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This study considers biocomposite materials based on a glutinous
matrix and fillers of plant origin. Waste from the woodworking indus-
try and the agricultural sector is a promising raw material for obtain-
ing fillers for biocomposite materials, which are characterized by a
high degree of environmental safety and renewable raw material base.

The task addressed is to optimize the amount of technological
additive (water) in the glutinous composition, which contributes to
the formation of a dense structure of the biocomposite material with a
compact arrangement of particles of the combined mixture of fillers.

In the process of research, the effectiveness of using fillers of differ-
ent granulometric composition against the effect of mechanical loads
was determined. The complex effect of fillers of plant origin on the me-
chanical characteristics of biocomposite materials was studied, which
made it possible to define the optimal composition of the biocomposite.

An analysis of the effect of the amount of moisture in the
composition on the formation of the structure and the resistance of
the biocomposite material to the effect of static and dynamic loads
was carried out. The maximum values of the ultimate compressive
strength (115-120 MPa) were obtained for biocomposites containing
a mixture of fillers of different granulometric composition (40-80% of
cereal stalk particles, the remaining particles of wood flour) provided
that 30% of moisture is removed from the composition. The maxi-
mum impact strength (13.8 kJ/m?) was established for biocomposites
containing 100% of crushed cereal stalks provided that 10% of mois-
ture is removed from the composition.

The designed materials could be used to manufacture packaging
elements that are disposed of after operation by recycling or through
safe decomposition at landfills without harm to the environment.

Keywords: biopolymer, plant fillers, moisture content, compres-
sive strength, impact strength.
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Cellular concrete is this study’s object with emphasis on the for-
mation and evolution of its internal structure.

Currently, there is an issue related to the insufficient quantity
and quality of tools for assessing the nature of building materials’
structure. This does not allow the concept of controlled structure
formation to be fully applied. The results reported here confirm that
artificial composite materials in the design process follow stages that
have the characteristics of open systems. They are capable of self-
organization and are sensitive to external energy influences, which is
reflected in the change in the nature of the structure.

The use of fractal and information dimensionalities as quan-
titative indicators of the nature of the material structure has been
proposed. The influence of water content and acoustic activation pa-
rameters on the change in structural characteristics was investigated
on physical models in the form of water-clay suspensions, justified as
analogs of cement slurry.

The effect of acoustic activation on the properties of foam con-
crete was established: at a frequency of 12 kHz, the compressive
strength was 1.8 MPa, while at a frequency of (22 kHz) the strength
decreased to 0.5-0.7 MPa, and the humidity increased to 34-35%,
which indicates destabilization of the structure. Changes in the
degree of order and complexity of the structure were quantitatively
recorded using fractal and information dimensionalities.

The results are attributed to the technology of manufacturing
cellular concretes, in particular foam concrete, in which the use of
acoustic activation at the early stages of structure formation makes it
possible to control the structure of the material and its physical and
mechanical properties. The proposed approach could be integrated
into industrial technological schemes provided that stable parameters
of acoustic influence are ensured; it does not require significant
changes to standard equipment.

Keywords: open system, cement slurry, building material, cel-
lular concrete, acoustic activation.
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The object of this study is a medium-carbon gear steel com-
monly used for sprockets and gears in mechanical drive systems. The
problem to be solved in this study is the limited understanding of
the integrated effect of austenitizing temperature, sprocket rotation
speed, and quenching medium on surface hardness and microstruc-
tural evolution, that makes parameter selection of flame hardening
in industry does not optimum. The experiments were conducted by
heating the medium-carbon gear steel into austenitizing temperatures
of 850°C and 900°C, rotation speeds of 1503 rpm and 1977 rpm, and
using water and oil as quenching medium. Specimens were evaluated
by using Rockwell hardness tester (B scale) and optical microscopy.
The result of this study reveals that the highest surface hardness of
120.08 HRB is achieved at austenitizing temperature of 900°C, rota-
tion speed of 1503 rpm, and quenched by using water. This is also sup-
ported by the result of microstructural observations which show very
fine martensite. The surface hardening is most affected by quenching
medium, while rotation speed has no significant effect on the hard-
ness enhancement. At austenitizing temperature of 900°C, the steel
has been in austenite phase, so the increasing rotation speed reduces
hardness due to excessive heat input and austenite grain coarsening.
The distinctive feature of these results lies in the identification of
interaction mechanisms between thermal exposure time and cooling
rate. The findings can be practically applied to medium-carbon gear
steel components subjected to controlled flame hardening with con-
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tinuous rotation at speeds of 1503-1977 rpm, followed by water or oil
quenching, particularly in small- and medium-scale industrial heat
treatment of gears and sprockets.

Keywords: flame hardening, medium-carbon gear steel, micro-
structure, quenching medium, surface hardness.

References

. Haiko, O., Pallaspuro, S., Javaheri, V., Kaikkonen, P., Ghosh, S., Val-

tonen, K., Kaijalainen, A., Komi, J. (2023). High-stress abrasive wear
performance of medium-carbon direct-quenched and partitioned,
carbide-free bainitic, and martensitic steels. Wear, 526-527, 204925.
https://doi.org/10.1016/j.wear.2023.204925

. Yu, Q, Zhao, Y., Zhao, F. (2025). Effect of austenitizing temperature

on microstructure and mechanical properties of medium carbon
spring steel. Materials Letters: X, 26, 100251. https://doi.org/10.1016/
j-mlblux.2025.100251

. Fattah, R. N., Sugiyanto, S., Priyambodo, B. H., Nurhidayat, A., Yaqg-

in, R. I. (2023). Rekayasa Peningkatan Kekerasan Permukaan Gear
Sprocket Sepeda Motor dengan Metode Quenching Variasi Media
Pendingin. Quantum Teknika: Jurnal Teknik Mesin Terapan, 5 (1),
8-13. https://doi.org/10.18196/jqt.v5i1.19418

. Gathmann, M., Tonnif3en, N., Baron, C., Kostka, A., Steinbacher, M.,

Springer, H. (2024). Surface hardening of high modulus steels through
carburizing and nitriding: First insights into microstructure property
relationships. Surface and Coatings Technology, 494, 131354. https://
doi.org/10.1016/j.surfcoat.2024.131354

. Thamilarasan, J., Karunagaran, N., Nanthakumar, P. (2021). Optimi-

zation of oxy-acetylene flame hardening parameters to analysis the
surface structure of low carbon steel. Materials Today: Proceedings,
46, 4169-4173. https://doi.org/10.1016/j.matpr.2021.02.680

. Jeyaraj, S., Arulshri, K.P., Harshavardhan, K., Sivasakthivel, P.S. (2015).

Optimization of Flame Hardening Process Parameters Using L9 Orthog-
onal Array of Taguchi Approach. International Journal of Engineering
and Applied Sciences, 2. Available at: https://www.semanticscholar.org/
paper/Optimization-of-Flame-Hardening-Process-Parameters-Jeyaraj-Ar
ulshri/227823755df2ac8da50e005822418fale220d864

. Zhang, Y., Liu, W,, Long, X., Liu, Z., Li, Y., Yang, Z., Zhang, Y. (2025).

Combining in-situ technology to study the influence of bainite mor-
phology on the strength and toughness properties of medium-carbon
bainitic steel. Journal of Materials Research and Technology, 36,
34-44. https://doi.org/10.1016/j.jmrt.2025.03.106

. Luo, R, Chen, J.,, Ding, H., Zhang, P, Liao, J., Yu, Y. et al. (2025). The

effect of quenching cooling rate on the microstructure and tensile/
compressive behaviors of 2Cr12Ni martensitic stainless steel. Journal
of Materials Research and Technology, 36, 2994-3006. https://doi.org/
10.1016/j,jmrt.2025.03.227

. Ajoge, E. O., James, M. (2024). Influence of Different Quench-

ing Media on the Mechanical Properties of Mild Steel - A Case
Study of Coconut Oil, Mineral Oil, Jatropha Oil, and Water. Metall
Alloy, 10, 1-8. Available at: https://journalspub.com/wp-content/
uploads/2024/12/1-8Influence-of-Different-Quenching-Media.pdf

. Li, B, Bai, W, Yang, K., Hu, C., Wei, G., Liu, J. et al. (2024). Reveal-

ing the microstructural evolution and strengthening mechanism of
Mg-5.5Gd-3Y-1Zn-0.5Mn alloy in centrifugal casting and subsequent hot
rolling. Journal of Alloys and Compounds, 984, 173950. https://doi.org/
10.1016/j.jallcom.2024.173950

. Kombayev, K., Nedobitkov, A., Gridunov, I., Kozhakhmetov, Y.,

Khoshnaw, F., Aibar, K. (2025). Surface crack analysis and quality en-
hancement of 30X13 (AISI 420) martensitic stainless steel gate valve
shutters via electrolytic plasma hardening. Results in Engineering, 26,
104966. https://doi.org/10.1016/j.rineng.2025.104966

. Oliaei, M., Jamaati, R., Jamshidi Aval, H. (2025). Optimizing mi-

crostructure and performance: The impact of pre-deformation and
rotational speed on friction stir processed Cu-W composites. Journal

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

of Advanced Joining Processes, 11, 100308. https://doi.org/10.1016/
j.jajp.2025.100308
Bararpour, S. M., Jamshidi Aval, H., Jamaati, R., Javidani, M. (2024).
Effect of heat treatment before fast multiple rotation rolling on fric-
tion surfaced Al-Si-Cu alloy. Journal of Materials Research and
Technology, 33, 940-953. https://doi.org/10.1016/j.jmrt.2024.09.119
Kristiadi, S., Lesmanah, U., Raharjo, A. (2023). Pengaruh Variasi Me-
dia Pendingin Terhadap Kekerasan dan Mikrostruktur Pada Pengec-
oran Aluminium 6061. Ring Mechanical Engineering, 2(2), 101-112.
https://doi.org/10.33474/rm.v2i2.19906
Li, Q, Li, W,, Li, M., Su, M., Hu, Z., Ma, H. et al. (2025). Improving
the high stress abrasive wear resistance of medium carbon quenched
and partitioned bainitic steel by controlling the phase transforma-
tion sequence. Journal of Materials Research and Technology, 38,
2808-2819. https://doi.org/10.1016/j.jmrt.2025.08.109
Li, X., Li, Z., Dong, L., Liu, B., Wang, H., Shi, T. et al. (2025). Study
of microstructure evolution and fatigue crack extension properties
of 42CrMo steel strengthened by induction hardening. Journal of
Materials Research and Technology, 35, 3887-3901. https://doi.org/
10.1016/j.jmrt.2025.02.069
Xin, M., Wang, Z., Lu, B., Li, Y. (2022). Effects of different process parame-
ters on microstructure evolution and mechanical properties of 2060 Al-Li
alloy during vacuum centrifugal casting. Journal of Materials Research
and Technology, 21, 54-68. https://doi.org/10.1016/j,jmrt.2022.08.147
Sundari, E., Taufikurrahman, Fahlevi, R. (2018). Analisa pengaruh pack
carburizing terhadap sifat mekanis sprocket imitasi sepeda motor meng-
gunakan arang kayu gelam dan serbuk cangkang remis sebagai katalisa-
tor. Austenit, 10 (2), 72-78. https://doi.org/10.5281/ZENODO.4547659
ASTM E18-22. Standard Test Methods for Rockwell Hardness of Me-
tallic Materials. https://doi.org/10.1520/e0018-22
Ackermann, M., Iren, D., Wesselmecking, S., Shetty, D., Krupp, U. (2022).
Automated segmentation of martensite-austenite islands in bainitic
steel. Materials Characterization, 191, 112091. https://doi.org/10.1016/
j-matchar.2022.112091
Chakraborty, S., Bjork, J., Dahlqvist, M., Rosen, J., Heintz, F. (2026).
A survey of Al-supported materials informatics. Computer Science
Review, 59, 100845. https://doi.org/10.1016/j.cosrev.2025.100845
Ponhan, K., Jiandon, P., Juntaracena, K., Potisawang, C., Kong-
puang, M. (2024). Enhanced microstructures, mechanical properties,
and machinability of high performance ADC12/SiC composites fab-
ricated through the integration of a master pellet feeding approach
and ultrasonication-assisted stir casting. Results in Engineering, 24,
102937. https://doi.org/10.1016/j.rineng.2024.102937
Pizetta Zordao, L. H., Oliveira, V. A., Totten, G. E., Canale, L. C. F.
(2019). Quenching power of aqueous salt solution. International Jour-
nal of Heat and Mass Transfer, 140, 807-818. https://doi.org/10.1016/
j-ijheatmasstransfer.2019.06.036
Moshokoa, N. A., Makhatha, E., Raganya, L., Makoana, N. W., Mk-
honto, D., Phasha, M. (2026). Study of phase constituents, micro-
structural evolution, tensile properties and micro-Vickers hardness of
as-cast and water quenched Ti-Mo-Fe alloys. Results in Materials, 29,
100885. https://doi.org/10.1016/j.rinma.2026.100885
dos Santos, S. L., Santos, S. F. (2024). Heat treatment of the SAE 9254
spring steel: Influence of cooling rate on the microstructure and
microhardness. Next Materials, 3, 100175. https://doi.org/10.1016/].
nxmate.2024.100175
Arabaci, U. (2024). The effects of oil-quenching and over-tempering
heat treatments on the dry sliding wear behaviours of 25CrMo4 steel.
Heliyon, 10 (3), e25589. https://doi.org/10.1016/j.heliyon.2024.e25589
Zhang, L., Miao, Y., Wang, J., Zhang, M., Liu, Y., Zhou, Y. et al. (2025).
Research on the microstructural differences and mechanical response
mechanisms of martensitic stainless steel additive manufacturing
under cross-scale heat input control. Materials & Design, 260, 115132.
https://doi.org/10.1016/j.matdes.2025.115132


https://doi.org/10.1016/j.jajp.2025.100308
https://doi.org/10.1016/j.jajp.2025.100308
https://doi.org/10.1016/j.jmrt.2024.09.119
https://doi.org/10.33474/rm.v2i2.19906
https://doi.org/10.1016/j.jmrt.2025.08.109
https://doi.org/10.1016/j.jmrt.2025.02.069
https://doi.org/10.1016/j.jmrt.2025.02.069
https://doi.org/10.1016/j.jmrt.2022.08.147
https://doi.org/10.5281/ZENODO.4547659
https://doi.org/10.1520/e0018-22
https://doi.org/10.1016/j.matchar.2022.112091
https://doi.org/10.1016/j.matchar.2022.112091
https://doi.org/10.1016/j.cosrev.2025.100845
https://doi.org/10.1016/j.rineng.2024.102937
https://doi.org/10.1016/j.ijheatmasstransfer.2019.06.036
https://doi.org/10.1016/j.ijheatmasstransfer.2019.06.036
https://doi.org/10.1016/j.rinma.2026.100885
https://doi.org/10.1016/j.nxmate.2024.100175
https://doi.org/10.1016/j.nxmate.2024.100175
https://doi.org/10.1016/j.heliyon.2024.e25589
https://doi.org/10.1016/j.matdes.2025.115132
https://doi.org/10.1016/j.wear.2023.204925
https://doi.org/10.1016/j.mlblux.2025.100251
https://doi.org/10.1016/j.mlblux.2025.100251
https://doi.org/10.18196/jqt.v5i1.19418
https://doi.org/10.1016/j.surfcoat.2024.131354
https://doi.org/10.1016/j.surfcoat.2024.131354
https://doi.org/10.1016/j.matpr.2021.02.680
https://www.semanticscholar.org/paper/Optimization-of-Flame-Hardening-Process-Parameters-Jeyaraj-Arulshri/227823755df2ac8da50e005822418fa1e220d864
https://www.semanticscholar.org/paper/Optimization-of-Flame-Hardening-Process-Parameters-Jeyaraj-Arulshri/227823755df2ac8da50e005822418fa1e220d864
https://www.semanticscholar.org/paper/Optimization-of-Flame-Hardening-Process-Parameters-Jeyaraj-Arulshri/227823755df2ac8da50e005822418fa1e220d864
https://doi.org/10.1016/j.jmrt.2025.03.106
https://doi.org/10.1016/j.jmrt.2025.03.227
https://doi.org/10.1016/j.jmrt.2025.03.227
https://journalspub.com/wp-content/uploads/2024/12/1-8Influence-of-Different-Quenching-Media.pdf
https://journalspub.com/wp-content/uploads/2024/12/1-8Influence-of-Different-Quenching-Media.pdf
https://doi.org/10.1016/j.jallcom.2024.173950
https://doi.org/10.1016/j.jallcom.2024.173950
https://doi.org/10.1016/j.rineng.2025.104966

DOI: 10.15587/1729-4061.2026.352742
PO3POBKA BIOKOMIIO3HUTIB HA OCHOBI IVTIOTUHOBOI MATPHIII 3 KOMBIHOBAHUM BMICTOM
JEPEBHOI'O BOPOIITHA TA IIOAPIBHEHHWX CTEBEJI 3EPHOBUX KYJIBTVP (c. 6-14)

B. II. Kammmnpkuii, O. JI. CagoBa, B. B. Tkauyk, €. }0. YepHoTta, H. A. Mapuyk

OG6’eKTOM JIOCTi/PKEHHS € 610KOMITO3UTHI MaTepiasi Ha OCHOBI IVIFOTUHOBOI MaTPHIli Ta HAIIOBHIOBAYiB POCJIMHHOTO MTOXO/DKEHHS. Bif-
XOAU JIepeBO06POOHOI IIPOMUCIOBOCT] Ta CiIbCHKOTOCIIONAPCHKOI Taily3i € MepCHeKTUBHOI CHPOBUHOIO AJIs OTPUMAHHS HAIlOBHIOBAUiB
6i0KOMITO3UTHUX MaTepiasiB, SKi XapaKTepHU3yIOTbCS BUCOKUM CTyIIEHEM eKOJIOTi4HOI 6e3leKy Ta BiHOBJIIOBAHOCTI CHMPOBMHHOI 6asu.
OcHOBHa Ipo6JIeMaTHKA JOCIi/HKEHHS TOJISIra€ B ONTUMI3anii KibKOCTI TexHOJIOriuHOl f06aBKY (BOAM) y TIFOTUHOBIN KOMITO3UILil, 1110
crpusie OPMyBaHHIO IIiIJIBHOI CTPYKTYPU 6iOKOMIIO3UTHOTO MaTepialy 3 KOMIAKTHHUM PO3TalllyBaHHSIM YaCTMHOK KOMOiHOBaHOI Cymili
HAIoOBHIOBAYiB.

B mporeci focipkeHb BU3HAUYe€HO e(eKTHUBHICTh BUKOPHCTAaHHS HAIIOBHIOBAYiB Pi3HOrO I'PaHYJIOMETPUYHOTO CKJIAJy /IO BILJIUBY
MeXaHiYHUX HaBaHTaXKeHb. JJOCJIi/PKEHO KOMIUJIEKCHUU BIUIMB HAIIOBHIOBAYiB POCJMHHOIO ITOXOJYKEHHSI HAa MEXaHiYHi XapaKTepUCTUKU
6i0KOMITO3UTHHUX MaTepiasiB, 110 03BOJINJIO BU3HAYUTH ONTUMAIBHUN CKIa/ 610KOMIIO3UTY. [IpoBefieHO aHauTi3 BIUIMBY KiJIbKOCTi BOJIOTH
B KOMIO3MUIIi1 Ha (POPMYBaHHS CTPYKTYPH Ta CTilKiCTh 610KOMITO3UTHOTIO MaTepiajy JI0 BIUIMBY CTATUYHUX Ta AMHAMIYHUX HaBaHTA)XEHb.
MakcruMasbHi 3HaUeHHsT MeXi MilfHOCTI Ha cTHcHeHHs (115-120 MIIa) oTpuMaHoO Jy1si 6i0KOMITO3HUTIB, 5IKi MiCATh CyMilll HAaITOBHIOBAaYiB
Ppi3HOrO rpaHyJIOMeTPUIHOTO CKIazmy (40-80% JacTHHOK cTe6Ges 3€pPHOBHX KyJIBTYP, PeIlTa YACTHHKH JIePEeBHOr0 GOPOIIHA) 32 YMOBH BH-
JIaJIeHHs] BOJIOTU B KLIBKOCTI 30% 3 KOMIO3uILii. MakcumasibHe 3Ha4eHHsI yaapHoi B’ si3kocTi (13,8 K/[»/M?) OTpUMAHO /115t 6i0KOMITO3UTIB, 3
BmicToM 100% mozpi6HeHNX cTe6Ges 3epHOBUX Ky/IBTYP 32 YMOBH BUAJIEHHS BOJIOTH B KiIbKOCTi 10% 3 KoMmo3uIlii. Po3po6eHi maTepiann
MO>XHa BUKOPHCTOBYBATH JIJIs1 BUTOTOBJIEHHS €JIEMEHTIB TapH, sIKa IiCJIs eKCIUTyaTamnii yTHUIi3yeThCs IIIIXOM IIepepo6Ky a60 6e311eYHOro
PO3KJIaZly Ha CMITTEBUX IOJIiroHax 6e3 KoM HaBKOJUIIHBOMY CePe/IOBHILY.

Kurrouogi coBa: GionosriMep, pOCIMHHI HaIIOBHIOBAYi, BMiCT BOJIOTH, MIiI[HICTh Ha CTUCKAaHHS, YAApHA B’SI3KiCTb.
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®PAKTAJIBHA OIIIHKA CTPYKTYPHUX 3MIH V HI3ZIPIOBATOMY BETOHI ITIJT JIEI0 AKYCTUYHOTO
3BY/DKEHHA (c. 15-24)

B. I. MapTHHOB, I. I. Cuuos, [I. C. TaiiuaH, C. C. MakapoBa, C. B. CyxaHoBa

B sikocTi 06’eKTa JoCIipKeHb BUGPAHO Hi3ApIoBaTUil 6eTOH Ta iforo crpykrypa. Hapasi icHye npo6sema, sika IOJISTae y HeJ0CTaT-
HBOI KiZTBKOCTi Ta SIKOCTi iHCTPYMEHTIB OI[iHKHM XapakTepy CTPYKTypu OyZiBesbHUX MaTepiaiiB. lle He fae B MOBHIi# Mipi 3acTocyBaTn
KOHIIEIII{}0 KEPOBAHOTO CTPYKTYPOYTBOpeHHs. OTpHUMaHi pe3yJbTaTu IiJTBepAXKYIOTh, 1[0 IITYYHi KOMIIO3UIiliHi MaTepianu B poueci
CTBOPEHHS IPOXOAATH CTaJii, AKi MalOTh 03HAKU BiAKPUTUX CUCTEM. BOHM 3/1aTHI 10 caMooprasisaliii Ta 4yT/MBi 0 30BHILIHIX eHep-
TeTHYHUX BIJIUBIB, IO BiATBOPIOETHCS HA 3MiHI XapaKTepy CTPYKTypH. 3aIIpOIIOHOBAHO 3aCTOCYBaHHS (PpaKTagbHOI Ta iHpopMaIiifHOl
po3mipHOCTe! AK KiJIbKiCHUX [TOKa3HMKIB XapaKTepy CTPYKTypu MaTepiany. Ha ¢isnyHux Moziesax y BUIJIA/li BOLOTJIMHAHNX CyCIIeH3il,
OOI'PYHTOBAHUX SIK aHAJOTH LIEMEHTHOI'O TiCTa, OCIIi/PKEHO BIUIMB BOJOBMICTY Ta IMapaMeTpPiB aKyCTHIHOI aKTUBAIlii Ha 3MiHy CTpPyK-
TYpPHUX XapaKTepHUCTUK. BCTAHOBJIEHO BILJIMB aKyCTUYHOI aKTHUBAIlil Ha BJIACTUBOCTI IIiHOGETOHY: Ipy YacToTi 12 KI'| MiI[HiCTh HAa CTUCK
craHoBwmia 1,8 MIla, Toai sik mpu yacrori (22 k[') MirHicTs 3HMKYBatack 1o 0,5-0,7 MIla, a BosoricTs 3pocrana 7o 34-35%, 10 CBif-
YUTH MO JlecTabimizarito CTpyKTypH. 3MiHU CTyIeHS BIIOPSAAKOBAHOCTI Ta CKJIaHOCTI CTPYKTYPH KiTbKiCHO 3adikcoBaHi 3a JOTIOMOTO0
(pakranpHOi Ta iHdopManiitHol po3aMipHOCTeit. OTpUMaHi pe3yJbTaTH IOB’SI3aHi 3 TEXHOJIOri€l0 BUTOTOBJIEHHS Hi3pIOBaTUX GETOHIB,
30KpeMa MiHOGeTOHY, [ie 3aCTOCYBaHHS aKyCTHYHOI aKTHBAIlii Ha paHHIX CTaJisIX CTPYKTYpOYTBOPEHHS [[03BOJISIE KEPYBATU CTPYKTY-
poro Marepiaymy Ta #oro ¢isMKo-MeXaHiYHUMH BJIACTUBOCTSIMU. 3alpOIIOHOBAHUN MiJXiZ Mo)Xe OyTH iHTErPOBAaHUI y IIPOMMCIIOBI
TEXHOJIOTIYHI CXeMM 32 YMOBU 3a0e3MedeHHs! CTabiIbHUX IMapaMeTpiB aKyCTUYHOIO BIUIMBY i He moTpeGye icTOTHOI 3MiHM CTaHJAPTHO-
T0 00JIaIHAHHS.

KurrouoBi cyroBa: BijkpuTa cucteMa, LieMeHTHe TicTo, Oy/iBesIbHUT MaTepiasl, Hi3ploBaTHil G€TOH, aKyCTUYHA aKTUBAILis.
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BU3HAYEHHS BIUIMBY TEMIEPATYPH AVCTEHITH3AIIII, IIIBUAKOCTI OBEPTAHHS 3IPOYKHU TA
CEPEJIOBUIIIA 3ATAPTYBAHHSA HA MIKPOCTPYKTYPY TA TBEP/JICTH BUIIAJIEHOI ITOJIVM’SIM
IIECTEPEHHOT CTAJII (c. 25-34)

Agus Suprapto, Jumiadi Jumiadi, Pungky Eka Setyawan, Mesti Nadya, Sergius Sadu

OG6>€KTOM I[bOTO JIOCJIi/PKEHHS € CepeAHbOBYIJIEI[eBa 3y04YacTa CTalb, IKa 3a3BUYail BUKOPHUCTOBYETHCS JISI 3iPOYOK Ta IIeCTepeHb
y CHUCTeMax MeXaHiuHUX MpUBOJiB. IIpob6aeMa, sIKy HEOOXiZJHO BUPIIIUTHU B IIbOMY ZOCJi/PKEHHI, IOJSATA€ B 0OMEXEHOMY pO3yMiHHI
KOMIIJIEKCHOTO BIUTMBY TeMIIEpaTypH ayCTeHi3alii, IIBUAKOCTI 06epTaHHS 3ipOYKM Ta TAPTYIOYOr0 CePeAOBUIIIA HA TBEP/iCTh OBEPXHi Ta
€BOJIIOLiI0 MiKpOCTPYKTYPH, 1110 pOOUTH BUOIp ITapaMeTpiB MOJYyM>STHOTO rapTyBaHHSI B IPOMUCJIOBOCTI HEONITUMaIbHUM. ExcriepuMen-
TH IIPOBOJUJINCS IIUISIXOM HarpiBaHHS CepefIHbOBYIJIEI[eBOI 3y6uacTol cTasi 0 TeMIeparyp aycreHiszarnii 850°C ta 900°C, mBugKOCTEH



o6epTaHHs 1503 06/xB Ta 1977 06/XB, 3 BUKOPUCTAHHSIM BOJM Ta OJIii SIK rapTyIOUOro Cepe/OBUIIA. 3pa3Ky OLiHIOBAIH 32 JOIIOMOI0I0
TBepzioMipa PokBesia (iukasia B) Ta ontryHOI MiKpocKotii. Pe3ysibTar I{bOro JOCIi/KeHHS TOKa3ye, [0 HallBUIIla IOBEpXHEBA TBEP/iCTh
120,08 HRB pocsraeTbcst Ipu TeMIrepatypi aycreHisanii 900°C, mBuaKocTi o6epraHHs 1503 06/XB Ta rapTyBaHHI Boj[010. I]e Takox mij-
TBEP/AXKYETbCA PE3YJbTaTaAMU MiKPOCTPYKTYPHMX CIIOCTEPEXeHb, Ki MOKa3yloTh Ay)e ApiOHMIT MapTeHCUT. IloBepxHeBe 3MillHEHHS
HalbiIbIIIe 3aJ1eKUTh Bif FapTYIOUOTO CEpeIOBHUINA, TOZi K IIBUAKICTh 06€pPTaHHS HEe Mae CyTTEBOTO BIJIMBY Ha ITi/[BUI[EHHS TBEPAOCTI.
IIpu Temmeparypi aycrenisanii 900°C crasb nepebyBae B aycTeHITHi# ¢asi, ToMy 36i/bIIeHHS IIBUAKOCTI 00€PTaHHS 3HIDKYE TBEPAiCTh
4Jepes HaMipHe MiJiBeJIeHHs TeIlJIa Ta YKPyITHEHHS 3epeH ayCTeHiTy. BiiMiHHOI0 0cOGIMBICTIO ITUX Pe3y/IbTATIB € BUSBIECHHS MeXaHi3MiB
B3a€MO/Ii1 MiXK 4acOM TepMiYHOI BUTPUMKH Ta IIBUAKICTIO OXOIO/KeHHs. OTpUMaHi pe3yIbTaTi MOXXYTh OyTH IMPAKTUYHO 3aCTOCOBAaHI
JI0 KOMIIOHEHTIB i3 cepeJHbOBYI/IeLleBOi 3y64acTol CTaji, 10 MiJAal0ThCs KOHTPOJIbOBAHOMY IOTyM>STHOMY TapTyBaHHIO 3 Oe3repeps-
HHUM 00epTaHHAM 3i mBUAKicTIO 1503-1977 06/XB 3 MOAAIBIINM TapTyBaHHAM y Boji a60 0J1ii, 30KpeMa Ipu TepMidHiil 06pobui 3y6uac-
THX KOJIiC Ta 3ipOYOK y MaJIOMy Ta CepeZfHbOMY MacIITabi IPOMUCJIOBOIO BUPOOHUI[TBA.

KorouoBi coBa: mosym>siHe rapTyBaHH#, CepeIHbOBYIJIEIIeBa 3y6UacTa CTajlb, MiKpOCTPYKTYypa, rapTyiode cepefloBulIle, TOBepXHe-
Ba TBEPJiCTh.



