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This study investigates the process of selecting sewing machines
for the manufacturing of products from artificial leather. Despite
the active development of technological solutions for automation,
the task of choosing optimal equipment remains relevant, requiring
additional tools that can provide a connection between scientific
approaches and industrial conditions. This paper reports the results
of designing an automated decision support system for the selection
of sewing equipment, aimed at bridging the gap between theoretical
models and production needs.

The technological advancement is based on a three-level data-
base structure. At the data storage level, a matrix-based database of
equipment parameters was constructed, ensuring the consistency
of information regarding technological operations, materials, and
machine characteristics. At the logical level, a multifactor analysis
algorithm was developed, utilizing the principles of graph theory,
a binary matrix, and the linear programming method to select the
optimal equipment model. The representation level is an interactive
interface based on MS Excel (USA). Input parameters are selected by
simply clicking on buttons with corresponding names (seam type,
worker qualification, material properties, and thickness). The system
automatically analyzes the database and generates a list of recom-
mended equipment in a table format.

Verification was carried out through a survey involving 30 partic-
ipants (86.7% were representatives of the academic community). The
results show that 93.3% of respondents noted the high speed of the
simulator while 90.0% rated its practicality and 86.7% its convenience.
At the same time, certain shortcomings were identified, outlining
areas for further research: 23.3% of those surveyed highlighted the

need to expand the database, and 16.7% emphasized the necessity of

implementing a Ukrainian-language version.

It was established that the designed system is a universal tool that
combines educational and practical-production dimensions. Its im-
plementation in the educational process will contribute to achieving
a number of program learning outcomes.

Keywords: machine selection, database, technological opera-
tion, sewing production, decision support system.
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This study’s object is the conductive layers of printed electronics
based on graphene plastisol ink, applied by screen printing on glossy
and matte paper substrates, pre-modified by corona discharge. The
problem addressed is low adhesion and instability of conductive



layers on paper substrates because of their roughness, porosity, and

hydrophilicity.

It was found that corona discharge treatment reduces the specific
resistance of conductive tracks on matte paper by 25-30% compared
to untreated samples; on glossy paper — by 8-12%. The best results
were obtained at a power of 3000 W: for matte paper, the resistance
of 1 mm wide tracks decreased from 1447.1 Ohm to 1035.6 Ohm, and
for 5 mm tracks - from 184.0 Ohm to 161.1 Ohm. After testing, the
increase in resistance in the M3000 samples averaged 2-5%, while in
untreated counterparts it was up to 46%.

Interpretation of the results revealed that the increase in surface
energy and micro-roughness after corona treatment contributes to bet-
ter wetting and fixation of graphene ink, the formation of a denser con-
ductive layer, and a reduction in contact defects. A distinctive feature is
the confirmed stability of electrical characteristics after thermal cycles
and a decrease in the proportion of complete failures in pre-treated
glossy paper samples. Additionally, a reduction in measurement scatter
and improved print reproducibility for narrow tracks (1-2 mm) on
matte paper after 3000 W corona treatment was noted.

The practical significance of the results is the possibility of using
corona discharge treatment in the production of flexible printed elec-
tronics on paper media, especially for miniature elements with high re-
quirements for conductivity and wear resistance. The method is effective
in mass roll-to-roll (R2R) production, compatible with thin substrates,
and does not require complex integration into the technological process.

Keywords: printed electronics, flexible electronics on paper,
graphene conductive layers, wear resistance.

References

1. Khan, Y., Thielens, A., Muin, S., Ting, J., Baumbauer, C., Arias, A. C.
(2019). A New Frontier of Printed Electronics: Flexible Hybrid
Electronics. Advanced Materials, 32 (15). https://doi.org/10.1002/
adma.201905279

2. Jansson, E., Lyytikdinen, J., Tanninen, P., Eiroma, K., Leminen, V.,
Immonen, K., Hakola, L. (2022). Suitability of Paper-Based Substrates
for Printed Electronics. Materials, 15 (3), 957. https://doi.org/10.3390/
mal5030957

3. Cen-Puc, M., Schander, A., Vargas Gleason, M. G., Lang, W. (2021).
An Assessment of Surface Treatments for Adhesion of Polyimide Thin
Films. Polymers, 13 (12), 1955. https://doi.org/10.3390/polym13121955

4. Bouhamed, A., Kia, A. M., Naifar, S., Dzhagan, V., Miiller, C,,
Zahn, D.R. T. et al. (2017). Tuning the adhesion between polyimide
substrate and MWCNTs/epoxy nanocomposite by surface treat-
ment. Applied Surface Science, 422, 420-429. https://doi.org/10.1016/
j-apsusc.2017.05.177

5. Corona Surface Treatment. Available at: https://www.bwconverting.
com/brand/brand-category/baldwin/corona-surface-treatment

6. Markgraf, D. A. Corona Treatment: An Overview. Enercon Industries.
Available at: https://www.enerconind.com/web-treating/wp-content/
uploads/sites/3/2023/10/Enercon-corona-treating-overview.pdf

7. Khan, S., Lorenzelli, L., Dahiya, R. S. (2015). Technologies for Printing
Sensors and Electronics Over Large Flexible Substrates: A Review.
IEEE Sensors Journal, 15 (6), 3164-3185. https://doi.org/10.1109/
jsen.2014.2375203

8. Kyrychok, T., Bardovskyi, B. (2023). Classification of Printing Methods
and Printed Electronics Materials. Technology and Technique of
Typography (Tekhnolohiia I Tekhnika Drukarstva), 4 (82), 22-40.
https://doi.org/10.20535/2077-7264.4(82).2023.291596

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Huang, Q., Zhu, Y. (2019). Printing Conductive Nanomaterials for

Flexible and Stretchable Electronics: A Review of Materials, Processes,
and Applications. Advanced Materials Technologies, 4 (5). https://
doi.org/10.1002/admt.201800546

Kyrychok, T., Bardovskyi, B., Avdiakov, Y., Dusheiko, M. (2024).
Effect of Paper Substrate Pretreatment by Corona Discharge on the
Conductivity of Metal Electrodes for Printed Electronics Deposited
by Magnetron Sputtering. Technology and Technique of Typogra-
phy (Tekhnolohiia I Tekhnika Drukarstva), 3 (85), 110-124. https://
doi.org/10.20535/2077-7264.3(85).2024.319104

Moric, M., Majnaric, I., BariSic, M. (2020). Effect Of Corona Power On
The Cmy Reproduction Quality With Electroink Printed On Fine Art
Paper. Cellulose Chemistry and Technology, 54 (1-2), 103-111. https://
doi.org/10.35812/cellulosechemtechnol.2020.54.12

Schuman, T. (2023). Corona Discharge Treatment for Surface Modifi-
cation and Adhesion Improvement. Progress in Adhesion and Adhe-
sives, 203-223. https://doi.org/10.1002/9781394198375.ch5

Hyun, W. J., Secor, E. B., Hersam, M. C., Frisbie, C. D., Francis, L. F.
(2014). High-Resolution Patterning of Graphene by Screen Print-
ing with a Silicon Stencil for Highly Flexible Printed Electron-
ics. Advanced Materials, 27 (1), 109-115. https://doi.org/10.1002/
adma.201404133

Arapov, K., Rubingh, E., Abbel, R., Laven, J., de With, G., Friedrich, H.
(2015). Conductive Screen Printing Inks by Gelation of Graphene
Dispersions. Advanced Functional Materials, 26 (4), 586-593. https://
doi.org/10.1002/adfm.201504030

Li, D., Lai, W., Zhang, Y., Huang, W. (2018). Printable Transparent
Conductive Films for Flexible Electronics. Advanced Materials,
30 (10). https://doi.org/10.1002/adma.201704738

Fu, Q., Chen, Y., Sorieul, M. (2020). Wood-Based Flexible Elec-
tronics. ACS Nano, 14 (3), 3528-3538. https://doi.org/10.1021/
acsnano.9b09817

Singh, R., Singh, E., Nalwa, H. S. (2017). Inkjet printed nanomaterial
based flexible radio frequency identification (RFID) tag sensors for
the internet of nano things. RSC Adv., 7 (77), 48597-48630. https://
doi.org/10.1039/c7ra07191d

Tortorich, R., Shamkhalichenar, H., Choi, J.-W. (2018). Inkjet-Printed
and Paper-Based Electrochemical Sensors. Applied Sciences, 8 (2),
288. https://doi.org/10.3390/app8020288

UGENT Conductive Silkscreen Ink UGDC033SSCDSV - High Conduc-
tivity Ink for ABS, PC, PET & More - 1kg Pack. Available at: https://
www.ugenttech.com/products/ugent-conductive-silkscreen-ink-ug-
dc033sscdsv-high-conductivity-ink-for-abs-pc-pet-more-1kg-pack
ToupView: Camera control, imaging software for microscope cameras.
ToupTek Photonics. Available at: https://www.touptekphotonics.com/
MarSurf PS 10. Art. no. 6910230. Available at: https://metrology.
mahr.com/en-int/products/article/6910230-mobiles-rauheitsmess-
geraet-marsurf-ps-10/

Mykroskop Sigeta Biogenic Lite 40x-1000x LED Bino. Available at:
https://profoptica.com.ua/mikroskop-sigeta-biogenic-lite-40x-1000x-
led-bino/

Multymetr tsyfrovyi Dnipro-M SM600. DNIPRO-M. Available at: https://
dnipro-m.ua/tovar/multimetr-czifrovoj-sm600/?campaignid=177
24767207&amp%3Badgroupid=&amp%3Btargetid=&amp%3Ba-
did=&amp%3Bnetwork=x&amp%3Bkeyword=&amp%3Bgad_
source=1&amp%3Bgclid=CjwKCAjwmaO4BhAhEiwA5p4YLyJuyl-
8rAyp9ARBOIORRy0yDs6D8qoQ7cz0SPiLsmP3KFEL4_5VBPxoCb-
ZgQAvD_BwWE




24. MC71 Mini Subzero (64 L) climatic heatandcold chamber: -80°C
to + 100°C, £ 0.5°C stability. Available at: https://www.espec.co.jp/
products/qa/qa09/03cfc.html/

25. Kyrychok, T., Shevchuk, A., Nesterenko, V., Kyrychok, P. (2013).
Banknote Paper Deterioration Factors: Circulation Simulator Method.
BioResources, 9 (1). https://doi.org/10.15376/biores.9.1.710-724

26. Kyrychok, T. Yu. (2014). An Analysis of the Precision of Indicators of
the General Deterioration of Banknotes. Measurement Techniques,
57 (2), 166-171. https://doi.org/10.1007/s11018-014-0424-1

DOI: 10.15587/1729-4061.2025.340835

IDENTIFYING A MECHANISM FOR THE GRIPPING
ABILITY OF ROLLS AND ROLLING AT A STABILITY
LIMIT UNDER ASYMMETRIC LOADING (p. 31-54)

Valeriy Chigirinsky
Rudny Industrial Institute, Rudny, Republic of Kazakhstan
ORCID: https://orcid.org/0009-0003-6594-5806

Abdrakhman Naizabekov
Rudny Industrial Institute, Rudny, Republic of Kazakhstan
ORCID: https://orcid.org/0000-0002-8517-3482

Sergey Lezhnev
Rudny Industrial Institute, Rudny, Republic of Kazakhstan
ORCID: https://orcid.org/0000-0002-1737-9825

Olena Naumenko
Dnipro University of Technology, Dnipro, Ukraine
ORCID: https://orcid.org/0000-0002-9532-1493

Sergey Kuzmin
Rudny Industrial Institute, Rudny, Republic of Kazakhstan
ORCID: https://orcid.org/0000-0003-1934-9408

Sergey Melentyev
Rudny Industrial Institute, Rudny, Republic of Kazakhstan
ORCID: https://orcid.org/0009-0000-3221-0131

This study’s object is the stressed state of the plastic deformation
site under conditions of load asymmetry when metal is gripped by
rolls, under the determining modes of process stability. The task
addressed is the implementation of shape change at the rolling pro-
cess stability threshold related to a decreased force load under the
increased strain impact.

A physical and mathematical model of a flat rolling theory prob-
lem has been built under conditions of multi-parameter factors affect-
ing the gripping capacity of rolls and the stability of rolling process.

The plasticity theory problem was solved analytically using the
method of argument of a function of a complex variable. The solution
to the plane problem is shown, using the asymmetry of the process,
the counter-directed flow of metal. The nonlinearity of the plasticity
theory problem was taken into account.

Based on the mathematical model, a new force factor was iden-
tified and investigated: the force stretching factor from the lagging
zone. A new single-zone deformation mode with minimum process
stability was identified. The process was investigated under condi-
tions of multiparameter influence on rolls gripping ability and its
stability. The zones of reachability were established for a deformation
focus shape factor within the range of 5.00...15.00. The mode of par-
tial suppression of the zeroing factors of the metal stressed state was
investigated under conditions of multi-parameter influence on the
gripping ability of the rolls and the stability of the process. Stability

indicators of transient modes were determined: at « = 0.077, the ratio
fla=1.10...1.95; at o = 0.129, the ratio f/a =1.19...1.95; at « = 0.168,
the ratio f/o = 1.28...1.95.

This study’s results make it possible to solve technological prob-
lem related to the development of rolling schemes when the gripping
force of friction and the pushing force of normal pressure arise during
the forming process.

Keywords: loading asymmetry, counter-directed metal flow, loss
of stability, stressed-strained state.
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Vibration processing underlies many technological processes
in various sectors of the national economy. The object of the study
is a single common wave process of motion of the system, and the
subject is the parameters and modes that provide a rational level
of energy. At the same time, attention is focused on the use of
energy-saving technologies. Most processes use energy-consuming
technologies and equipment, the calculations of which are based on
the application of formulas for determining energy on discrete and
empirical dependencies. Such approaches do not reveal the essence
of the material processing processes and cannot accurately estimate
energy costs. This problem is solved in the work by determining the
parameters and modes based on the conditions for implementing
the synergy of the "vibration exciter — processing medium” system.
This is the peculiarity and difference of the obtained research
results. Discrete-continuous models have been developed taking
into account the rheological properties of the media, and analytical
solutions and experimental studies have allowed to determine the
parameters of low-frequency and high-frequency actions on the
processing medium. The work uses a method by which the com-
bination of frequency and amplitude of vibrations determines the
intensity of the vibration effect on the processing environment. The
resistance of the technological environment to the movement of the
working body of the vibration exciter, which consisted of inertial,
elastic and dissipative parts, was determined. The study determined
the qualitative and quantitative picture of the change in energy
dissipation in specific materials and environments under different
laws of their loading and processing. The energy level for processing
technological environments in low-frequency and high-frequency
modes was determined. The research methodology and analytical
dependence of energy determination can be used for various envi-
ronments under load.

Keywords: vibration exciter, environment, discrete-continuous
model, energy dissipation, amplitude of vibrations, frequency.
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The object of this study is the abrasive cutting process using thin
grinding wheels, which is applied for cutting materials with various
mechanical properties. The problem to be solved is mapping the ener-
gy consumption characteristics in this process through the control of
cutting parameters such as grinding wheel thickness and feed rate. An
experiment was conducted using grinding wheels with 1.2, 1.6, 2.0, and
3.0 mm for cutting metals. Various feed rates were used to cut Al, ST37,
and cast iron, which are ductile, ductile-hard, and brittle materials.
The results of the experiment show an inverse exponential relation-
ship between the feed rate and specific energy. The 1.2 mm grinding
wheel consumes up to 10% less power than the 3.0 mm wheel at low
feed rates. The mapping of these characteristics enables the selection
of recommended parameters. Achieving stability during the cutting



process of ductile materials, the utilization of a 1.6 mm grinding wheel

operating at a feed rate of 0.166 mm/s. The rigidity of the wheel deter-
mines the stability of the rotation, which depends on the thickness of
the grinding wheel. The thickness of the grinding wheel determines the
material removal rate of the abrasive process. Ductile-hard materials,
such as ST37, require more energy because the abrasive particles must
be able to break down the properties of the material to erode its surface.
Ductile materials tend to cause high friction and generate heat, melting
the material. The space between the abrasive particles can be filled with
liquid material, causing BUE to cover the cutting edge of the abrasive
particles. The application of the outcome is aimed at the machining,
as a scientific basis for energy control at the manufacturing process.
Keywords: energy consumption, abrasive cutting, cut-off grind-
ing, energy of cutting, material removal rate, thin grinding wheel.
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This study explores the process of cutting fibrous polymer com-
posite materials. The main reason for limiting the use of polymer
composites is the deterioration of their performance properties after
mechanical processing because of destruction of the surface layer.

It is high time substantiated recommendations for the mechan-
ical processing of fibrous polymer composites (FPCs) are provided.
This could reduce the depth of destruction of an FPC surface layer
to 20-50 um and expand the area of functional application of these
materials.

An experimental study on the influence of cutting modes and
geometric parameters of the cutting part of the tools on the techno-
logical components of the cutting force has been conducted, which
made it possible to establish that the greatest influence on the cutting
force when processing fibrous composites is exerted by the values
of the geometric characteristics of the tool. Reducing the energy
consumption for cutting to the level of 1.5 kN - m/s helps minimize
the influence of mechanical, thermal, and chemical factors on the
destruction of the composite.

FPCs have high elastic properties, which determines the features
in the cutting process. As this leads to increased values of cutting
forces on the rear surface, it is recommended to carry out processing
by a sharpened tool at large values of the front y and rear o angles of
the blade.

Determining the cutting force makes it possible to correctly as-
sign the geometric parameters of the tool and estimate the processing
error. The specified machining modes make it possible to reduce
the depth of the defective layer by 10 times (RZ <20 mm, KB < 5%,
N <1012 spin/gr, M < 50 pm) and increase the stability of the cutting
tool by two times.

The results could make it possible to improve the process of shap-
ing articles from polymeric materials during production.

Keywords: cutting characteristics, composite materials, machin-
ing, elastic properties, composite deformation.
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Special rubbers proceeding by laser engraving is the investigation
object. Rubber products quality improvement was solving by means of
laser engraving, which allows to achieve a high level of details, to get
a complex geometry and sustainable quality having a minimum of the
tool worn out. Experimental measurements of destructive layer depth
inside different samples of rubber in dependence on the modes of
COy-laser processing were conducted. Rubber engraving proceeding
by a wavelength of 10.6 um CO,-laser was considered in the pulse
mode series to provide the cutting edge correct geometry keeping
fixed conditions of beam movement speed and acceleration.

Concerted experimental results (rubbers AERO Laserrubber,
OLIO Laserrubber, TEMPO Laserrubber, CLASSICO Laserrubber and
ECO Laserrubber) revealed a sustainable increasing the depth of the
destructive layer on average by (1.0 ... 1.2) um every 5 W along with
increasing of CO,-laser power in the range of (30 ... 55) W.

Stabilization or slight fluctuations of the destructive layer depth
were stated when power supplied exceeded of 60 W.



Obtained graphs show a high degree coincidence with analytical

model and confirm the feasibility of laser engraving appliance exactly

within the range of (35 ... 50) W to provide a precise and clean pro-

cessing of high-quality rubber products.

Keywords: rubber, laser engraving, destructive layer depth,

CO, laser power, quality improvement.
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In sandy soils, skin resistance efficiency is critical, as it governs
load capacity, settlement, and foundation cost. This study investigates
pile foundations with directional surface asperities embedded in
uniform sand to clarify the limited knowledge of how asperity orien-
tation (cranial vs. caudal), geometric ratio (L / H), and pile diameter
affect axial load transfer. Experimental tests were conducted on steel
piles with diameters of 10, 12, and 15.85 mm under smooth, cranial,
and caudal conditions with L / H ratios of 20, 26.67, and 33.33. Axial
compression tests following ASTM D1143-20 in controlled dry sand
provided ultimate load and shaft resistance data, validated by one-
way ANOVA. The results show that cranial asperities consistently
outperformed other surfaces, with the Cr L/H 20 configuration
on the 15.85mm pile reaching 0.368 kN, a 392.51% increase over
smooth piles, while caudal asperities achieved only 134.30%. Cranial
asperities also mobilized shaft resistance more uniformly along the
pile, reducing end-bearing reliance. This performance is explained
by stronger passive interaction at the pile-soil interface, which raises
normal stress and friction mobilization. The distinctive feature of this
research is the identification of the L / H ratio as a measurable design
parameter, with L / H = 20 found to be optimal, in contrast to previ-
ous studies that described roughness only qualitatively. The findings
demonstrate practical potential for applying cranial asperity designs
in pile foundations for light- to medium-scale infrastructure on sandy
soils, such as bridges, wharves, and transmission towers, enabling
shorter or fewer piles without compromising safety while improving
cost efficiency and geotechnical performance.

Keywords: axial load capacity, caudal asperity, cranial asperity,
experimental validation, L / H ratio.
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The object of the research is the technological process of grain
feed crushing in a roller-type crusher with small working dimensions
and the interaction of individual grains with the roller surfaces within
the inter-roller gap. The study focuses on ensuring stable productivity
of up to 200 kg/h for small farms. A structural and technological
scheme of a compact grinder-miller was developed, and an exper-
imental prototype was produced. The length and diameter of the
rollers were selected according to the operational requirements of
small agricultural enterprises.

A hypothesis was formulated, assuming that grain particles be-
have as discrete bodies stochastically distributed in the inter-roller
gap and partially aligned along the roller length before deformation.
This allows a realistic description of their interaction with the work-
ing surfaces and the resulting energy consumption. Analytical expres-
sions were obtained for determining productivity and required power
based on a mathematical model linking roller geometry, kinematic
parameters, and the probabilistic nature of grain flow.

Experimental studies verified the model by varying roller rotation
speed from 56 to 178 min~!. At 178 min~!, the productivity reached
180 kg/h, and the consumed power was 1020 W. The discrepancy
between theoretical and experimental productivity was 7.5%, and
between power values 2.02%. The results confirm the validity of the
developed discrete-probabilistic model and its applicability for opti-

mizing the design and operating parameters of compact roller-type
crushers for decentralized feed production.

Keywords: grinder-miller, interroller gap, productivity, required
power, roll rotation frequency.
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The object of this study is a large-scale Cartesian 3D printer with
a build volume of 2 X 2 X 2 meters, equipped with BLDC servo motors
on the X and Y axes, a NEMA 34 stepper motor on the Z axis, and
a NEMA 17 stepper motor for filament extrusion. The main problem
addressed is the limitation of existing firmware, which only supports
bipolar stepper motors (NEMA standard), making it unsuitable for
achieving the higher extruder speeds required in large-format print-
ing. To overcome this issue, a new firmware was designed to support
brushless direct current (BLDC) servo motors, enabling faster, more
stable, and more precise motion control.

The developed firmware, based on the ESP32 microcontroller,
processes G-code instructions step by step, calculates motor commands,
and communicates them to BLDC motor drivers (FSESC 4.12 on the

VESC platform) with encoder feedback for accurate positioning. Experi-
mental results demonstrated reliable synchronization of the X and Y ax-
es across different speeds and distances, with average positioning errors
of 0.9% on the X-axis and 1.03% on the Y-axis. The system operated sta-
bly within a rotational speed range of F8000-F54000 (1000-7000 RPM)
and a printing speed range of 92-800 mm/s, confirming the firmware’s
capability to handle both low- and high-speed operations.

The interpretation of the results provides superior acceleration,
precision, and stability compared to stepper-motor-based systems.
A distinctive feature of this work lies in adapting G-Code step execution
for BLDC motors, which has not been widely implemented in existing 3D
printing firmware. The practical significance of the results is the potential
application of this firmware in large-scale and high-speed 3D printers.
This makes the approach highly relevant for advanced manufacturing
industries where precision, scalability, and efficiency are critical.

Keywords: large-scale 3D printing, step-by-step G-code execu-
tion, brushless direct current servo firmware, ESP32 motion control,
high-speed additive manufacturing.
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PO3POBKA CUCTEMU IIIZAITPUMKU NPUNHATTA PINIEHD JIJIsI APTYMEHTOBAHOI'O BUBOPY MAIIIUH
JJIsI BUTOTOBJIEHHS INKIPAHWX BUPOBIB (c. 6-18)

0. B. 3axapkeBud, 0. B. Komesko, T. I. JKmrenko, I. C. IlIsens, C. I. Kynemosa, B. I. OHodpiiiuyk, A. C. [Is1koBa

O6’eKTOM JIOCTIi/IKEHHS € IIpoliec Bibopy MBEHHOr0 06J1a{HAHHS J/IsI BUTOTOBJIEHHSI IIBEHTHUX BUPOOIB 3i MITydHOI mIKipu. He3Barkaouu
Ha aKTUBHUI PO3BUTOK TEXHOJIOTIYHUX pillleHb [T aBTOMATH3allil, Ipo6aeMa BUOOPY ONTUMAIBHOTO 00JIa/[HAHHS 3a/IUIIAETHCS AKTyasIb-
HOI0, BUMaralout I0JaTKOBUX IHCTPyMEHTIB, sIKi 37jaTHi 3a6e3MeYnTH 3B’s130K MiXK HAYyKOBUMH ITiIX0ZIaMH Ta YMOBaMU BUPOOHUIITBA. Y JaHill
po6OTi IIpe/icTaBIeHO Pe3y/IbTaTH PO3POOKH AaBTOMATU30BaHOI CCTEMH MTiATPUMKY IPUHAHATTA pillleHb y Ipoljecax Migoopy MIBeHHOro 061aj-
HaHHJ, 1IJ0 Ma€ Ha MeTi MPaKTUYHY a/IalTallil0 TEOPETUIHNX MOZIesIel /10 IOTpeG BUPOOHHUIITBA.

Po3po6xa 6a3yeTbcst Ha TPUPiBHEBIH CTPYKTYpi 6a3u JaHUX: Ha PiBHI 36epiraHHs JaHUX chopMOBaHO 6a3y IapaMeTpiB 06IagHAHHS Y BU-
IJISAZIi MaTpHUI, 10 3a6e3redye y3ro/pKeHiCTh iHpopMariil mpo TeXHOJIOTiYHi onepariii, MaTepiasy Ta XapaKTepUCTUKU MauH. Ha soriuHomMy
piBHi po3p06sIeHO AITOPUTM 6araTo(HaKTOPHOrO aHaIi3Yy, 10 BUKOPUCTOBYE IPUHIMIIN Teopii rpadis, 6iHapHy MaTpPUIIIO Ta MEeTO/, JTiHilTHOTO
TIPOTpaMyBaHHS Il BUOOPY ONTHMAIBHOI Mojiesti o6iagHaHHA. [Ipe3eHTalliiiHNil piBeHb MTPe/ICTABICHO iHTEPaKTUBHUM iHTepdeiicoMm Ha
6a3i MS Excel (CIIIA). BxijHi mapaMeTpu 06GMparoThCst TPOCTUM HATUCKAHHSM Ha KHOIIKY 3 BiJIOBiIHNMY Ha3BaMH (THUII 1IBa, KBasTi(hikaris
poGiTHMKA, BJTACTUBOCT] Ta TOBIIMHA MaTepiaiy). CrcTeMa aBTOMaTHYHO ITPOBOJUTH aHasI3 6a3u ZaHUX i GopMye Iepesik peKOMEHZ[0BAHOTO
06J1a/IHaHHS Y BUIVISI] TaOIUIIi.

Bepudikariiss BUKOHaHA IIUISIXOM OIIMTYBaHHS 3a y4yacTio 30 oci6 (86,7% IpeACTaBHUKY aKaJeMiqHoOro cepefosuina). [Ipu mpomy, 93,3%
PECIOH/IEHTIB Bi/[3HAYMJIN BUCOKY MIBU/IKICTb po60TH, 90,0% OI[iHM/IN IIPAaKTHUYHICTB, a 86,7% 3py4HicTb. Pa3oM i3 TiM, 23,3% ONUTAaHUX HAro-
JIOCUJIM Ha NOTpe6i po3InpeHHs 6a31 JaHUX, a 16,7% aKIeHTyBaIM yBary Ha HeoOXi/[HOCT] BIIPOBa/PKeHHs yKpaiHOMOBHOI Bepcil.

BcTaHOBJIEHO, 1[0 po3pobiIeHa CUCTeMa € YHiBepCaIbHUM iHCTPYMEHTOM, SIKUI ITOeAHYE OCBITHilt Ta BUPOOHMYO-IIPUKIATHUI BUMIpH.
BrpoBapkeHHs B OCBIiTHIH npoliec CrIpusiTUMe JOCATHEHHIO HU3KU IIPOrPAaMHUX Pe3yJ/IbTaTiB HaBUaHHS.

KorrouoBi cioBa: Bu6ip Mamyay, 6a3a JaHUX, TEXHOJIOTIUHA OIlepariis, IBeifHe BUPOOHHUIITBO, CHCTeMA ITiATPUMKHU pillleHb.
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IIOKPAIIEHHS ITPOBIIHUX BJIACTUBOCTEM IIAPIB JIPYKOBAHOI EJIEKTPOHIKH IIUIIXOM OBPOBKY KOPOHHUM
PO3PAJOM ITAIIEPOBUX OCHOB ITEPE/] TPA®APETHHM /IPYKOM (c. 19-30)

T. 0. Kupuuok, T. €. Kinnmenko, B. O. BapgoBcskuii, €. B. ABAsKoB

O6’eKTOM JJOCTTi/PKEHHSI € IIPOBi/{HI IIapY JPYKOBAHOI JIeKTPOHIKM Ha OCHOBI Ipa)eHOBOT I1aCTU30/1bHOT (DapOU, HaHeCeHi MEeTOIOM Tpa-
(hapeTHOro ApyKy Ha IVISHIIEB] Ta MaTOBi IaIlepoOBi OCHOBHU, IOIIEPEIHBO MOAM(iKOBaHI KOPOHHUM po3psAzoM. IIpo6ieMa nosisiraia y HU3bKil
aziresii Ta HecTaGLIBHOCTI IIPOBIJHMX LIAPIiB HA ITAIIEPOBUX OCHOBAX, 110 3yMOBJIEHO IX IIOPCTKICTIO, IIOPUCTICTIO Ta TigpodinbHicTIO.

BcTaHOBJIEHO, 1110 06p06Ka KOPOHHUM PO3PSAZIOM 3HIDKYE ITUTOMUI OIip MPOBiAHMX ZOPDKOK HA MAaTOBOMY Marepi Jjo 25-30% y 1opis-
HSIHHI 3 He0Opo6IeHNMH 3pa3KaMy, a Ha IVITHIIeBOMY — Ha 8-12%. Halixpaiii pe3y/bTaTi OTpUMaHO ITpy oTy>KHOCTi 3000 BT: 211 MaToBOTO
rarepy omip JOpiHKOK MHUPUHOI0 1 MM 3MeHIIMBCS 3 1447,1 OM mo 1035,6 OMm, a a1t 5 MM — 3 184,0 Om mo 161,1 Om. Ilicis Bunmpo6yBaHb
3pPOCTaHHS OIIOpY y 3pa3kiB M3000 6ys0 B cepeJHbOMY Ha 2-5%, TOAli K Y He06pOGIeHNX aHAJIOTIB — 710 46%.

IHTeprperanis pe3y/bTaTiB MOKa3aa, 1o MiIBUIEHHS TOBEPXHEeBOI eHeprii Ta MiKpOIIOPCTKOCTI Mic/Ist KOPOHHOI 06POOKHU CIIpHsie Kpa-
1IOMY 3MOYYBAaHHIO Ta 3aKpiIjIeHHI0 rpadeHoBoi ¢pap6u, HOpMyBaHHIO I[iIBHILIIOr0 IPOBiJHOTO IIaPy Ta 3MEHIIEHHIO KOHTAKTHUX Jie(heKTiB.
Oco6IMBICTIO € MiATBepPKeHA CTAGLIBHICTD eIeKTPUYHUX XapaKTePUCTHK ITicJIs TePMOLMKIIB i 3MEHIIeHHs YaCTKU IIOBHUX BiIMOB y 3pa3kiB
IVISTHIIEBOT'O TaTepy 3 MoIepeHbOI0 06p0OKOI0. [I0aTKOBO BiZj3HAYEHO 3HIKEHHST PO3KU/y BUMipIOBAaHb i ITOKpaIleHy BiJTBOPIOBAHICTD Apy-
Ky JIJI51 By3bKHX ZOPDKOK (1-2 MM) Ha MaTOBOMY Iarepi IicJist KopoHyBaHHs 3000 Br.

[TpakTHYHe 3HAYEHHS PE3YJIbTATiB MOJISITAE Y MOXJIMBOCT] 3aCTOCYBaHHSI OGPOOKHM KOPOHHHUM PO3Psi/IOM Y BUPOOHUIITBI I'HYUYKOI IPyKO-
BaHOI €JIEKTPOHIKHU Ha MANepOBUX HOCISIX, 0COOIMBO JJIs1 MiHIaTIOPHUX €JIEMEHTIB i3 BUCOKMMH BUMOTaMH JI0 IIPOBiZTHOCTI Ta 3HOCOCTIIKOCT.
Meroz eeKTUBHMI y yMOBaX MacoBOro pyJoHHOro (R2R) BUpOGHUIITBA, CyMICHUIA i3 TOHKMMH OCHOBaMH i He oTpebye CiulagHoi iHTerpanii
B TEXHOJIOTIYHUH ITpoOIIec.

KurrouoBi coBa: [pykoBaHa eJIeKTPOHiKa, THY4Ka eJIeKTPOHiKa Ha marepi, rpadeHoBi IPoBijHi Iapy, 3HOCOCTIIKICTB.
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BU3HAYEHHS MEXAHI3MY 3AXOILTIOK0YOI 3JATHOCTI BAJIKIB I IIPOKATKH HA MEXKI CTIMKOCTI IIPH
ACUMETPUYHOMY HABAHTAXKEHHI (c. 31-54)

Valeriy Chigirinsky, Abdrakhman Naizabekov, Sergey Lezhnev, O. I. HaymeHko, Sergey Kuzmin, Sergey Melentyev

OG’€eKT AOCTiPKEHHS — HAIIPYXKeHHI CTaH TUIACTUYHOTO ocepezika AedopMallii IIpy acCHMeTPpUYHOMY HaBaHTA)KEHHI, 3aX0IUIEHHI MeTaty
BaJIKaMU, BU3HaYaJIbHUX PeXKUMax CTilKOCTi Iporiecy.

IIpo6siema, sika BUpilryBasacs, Ije peatizamis edekTy MaacTHIHOI GOpPMO3MIHM Ha MeXi CTIFIKOCTi ITporiecy IIpOKaTKH, OB sI3aHOTO 3i
3HIDKEHHSIM CUJIOBOI'O HaBaHTA)KEHHsI ITPU 361/IbIeHOMY ZiehopMariiiiHoMy BILUIHBI.

Po3po6iieHo ¢i3nyHy Ta MaTeMaTUIHY MOJeJIb IJIOCKOI 3a7adui Teopii MpOKaTKU B yMOBaxX GararorapaMeTpUIHUX YMHHUKIB BIUIMBY Ha
3aXOIUTIOIOUY 3/1aTHICTh BaJIKiB, CTIMKICTBh IIPOLIECY IIPOKATKHU.

3azady Teopii MIaCTUYHOCTI PO3B’A3aHO aHATITUYHO 3 BUKOPUCTAHHSAM METOZly apIyMeHT (yHKIIili KoMIIJIeKCHOI 3MiHHOiI. TTokazaHo po3B’s-
3aHHSA TUIOCKOI 3a/adi 3 MOIAAY acCUMeTpii IpolLecy, MPOTUCIIPAMOBAHOI Teuil MeTasry. BpaxoBaHO HeJIiHINHICTh 3a/1adi Teopii IIACTUIHOCTI.



Ha 6a3i maremaTH4HOI MOZEJi BUSBICHO Ta JOCJi/PKEHO HOBUM CHJIOBHUI (akTop: (haKTOp CHIIOBOTO PO3TATYBAHHS 3 GOKY 30HU
BificTaBaHHs. BUsB/IeHO HOBUI OZHO30HHUN pexxuM Jedopmaliii 3 MiHiManbHOWO cTiiikicTio mponecy. IIpoliec AOCTifXkKeHO B yMOBax
6GararonmapamMeTpUYHOI0 BIUIMBY Ha 3aXOILIIOI0UY 3ZaTHICTh BaJIKIB i Oro CTiliKicTh. BcTaHOBIEH] 30HU AOCSIKHOCTI ITpu pakTopi hopmu
BorHuia gedopmanii B mexxax 5,00...15,00. JIoCTiPKeHO PeXXUM YaCTKOBOT'O IIPUTHIYYBAJIBHOTIO BIIMBY OOHY/ISIOUYMX YMHHUKIB HAIIpy-
YKEHOT'0 CTaHy MeTajly Ha 3aXOIUTIOIOUY 3/1aTHICTh BaJIKiB i CTiMikicTh mporjecy. BusHaueHO MOKa3HUKU CTiHKOCTi MepexijHUX pexuMiB,
mpu o = 0,077 mMoKa3HuK BigHOUmEHHS f/o = 1,10...1,95; mpu « = 0,129 moka3HUK BigHOmEHHS f/o = 1,19...1,95; mpu o = 0,168 MOKa3HUK
BifHOmeHHA f/a = 1,28...1,95.

Pe3ysnbTaTii po6OTH [A0Th 3MOTY PO3B’SI3yBaTH TEXHOJIOTiYHY ITpoGJieMy, TIOB’sI3aHy 3 PO3pOGJIEHHSIM CXeM ITPOKAaTKU, KOJIU B TIporieci
(opMyBaHHSI BUHHKAIOTh 3aXOILIIOBa/JIbHA CHJIa TePTs i BUIITOBXYBaJbHA CUJIa HOPMaJIbHOI'O THUCKY.

Korro4oBi ciioBa: acMeTpist HaBaHTKEHHsI, IPOTUCIIPIMOBaHA Teuisl MeTaIy, BTpaTa CTilKOCTi, Hallpy>kKeHO-/1e()OpMOBAHUI CTaH.
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BU3HAYEHHSA PAIIIOHAJILHOTO PIBHSA EHEPTII )11 IPOIIECIB OBPOBKU CEPEJOBUII PI3HOI CTPYKTYPH (c. 55-65)

1. I. HazapeHko, O. II. lenos, I. M. BepHuk, A. B. 3anipuBoga, M. M. Pyuuncbekuii, A. €. BoHgapeHKO

Bi6pariitHa 06po6ka JIeXKUTh B OCHOBI 6araThOX TEXHOJIOTIYHMX IIPOLECIiB Pi3HUX rajyseil HapojHOro rocrozgapcrBa. O6’eKTOM J0CTi-
JDKEHb € €JUHUI CIUIBHUI XBUIBOBUH IIPOLIEC PYXy CHCTEMHU, a IIPeJMETOM — IapaMeTpy i peXXuUMH, sIKi 3a6e31edyIoTh paljioHaIbHUN pi-
BeHb eHeprii. I[Ipy IbOMy aKIIEHTYEThCS yBara Ha BUKOPHCTaHHI eHepro36epiratodmx TeXHOJIOTil. B GiIbIIOCTi MporeciB BUKOPHCTOBYIOTHCS
€HEepProBUTPATHi TEXHOJIOTII i 06J1a/{HAaHHS, PO3PaXyHKH SIKUX 0a3yFOThCsI Ha 3aCTOCYBaHHi (hopMyJI /17151 BU3HAYEHHS eHepril Ha JUCKPETHHX Ta
eMITipUIHUX 3a7IeKHOCTSX. Taki MiZIX0oAu He pO3KPHUBAIOTh CYTHICTh IPOIIeCiB 0OpOOKM MaTepiastiB i He MOXKYTh TOYHO OLiHUTH €HEPreTHYHi
BUTpaTH. B po6oTi BUpillyeThCs jaHa Ipo6JieMa MISXOM BU3HAYEHHs ITapaMeTpiB i pe)XKUMiB Ha OCHOBi yMOB peautizarii cuHeprii cucremu
«30yJHUK KOJIMBaHb — 0OpPOOIIOBaIbHE Cepe/joBHILe». B IbOMy Tosisirae 0cOOIUBICT Ta BiAMIHHICTH OTPUMAHUX PE3Y/IbTATiB JOCTiKEHb.
Po3po6sieHi AUCKPEeTHO-KOHTUHYAJIbHI MO/IesTi i3 BpaXyBaHHIM PEOJIOTIYHUX BJIACTIBOCTEH CEpeIOBUIN Ta AHATITHYHI pillleHHs it eKcriepu-
MEHTAJIbHI JIOCII/PKEHHST 03BOJIMJIM BU3HAUNUTHU T1apaMeTPX HU3bKOYACTOTHMX Ta BUCOKOYACTOTHUX /il Ha 06pOGJIIOBAJIbHI CEPEOBUIIA.
B po6GoTi BUKOPUCTaHMIT MeTOf|, 3a SIKUM CYKYITHICTh YacTOTH i aMILTITy/y KOJWBaHb BU3HAYa€ {HTEHCUBHICTh BiOpaIliifHOTO BIJIMBY Ha
06p0o6IIOBaJIbHE Cepe/ioBHILe. BU3HAYEeHO OIip TEXHOJIOTIYHOT0 cepe/iOBUIIA Ha PyX po6odoro oprany 30y/{HUKa KOJIMBaHb, KA CKJIaaBCs
i3 iHepIifiHOl, IPY)KHOI Ta AUCUIIATUBHOI YacTHUH. JloCIi/PKeHHSIM BH3HAUYeHa SIKiCHA Ta KiIbKiCHOI KapTUHU 3MiHU PO3CisIHHS eHeprii B KOH-
KpPEeTHUX MaTepiajiax i cepe/JoBUINAX 3a Pi3HUX 3aKOHIB X HABaHTa)KeHHs Ta 06pOOKH. BU3HaueHO piBeHb eHepril A1l 00pOOKH TEXHOIOTYHUX
CepeloBUIL B pe)KMMaxX HU3bKOYACTOTHUX Ta BUCOKOYACTOTHUX Aill. MeToAMKa AOCIi/PKeHb Ta aHATITUYHA 3aJIeKHICTh BU3HAUEHHS eHeprii
MOXKe GyTH BUKOPHCTAHOIO Il Pi3HOMaHITHUX CepeJOBUIL, sIKi epe6yBaroTh ITi/i HABAHTAXKEHHSIM.

KurrouoBi cyroBa: 30y/{HUK KOJIMBaHb, CepeJIOBUILE, IUCKPETHO-KOHTHHYaJIbHA MOJIeJIb, PO3CIsTHHS €Hepril, aMILIiTy/ja KOJIMBaHb, YaCTOTA.
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BU3HAYEHHS BUTPAT EHEPTIi HA INBUIKICTD 3HATTA MATEPIAJIY B IIPOIIECI ABPASHBHOTO PI3AHHSA
3 BUKOPUCTAHHAM TOHKOI'O IIUTI®YBAJIBHOI'O KPVTA (c. 66-75)

Eko Yudiyanto, Satworo Adiwidodo, Sugeng Hadi Susilo, Bayu Pranoto

OG6’eKTOM JIOCIIi/IKEHHS € Ipoljec aGpa3UBHOIO Pi3aHHS 3 BUKOPUCTAHHSAM TOHKUX IUTI(YBaIbHUX KPYTiB, SIKUIl 3aCTOCOBYETBCS /LTI
pizaHHsA MaTepiasiiB 3 pi3HUMHU MeXaH{UYHMMU BIACTUBOCTSIMU. IIpo6sieMa, sIKy HeoOXiZIHO BUPIIINTH, TIOJISITAaE Y BUSHAYEHH] XapaKTepUCTHUK
CIIOXKMBAHHS €Hepril B I[bOMY IIPOIIeCi IUISXOM KOHTPOJIIO IapaMeTpiB pizaHHs, TaKUX K TOBIIMHA HLTi(yBaJbHOIO Kpyra Ta IIBUAKICTH
nozfadi. By mpoBezieHnIi eKCIIepUMEHT 3 BUKOPHMCTAHHAM ILTipyBaIbHUX KPYTiB TOBIIMHOW 1,2, 1,6, 2,0 Ta 3,0 MM /iJI1 pi3aHHSA MeTaJiB.
Pi3Hi mBuAKOCTI Mogavi BUKOpUCTOBYBaIHcs A pisaHHS Al, ST37 Ta 4aByHY, sKi € IJIACTUYHMMU, TJIACTUYHO-TBEPAVMM Ta KPUXKUMU
Marepiasamy. Pe3ysbraTi eKCIIepUMEHTY TI0Ka3yloTh 00epHEeHY eKCIIOHEHIiaIbHy 3aJIeKHICTh MiXK IIBUAKICTIO IOAAYi Ta MUTOMOIO €Hep-
riero. InicyBasbHNI KpyT AiaMeTpoM 1,2 MM CcHOXXHUBae 10 10% MeHIIe eHeprii, HDK Kpyr AiaMeTpoM 3,0 MM IIPU HU3BKUX MIBHAKOCTSIX
rogadi. Bio6paskeHHS I[1X XapaKTEPUCTHK /{03BOJISIE BUOPATH PEKOMEH/IOBaHI ImapamMeTpH. [yt JoCATHeHHs CTablIbHOCTI i 9ac mporiecy
pi3aHHS IJIACTUYHUX MaTepialiB BUKOPUCTOBYEThCA UTiDyBaJbHUAM KPYT ZiiaMeTpoM 1,6 MM, IO Mpaliioe 3i MBUAKICTIO nofadi 0,166 MM/c.
JKopcTkicTh Kpyra BU3Ha4Ya€e CTabibHICTh 06€PTAHHS, KA 3aJ€XKUTh BiJi TOBIMHY 1UTidyBasbHOrO Kpyra. ToBIIMHA ILTi(hyBaJbHOIO KpyTra
BU3HAuae UIBUJKICTb BUAAJIEHHS MaTepiasy i yac abpa3uBHOro npouecy. Ilnactuyni Marepiany, Taxi ssk ST37, moTpeGyroTh Gisiblle eHepril,
OCKiJIbKY a6pa3vBHI YaCTUHKYU MOBUHHI OyTH 3[jaTHI MOPYIIyBaTH BJIACTUBOCTI MaTepiary /it eposii iioro moBepxHi. IlmacTuyHi MaTepianm,
SIK IIPaBUJIO, BUKJIMKAIOTh BUCOKE TePTSI Ta BUJLJISIOTH TEILIO, IUIAaBJIIM MaTepiasl. IIpoctip Mk aGpa3sMBHUMU YaCTUHKaMU MOXke OyTH 3aI110-
BHEHUI PiZIKMM Marepiajiom, 1[0 IPU3BOJUTD A0 MOKPUTTS PiXKydoi KPOMKHM a0pa3MBHUX YACTMHOK a0Pa3MBHUM PO3YMHOM. 3aCTOCYBAHHS
pe3yJIbTaTiB CrIpsMOBaHe Ha MeXaHiuHy 00pOOKY SIK HayKOBY OCHOBY JIJIsl KOHTPOJIIO €Heprii y BHpOGHUYIOMY IIPOIIECi.

KirrouoBgi ciioBa: CioXrBaHHs eHeprii, abpasuBHe pizaHH#, BifipisHe nuTiyBaHH:A, €Hepris pi3aHHd, MBUAKICTb BUJaJIeHHs MaTepiay,
TOHKHI IUTi(hyBaJIbHUN KPYT.
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YIOCKOHAJIEHHA XAPAKTEPMCTHK ITPOIIECY PI3BAHHA BOJIOKHUCTUX KOMIO3UIIIMTHUX MATEPIAJIIB (c. 76-84)

10. I. Cuyos, O. C. Bpuniok, K. C. Bapogos, . A. I'peyaHIOK

O6’eKTOM J10CJIPKeHHs OyB IIPOLieC pi3aHHs BOJIOKHUCTUX MOJIMEPHUX KOMITIO3UIIHUX MaTepiasiiB. OCHOBHOIO IIPUYMHOI0 OOMEKEHHS
3aCTOCYBaHHSI MOJTiIMEPHUX KOMIIO3UTIB € IOTipIIeHHS iX eKCIUTyaTaI[iifHUX BJIACTUBOCTEH ITiC/IsI MeXaHiYHOI 0OpoOKM uepe3 pyHHyBaHHS
roBepxHeBoro mapy. Hacrasa Heo6XifHicTs HafjaTH 0OI'PYHTOBaHI peKOMEH/AIill 3 MeXaHiYHOI 06POOKY BOJIOKHUCTUX MOJTIMEPHHUX KOMIIO-
sutiB (BIIK). Lle /103BOTUTB 3HU3UTH IMIMOUHY PyHHYBaHHS IToBepxHeBoro mapy BITK 10 20-50 MKM i po3LIMPUTH 06/1aCTh (DYHKIIiOHAIBHOTO
3aCTOCYBaHHs LIUX MaTepiaJiB.



Bys10 IpoBeieHO eKCIIepUMEHTAIbHE JJOCIIPKEHHS BIUIMBY PEKMMIB Pi3aHHS i reOMETPUYHUX ITapaMeTpiB piKy4oi YaCTUHU iHCTpyMeH-
TiB Ha TeXHOJIOI{YHi CKJIatoBi cvuIu pizaHHs. Lle 03BOINIIO BCTAHOBUTH, 110 HAWOLIBIINIT BIUIMB HA CUJTY Pi3aHHS IIPU 06pOOIi BOJIOKHUCTUX
KOMITO3UTIiB HA/Ial0Th BEJIMYMHU FeOMETPUIHUX XapaKTePUCTUK iHCTPyMEHTY. SHIDKEHHSI €HEeproBUTpaT Ha pisaHHS Ao piBHA 1,5 KHXM/c
crpusie MiHimi3anil BIUIMBY MeXaHIYHOTO0, TEIUIOBOTO Ta XiMiYHOTO (hakTopy Ha pyitHyBaHHS KOMIT03UTY. BITK BOJIOZA{IOTh BUCOKMMHU HIPYXKHH-
MM BJIACTUBOCTSIMH, 1110 BU3HAUa€ 0COOIMBOCTI IIporiecy pizaHHs. Lle MpU3BOAUTS 0 MiJBUIIIEHNX 3HAUEHb CUJI pi3aHHs Ha 3a/{Hill TOBEepXHi,
BHACJII/IOK YOTO PEKOMEHYEThCSI BECTH 0OPOOKY 3arOCTPEHUM iHCTPyMEHTOM 3 BEeTMKIMHU 3HAUeHHSIMHU MePeIHBOTO ) i 3aJHBOTO o KYTiB JIe3a.

Bur3HaueHHsI CUJIM pi3aHHS J03BOJISIE IPABUJIBHO IPU3HAYUTH TeOMETPUYHI ITapaMeTpy iHCTPYMEHTY i OLiHUTH ITOXUOKY 06POOKU.

BusHaueHi peXXMMH MeXaHiYHOI OOPOOKHU M03BOJISIOTH 3HMU3UTH MINOMHY AedekTHoro mapy B 10 pasiB((RZ <20 MM, KB < 5%,
N <1012 cius/rp, M < 50 MKM) i TiIBUIINATH B ABiYi CTIHKICTh piKy4oro iHcTpymMeHTy. OTpUMaHi pe3yJIbTaTy J03BOJIATh BJOCKOHAIUTH ITPO-
1ec popMOyTBOpeHHS BUPOOGIB i3 mosiiMepHUX MaTepiasiB Mpy BUTOTOBJIEHHI HA BUPOOHUIITBI.

KUrro4oBi c1oBa: XapaKTepHUCTUKY pi3aHHs, KOMIIO3UTHI MaTepiaiu, MexaHiqHa 06po6Ka, TIPy>KHi BIaCTUBOCTI, iehopMartist KOMIIO3UTY.
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®OPMYBAHHS JECTPYKTHUBHOTI'O IIAPY CIIEHIAJIBHUX I'VM B 3AJIEXXHOCTI BIJ] PEJXXIMIB CO,-JIA3EPHOI
OBPOBKH (c. 85-93)

. E. Cigopos, [I. O. Kozix, I. O. Kasak, T. B. IllrnioBuy, ¥0. B. IIpi6uiaes

OG6’eKTOM JOCTi/PKEHHS € CIeliali3oBaHi I'yMU B ITPOIIECi JIa3epHOTo rpaBifoBaHHs. BupirryBasack rpo6siemMa MiZIBUIEHHS SIKOCTi TyMO-
BUX BUPOOiB HA OCHOBI 3aCTOCYBaHHsI JIA3€PHOTO IPaBilOBaHHS, sIKe JO3BOJISIE JOCSITATH BUCOKOI fieTastizanlil, CKIaHoi reoMeTpil i crabiibHOT
SIKOCTi 3 MiHIMaJIbHOIO 3HOIIIYBaHICTIO iHCTpyMeHTYy. IIpoBesieHi eKCIIepUMeHTaIbHI TOCTiKEHHS ITTMONHU [IeCTPYKTUBHOTO IIApy B 3aJIEK-
HocTi Bifi pexxuMiB CO,-y1a3epHOI 06po6KH Jiesikux ryM. IIpomec rpaBiroBaHHS rymu € CO,-1a3epoM 3 ZOBXKUHOIO XBIJI 10,6 MKM PO3IVISTHYTO
B peXXUMi cepiliHOI oziaui iMITy/IbCiB 17151 36eperkeHHsI ITPaBUILHOI reoMeTpil Kparo pisy, 3a (hikcoBaHMX YMOB IIBUJIKOCTI ITIepeMillleHHs ITpoMe-
HIO Ta IIPUCKOPeHHs. Pe3ysbraTy y3ropkeHnx excriepuMenTiB (rymu AERO Laserrubber, OLIO Laserrubber, TEMPO Laserrubber, CLASSICO
Laserrubber Ta ECO Laserrubber) BUSIBWIN CTaly TEH/EHII{I0 3pOCTaHHS MIMOWHU AECTPYKTHBHOIO LIApy B cepefHboMy Ha (1,0 ... 1,2) MKM
KoxkHi 5 Bt i3 mifBumenHaM nortyxHocTi COy-masepa B fAiamazosi (30 ... 55) Br. Ilpu mifgBeseni nmotyxHocTi moHaz 60 BT crocrepiramacst
crabizizaris a6o He3HAYHe KOJIMBAHHS IVIMOMHU JIeCTPYKTUBHOrO 1mapy. OtprMaHi rpadiky IeMOHCTPYIOTh BUCOKHI CTYIIiHb Y3IO/PKEHOCT]
3 aHAJIITUYHOI0 MOJIEJIIIO Ta TiATBEP/PKYIOTh JIOI[IIbHICTh BUKOPUCTAHHS JIa3epHOT0 TPaBiloBaHHS caMe y Mexax (35 ... 50) Bt fjist TouHOI
i yncToi 06po6KY Ta OTPUMAHHS SKiCHUX T'YMOBUX BUPOOIB.

KirrouoBi ciroBa: ryma, J1a3zepHe rpaBiloBaHHS, VIMOWHA AECTPYKTUBHOrO LIapy, NoTyxHicTh CO,-s1a3epa, MiIBUILEHHS SIKOCT].
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PO3POBKA TA EKCIIEPUMEHTAJIBHA OITHKA BIO-IHCIIPOBAHUX HEPIBHOCTEN ITIOBEPXHI ITAJIb
U1 TOKPAIIIEHOTO TEPEHECEHHA HABAHTAYKEHHA B HIMAHUX I'PYHTAX (c. 94-101)

Agata Iwan Candra, As’ad Munawir, Yulvi Zaika, Eko Andi Suryo

V mimjanux rpyHTax edeKTUBHICTh OIIOpY ITOBEPXHEBOrO IIApy € KPUTUYHO BAYKJIMBOIO, OCKIIBKM BOHA BHU3HAYA€ BaHTAXKOIIAMOMHICTS,
ocifjaHH# Ta BapTicTh QyHAAMeHTY. Y il po60Ti JOCTiHKYIOThCS aIboBi (PyHAAMEHTH 3i CIIPIMOBAaHUMH HEPiBHOCTSMU ITOBEPXHi, BOY/[OBaHH-
MU B OJHOPIIHUI TiCOK, 11106 3’sicyBaT 06MeXKeHi 3HaHHS TIPO Te, sIK OpieHTallis HepiBHOCTel (KpaHiasbHA IIPOTH KayAaIbHOI), TeOMeTpUYHE
criBBigHOMEHH (L / H) Ta AlamMeTp nasti BIVIMBAIOTh Ha Mlepe/iady OCbOBOIO HABAHTa)KeHHs1. EKcrieprMeHTaIbHi BUIIPOOYBaHHS IIPOBOAMIIMCS
Ha CTaJIeBUX NaJIsAX AiamerpoM 10, 12 Ta 15,85 MM 32 IVTaAKHX, KPaHIaIbHUX Ta Kay/laJIbHUX YMOB 3i criBBigHOmeHHAMHU L / H 20, 26,67 Ta 33,33,
Buripo6GyBaHHsI Ha OCbOBE CTHMCKaHHA BifimoBifiHO 0 ASTM D1143-20 y KOHTPOJILOBAHOMY CyXOMYy ITiCKy 3a0e3Ie4msin JIaHi Mpo rpaHuyYHe
HaBaHTA)XXEHHS Ta OIIip CTBOJIY, MiAITBEP/PKeH] 0HO(hAKTOPHUM JIUCIIEPCITHIM aHaTi30M. Pe3y/ibraTi OKa3yIoTh, 0 KpaHiaabHI HEPiBHOCTI
TI0CJIJOBHO IepeBeplLIyBaIH iHIIi IToBepxHi, mpuuomy koHbirypauis Cr L / H 20 Ha naui 15,85 MM gocsiria 0,368 kH, 110 Ha 392,51% Giblie,
HDK y IVIQIKUX TMaJIsiX, TOAI SIK Kay[aJbHi HepiBHOCTI focsmiu e 134,30%. YepernHi HepiBHOCTI Tako)k piBHOMipHilIe M0o6iIizyBaau ormip
CTBOJIA B3Z0BXK MaJli, SMEHIIIYIOUM 3aJIeXKHICTD Bifl TOPLIeBUX ONOp. LI MPOAYKTUBHICTD MOSICHIOETHCS CUJIBHILIIO ITAaCUBHOIO B3a€MOJi€I0 HA
MeXi po3JiTy Mmasisi-IpyHT, 1110 MiZBUIIlye HOPMaJ/IbHI HAIIpy)KeHHs Ta Mobiizalito TepTsi. BiiMiHHOIO 0COGINBICTIO LILOTO AOCIIiHKEHHS € BU-
3HA4YEHHs CIIiBBifHOMeHHs L / H sSIK BUMipIOBaHOTO ITapaMeTpa IMPOeKTyBaHH:, mprdoMy L / H = 20 6ys10 BU3HAHO ONITUMaJIbHUM, Ha BiZIMiHY
BiJ] IIOTIepe/iHiX JOCIiPKeHb, sIKi ONKMCYBaIM IIOPCTKICTD JIMIIE SAKiCHO. Pe3ynbTaTy fOoCIiyKeHHs IeMOHCTPYIOTh ITPAaKTUYHUN ITOTeHIias 3a-
CTOCYBaHHS KOHCTPYKIIi#l 3 ypaxyBaHHSIM HepiBHOCTeN KpaHiaJbHOI JTiHIT B TaTb0BUX (PyHJAMEHTaX JIJIs JIETKOI Ta CepeHbOI iHppacTpyKTypH
Ha MiIaHUX I'PYHTaX, TAKKX K MOCTH, TIPUCTaHi Ta BeXKi JIiHil eslekTponiepeziad, 1[0 03BOJIsIE BUKOPUCTOBYBATH KOPOTIIi a60 MEHIIY KiJIbKICTh
najb 6e3 MKOAY JJis 6e3MeKn, OHOYACHO MOKPAIyI0ul eKOHOMIUHY e(eKTHBHICTb Ta Te0TeXHiUHi XapaKTepHUCTUKHU.

KUrro4oBi c1oBa: 0ch0Ba BAaHTAXKOII/IHOMHICTB, Kay/jalbHa HepiBHICTh, KpaHiaTbHA HEPiBHICTh, eKCIIepUMeHTaIbHA IIepeBipKa, CIiBBij-
HoeHHs L / H.
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PO3POBKA ILUTIONIVJIKH-IIOIPOBHHKA 3 BAJIBIIJOBUMH POBOYHMUY OPTAHAMMU JIJISTI MAJTIX
TOCIIOJAPCTB (c. 102-110)

Tokhtar Abilzhanuly, Ruslan Iskakov, Daniyar Abilzhanov, Alexandr Gulyarenko, Olzhas Seipataliyev, Nurakhmet Khamitov

OG’€KTOM JIOCITi/PKEHHS! € TEXHOJIOTIYHUI ITpoIiec MozpiGHEHHsI 3e€PHOBUX KOPMIB y p06apIii BaJIbI[bOBOTO TUITY 3 MAJIMMU POOOYUMU
po3Mipamu Ta B3aEMOJisl OKpPEMUX 3€peH 3 IIOBEpXHSIMU BAJIKIB y MeXax MXKBAJIKOBOTO 3a30py. OCTiKeHHS 30cepe/PKeHo Ha 3a6e3eueHHi
CTaGLIBHOI IPOYKTUBHOCTI /10 200 KI/TOZ IS MaIUX (pepMepChKIX IOCIIOAapcTB. PO3po6IIeHO CTPYKTYPHO-TEXHOJIOTIUHY CXeMy KOMITAaKTHOTO
MJIMHApHOTO KOMOaiiHa Ta BUTOTOBJIEHO eKCIIEPUMEHTAIBHUM TPOTOTUIL. JJOBXUHY Ta AiaMeTp BasblliB 6ys10 060paHO BiAMIOBIIHO /10 eKCILTya-
TalifHUX BUMOT MAJIUX CiJIbCBKOTOCTIOIAPCHKUX MiATIPUEMCTB.



Bys10 cchopMyTb0BaHO TiMOTE3y, 10 YACTUHKH 3€PHA TIOBO/SATHCS SIK AVICKPETHI TiJIa, CTOXaCTHMYHO PO3IIOAiIeHI B MDKBAJIBIIHOBOMY 3a30pi
Ta YaCTKOBO BUPIBHSIHI B3/I0BXK JJOBXKUHU BasIblls 1iepes AedopMartiieto. Ie 103BoJIsI€ pealiCTUYHO OIIUCATH IX B3a€MO/I{I0 3 pOGOUNMHU IOBEPX-
HSIMU Ta Pe3y/IbTYI0ue eHEeProcrioXuBaHHs. OTPUMaHO aHATITUYIHI BUpa3y JyIsl BU3HAUEHHS IIPOAYKTUBHOCTI Ta HEOOXiTHOT OTY)KHOCTI Ha
OCHOBI MaTeMaTHYHOI MOZ[eJIi, III0 IIOB’sI3ye TeOMEeTpil0 BaJIbIiB, KIHEeMaTH4YHI ITapaMeTpy Ta HMOBIpHICHMIT XapaKTep ITOTOKY 3epHa.

EKCIIepUMEHTaJIbHI OCTi/DKEHHsT Bepr(iKyBaIu MOJE/Ib IISIXOM 3MiHH LIBU/KOCTI 0GepPTAHHSI BaJIbLIiB Bif{ 56 10 178 xB~1. IIpu 178 xB~!
TIPOAYKTUBHICTB fjocsmia 180 Kr/rof, a CIIoKMBaHa MOTYXHIcTh — 1020 BT. Po361>KHICTh MiJK TEOPETUYHOIO Ta €KCIIEPUMEHTATBHOIO ITPOYK-
THUBHICTIO CTAaHOBWJIA 7,5%, @ MDXK 3HAUEHHSIMU IOTYXKHOCTI — 2,02%. Pe3y/bTaTé IiITBEP/PKYIOTh JOCTOBIpHICTh pO3pO6IEHOI AMCKPETHO-
iMoBipHicCHOI Mofesti Ta i1 3aCTOCOBHICTB /7151 ONITHMI3allil KOHCTPYKTUBHUX Ta POOOYHMX MapaMeTpiB KOMITAKTHHUX BAaJIKOBUX APOOAPOK s
JIeIleHTPaTi30BaHOTO BUPOOHHUIITBA KOPMiB.

KirroueBsble cjI0Ba: IUTIONIMIKA-3MiIIyBay, MDKBaJIbLIEBUM 3230p, IPOBiHICTh, TOTpeOHA MTOTY)KHICTh, YaCTOTA 0O€PTAHHS BAJIBIIiB.
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IAEHTU®IKAIIA ITPOIIMBKY 3D-IIPUHTEPA 13 3ACTOCYBAHHAM BE3IIITKOBOI'O CEPBOJABUTYHA IIOCTIHHOTO
CTPYMY 3 METO/IOM IIOKPOKOBOTI'O 3UNTYBAHHS TA BUKOHAHHS G-KOAY (c. 111-123)

Budhy Setiawan, Indrazno Siradjuddin, Resti Dyah Ayu Retno Palupi

O6’€KTOM I1bOTO JIOCTI/PKEHHS € BeJIMKOMACIITAOHUI IeKapTOBUil 3D-ITpUHTED 3 06’€MOM JPyKy 2 X 2 X 2 MeTpH, OCHAIIEHU CEePBO/IBUTY-
Hamu BLDC mo ocsix X Ta Y, kpokoBuM ABUryHOM NEMA 34 110 Oci Z Ta KpokoBUM JBuUryHoM NEMA 17 117151 ekcTpys3ii himameHTy. OCHOBHA ITPO-
6s1eMa, sIKy GyJI0 BUDIILIEHO, IT0JIArae B 0OMeXKEeHH] iCHyI0uOl ITPOIIUBKH, SKa MiATPUMYe Jiulle 6irosspHi KpoKoBi ABUryHHU (cranzapT NEMA),
0 poOUTS 11 HETTPUAATHOIO IS OCATHEHHST BUIIUX IIBU/IKOCTEH eKCTpyzepa, HeOOXiJHUX JJIsI IIMPOKOGOpMaTHOTO ApyKy. 11106 mogomatu
1110 mpo6siemy, 6ys10 po3po6IeHO HOBY IPOIIMBKY ISl MIATPUMKH Oe3IiTKOBUX CEPBOABUTYHIB nocTifiHoro crpymy (BLDC), mio 3a6e3nedye
LIBHZLIE, CTA0iIbHIIIIe Ta TOUHIIIe KEPYBAHHST PyXOM.

Po3po6sieHa IpoIIMBKa, 3aCHOBaHA Ha MiKpOKOHTpoJsiepi ESP32, Kpok 3a KpokoM 06po6iisie iHCTpyKIii G-Kofy, 009MCIIIOE KOMaHAN JIBH-
ryHa Ta nepezae ix gpaiiBepam apuryna BLDC (FSESC 4.12 Ha rutatgopmi VESC) 31 3BOpOTHHUM 3B’S13KOM BiJl €HKOZIEpa JIJIsi TOYHOTO TTO3MITi-
OHyBaHHs. EKCITIepMMeHTaJIbHI Pe3y/IbTaTH IIPOAEMOHCTPYBAIN Ha/liliHy CHHXPOHI3aIlito oceli X Ta Y Ha pi3HUX IIBUJKOCTIX Ta Bi/ICTaHAX, i3
cepeiHiMM TOXMOKaMU No3uLioHyBaHHs 0,9% 110 oci X Ta 1,03% 10 oci Y. Cucrema cTabisibHO IIpaljoBasia B Aiana3oHi HIBUKOCTEi 06epTaHHS
F8000-F54000 (1000-7000 06/xB) Ta [iama3oHi HBUAKOCTEN ApyKy 92—-800 MM/C, 1110 MiATBEP/IKYE 3AATHICTH IPOUIMBKN 0OPOBIISITH SIK HU3b-
KOLIBU/IKICHI, TaK i BUCOKOLIBU/IKICHI onepariii.

Bizi3HaueHe MBHU/IKe IPUCKOPEHHST, TOYHICTh Ta CTA0LIBbHICTh TOPIBHSHO 3 CUCTEMaMU Ha OCHOBi KPOKOBHX /IBUTYHIB. BiMiHHOI0 0c06/11-
BiCTIO 11i€T po6GOTH € a/ianTallis BUKOHAHHS KPOKiB G-Kofy Auis ABUTYHIB BLDC, 110 He 6ys10 IIMPOKO peasli3oBaHO B iCHYIOUNX ITPONIMBKAX /IS
3D-apyky. IIpakTiuHe 3HaYeHHs Pe3y/IbTaTiB MOJIArae B IOTEHIIITHOMY 3aCTOCYBaHHI I1i€l MPOIIMBKY Y BEJIMKOMACIITAOHUX Ta BUCOKOLIBHU/I-
kicHux 3D-mipuHTepax. Lle poOUTH Iieil MmiAXiJ Hag3BUUaliHO aKTyaJIbHUM JJIs ITePeZOBUX BUPOOHUUUX TaTy3eil, e TOYHICTh, MacIITaboBa-
HICTb Ta e(DEKTUBHICTb € KPUTUYHO BAKJINBUMU.

KirrouoBi cioBa: BesinkoMaciiTaGHuit 3D-IpyK, MOKPOKOBE BUKOHAHHSI G-KOZy, ITPOMIMBKA GE3IIiTKOBOIO CEPBOIPHUBOJY MOCTiITHOro
CTpyMy, KepyBaHHs pyxoM ESP32, BUCOKONIIBH/IKICHE afiUTHBHE BUPOOGHHUIITBO.



