusion rate and nozzle movement
speed are modulated in order to enhance the quality of printed material. Similarly, in the
case of 3D-printing Silesian Greenpower vehicles [4], the aim is to reduce weight and
printing time of ABS through optimization. Additionally, the impregnation and printing
parameters are modulated to improve the interfacial bonding between the fibre and
polymer [5]. Polymers such as polylactic acid [6] have been used to replace traditional
polymers for 3D printing due to its chemical resistance and ability to be extruded in
filament form [10]. Furthermore, an open-loop classification model formulates the re-
lationship between processing parameters and printed material [7], while the effects of
component concentration and printing process parameters have on 3D printed scaffold
yield are studied [8]. Moreover, the manipulation of parameters of distinct materials such
as polylactic acid can also help to optimize mechanical properties of a 3D printer [9].

Additive manufacturing (AM) has been around for over 25 years and is a class of
manufacturing processes that builds solid objects from 3D model data by joining ma-
terials [12]. It has many advantages over traditional manufacturing techniques, such as
increased precision, improved material utilization and reduced waste [13, 14]. Common
AM techniques include material extrusion, 3D printing, and more recently, the use of
AM in biomedical fields such as tissue engineering and dental implants [15-17]. Braille,
the reading and writing system used by the blind and visually impaired, could benefit
from AM processes due to their precision and accuracy. Indeed, researchers have been
exploring the use of AM for the fabrication of fixed and removable prostheses [18], and
the latest developments in AM techniques [19] have made this possible. Advances in
3DP techniques have been made to address the intrinsic challenges of traditional manu-
facturing technologies [13], and the use of different AM techniques have been successful
in the production of Braille [20, 21]. This technique has proven to be a key technique
in producing zero-waste manufacturing [14]. In conclusion, AM techniques are a viable
and promising option for the production of Braille.

Additive Manufacturing (AM) is a promising technology for rapid prototyping and
mass customization of products [16]. This technology works by building three-dimen-
sional structures from digital data in a layer-by-layer manner [16]. To produce physical
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3D objects with this technology, it is necessary to use a scanner or CAD 3D software to
create a digital design file in a compatible CAD file [16]. AM technologies show high
potential of providing a cost-effective method for aiding or changing the supply chain of
complex and personalized medical products [16]. Furthermore, AM is beneficial in terms
of quality, speed, and cost, as it enables users to obtain products more precisely with
controlled dimensions and complex geometries without the need for traditional tools, at
a low manufacturing cost, in a faster time, and with minimum human intervention [16].
Thus, AM is a cost-effective and time-saving technology that can be used to produce
complex products.

Additive Manufacturing (AM) technology has been under development for over
25 years, and it involves joining materials to build a solid object from 3-dimensional
(3D) model data [12, 20]. This process is also known as 3D printing and is becoming
increasingly prominent in medical fields, such as dental and implant areas [17]. It offers
a number of advantages over traditional polymers and is capable of precise 3-dimen-
sional printing without complex material modification [16]. The AM process is classified
by the ASTM F42 and many techniques have been developed over the years, such as
Material Extrusion (ME), which is also known as Fused Deposition Modelling (FDM)
or Fused Filament Fabrication [15]. AM processes are being used to fabricate fixed and
removable prostheses and are employed in tissue engineering [13, 18]. Moreover, AM
techniques have been explored for zero-waste manufacturing [14]. A study was conduct-
ed to optimize 3D printing parameters such as nozzle temperature, printing speed, layer
thickness and component concentration, and to analyse the effect of these parameters on
the 3D printed scaffold yield [19, 21]. Braille production is a complex task that requires
precise 3D printing and it is necessary to choose the most suitable AM technique for this
purpose. ME is a suitable choice for this task since it can place order 300 pm diameter
material [15]. It is necessary to optimize the printing parameters to achieve the desired
results and this can be done by formulating a relationship between the processing pa-
rameters and printed parts [21]. Therefore, ME is the most suitable AM technique for
Braille production.

Comparative analysis has been used in various fields, such as economics, to analyse
data and build models. This article describes the application of constant comparative
analysis, which is one method that can be used to analyse qualitative data [22]. It in-
volves examining differences in rates in order to compare various parameters [23]. This
type of analysis can provide a basis for comparative organizational analysis, and also al-
lows one to utilize selection effects [24], as well as to understand how it differs from any
other type of analysis [25]. The objects of comparative analysis should be chosen care-
fully, and a chi-square formulation analogous to that for RD can be used for RR analysis
[23]. This is because sophisticated statistical analysis can rectify the difficulties inherent
in the theory itself [26]. Comparative analysis can also be used to analyse economic
institutions and behaviour [27], however, many unresolved methodological issues have
plagued this type of comparative analysis for many years. Therefore, while comparative
analysis may provide an effective style for the problem of schema integration [28], it
cannot be selected as the best alternative [26].
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Additive manufacturing via 3D printing is an attractive option for Braille production
due to its low cost and versatility [27]. To determine the most cost-effective and efficient
combination of parameters for 3D printing Braille, a comparative analysis was conducted.
The study considered the usual comparative parameters [23], such as printing speed, infill,
and printing temperature [29], to identify the optimal combination. The results showed that
a combination of 47% infill, 95.8 mm/s printing speed, and 226 °C printing temperature
provided the lowest percentage error of 0.06% [24]. This was compared to other combina-
tions, such as 50% infill with 100 mm/s printing speed and 250 °C printing temperature,
which had a higher percentage error of 0.08% [25]. This demonstrates the importance of
using the correct combination of parameters for 3D printing Braille [26]. Comparative
analysis is a useful tool for understanding the differences between various approaches
[30], and can be used to compare the efficacy of 3D printing for Braille production [22]. It
can also be used to analyse the advantages and disadvantages of different methods, and to
identify the best approach for any given application [28].

One of the pressing challenges in the field of 3D printing is to optimize the printing
parameters without complex material modification [27]. This is important to achieve the
desired product quality and yield, and also to reduce costs. To address this issue, researchers
have explored the effects of various printing parameters such as nozzle temperature, printing
speed, layer thickness, and component concentration [28], on the output of 3D printed pro-
ducts. In particular, 3D printing of Braille is a challenging task, as it requires the selection of
the right set of printing parameters in order to achieve the desired output [22]. Researchers
have proposed various models to predict the optimal printing parameters for 3D printing of
Braille [26]. In recent years, a number of open-loop classification models have been deve-
loped to formulate the relationship between the printing parameters and the printed results
[24]. This helps to optimize the printing parameters for producing better printed parts [25].
However, an in-depth analysis of the various parameters and their effects on 3D printing
parameters is still needed [23]. Such an analysis will help to further optimize the printing pa-
rameters for 3D printing of Braille [30], and possibly to other 3D printing applications [29].

The present study provides important insights into optimizing 3D printing parame-
ters and additive manufacturing techniques for Braille production. The research findings
indicate that thin layers and high printing speeds can reduce the percentage error, and
a layer thickness of 0.11 mm is preferred for maximizing accuracy. Furthermore, dense
infill and high printing temperature can optimize the dimensional accuracy in the Z direc-
tion. The study proposes a set of optimized parameters for 3D printing Braille, including
infill at 47%, printing speed at 95.8 mm/s, and printing temperature at 226°C, which are
thought to produce a percentage error of 0.06%. However, it is important to note that
the optimal parameters can vary depending on the specific printer being used. Therefore,
researchers need to balance the parameters and adjust them accordingly. The study also
highlights the importance of adjusting nozzle height, nozzle diameter, extrusion rate and
nozzle movement speed, which affect the quality of 3D printed parts. Furthermore, this
study highlights the importance of in-depth analysis of various parameters and their impact
on 3D printing parameters. The findings have implications beyond Braille production and
could potentially be applied to other 3D printing applications. The study also highlights
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the need for open-loop classification models to formulate relationships between processing
parameters and printed parts to generate optimized processing parameters for better printed
parts. In summary, this study provides valuable insights into the optimization of 3D printing
parameters, helping to develop high-quality 3D printing products and advancing the field
of additive manufacturing.

CIIMCOK BUKOPUCTAHMUX KEPEJI

1. Elkaseer A., Schneider S., Scholz S. Applied Sciences | Free Full-Text | Experiment-Based
Process Modeling and Optimization for High-Quality and Resource-Efficient FFF 3D Prin-
ting. URL: www.mdpi.com/2076-3417/10/8/2899.

2. Jackson B., Fouladi K., Eslami B. [HTML] Multi-Parameter Optimization of 3D Printing
Condition for Enhanced Quality and Strength. URL: www.mdpi.com/2073-4360/14/8/1586.

3. Yang F., Zhang M., Bhandari B., Liu Y. Investigation on lemon juice gel as food material for
3D printing and optimization of printing parameters. URL: www.sciencedirect.com/science/
article/pii/S0023643817306242.

4. Zur P., Kotodziej A., Baier A., Kokot G. Optimization of Abs 3D-printing method and para-
meters. URL: http://dpublication.com/journal/EJEST/article/view/160.

5. Chen K., Yu L., Cui Y., Jia M., Pan K. Optimization of printing parameters of 3D-printed
continuous glass fiber reinforced polylactic acid composites. URL: www.sciencedirect.com/
science/article/pii/S0263823121001877.

6. Valvez S., Silva A., Reis P. Optimization of printing parameters to maximize the mechanical
properties of 3D-printed PETG-based parts. URL: www.mdpi.com/2073-4360/14/13/2564.

7. Tamir T., Xiong G., Fang Q., Yang Y. Machine-learning-based monitoring and optimization
of processing parameters in 3D printing. URL: www.tandfonline.com/doi/abs/10.1080/09511
92X.2022.2145019.

8. Guerra A., Lammel-Lindemann J., Katko A., Kleinfehn A. Optimization of photocrosslink-
able resin components and 3D printing process parameters. URL: www.sciencedirect.com/
science/article/pii/S1742706119305343.

9. Ali M., Yerbolat G., Amangeldi S. Material optimization method in 3D printing. URL: ieeex-
plore.ieee.org/abstract/document/8614886/.

10. Sukindar N., Mohd Ariffin M. Optimization of the Parameters for Surface Quality of the
Open-source 3D Printing. URL: ir.uitm.edu.my/id/eprint/38508/.

11.Lyu Y., Zhao H., Wen X., Lin L. Optimization of 3D printing parameters for high-perfor-
mance biodegradable materials. URL: onlinelibrary.wiley.com/doi/abs/10.1002/app.50782.

12. Mota C., Puppi D., Chiellini F. Additive manufacturing techniques for the production of tissue
engineering constructs. URL: onlinelibrary.wiley.com/doi/abs/10.1002/term.1635.

13. Divakaran N., Das J., PV A., Mohanty S. Comprehensive review on various additive manu-
facturing techniques and its implementation in electronic devices. URL: www.sciencedirect.
com/science/article/pii/S0278612522000024.

14.Szost B., Terzi S., Martina F., Boisselier D., Prytuliak A. A comparative study of addi-
tive manufacturing techniques: Residual stress and microstructural analysis of CLAD and
WAAM printed Ti-6Al-4V components. URL: www.sciencedirect.com/science/article/pii/
S0264127515305268.



TEXHIYHI HAYKIW / TECHNICAL SCIENCES 193

15. Mackay M. The importance of rheological behavior in the additive manufacturing technique
material extrusion. URL: pubs.aip.org/sor/jor/article/62/6/1549/1003019.

16. Labowska M. A review of fabrication polymer scaffolds for biomedical applications using additive
manufacturing techniques. URL: www.sciencedirect.com/science/article/pii/S0208521620300206.

17.Liu Y., Wang W., Zhang L. Additive manufacturing techniques and their biomedical applica-
tions. URL: core.ac.uk/download/pdf/159235339.pdf.

18. Alharbi N., Wismeijer D. Additive Manufacturing Techniques in Prosthodontics: Where Do
We Currently Stand? A Critical Review. URL: pubmed.ncbi.nlm.nih.gov/28750105/.

19. Zhang Y., Jarosinski W., Jung Y., Zhang J. Additive manufacturing processes and equipment.
URL: www.researchgate.net/publication/325371744 Additive_manufacturing processes and
equipment.

20. Prakash K., Nancharaih T., Rao V. Additive manufacturing techniques in manufacturing-an
overview. URL: www.sciencedirect.com/science/article/pii/S2214785317329152.

21.Zhang D., Liu X., Qiu J. 3D printing of glass by additive manufacturing techniques: a review.
URL.: link.springer.com/article/10.1007/s12200-020-1009-z.

22. Hewitt-Taylor J. Use of constant comparative analysis in qualitative research. URL: pubmed.
ncbi.nlm.nih.gov/12212430/.

23. Miettinen O., Nurminen M. Comparative analysis of two rates. URL: onlinelibrary.wiley.
com/doi/abs/10.1002/SIM.4780040211.

24. Perrow C. A framework for the comparative analysis of organizations. URL: www.jstor.org/
stable/2091811.

25.Pickvance C. Four varieties of comparative analysis. (n.d.) URL: link.springer.com/artic-
1e/10.1023/A:1011533211521.

26. Blake R., Mouton J. A comparative analysis of situationalism and 9, 9 management by princip-
le. URL: www.sciencedirect.com/science/article/pii/0090261682900274.

27.Smelser N. Notes on the methodology of comparative analysis of economic activity. URL:
journals.sagepub.com/doi/pdf/10.1177/053901846700600201.

28. Batini C., Lenzerini M., Navathe S. A comparative analysis of methodologies for database
schema integration. URL: dl.acm.org/doi/abs/10.1145/27633.27634.

29. Trajtenberg M. Innovation in Israel 1968—1997: a comparative analysis using patent data.
URL: www.sciencedirect.com/science/article/pii/S0048733300000895.

30. Rose R., Mackenzie W. Comparing forms of comparative analysis. URL: journals.sagepub.com.

REFERENCES

1. Elkaseer, A., Schneider, S., & Scholz, S. Applied Sciences | Free Full-Text | Experiment-Based
Process Modeling and Optimization for High-Quality and Resource-Efficient FFF 3D Prin-
ting. Retrieved from www.mdpi.com/2076-3417/10/8/2899 (in English).

2. Jackson, B., Fouladi, K., & Eslami, B. [HTML]. Multi-Parameter Optimization of 3D Prin-
ting Condition for Enhanced Quality and Strength. Retrieved from www.mdpi.com/2073-
4360/14/8/1586 (in English).

3. Yang, F., Zhang, M., Bhandari, B., & Liu, Y. Investigation on lemon juice gel as food material
for 3D printing and optimization of printing parameters. Retrieved from www.sciencedirect.
com/science/article/pii/S0023643817306242 (in English).



194 HAYKOBI 3AIIMICKW / SCIENTIFIC PAPERS * 2023 / 2 (67)

10.

I1.

12.

13.

14.

15.

16.

17.

18.

. Zur, P, Kolodziej, A., Baier, A., & Kokot, G. Optimization of Abs 3D-printing method and

parameters. Retrieved from http://dpublication.com/journal/EJEST/article/view/160 (in Eng-
lish).

. Chen, K., Yu, L., Cui, Y., Jia, M., & Pan, K. Optimization of printing parameters of 3D-printed

continuous glass fiber reinforced polylactic acid composites. Retrieved from www.sciencedi-
rect.com/science/article/pii/S0263823121001877 (in English).

. Valvez, S., Silva, A., & Reis, P. Optimization of printing parameters to maximize the me-

chanical properties of 3D-printed PETG-based parts. Retrieved from www.mdpi.com/2073-
4360/14/13/2564 (in English).

. Tamir, T., Xiong, G., Fang, Q., & Yang, Y. Machine-learning-based monitoring and optimiza-

tion of processing parameters in 3D printing. Retrieved from www.tandfonline.com/doi/abs/
10.1080/0951192X.2022.2145019 (in English).

. Guerra, A., Lammel-Lindemann, J., Katko, A., & Kleinfehn, A. Optimization of photocross-

linkable resin components and 3D printing process parameters. Retrieved from www.science-
direct.com/science/article/pii/S1742706119305343 (in English).

. Ali, M., Yerbolat, G., & Amangeldi, S. Material optimization method in 3D printing. Ret-

rieved from ieeexplore.ieee.org/abstract/document/8614886/ (in English).

Sukindar, N., & Mohd Ariffin, M. Optimization of the Parameters for Surface Quality of the
Open-source 3D Printing. Retrieved from ir.uitm.edu.my/id/eprint/38508/ (in English).

Lyu, Y., Zhao, H., Wen, X., & Lin, L. Optimization of 3D printing parameters for high-per-
formance biodegradable materials. Retrieved from onlinelibrary.wiley.com/doi/abs/10.1002/
app.50782 (in English).

Mota, C., Puppi, D., & Chiellini, F. Additive manufacturing techniques for the production
of tissue engineering constructs. Retrieved from onlinelibrary.wiley.com/doi/abs/10.1002/
term.1635 (in English).

Divakaran, N., Das, J., PV, A., & Mohanty, S. Comprehensive review on various additive
manufacturing techniques and its implementation in electronic devices. Retrieved from www.
sciencedirect.com/science/article/pii/S0278612522000024 (in English).

Szost, B., Terzi, S., Martina, F., Boisselier, D., & Prytuliak, A. A comparative study of ad-
ditive manufacturing techniques: Residual stress and microstructural analysis of CLAD and
WAAM printed Ti-6Al1-4V components. Retrieved from www.sciencedirect.com/science/ar-
ticle/pii/S0264127515305268 (in English).

Mackay, M. The importance of rheological behavior in the additive manufacturing technique
material extrusion. Retrieved from pubs.aip.org/sor/jor/article/62/6/1549/1003019 (in Eng-
lish).

Labowska, M. A review of fabrication polymer scaffolds for biomedical applications using
additive manufacturing techniques. Retrieved from www.sciencedirect.com/science/article/
pii/S0208521620300206 (in English).

Liu, Y., Wang, W., & Zhang, L. Additive manufacturing techniques and their biomedical ap-
plications Retrieved from core.ac.uk/download/pdf/159235339.pdf (in English).

Alharbi, N., & Wismeijer, D. Additive Manufacturing Techniques in Prosthodontics: Where Do
We Currently Stand? A Critical Review. Retrieved from pubmed.ncbi.nlm.nih.gov/28750105/
(in English).



TEXHIYHI HAYKIW / TECHNICAL SCIENCES 195

19.Zhang, Y., Jarosinski, W., Jung, Y., & Zhang, J. Additive manufacturing processes and
equipment. Retrieved from www.researchgate.net/publication/325371744 Additive_manu-
facturing_processes_and_equipment (in English).

20. Prakash, K., Nancharaih, T., & Rao, V. Additive manufacturing techniques in manufacturing-
an overview. Retrieved from www.sciencedirect.com/science/article/pii/S2214785317329152
(in English).

21.Zhang, D., Liu, X., & Qiu, J. 3D printing of glass by additive manufacturing techniques: a
review. Retrieved from link.springer.com/article/10.1007/s12200-020-1009-z (in English).

22. Hewitt-Taylor, J. Use of constant comparative analysis in qualitative research. Retrieved from
pubmed.ncbi.nlm.nih.gov/12212430/ (in English).

23. Miettinen, O., & Nurminen, M. Comparative analysis of two rates. Retrieved from online-
library.wiley.com/doi/abs/10.1002/SIM.4780040211 (in English).

24. Perrow, C. A framework for the comparative analysis of organizations. Retrieved from www.
jstor.org/stable/2091811 (in English).

25. Pickvance, C. Four varieties of comparative analysis. (n.d.) Retrieved from link.springer.com/
article/10.1023/A:1011533211521 (in English).

26.Blake, R., & Mouton, J. A comparative analysis of situationalism and 9, 9 management by
principle. Retrieved from www.sciencedirect.com/science/article/pii/0090261682900274 (in
English).

27. Smelser, N. Notes on the methodology of comparative analysis of economic activity. Retrieved
from journals.sagepub.com/doi/pdf/10.1177/053901846700600201 (in English).

28. Batini, C., Lenzerini, M., & Navathe, S. A comparative analysis of methodologies for database
schema integration. Retrieved from dl.acm.org/doi/abs/10.1145/27633.27634 (in English).
29. Trajtenberg, M. Innovation in Israel 1968—1997: a comparative analysis using patent data

Retrieved from www.sciencedirect.com/science/article/pii/S0048733300000895 (in English).
30.Rose, R., & Mackenzie, W. Comparing forms of comparative analysis. Retrieved from jour-
nals.sagepub.com (in English).

doi: 10.32403/1998-6912-2023-2-67-187-196

ONTUMI3ALIA IAPAMETPIB 3D-IPYKY TA ATIMTUBHUX TEXHOJIOI'TIA
BUPOBHUIITBA JIJISI IIPU®TY BPAIJISL: IIOPIBHAJIbHUI AHAJII3

O.T. Xamymna, H. A. Tapacos

Yxpaincoka akademis opyxapcmaa,
eyn. 11io T'onockom, 19, Jlveie, 79020, Ykpaina
khamula@gmail.com
dev.nikita@outlook.com

Y ecmammi nposedeno ananiz ma onmumizayilo HaIAWINYEaHbL AOUIMUEHO20 GUPOD-
Huymea, moomo 3D-OpyKy Onsi CmeopeHHsi MoOeell 3 PeNbeEPHO-KPANKOBUM upugdhmom
bpaiina. by nposedenuil excnepumeHmanbHull AHAI3 CMEOPEHHS. PISHUX MPUBUMIPHUX
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Mooenel 3 perbeQHUM MOUKOGUM WPUDMOM | NIOMBEPONCEHHS ONMUMATLHUX HA-
nawmyeans ons 3D-0pyxy. Oouax ona onmumizayii eupoonuymea wpugmy bpaiins
8adICIUB0 po3ymimu, AK napamempu 3D-0pyKy ma aoumueni mexHonozii upooHuymea
BNIUBAIOMb HA AKICMb, WEUOKICMY | gapmicmb eupoonuymeda. L{a docrionuysvrka cmam-
mMsl CNPAMOBAHA HA AHANI3 [ NOPIGHSAHHS PI3HUX napamempie 3D-0pyKy ma adumusHux
Memooig upoOHUYmMEa 0 eupoOHUYMeEa wpugdmy bpaiina 3 KiHyesow Memow 6U3Ha-
yeHHs Halbinbw penmabenvHoi ma eghpexmugnoi kombinayii. Y cmammi posenaoamu-
Mymbcsi napamempu, aKi modcHa onmumizyeamu 0nsi 3D-0pyky wpughmom bpaiins,
DI3HI MEXHON02iT a0UMUBHO20 SUPOOHUYMEA, SKI MOINCHA BUKOPUCOBY8AMU O] GUPOD-
Huymea wipugmom bpaiins, i nopieHauHA Yyux mMemoodie 3 MOUKU 30py AKOCMI, WEUO-
xkocmi ma eapmocmi. Kpim mozo, y cmammi 00Cioxncysamumymscs npoonemu, nog s-
3aui 3 onmumisayiero napamempie 3D-0pyky ma adumusHux memooié UpoOHUYMEA
s supodbHuymea wipugmy Bpaiins. Posenrsoarouu yi npodnemu, ys cmamms Ha0acmo
YiHHY IHOpMayio npo ONMUMI3ayiro MexHoL02I AOUMUBHO20 BUPODHUYMEA Ma napa-
mempie 3D-0pyxy ons eupooruymea wpugpmis bpaiins. B cmami onucano saxciugicmo
VPAXYBAHHA KOJMCHO20 OKPEMO20 (hakmopu Gnausy Ojisl NOKpauwjenus aKocmi gopmy-
eanns wpugmy bpaiina pazom i3 onmumizayicto npoyecy 3D-0pyxy. Lle docriocen-
HSL NPONOHYE YIHHY IHpopMayito 01 UpOOHUKIE, MA HAYKOBYIE SAKI CMEOPIOSAMUMY b
3D-mooeni 3 penbe@HUM KPANKOSUM UUPUDMOM, [ HOCUMb PEKOMEHOAYItIHULL XapaKmep
w000 Hanrawmysausb 3D-0pyky. [lis mozo wob ompumamu nogHull pe3yibman, Heooxio-
HO [ HaAO0Ai NPOBEOEeHHs HAYKOBUX 1ADOPAMOPHUX QOCHIOHNCEHb, BUKOPUCTOBYIOUU PI3HI
3D-npunmepa, modxcaugicmo KoMOiHyeamu Oinblie 0OHO20 MAmepiany 6 Mmpusumip-
Hux mooensix. Taxoc HeoOXiOHo GU3HAUUMU, WO ICHYE NOXUOKA 8 AKOCHI hOpMY8aAHHS
wipugpmy bpaiina suxopucmogyiouu 3D-0pyK, ocKinoku ¢axmopom eniugy moodice 6ymu
npumiwienns, gipwa 3D-npunmepie, narawmyeanns 3D-npunmepy, npoepamue 3a6e3-
neuenns i m.o. llooanvuwum HANPAMKOM HAYKOBUX OOCTIONCEHb MOdice cmamu auaii3
B1ACMUBOCHIEN KOJICHO20 OKPEMO20 (hakmopa ma uo2o He3aniedcHo20 GNIUBY Ha SAKICTb
3D-0pyxy.
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