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The subject of this research is the technology of reengineering
and control of parts of aircraft objects (AOs) and technological
equipment for their manufacture. The predefined accuracy of
the keel of a light aircraft and molding surfaces of technological
equipment for its manufacture has been ensured by using reen-
gineering technology and CAD systems. A portrait of the actual
physically existing keel of a light aircraft was built in the *.stl
file format using the software Artec Studio (USA). The control
and comparison of the geometry of the shapes of the analytical
standard with the actual physically existing keel of a light aircraft
based on its portrait have been implemented. The methods used
are the analysis and synthesis of the experimental geometry of
shapes, the method of expert evaluations. The following results
were obtained: based on the analysis and synthesis, the presence
of significant errors in the accuracy of the manufacture of the keel
for a light aircraft in the range from —5.26 mm to +5.39 mm was
detected. Tt has been shown that the key factor is the keel’s rela-
tive plane indicator, which is outside the tolerance margin and is
85 %. It was decided to fabricate new technological equipment
from another material — organic plastics. Control of the techno-
logical equipment made from organic plastics for the keel of a light
aircraft showed that the shape-forming surfaces of the equipment
have appropriate shapes and sizes corresponding to the existing
analytical standard and are devoid of inaccuracies that occurred
in the previous version. The range of keel margins that was made
using the new technological equipment from organic plastics is
from —0.51 mm to +0.34 mm while the relative plane of the keel
outside the tolerance margin does not exceed 15 %. The study
results showed the adequacy of the decisions taken, ensuring the
predefined accuracy for the keel of a light aircraft and molding
surfaces of technological equipment for its manufacture.
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The corrugated metal gasket is still in the early stages of de-
velopment. However, gasket contact flanges with a high surface
roughness (more than 3.5 pm) leak and require a lot of force to
tighten. A nickel or copper-coated corrugated metal gasket was
designed. A water pressure test was used to measure leaks, and the
results revealed that nickel or copper-covered gaskets performed
better. The effect of high temperature has not been explored in
this study, which only reveals high pressure. The goal of this study
is to use copper and nickel coatings to improve the performance
of corrugated metal gaskets. Copper or nickel infiltrates the pipe
flange’s rough surface, preventing leaking. The purpose of this
study is to investigate the performance of a coated corrugated
metal gasket in a boiler system, which has high temperature and
pressure. Corrugated metal gaskets were formed using a cold
forming process. The gasket material was SUS304, which is
copper or nickel-plated through electroplating. The gasket was
installed in a series of pipes in the boiler that flows water at high
temperature and pressure. The water leak was trickling on white
paper that had been placed beneath the gasket. Even small water
leaks are detected on white paper. The thermal camera can detect
vapor leaks. The results of the studies reveal that the coated
corrugated metal gasket’s performance was improved, as seen
by the reduction in leakage. At the highest pressure of 7 bar and
the lowest tightening force of 40 kN, neither gasket leaked. This
result is different from standard corrugated metal gaskets, where
at the same pressure and temperature, steam and water leaks are
observed. Both copper and nickel-plating types can be used to
coat corrugated metal gaskets made of SUS304.

Keywords: coating, nickel, copper, corrugated metal gaskets,
performance, leakage, multilayered, boiler.
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Experimental studies are presented and the dependence of

the change in the strength of the material of a pressure head fire
hose of type T with an inner diameter of 77 mm in the longitudi-
nal direction is established, taking into account single damages.
The work describes the plan of the experiment and carried out a
number of field experiments to determine the effect of the length
l; and the depth K damage on the strength F of the hose mate-
rial, that is, obtaining the dependence F=/(l;, K). A mathematical
method of experiment planning was used and a plan was drawn up
for a complete multivariate experiment of type 2% with an accept-
able model accuracy of 5 %. The limits of variation of the factors
are set taking into account a priori information, experimental
capabilities and on the basis of the results of preliminary search
experiments. The dependence in the coded and natural values
of the factors is obtained. The reliability of the relationship was
checked using the Fisher test, the calculated value of which was
5.98, which confirms the adequacy of the described process with
a probability of 95 %.

Analyzing experimental studies of the dependence of the
change in the strength of the hose material on the length and
depth of damage, it can be said that the change in the strength of
the hose almost linearly depends on the specified damage param-
eters. It is found that with increasing damage, the strength of the
hose material significantly decreases. When varying the length
factor and the greatest depth of damage, K=0.4 mm, the strength
of the hose material decreases from 11.67 kN to 8.77 kN, and in
percentage terms by 25 %.

The results obtained can be used in practical units of emer-
gency rescue teams, when diagnosing hidden damage in pressure
head fire hoses in order to prevent their failure in case of fires.

Keywords: pressure head fire hose, material strength, experi-
mental studies, experimental design, damage variation limits.
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This paper reports a study of the technological process of
grinding plant residues of sunflower and the causal relationships
of factors that form the system of quality indicators. The neces-
sary prerequisites for determining rational modes and parameters
of the roll crusher have been devised.

A prototype of the roll crusher was designed and fabricated,
in which the cutting knives are arranged along the entire width
of the grip in a staggered manner, with the possibility to change
the angle of inclination to the axis of drum rotation in the range
of 5...20°.

It was established that in the case of the right-side arrange-
ment of the cutting edge of knives, the highest total level of the
percentage of crushed stems in the range of 101-150 mm with an
additional load weighing 800 kg exceeded by 1.58 times the cor-
responding indicators of the roll with an additional load of 600 kg.
The largest overall value of the percentage of crushed stems in the
range of 0-200 mm when additionally loading the roll with 800 kg
was 1.13 times higher than the corresponding indicators of the
roll with an additional load of 600 kg.

In the range of 0-200 mm, with an additional load on the roll
of 600 kg, at the left-side arrangement of the cutting edge of the
knives of the roll, higher total percentage of crushed stems was
observed compared to the right-side arrangement. At a speed
of 7.45 km/h, 13.6 km/h, the cumulative value of the percent-
age of crushed stems exceeded the corresponding indicators at
the right-side arrangement of knives by 1.09 times, at the speed
of 18.6 km/h — by 1.04 times, at the speed of 22 km/h — by
1.04 times, respectively.

It has been noted that at the left-side arrangement of the
cutting edge of the knives of the roll, the percentage of crushed
stems in the range of 51-100 mm, with an additional load of
600 kg, exceeded the corresponding indicators with an additional
load of 800 kg. At the speed of 10.08 km/h, it was exceeded by
1.9 times; at the speed of 13.6 km/h — by 1.44 times; at the speed
of 18.6 km/h — by 1.96 times; at the speed of 22 km/h — by
1.99 times, respectively.

Keywords: crushing of sunflower stems, plant residues, pro-
cessing of plant residues, tillage, roll crusher, grinding quality
indicators.
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This paper proposes a circuit solution and a power source
control algorithm for semi-automatic AC welding with improved
energy and weight-size characteristics. A distinctive feature of the
designed source is the absence of an input rectifier: welding is car-
ried out with a high-frequency alternating current. That has made
it possible to significantly reduce power losses in the source, as
well as provide the possibility of implementing induction heating
by connecting an inductor to the source output.

Another distinctive feature of the designed source is an in-
creased power factor and a reduced level of higher harmonics of
the current consumed. The power factor of the described source
reaches 0.94 against 0.5+0.7 for sources equipped with a conven-
tional rectifier with capacitive smoothing.

The designed source’s composition includes a power supply
system for the wire feed drive with speed stabilization due to posi-
tive feedback on the motor current. That has made it possible to
ensure the stable operation of the drive in a wide range of speeds. A
model has also been developed of a flux wire welding torch contain-
ing a feed drive and a coil with a wire (up to 100 mm in diameter),
placed, in order to reduce the size, in the handle of the torch.

In addition to the welding function, the source makes it pos-
sible to solve the tasks related to induction heating and/or hard-
ening of small parts; to that end, a compact inductor is connected
to its output.

Tests of the source showed the feasibility of the proposed
ideas and circuit solutions. The dimensions of the source are
190x107x65 mm; weight, 1.4 kg; output current, up to 120 A. The
proposed technical solution enables the construction of small-
sized, lightweight, universal, easy-to-use power supplies for semi-
automatic welding with the option of induction heating.

Keywords: semi-automatic welding, power source, induction
heating, electric power quality, power factor, FCAW welding.
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This paper investigates the quality of inkjet printing on corru-
gated cardboard with various characteristics such as the presence
of surface coating, the type of cardboard structure, the corrugated
layer profile, and the corrugated cardboard height.

The color characteristics of the corrugated board surface of
studied samples were analyzed in the CIE Lab system; the value
of the discrepancy in the shade of white was established when
compared with the reference values of the ISO 12647 standard.

During the study, the main criteria for assessing the quality of
color reproduction of inkjet imprints were analyzed: an indicator
of the general contrast level (K), the value of color differences
for the basic tone shades (AE), and the volume of the body color
coverage (AE?).

It was found that when printing on various types of corru-
gated cardboard, there is a general decrease in the overall contrast
value. The actual level of color differences is AE=10...45 and ex-
ceeds the permissible standards for the color reproduction quality.
This adversely affects the reproduction of different color tones in
the printed image. In general, the quality of color reproduction
differs for the test samples of corrugated cardboard in terms of
the magnitude of the spread in the values of color distortions on
the tone shades.

The influence of the main characteristics of the investigated
samples of corrugated cardboard on the quality indicators of



inkjet printing has been analyzed. In particular, a significant

influence of the index of color characteristics of the surface of cor-
rugated cardboard I¥ and the type of corrugated board structure
on the quality of color reproduction has been established.

The study results reported here could make it possible to rea-
sonably approach the selection of the corrugated board structure
that is optimal in composition, increase the productivity of the
technological process for manufacturing containers, and stabilize
the quality of printing on corrugated cardboard.

Keywords: corrugated cardboard, color differences, printing
contrast, inkjet printing, quality of the imprint.
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This paper shows that the technological preparation of produc-
tion accounts for 20-70 % of the total labor intensity of technical
preparation. An important role belongs to the applied programs of
finite-element modeling. However, such software packages often
cannot be purchased by small-scale industrial enterprises for various
reasons. Therefore, special empirical and analytical calculation models
are used, which have proved to be quite effective in typical metal pro-
cessing processes. Drawing a cylindrical hollow part was used as an ex-
ample of the improved analytical dependence to calculate meridional
tensile stresses. Existing analytical models of the process accounted
for the bending moment through additional stresses. However, this ap-
proach only roughly described the deformation process. It was possible
to refine the existing analytical dependences by introducing a term
into the differential equilibrium equations that takes into consider-
ation the bending moment that acts in the meridional direction when
a workpiece passes the rounding on the matrix edge. Analysis of the
obtained expression revealed that the bending of a workpiece gives rise
to the stretching meridional stresses, which depend on the ratio of the
squares of the thickness of the workpiece and the radius of the matrix
rounding. The results of the estimation data from the numerical and
theoretical models coincided for small values of the radius of the ma-
trix rounding of 1-2 mm, which confirms the adequacy of the analyti-
cal solution. In the numerical model, there is an extreme point where
the tensile stresses have a minimum and, after it, begin to increase; this
corresponds to the matrix rounding radius of 5 mm.

Keywords: technological process, matrix, drawing, plastic defor-
mation, flat workpiece, rounding radius, meridional stresses.
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Plastic injection molding is widely used in many industrial
applications. Plastic products are mostly used as disposable parts
or as portable parts for fast replacements in many devices and

machines. However, mass production is always adopted as an
ideal method to cover the huge demands and customers’ needs.
The problems of warpage due to thermal stresses, non-uniform
pressure distribution around cavities, shrinkage, sticking and
overall products quality are some of the important challenges.
The main objective of this work is to analyze the stress distribu-
tion around the cavities during the molding and demolding to
avoid their effects on the product quality. Moreover, diagnos-
ing the critical pressure points around and overall the cavity
projection area, which is subjected to high pressure will help to
determine the optimum pressure distribution and ensure filling
all cavities at the same time, which is another significant objec-
tive. Computer-aided design (CAD) and CATIA V5R20 are
adopted for design and modeling procedures. The computer-aided
engineering (CAE) commercial software ABAQUS 6141 has been
dedicated as finite element simulation packages for the analysis of
this process. Simulation results show that stress distribution over
the cavities depends on both pressure and temperature gradient
over the contact surfaces and can be considered as the main af-
fecting factor. The acceptable ranges of the cavity stresses were
determined according to the following values: the cavity and core
region temperature of 55—65 °C, filling time of 10—20 s, ejection
pressure 0.85 % of injection pressure, and holding time of 10-15 s.
Also, theoretical results reveal that the uniform pressure and tem-
perature distribution can be controlled by adjusting the cavities
layout, runner, and gate size. Moreover, the simulation process
shows that it is possible to facilitate and identify many difficul-
ties during the process and modify the prototype to evaluate the
overall manufacturability before further investing in tooling.
Furthermore, it is also concluded that tooling iterations will be
minimized according to the design of the selected process.

Keywords: mass production, injection, pressure, temperature,
finite element, quality.

References

1. Bagalkot, A., Pons, D., Symons, D., Clucas, D. (2019). Categoriza-
tion of Failures in Polymer Rapid Tools Used for Injection Molding.
Processes, 7 (1), 17. doi: https://doi.org/10.3390,/pr7010017

2. Nagahanumaiah, Subburaj, K., Ravi, B. (2008). Computer aided
rapid tooling process selection and manufacturability evaluation
for injection mold development. Computers in Industry, 59 (2-3),
262-276. doi: https://doi.org/10.1016 /j.compind.2007.06.021

3. Gries, S., Meyer, G., Wonisch, A., Jakobi, R., Mittelstedt, C. (2021).
Towards Enhancing the Potential of Injection Molding Tools
through Optimized Close-Contour Cooling and Additive Manu-
facturing. Materials, 14 (12), 3434. doi: https://doi.org/10.3390/
mal4123434

4. Hartono, M., Pratikto, Santoso, P. B., Sugiono (2020). Optimiza-
tion on the Injection Molding Propypopylene Parameters Using
Central Composite Design for Minimizing Defects. Journal of South-
west Jiaotong University, 55 (2). doi: https://doi.org/10.35741/
issn.0258-2724.55.2.42

5. Kriesi, C., Bjelland, @., Steinert, M. (2018). Fast and iterative
prototyping for injection molding — a case study of rapidly pro-
totyping. Procedia Manufacturing, 21, 205-212. doi: https://doi.
org/10.1016/j.promfe.2018.02.112

6. Mansour, S., Hague, R. (2003). Impact of rapid manufacturing
on design for manufacture for injection moulding. Proceedings of
the Institution of Mechanical Engineers, Part B: Journal of En-
gineering Manufacture, 217 (4), 453-461. doi: https://doi.org/
10.1243/095440503321628134



7. Liang, W., Ge, X, Ge, J., Li, T,, Zhao, T., Chen, X. et. al. (2018).
Reduced Graphene Oxide Embedded with MQ Silicone Resin
Nano-Aggregates for Silicone Rubber Composites with Enhanced

Thermal Conductivity and Mechanical Performance. Polymers,
10 (11), 1254. doi: https://doi.org/10.3390 /polym10111254

8. Kazmer, D. O., Speight, R. G. (1997). Polymer Injection molding
Technology for the Next Millennium. Journal of Injection Mold-
ing Technology, 1 (2), 81-90. Available at: https://www.research-
gate.net/publication/237673663_Polymer_Injection_Molding_
Technology for the Next Millennium

9. Abdulhameed, O., Al-Ahmari, A., Ameen, W., Mian, S. H. (2019).
Additive manufacturing: Challenges, trends, and applications. Ad-
vances in Mechanical Engineering, 11 (2), 168781401882288. doi:
https://doi.org/10.1177 /1687814018822880

10. Vieten, T, Stahl, D., Schilling, P, Civelek, F, Zimmermann, A.
(2021). Feasibility Study of Soft Tooling Inserts for Injection Mold-
ing with Integrated Automated Slides. Micromachines, 12 (7), 730.
doi: https://doi.org/10.3390,/mi12070730

11. Hussin, R., Sharif, S., Nabiatek, M., Zamree Abd Rahim, S., Khushai-
ri, M. T. M., Suhaimi, M. A. et. al. (2021). Hybrid Mold: Comparative
Study of Rapid and Hard Tooling for Injection Molding Application
Using Metal Epoxy Composite (MEC). Materials, 14 (3), 665. doi:
https://doi.org/10.3390/ma14030665

12. Kim, H.-S., Lee, W.-G., Lee, C.-H., Lee, K. D. (2020). Optimiza-
tion for the prepreg compression molding of notebook computer
cover using design of experiment and finite element method. SN
Applied Sciences, 2 (9). doi: https://doi.org/10.1007 /s42452-
020-03416-4

13. Zhou, H. (Ed.) (2013). Computer modeling for injection molding.
Simulation, Optimization, and Control. John Wiley & Sons, Inc.

14. Loaldi, D., Regi, E, Baruffi, F, Calaon, M., Quagliotti, D., Zhang, Y.,
Tosello, G. (2020). Experimental Validation of Injection Molding
Simulations of 3D Microparts and Microstructured Components Us-
ing Virtual Design of Experiments and Multi-Scale Modeling. Mi-
cromachines, 11 (6), 614. doi: https://doi.org/10.3390/mi11060614

15. Polanco-Loria, M., Clausen, A. H., Berstad, T., Hopperstad, O. S.
(2010). Constitutive model for thermoplastics with structural ap-
plications. International Journal of Impact Engineering, 37 (12),
1207-1219. doi: https://doi.org/10.1016/j.ijimpeng.2010.06.006

16. Hopmann, C., Xiao, C., Kahve, C. E., Fellerhoff, J. (2021). Predic-
tion and validation of the specific volume for inline warpage control
in injection molding. Polymer Testing, 104, 107393. doi: https://
doi.org/10.1016/j.polymertesting.2021.107393

DOI: 10.15587/1729-4061.2021.247552

INCREASING WEAR AND CORROSION RESISTANCE
OF STEEL PRODUCTS BY COMBINED LASER
THERMOMECHANICAL TREATMENT (p. 72-80)

Oleksandr Danyleiko

National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-8501-0421

Vitaliy Dzhemelinskyi

National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-5797-0134

Dmytro Lesyk

National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
ORCID: https://orcid.org/0000-0002-6919-7409

A technique is presented for hardening metal products, in
particular, the main tools (hammers) and cases of core drilling bits
made of steel 30HGSA, using thermomechanical surface treat-
ment according to a separate scheme. The method of combined
laser thermomechanical hardening used in the study consists in
the use of shot peening followed by laser heat treatment. Its use
makes it possible to increase the operational properties of steel
products, in particular, their wear and corrosion resistance. Based
on the results of theoretical and experimental studies, the paper
substantiates the features of dynamic surface plastic deformation
for the analysis of impact during shot peening. The advantages
of using laser hardening without surface melting are presented.
Experimental research methods are proposed for determining the
structural-phase composition, structure of the surface layer, hard-
ness and microhardness of the hardened zones of steel 30HGSA.
The range of rational modes of impact shot peening and thermal
laser treatment has been determined. A device for testing samples
for wear resistance has been developed. Methods of testing
for wear and corrosion resistance of the surface of samples are
proposed for assessing the tribological properties and contact
interaction of materials under quasi-static and dynamic loading
conditions. Tt is concluded that rational technological modes
of hardening tools made of steel 30HGSA using combined laser
thermomechanical treatment allow increasing the depth of the
hardened layer by ~1.5 times compared to laser heat treatment.
In addition, they provide the microhardness of the surface layer
of ~5400 MPa, which is ~2.5 times higher than the microhardness
of the base material.

Keywords: combined surface hardening, shot peening, laser
heat treatment, steel 30HGSA.
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Die casting is forcing molten metal into a mould with high
pressure. Die casting has two dies namely moving die and fixed
die where the moving one will move over the fixed die. Die casting
is majorly used for high-volume production. This paper focused on
the physical phenomenon of die casting for two dies (moving die
and fixed die) using two different alloy materials with variable
material chemical compositions.

The numerical analysis is carried out for the die casting pro-
cess to determine the crack formation zone by temperature distri-
bution and structural analysis by stress-strain relationship. The
numerical analysis is carried out for both the dies. The fixed die is
analyzed with an H13 tool steel material with two moving die ma-
terials as aluminum alloy (A356) and magnesium alloy (AZ91D).
Both the dies (fixed and moving) were designed by using design
software and meshing is carried out followed by analysis using
the analysis software. The physical parameter for the dies is ap-
plied that is temperature distribution is carried out by applying a
temperature of 850 °C and 650 °C over the fixed die for aluminum
and magnesium alloy, respectively. Structural analysis is carried
out for the moving die with a load of 1,000 N for both aluminum
and magnesium alloys with 1000 number of iterations. The re-
sults from the numerical analysis are derived and analyzed for
both temperature distribution and structural analysis. The crack
formation zone is found out by means of temperature gradient and
the stress-strain relationship is found out by means of structural
analysis. From the results, it was concluded that the crack zone
is obtained at 1.22E-10 °C/mm and 6.856E-14 °C/mm of thermal
gradient and structural analysis in terms of maximum stress of
446.94 MPa and 448.52 MPa for aluminum and magnesium alloys,
respectively.

Keywords: Die casting, Aluminum, Magnesium, Crack
analysis, Temperature distribution, Thermal gradient.
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BIIPOBAJI>KEHHS TEXHOJIOTII PEIHSKUHIPUHTY 1711 3ABE3IIEYEHHS 3AZJAHOI TEOMETPUYHOT
TOYHOCTI KLJISI JIETKOT'O JITAKA (c. 6-12)

K. B. Maiioposa, 0. A. Bopo6iios, M. M. Boiiko, B. O. Cynonina, O. JI. Komicapos

TIpeaMeToM AOCTIIKEHHS € TEXHOJIOTIST PEIHAKUHIPUHTY Ta KOHTPOJIIO AeTaseil agianiitanx 06'extis (AOQ) Ta TEXHOMOTIYHOTO OCHATIEHHS
IUIST X BUTOTOBJIEHHsT. 3abe3IedeHHs 33/IaH0l TOYHOCTI KiJist JTIETKOTO JiiTaka i pOPMOYTBOPIOIOYNX MOBEPXOHD TEXHOJIOTIYHOTO OCHAIIEHHST
JJIst I0T0 BUTOTOBJIEHHS! BUKOHAHO 3 BUKOPUCTAHHAM TexXHouIorii peitskunipunry ta CAD-cucrem. CTBOpeHO 1OPTpeT 3 peaibHOro (GisnuHo
ICHYI040TO KiJIst Jierkoro Jitaka B (hopmati daitmy «*.stl> B mporpami Artec Studio (CIITA). PeasizoBano KOHTPOJIb Ta MOPIBHSAHHS TeOMETPil
opm anamiTnuHOrO erasoHy 3 peasbHUM (DI3UYHO iCHYIOUMM KiJIeM JIEKOTo JIiTaka 3a oro HoprpeToM. BUKOPHCTOBYBaHUMU METOAMU €
aHaJIi3 Ta CUHTE3 0CJIi/IHOT reoMeTpii (hOpM, METO/T €KCITEPTHUX OIiHOK. OTPUMAaHO TaKi pe3yJsbTaTi. 3TiJIHO aHAJII3Y Ta CHHTE3Y, BUSBJIECHO Ha-
SIBHICTb CYTTEBUX MOXKOOK B TOYHOCTI BUTOTOBJIEHHS KiJist IEFKOTO JliTaka B Alanasoni Big —5,26 MM 10 +5,39 mm. [Tokasaro, 110 BUpilyounm
(haKTOPOM € MOKA3HUK BiHOCHOI IIIOIIMHE KiJst, IKUII 3HAXOAUTBCS 32 MEKAMI IIOJIS IOIYCKY i cTaHoBUTH 85 %. Byio npuilHATO pilreHHs
BHUTOTOBUTH HOBE TEXHOJIOTIYHE OCHAIIEHHS 3 IHIIOTO MaTepiaay — OpraHomIacTuKy. KoHTposbh TeXHOIOTI9HOTO OCHAIIEHHS 3 OPTaHOIIACTH-
KY KiJIsl JIETKOTO JIiTaka MoKa3sas, 1o (hopMOyTBOPIOIOYi TTOBEPXHI OCHAIIEHHS MAIOTh BiJITIOBI/IHI 10 iCHYIOUOTO aHATITUYHOTO eTaIony (hopMu
Ta po3Mip i Mo36aBJIeHI HETOUHOCTEN, SIKi OyJIM 0T IIEH] B TTIONepeHbOMY BapiaHTi. /liamazoH OXUOOK Kiisl, BUTOTOBJIEHOTO 32 HOBUM TEX-
HOJIOTTYHUM OCHAIIIEHHSIM 3 OPTaHOIUIACTUKY CTaHOBUTD, Bil —0,51 MM 10 +0,34 MM, a BijiHOCHA TTOIIMHA KiJisl, 1[0 3HAXOAUTHCS 32 MEKAMU
I0JIsI JIOIYCKY, He nepeBuiye 15 %. Pe3y/israTu noKazaum aleKBaTHICTb IPUITHIATHX PilleHb, 110 3a6e31e4yI0Th 3alaHy TOUHICTD KiJIst JIErKOTo
JiTaka i popMOyTBOPIOIOUNX TTOBEPXOHD TEXHOJIOTIYHOTO OCHAIIEHHS JIJIs HOTO BUTOTOBJIEHHS.

KouoBi cioBa: peiHKUHIpUHT aBianiiinnx 06’eKTiB, aHAITHYHII €TaIoH, TOYHICTH (HOPM Ta PO3MIpPIB, TEXHOJOTIUHE OCHAIIECHHS.
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MIABUIIEHHSA EOEKTUBHOCTI TO®POBAHUX METAJIEBUX ITPOKJIA/IOK B TPYBHIN CUCTEMI
KOTJIA 3A IOITIOMOTIOIO BATATOIIAPOBOTIO IIOKPUTTA (c. 13-20)

Didik Nurhadiyanto, Shigeyuki Haruyama, Mujiyono, Sutopo, Yunaidi, Fredy Surahmanto, Moch Agus Choiron, Novian Indra
Kusuma, Nur Chalid Fauzi

Todposani MerasneBi TPOKIAAKN BCe Ie 3HAXOAATHCSA Ha PaHHIX cTagigax po3pooku. OxHak KOHTAKTHI (uaHIl MPOKIALOK 3 BUCOKOIO
MIOPCTKICTIO MoBepxHi (Gisbine 3,5 MKM) TIPOTIKAIOTH | BUMAralOTh BEJIUKOTO 3yCHJLIS 3aTATyBaHHs1. Bysio po3pobieHo rohpoBaHy MeTaIeBy
MPOKJIAIKY 3 HiKeJeBUM abo MimHNM TOKpUTTSIM. /L7 BUMIpIOBAaHHST BUTOKIB BUKOPHCTOBYBAIH Ti/ipaBiivie BUIPOOyBaHHs. PesymsraTn
noKasau GiIbI BUCOKY e(heKTUBHICTD TIPOKJIA/IOK 3 HiKeJIeBUM ab0 MiHUM MOKPUTTSIM. BIJINB BUCOKOI TeMIIEPaTypy He BUBYABCS, TIIbKU
BUCOKNI THCK. MeTo1o JaHoTo OCiKeHHSA € BUKOPUCTAHHS MiIHUX Ta HiKeJeBUX MOKPHUTTIB /7 MOKpanienHsa eeKTUBHOCTI TOppoBaHIX
MeTaeBUX MPOKJIANOK. Mizib 260 HiKeJIb IIPOHUKAIOTD B IIIOPCTKY MOBEPXHIO (uiaiist Tpy6OH, 110 3arobirae BUTOKY. MeTOI0 IaHOTO J0C/IIIFKEH-
HSI TAKOXK € BUBYEHHs e(heKTUBHOCTI roh)pOBaHOI METATIEBOI MPOKJIA/IKH 3 TIOKPUTTSIM B CUCTEMI KOTJIA 3 BUCOKOIO TEMIIEPATYPOIO i THCKOM.
Todposarni Meranesi npokaaaku Gy chopMoBari 3 BUKOPHCTAHHSAM MPOIECY XOJOAHOTO HMITaMITyBaHHst. B skocTi Marepiany mpokaagok
BukopucrosyBaiu SUS304, nokpury mimio a0 HiKesIeM 3a JI0MOMOTOI0 TajbBaHizallii. [Tpoknaaka 6yJ1a BCTAHOBJIEHA B Ps/ii pr6 KOTJIa, 110
SIKMX Tede BOJIa 3 BUCOKOIO TeMIIEPaTypoIo i THCKOM. Butik Bogu kanas Ha Giunii namip, skl 6yB miaKkIagenuii mig npokiaaky. Ha Gimomy
arepi BUSABJISAIOTHCS HABiTh HEBEJINKI BUTOKM BO/M. BUTOKM IMapy MOJKHA BUSIBUTH 32 JIOTIOMOTrOI0 TellsioBi3opa. Pesysbratu 0c/1iKeHb 1o-
Ka3yIoThb MijiBUIIeHHs eeKTUBHOCTI TohpOBaAHOT METATIEBOI TPOKJIA/KH 3 TOKPHUTTSIM, T1PO IO CBI[YUTH 3MEHIIEHHST BUTOKIB. 32 MAKCHMAaJlb-
HOTo THCKY 7 Gap Ta Haiimernmioro sycuiis 3arskkn 40 kH sxozma npokmiaaka e nporekia. [leil pesymbrar BiApisHAETbCS Bijl cTaHAapTHUX
ropoBaHNX MeTaseBUX IPOKJIAJOK, Jie TIPH aHAJIOTIYHOMY THUCKY i TeMIlepaTypi ClocTepiraioTbcst BUTOKM mapu Ta Bojau. /s mokpuTTs
rocdpoBannx MeTaseBux MpokIanok 3 SUS304 MoskHa BUKOPHUCTOBYBATH SIK Mi/IHi, Tak i HiKeJIeBi MOKPUTTSI.

KouoBi cioBa: 1OKpUTTS, HiKe/lb, Mijib, roppoBani MeTaeBi MpoKIaAKy, e(heKTUBHICTD, BUTIK, 6araToMIapoBuii, KOTel.
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BCTAHOBJIEHHA 3AJIE;RKHOCTI IIOKASHUKA MIITHOCTI KOMIIOSUTHOI'O MATEPIAJIY HAIIIPHUX
MNOKEKHUX PYKABIB BI/I XAPAKTEPY O/ITMHOYHUX ITOINIKO/IZKEHD (c. 21-27)

C. 0. Hazapenko, I. O. Kymnapsosa, H. {I. Macuiy, JI. B. Knay6, H. 0. Haymenko, P. I. KoBasenko, B. M. Konkiu,
0. I. CyxapbkoBa, O. M. KosieHos

[IpencraBieni ekcriepuMeHTAIbHI IOCII/KEHHS Ta BCTAHOBJIEHO 3aJIE3KHICTb 3MiHM MIITHOCTI MaTepiasly HallipHOTO IOKEKHOT0 PyKaBa
tuity «T» 3 BHyTpilIHiM jiaMeTpoM 77 MM y 1103/[0BXKHBOMY HANPSMKY 3 yPaxXyBaHHSM OJMHOYHMX HOIIKO/KeHb. OMICAHO IUIAH MPO-
BelleHHsI eKCIIEPUMEHTY Ta OYJI0 TIPOBEIEHO HU3KY HATYPHIX €KCIIEPUMEHTIB 3 METOTO BU3HAYEHHsI BIUIHBY TOBKUHI [, Ta rubunu K 1mo-
HIKOJKCHHST Ha MilHicTh F MaTepiany pykasa, T06T0 ogepskants saneskuocti F=f (1, K). BUKOpUCTAaHO MaTeMaTUYHUN METO/I IJIAHYBaHHS
eKCTIePHMENTY Ta CKJIaJeHo TIaH MOBHOTO 6araTohakTOPHOTO eKcrepuMenty Tuty 2% 3 gomycTtimoro TounicTio Mogeri 5 %. Mesxki Bapi-
10BaHHs (PAKTOPIB BCTAHOBJIIOIOTLCS 3 YPAaXyBaHHAM anpiopHoi iHdopMmaillii, ekcriepuMeHTaIbHUX MOKJIUBOCTE i Ha OCHOBI pe3yJibraTiB
HOIEPEe/IHIX MOMYKOBUX eKclepuMeHTiB. OTPUMAHO 3aJeKHICTh B KOJOBAHUX Ta HATYPHUX 3HAYeHHAX (akTopis. JJocToBipHicTD 3amex-



HocTi 6yJ10 TIepeBipeHo 3a AormoMoro Kputepito MDimepa po3paxyHKOBe 3HAUEHHS KOTO CTAHOBUJIO 5,98, 110 MIATBEPKYE alleKBATHICTD
OIINCAHOTO Hpoliecy 3 BiporiauicTio B 95 %.

AHaizyioun ekcrepuMeHTaIbHI JOCAIDKeHH 3a1esKHOCTI 3MiHKM MIITHOCTI MaTepiany pyKasa BiJl JOBKHUHU Ta TIMOMHU TIOMIKO/ZKEHHS
MO’KHA CKa3aTH, 10 3MiHa MIIlHICTh MaTepialy pyKaBa Maiike JIHIIHO 3aTeKUTh Bi/l 3a3HAYCHUX TTapaMeTpiB IOIIKO/DKeH . Betanosieno,
IO TIPpK 301JIbIIEH] TTOMIKOKEHHS CYTTEBO 3MEHIIYEThCsI MillHicTh MaTepiany pykasa. [Ipu BapiioBanti (hakTopy AOBKUHN Ta HAHOLIbIIIT
rmmbuni nomkoakenHs K=0.4 MM BinOyBaeThest 3MEHIIEHHsT MinHOCTI Matepiany pykasa Bix 11.67 kH no 8.77 kH, a B nporeHTHOMY Bij-
HomIeHHi Ha 25 %.

OTpumani pe3yJsTaTi MOKJINBO BUKOPHCTOBYBATH B IPAKTHYHUX Ii/[PO3/1i1aX aBapiiiHO-pATYBalbHIX (POPMYBaHb [P JliarHOCTYBaHHI
MPUXOBAHUX MOMIKOKEHb Y HAMIPHUX MOKEKHUX PYKABaX 3 METOIO 3a1I0GITaH s BUXO/LY iX 3 JTa/Ly Ha TOKEKaX.

KurouoBi ciioBa: HallipHUIT MOKEKHUNA PYKaB, MII[HICTh MaTepiajy, eKCIePUMEHTAIbHI TOCJI/[PKEHHs], TIJIaH TIPOBE/IEHHST €KCIIEPHMEHTY,
Me:Ki BapiloBaHHS MOLIKO/KEHHS.
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PO3POBJIEHHA KOTKA-TOJIPIBHIOBAYA CTEBEJ COHAIIHUKY TA OBIPYHTYBAHHS
PAIIIOHAJIbHUX PEKMMIB 1OTO POBOTH (C. 28-37)

B. O. Illeituenxo, B. A. Boabcbkuii, P. B. Komo6ancokuii, B. I. [lnecs, M. B. Illesuyk, O. I. Biiosoa, O. V. /Iposkuana

JloCIiIZKEHO TEXHOIOTTIHIIT TIPoTiec MoAPIGHEHHS POCTUHHUX PEIITOK COHSNIHUKY Ta TIPUYHHHO-HACJIIKOBI 3B’I3KM YHHHUKIB, 110 00y -
MOBJIOIOTH cucTeMy (hOpMYBaHb MOKa3HUKIB sikocTi. CTBOPEHO HEOOXI/IHI TIepelyMOBI BUSHAYEHHSI PAIliOHATLHUX PEKUMIB Ta TapaMeTPiB
KOTKa-TIOIpiGHIOBAYA.

P03p06JieHO Ta BUTOTOBJIEHO IOCTIHUIT 3pA30K KOTKa-MOAPIOHIOBAYA, Y SIKOTO PIKYYi HOKI PO3MIIIIEHO 10 BCIll IMMPUHI 3aXBaTy Y MAX0-
BOMY HOPSIJIKY 3 MOKJIMBICTIO 3MIHIOBATH KyT HaXUJIy 110 oci oOepranus Gapabana B aianasomi 5...20°.

Beranosiieno, 1o 3a paBoro pos3TairyBaHis pisKydol KPOMKM HOXKIB HaHOIIBIIMN cyMapHuii piBeHb BifcOTKY NoApiOGHeHux creben y
mianazoni 101-150 mm 3 roBanTakenusiM Macoro 800 kr nepesuiyBas y 1,58 pasu BiIOBijHI TOKa3HUKN KOTKA 3 joBaHTaskeHHsIM 600 K.
Haii6isbie cymapHe 3HadeHHst BicOTKy noapidHenux creben y aianazoni 0—200 MM 3a yMOB oBaHTaxkeHHsT KoTKa Macoio 800 kry 1,13 pasu
MepeBHIIyBaJIO Bi/IIOBI/IHI TOKa3HUKK KOTKA 3 loBaHTakeHHAM 600 Kr.

¥ pianazoni 0-200 mm 32 ymoB 600 Kr 0BaHTaKEHHST KOTKA, JIIBOTO PO3TAIIYBAHHS PisKyuol KPOMKH HOKIB KOTKA BiZIMiYeHO BHIII CY-
MapHi BiICOTKN TOAPiOHEeHUX cTebes1 y TOPIBHAHHI 3 MpaBUM. 3a MBUAKOCTI 7,45 kM/Toj, 13,6 KM/To/l HaKoMyeHe 3HaYeHHsI BiZICOTKY T10-
ApiGHeHuX cTeGes IePEBUILYBAIO BIAMOBIHI MOKA3HUKHU 3 IPABUM PO3TallyBaHHAM HOKIB y 1,09 pasu, msuakocti 18,6 kvm/rox —y 1,04 pasu,
mBuAKoCTi 22 kM/Ton — 1,04 pasu BiAmoBiAHO.

Bigmiueno, 1110 3a yMOB JIiBOr0 po3TaliyBaHHs PiKydoi KDOMKHM HOXKIB KOTKa, BIZICOTOK ToApiOHeHnXx creben y aianasoni 51100 mm 3a
piBHeM foBanTaxenHs 600 Kr mepeBuIyBaB BiIoBiaHI mokazHuku 3 goBanTaxkeHHsM 800 kr. Ile nepesnuenns 3a msuakocti 10,08 km/Tox
ckuazgano 1,9 pasu, 3a mBuakocti 13,6 km/Tox — 1,44 pasu, 3a mBuakocti 18,6 km/rox — 1,96 pasu, mBuakocti 22 km/rox — 1,99 pasu, Bin-
TIOBI/IHO.

Kimo4oBi cioBa: mopiGHeHHsT cTebes COHSIIIHIKY, POCTUHHI PENITKH, 3apPOOIEHHsT POCTUMHHUX PEIITOK, 06pOGITOK TPYHTY, KOTOK-TIO-
JPiOHIOBAY, IOKA3HUKU SIKOCTI MOAPIGHEHHSL.
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PO3POBKA YHIBEPCAJIbHOTO JIKEPEJIA VIS HAINIBABTOMATHUYHOI'O 3BAPIOBAHHA SMIHHUM
CTPYMOM I IHAYKIITHOTO HATPIBY (c. 38-46)

B. B. Bypaaka, O. B. Jlagposa, C. K. Iloane6enna, B. II. Isanos, C. B. Bypikos

3aIpomoHOBaHO CXeMHe PIMIeHHS i aITOPUTM YIPaBJIHHS JKepesoM JKIBICHHS IS HAiBaBTOMATUYHOTO 3BapPIOBAHHS Ha 3MIHHOMY
CTPYMi 3 TIOJIMIIEHNMI €HEPreTHYHUMU Ta MacorabapuTHUMU XapaKTepPUCTUKaMi. BiMiHHOIO 0co6JIMBICTIO PO3POGIEHOTO [Kepena €
Bi/ICYTHICTb BUXIJIHOTO BUIIPSAMJISYA: 3BAPIOBAHHS 3/1HICHIOETHCS BICOKOYACTOTHUM 3MIiHHUM cTpyMoM. lle 103BO/IIO 3HAYHO 3HU3UTH
BTPATH MOTY’KHOCTI B /KEpesti, a TAKOK OTPUMATU MOJKJIMBICTD peaisallii iHAyKI[ifHOro HarpiBy MIJITXOM ITiIKJII0YEeHHs 0 BUXOIY Ke-
pesia iHgyKTOpAa.

IIle oxmi€io BiAMIHHOIO 0COOIMBICTIO PO3POOJIEHOTO JpKepesia € TABUIIEHI KoeMillieHT MOTYKHOCTI 1 3HVKEHUH PiBeHb BUIIUX Tap-
MOHIK crioskuBanoro crpymy. Koeditient noryskuocti ormcanoro jukepena pocsirae 0,94 nporu 0,5+0,7 y jskeped, 10 MaOTh 3BUYARHUIT
BUIIPSMJISTY 3 EMHICHUM 3TJTaJIKYBAHHSIM.

Po3spobiietie kepesio Ma€ B CBOEMY CKJIa/Ii CHCTEMY JKUBJIEHHSI TPUBOLY TTOfa4i IPOTY 3i cTabisri3aiero MBUAKOCTI 32 PAXYHOK MO3UTHB-
HOTO 3BOPOTHOTO 3B>5I3KY 3a CTPyMOM JBuryHa. Lle 10380110 3abe3meunTu CTiiiky po6oTy IPUBOLY TI0/Iadi B IIUPOKOMY [ialla30Hi MIBUIKO-
creit. Po3apobiieno Takosk MakeT MaJbHUKA 15T 3BapIOBaHHs (DJIFOCOBUM JPOTOM, 1110 MiCTHTB MIPUBO/ MO/aYi i KOTYIIKY 3 APOTOM (liaMeTpoM
10 100 MM) po3TaInoBaHoi, 3 METOIO 3MEHIIEeHHsT rabapyTiB, B Py4Ili MaJbHUKA.

Kpim dhyHKIiT 3BapioBaHHS, IKEPENIO T03BOJISE BUPILIyBaTH 3aBAAHHS IHAYKIIIHHOTO HArpiBy Ta,/ab0 rapTy HEBEJIMKUX JeTasIel, s 40TO
IO HOTO BUXOJLY THKIIOYAETHCS MaIOTabapuTHUIN IHAYKTOP.

BunpoGyBaHHs Kepesia TOKa3ald MpPAle3faTHICTh 3alPOTIOHOBAHKX iiell i cxeMHUX piuteHb. [abapuTtu Kepesa CTaHOBIATH
190x107x65 MM, maca 1,4 xr, Buxigauii crpym 10 120 A. 3anpornionoBare TexHiUHe PilllEHHS 03BOJISIE CTBOPIOBATH MasorabapuTHi, JIeTKi,
YHiBepcaJIbHi, 3py4YHi B BUKOPUCTAHHI JiKepeJia JKUBJICHHS JIJIs1 HAlliBABTOMATUYHOTO 3BAPIOBAHHS 3 OIII€I0 IHAYKI[IITHOTO HATPiBY.

Komo4oBi ciioBa: HarliBaBTOMATIYHE 3BAPIOBAHHS, /PKEPEJIO JKUBJIEHHS, iHyKIIHHIIT HATPiB, SIKICTh eJleKTpoeHeprii, KoedillieHT MoTy K-
nocti, FCAW 3BapioBanms.
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BIININB XAPAKTEPUCTHK ITIOBEPXHI TO®POKAPTOHY HA AKICTb CTPYMHUHHOTIO IPYKY (c. 47-55)

0. B. 3openko, 4. B. 3openxo, I. C. Kynaakina-JIyrosa, B. M. Cku6a, P. A. XoxioBa

JlocaijpkeHO SIKICTh CTPYMUHHOTO JIPYKY Ha TO(POKAPTOHI i3 PI3HUMH XapaKTEePUCTUKAMI: HAsIBHICTIO JIAKYBAHHS IIOBEPXHi, THIIOM
CTPYKTYPH KapTOHY, TPodiTio rohpoBaHOTO IIapy Ta BUCOTOIO TOPPOKAPTOHY.

[TpoaHasizoBaHo KOJIIPHI XapaKTePUCTUKU OBEPXHI I0CHIKYyBaHUX 3paskis rodpokaprony B cucremi CIE Lab Ta BecranoBIeHO Benum-
Hy PO36IKHOCTI 110 BIATIHKY O1JI0T0 TOHY, IPK MOPIBHSHHI i3 eTasonnumMu 3HadeHnsaMu crangapry ISO 12647.

B xoai pocuipkenns 6yJio mpoaHasizoBaHi OCHOBI KpUTEpii OMIHKK SIKOCTI KOJIbOPOBIATBOPEHHS BIAOGUTKIB CTPYMUHHOTO APYKY: MO-
Ka3HUK piBHs 3araibHoro KonTpacty (K), Besmumnna KOJIpHUX BiZIMIHHOCTEH JUIsi OCHOBHUX BiATiHKIB ToHY (AE) Ta 00CsT Tijia KOJiPHOTO
oxorenns (AE?).

BeranosiieHo, 1o 11pu ApyIi Ha pisHUX THIIAX TO(PPOBAHOTO KAPTOHY CIIOCTEPIra€ThCs 3araabHe 3HUKECHHS BEJIMUNHU 3araJIbHOTO KOHTP-
acty. HasiBuuii piBens Kosipuux BigminHocreii cranoButh AE=10...45 Ta mepeBuIiye A0MycTuMi HOPMU 3 SIKOCTi BifiTBOpeHHs Konbopy. 1le
HEraTUBHO BIUIMBAE HA BiTBOPEHHs PISHOMAHITHUX BiATIHKIB KOJIBOPY APYKOBAHOTO 300pakeHHsI. 3arajioM sIKiCTh BiITBOPEHHs KOJIbOPY
PISHUTBHCSA /T AOCIKYBaHNX 3Pa3KiB ro(hpoOBAHOTO KaPTOHY 3a BEJIMUYNHOIO PO3KN/LY 3HAa4eHb KOJIPHUX CIOTBOPEHb Ha BiAITIHKAX TOMHY.

[IpoanasnizoBaHO BIUINB OCHOBHUX XapaKTEPHUCTHK JOCJI/UKYBaHUX 3Pa3KiB ro)poBaHOrO KapTOHY Ha SKICHI MTOKa3HUKH CTPYMHHHOTIO
APYKY. 30KpeMa, BCTAHOBJICHO 3HAUHMIT BIUIMB IIOKA3HMKA KOJIPHUX XapaKTePUCTHK IOBepXHi ropoBaHoro kaprony LF i tuity crpykrypu
ro(poBaHOrO KAPTOHY Ha AKICTDb BiITBOPEHHS KOJIBOPY.

OTpuMaHi pe3yJIbTaTu JOC/iPKEHHS I03BOJIATH OOTPYHTOBAHO MiAXOAUTH JI0 MiA60PY ONTUMAIBHOI 38 CKJIAZ0OM CTPYKTYpH rodposa-
HOTO KapTOHY, Hi/IBUIATH IPOLYKTUBHICTb TEXHOJIOTIYHOTO [IPOLECY BUTOTOBJIEHHS Tapu Ta cTablisyBaTu sIKicTh ApyKyBaHHs Ha rodpo-
BaHOMY KapTOHi.

KiiouoBi cioBa: rohpoBaHuii KapToH, KOJIPHI BiIMiHHOCTI, KOHTPACT APYKY, CTPYMUHHUIL APYK, SKICTH BiIOUTKY.
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B/IOCKOHAJIEHHS TEXHOJIOTTI BUTOTOBJIEHHS IIOPOKHUCTUX IIUJITHAPUYHUX
JETAJIEL ABTOMOBLIIB IHIJISIXOM YTOUHEHHS TEXHOJIOTTYHUX PO3PAXYHKOBUX
3AJIE;KHOCTEI (c. 56-64)

P. I. Iy3up, B. T. Illetunin, B. B. BopoGiios, O. ®. Canenxo, P. I. Aprar, T. B. laiikosa, C. B. fIxin, B. B. Mypasabos, I0. B.
Ckopsk, 1. C. Herpe6eupkuit

[Tokazamno, IO TEXHOJIOTIYHA MiATOTOBKA BIPOOHUITBA cTaHOBUTH 20—70 % Bi 3araybHOI TPYZAOMICTKOCTI TEXHIYHOI MATOTOBKM i CKO-
pouenHs ii TPyAOMICTKOCTI J03BOJUTD MIABUIIATH THYYKICTH BUPOOHUIITBA. Beaunka poJib B IbOMY BiZABOANTHCS NMPUKJIAAHUM TIPOrpaMaM
KIHIIEBO-€JIeMEHTHOTO MoeoBanHst. OHAK /IS MAIPUEMCTE OMHUYHOTO 1 APIGHOCEPIHHOrO BUPOGHUIITBA TaKi MPOTPaMHI KOMILIEKCH
iHO/I MpUAGATH He BIAETHCS B CUITY PI3HUX MpUYnH. TOMY TYT BUKOPUCTOBYIOTh CIEIlalbHi eMIpIYHi Ta aHaiTHYHI PO3PaXyHKOBI MOJIe,
SKI BUSBUJINCA OCUTH e(DEKTUBHUMHU B TUIIOBUX TIpoliecax Meranoo6podku. Ha npukmani BUTATYBaHHA IUIIHAPUYHOL IOPOKHUCTOL eTasi
TIOKa3aHO BJJOCKOHAICHHS aHaTI THYHOI 3aI€KHOCTI /7T PO3PAaXyHKY MEePUIiOHATbHUX HATIPY KeHb, M0 PO3TATYIOTh. B icHyIOUNX anamiTHaHIX
MOJIEJISIX IIPOLieCcy BUTHHAIOYMI MOMEHT BPAaXOBYBaBC /[0JIATKOBUMU HAIIPY>KEHHSIMU, SKi IT/ICyMOBYBAJINCH /10 OCHOBHUX HarnpyskeHb. OHaK
Takuii miaXiz auie HabIMKEeHo OMMCyBaB Tpoiec aedopMarii. YTOUYHUTH iCHYI0YI aHATITHYHI 3a/1€5KHOCT] BAANOCS BBECHHAM B AudepeH-
MiaJTbHi PiBHSHHS PIBHOBATH YJI€HA, IO BPAXOBYE BUTUHAIOUNI MOMEHT, SIKUH i€ B MEPHUIIOHATBHOMY HANPSIMKY TIPU TIePEX0/Ii 3aTOTOBKOIO
3aKpyIJIeHHs Ha peOpi MaTpulli. AHAI3 OTPIMAHOTO BUPA3y IMOKA3aB, 0 BUTHH 3aTOTOBKU BUKJINKAE MOSIBY PO3TATYIOUNX MEPUIIOHATBHUX
HATpysKeHb, sIKi 3a/1eKaTh Bi/l CIIBBIAHOIIEHHS KBaJPaTiB TOBIIMHY 3aTOTOBKH 1 paJiiyca 3akpyTIeHHsT MaTPHIli. 36ir pe3ysbraTiB po3paxyH-
KOBUX JIAHUX JIJISI YUCEJIbHOI Ta TEOPETUYHOI MOJIeJIell CIIOCTEePIraBes IJIsl MaJIUX BeJIMYUH PAiyCiB 3aKpyTJeHHs MATPUI 1—2 MM, 4iM ij-
TBEP/UKYETHCS A/IeKBATHICTh aHAJIITHYHOTO PillleHHs. Y YNCeJbHIN MOJiesli € eKcTpeMasbHa TOUKa, e HAPY/KEeHHS, 0 PO3TATYIOTh, MAIOTh
MiHIMYM, a ITicJIst Hei TIOYMHAIOTh 3POCTATH, Tie Bi/IIIOBIIa€ pajiiycy 3aKpyTJIeHHsT MATPUIL 5 MM.

Kmo4oBi ciioBa: TeXHOJIOTIUHMIT IPOliec, OCHAIIIEHHS MATPUIls, BUTATYBAHHS, [IJIACTUYHA JlehopMallis, IIJI0CKa 3ar0TOBKA, Paiyc 3aKpy-
TJICHHS, MepH/IiOHaNbHI HATIPY KEeHHS.
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AHAJII3 OCHOBHHUX ®AKTOPIB, 11O BIIVINBAIOTb HA MACOBE BUPOSHUIITBO B ITPOLECI JINTTA
IIJTACTMAC 3 BUKOPHCTAHHAM METO/Y KIHITEBUX EJTEMEHTIB (c. 65-71)

Hani Mizhir Magid, Badr Kamoon Dabis, Mohammad abed alabas Siba

JIutTd miactmac lli]_L TUCKOM HIMPOKO BUKOPUCTOBYETLCA B 6211‘3.’1‘1)0)( ranysax leOMMCJlOBOCTi. Bl/lp06l/1 3 IJIACTUKY B OCHOBHOMY BUKO-
PUCTOBYIOTBCSI B SIKOCTI OHOPA30BUX ab0 MOPTATUBHUX AeTaseil IS IBUAKOL 3aMiHN B 6araTboX MPHCTPOsIX i MammHax. OHaK MacoBe BH-
POGHUIITBO 3aBXK/IU PO3IJISIAETHCS SIK 11€a/IbHITH METOJL 33I0BOJIEHHSI BEJIMYE3HUX BUMOT 1 10Tpel KirieHTiB. OfHUMU 3 OCHOBHUX TIPOGJIEM €
nedopmartii uepes TepMivHi HAIPY/KEHHS, HEPIBHOMIPHUIT PO3ITOAL THCKY 110 TOPOKHUHAX, YCA/IKA, TIPUIUITAHHS Ta 3arajibHa SIKiCTb BUPOOIB.
OCHOBHOTO METOIO IaHOT POGOTH € aHAJTI3 PO3IOIITY HATIPYT HABKOJIO IOPOKHIH Ti/ 9ac (HOPMYBAHHS Ta BUTYIEHHSI 3 GOPMIT IS YCYHEHHSI
iXHBOTO BILIMBY Ha sIKiCTb npoaykiii. KpiM Toro, giarHocTika KpUTHYHUX TOYOK THCKY HABKOJIO i B IiOMy 00s1acTi BUCTYILY HOPOSKHUHU,
sIKa TIH/TAETHCST BILTUBY BICOKOTO THCKY, 03BOJISIE BUSHAYMTH ONTHMATBHUIT PO3MOMIIT THCKY 1 OIHOYACHO 3a0€3EeUNTH 3aOBHEHHS BCiX
MOPOJKHUH, 110 € 1€ OJHUM BXJIMBUM 3aBIaHHAM. /[y IPOEKTYBAHHS Ta MOJIEJIIOBAHHS BUKOPHCTOBYIOTHCSI CUCTEMH aBTOMATH30BaHOTO
npoekryBarns (CATIP) ta CATIA V5R20. [l anasmisy 1boro nporecy, 0yao po3pobjaeHo KoMepIliiiHe porpaMHe 3abe3neueHHs aBTOMaTH-



3oBanoro mpoektysantus (CAE) ABAQUS 6141 B sikocTi naxkeTiB MOIeTIOBAaHHS METO/IOM KiHI[EBUX eJieMeHTiB. Pe3yisrati Mojies1toBaHHs
TOKa3yIOTh, IO PO3TOIJ HANPYT MO TMOPOKHUHAX 3aT€KNUTDh K BiJ THUCKY, TaK 1 Bijl Tpajii€enTa TeMIepaTypd 110 KOHTAKTHUX MOBEPXHSX
i MOKe po3rysatucs K OCHOBHHUIT hakrop BIumBY. /lonmycTnmi jiana3oHn Hanpyr B MOPOKHUHI BU3HAYAJINCS 32 TAKMMU 3HAUCHHSIMU:
TeMItepaTypa MOPOKHIHN Ta obiacti cepueBurn 55—65 °C, vyac sanosnennst 10—-20 ¢, Tnck Bumrrosxysanust 0,85 % Bia THCKY JUTTS 1 4ac
purpumku 10—15 c. Kpim Toro, TeopeTndni pe3y sraTi OKa3yoTh MOKJIUBICTD YIIPABJIiHHS PIBHOMIPHICTIO PO3MO/IIY TUCKY 1 TEMIIEpPATYpU
LIJIIXOM PEryJIF0BaHHS PO3TAILYBaHHS IIOPOXKHUH, PO3MIPY JIMTHUKA Ta 3aTBOPA. BiJibIil TOTO, IIPOliec MOJIE/IIOBAHHS [TOKA3YE, 110 /IS OIIHKK
3araJbHOI TEXHOIOTIYHOCTI TIepel MOAATBIITIMI iHBECTHIISIMIT B OCHAIIEHHS MOJKJIIBO BUSIBUTH i OJIETTIUTH 6arato TPYAHOIIB B TIPOIlec Ta
Mozudikysaru ipororun. KpiM Toro, MojkHa 3poOUTH BUCHOBOK, 10 KiJIbKICTD iTepaitiii ocHalents Oy/e 3Be[eH0 0 MiHIMyMY BiZNOBIAHO
IO CXeMH 0OPAHOTO TPOIIECY.
KirouoBi cioBa: MacoBe BUPOGHUIITBO, JIUTTST 11/l THCKOM, THCK, TEMITEPATYPA, KIHIIEBII €IEMEHT, SIKICTh.
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MIIBUIIIEHHSA 3HOCO- TA KOPO3IITHOI CTIMKOCTI CTAJIEBUX BUPOBIB KOMBIHOBAHOIO
JTABEPHOIO TEPMOMEXAHIYHOIO OBPOBKOIO (c. 72-80)

0. O. Tanuneiiko, B. B. /I:xemenincbkuid, 1. A. Jlecux

I[TpecTaBIeHO METOIMKY 3MIITHEHHSI METATIEBUX BUPOOIB, 30KPEMA TOJOBHUX IHCTPYMEHTIB (MOJIOTKIB) Ta KOPITYCiB KOPOHOK /IS KO-
JIOHKOBOTO OypitHs, Burorosienux 3i crami 30XTCA, 3 BUKOPUCTAHHSM TEPMOMEXAHIYHOI MOBEPXHEBOI 06POOKH 32 PO3ALIBLHOIO CXEMOIO.
3acrocoBana B JOCJIIKEHHI METOAMKA KOMOIHOBAHOTO JIa3ePHOI0 TEPMOMEXaHIYHOTO 3MIIIHEHHS MOJIATaE Yy BUKOPUCTaHHI up06OCprMMHﬁoi
06pOBKH 3 TIOAATIBIIOI0 JIa3ePHOI0 TepMiutoio 06po6Koo. Ti 3acTocyBaHIs 03BOJISAE THABUIIUTH eKCILTyaTalliiiii BJIACTHBOCT] CTa/IeBuX Jie-
Tasiei, 30KkpeMa iX 3HOCO- Ta KOPO3iiiHy cTilikicTh. 3a pesysibrataMu NPOBEAEHUX TEOPETHYHUX Ta eKCIIEPUMEHTANBHUX HOCTIZKEHb Y POOOTI
OOrPYHTOBAHO 0COOIMBOCTI AMHAMIYHOTO MOBEPXHEBOTO ILJIACTHYHOTO ehOPMYBAHHS UL aHAJII3y TIPOLECY YAApY IpH APOOOCTPYMUHHI
06pobrii. [IpesicTaBieno mepeBarn BUKOPHCTAHHS JIA3€PHOTO TapTyBaHHsI 6e3 OTUIABIEHHSI TTOBEPXHI. 3aITPOIIOHOBAHO METOUKH €KCIIEPUMEH-
TAJIHUX JIOCJII/IKEHD /71t BUSHAYEHHS CTPYKTYPHO-(a30BOro CKJa/y, CTPYKTYPH HOBEPXHEBOTO IIapy, TBEPAOCTi Ta MiKPOTBEP/OCTI 3MiliHe-
nux 30H ctani 30XTCA. BusHaueHo fianasoH pamioHATbHUX PEKUMIB YAAPHOI IPOOOCTPYMHUHHOI 0OPOOKH Ta Ja3epHOi TEPMIUHOI 0OPOOKH.
P0o3po6JieHo yeTaHOBKY J11s1 BUIIPOOOBYBAHHsI 3pa3KiB Ha 3HOCOCTIHKICTD. 3allPOIIOHOBAHO METO/IM BUTIPOOYBaHb Ha 3HOIITYBAHHS 1 KOPO3iiiHy
CTIfIKiCTh TIOBEPXHi 3Pa3KiB I OMIHKM TPUOOJIOTIYHUX BAACTUBOCTEHl Ta KOHTAKTHOI B3a€MOJii MaTepiasiB 3a YMOB KBa3iCTaTHYHUX Ta
MMHAMIYHIIX PEKUMIB HaBaHTaKeHHs. BU3HaueHo, Mo pamionaabHi TEXHOJIOTIUHI PEKUMU 3MilHEeHHs iHCTpyMeHTiB 3i ctam 30XT'CA 3 Bu-
KOPUCTaHHSIM KOMGIHOBAHOI JIa3ePHOT TePMOMEXaHiuHOi 06POOKHU I03BOISAIOTH 30LIBIIUTH IIMOUHY 3MIIIHEHOTO 1mapy B ~1,5 pasu, NOpiBHAHO
3 JTazepHOI0 TepMO0OPOOKOI0. Kpim Toro, BoHNM 3a6€3Me4yIoTh MiKPOTBEPAICTh MOBEPXHEBOTO mapy ~5400 MIIa, mo B ~2,5 pasu epeBuILye
3HAYEHHS MiKPOTBEPOCTI MaTepiasy OCHOBH.

Kio4oBi ciioBa: koMGiHOBaHe OBEPXHEBE 3MII[HEHHsI, 1pOOOCTpyMUHHA 06pO0Ka, JTazepHa TepMoo6polKa, cranb 30XTCA.
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YUCEJBHE NOC/IAKEHHA AHAJI3Y TPIHNINH HEPYXOMOI MATPUIII 31 CTAJII H13 I CTPYKTYPHIUN
AHAJII3 PYXOMOI MATPHUIII 3 /IBOX PISHIX MATEPIAJIIB (c. 81-86)

Hassan Abdulrssoul Abdulhadi

JInTTS mix THCKOM — Iie HaTHITaHHS PO3ILIABJIECHOTO MeTaly B (JOpPMY IIiji BUCOKUM TUCKOM. J{JIst JIMTTS MiJf THCKOM BUKOPHCTOBYIOTBCS
JIBI MaTpHIli, a caMe pyxoMa i HepyXoMa MaTpHIli, IPA IIbOMY PyXOMa MaTPHIL IIepeMillla€ThCs 0 HepyXoMilt MaTpuiti. JINTTS iz THCKOM B
OCHOBHOMY BUKOPHUCTOBYETHCS Y BEJIMKOCEPIHHOMY BUPOOHUIITBI. Y [aHiit poboTi OCHOBHA yBara MpUALIA€ThCA (Di3UIHOMY SIBHILY JUTTS I
TUCKOM /IJIsI /IBOX MaTpHIlb (PyXOMOI i HEPyXOMOI) 3 BUKOPUCTAHHSIM JIBOX Pi3HUX CIUIABIB 3 PI3HUM XiMiYHMM CKJIQ/[OM.

TIpoBesieHmil YrCeTbHNI aHATI3 TPOIECY JUTTS I/l THCKOM JIUIsI BUSHAYEHHsI 00J1acTi TPIlIMHOYTBOPEHHST 32 PO3IOIIJIOM TEMITEPATYPH
Ta CTPYKTYPHUI aHasli3 3a 3a/esKHICTIO HANPYTH Bij aedopmartii. YuceabHuii anasis BUKOHaHO A 060X MaTpuilb. [IpoBenenuii anasmis me-
pyxomoi Marpuiti 3 iHcTpyMeHTaibHol crami H13 1 pyxomoi mMarpuiii 3 1BOX Marepiasis — amominieoro ciiasy (A356) i MaruieBoro cria-
By (AZ91D). O6uasi marpuiti (HepyxoMa i pyxoMa) OyJim CIIPOEKTOBaHi 3 BHKOPUCTAHHSAM MTPOrPAMHOr0 3a6e3IeueHHs Il IPOEKTYBAHHSI.
BUKOHAHO CTBOPEHHsI CITKH 3 TOAAJIBIUINM AHATI30M 3 BUKOPHCTAHHIM MPOrPAMHOTO 3a0€3IeUeHH st isl aHauli3y. 3acTocoBaHo (isuyHuii
mapameTp JIJIsi MaTPHIlh, a caMe PO3TIOJIJ TEMITEPATYPHU 3/IHCHIOEThCS MUIsTXoM Tpukiaaaantst temieparypu 850 °C i 650 °C go Hepyxomoi
MATPHIIi VIS ATIOMiHIEBOTO i MarHi€BOro cIuiaBy BiamoBiano. [IpoBeneno crpykrypHuii anamiz pyxomoi marpuili 3 naBantaxkenusam 1000 H
SIK [T QJIIOMIHIEBOTO, TaK 1 /IUIst Mar"ieBoro ciiaBy 3 uncioM itepaiiit 1000. Pesyssratn 4mcesibHOTO aHasiisy oTpuMaHi i poaHasizoBaHi
SIK TSI POBTIOMILTY TEMIIEPATYPH, TaK i JJIsT CTPYKTYPHOTO aHamiisy. O6iacTh TPIlIMHOYTBOPEHHsI BU3HaAYEHA 32 JOTTOMOTOIO TEMIIEPATYPHOTO
rpajlieHTa, 3aJIeKHICTh HAIPYTH Bijl edhopMallii — 3a 10MOMOTOK0 CTPYKTYPHOTO aHai3y. 3 pe3yJibratiB OyB 3p00JeHHI BUCHOBOK, 110 00JaCTh
tpimumuu Buxoautsb 1pu 1,22 E-10 °C/mm i 6,856 E-14 °C /MM TeMepaTypHOTO TPAAiEHTA i CTPYKTYPHOTO aHAJIZY 3 TOUYKH 30PY MAKCHMAJIb-
Hoi Harpyru 446,94 MIla i 448,52 MIla jjist aJifoMiHIEBOTO i MArHIEBOTO CILJIABY BiJIIIOBITHO.

Komio4oBi ciioBa: JinTTs i1 THCKOM, aJIIOMiHI, MarHiii, aHasi3 TPIlMH, PO3MO/LT TEMIIEPATYPH, TeMIIePATypPHUIT TPAIi€HT.



