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Abstract. The article presents the results of a comprehensive study of the acoustic, damping, and vibration properties of
newly cast steels alloyed with vanadium, chromium, and manganese. The relevance of the work is determined by the growing
industrial need to reduce impact noise and vibration generated during the operation of machinery, mining, and metallurgical
equipment. Increased acoustic loads lead to accelerated wear of components, reduced reliability of units, and adverse effects on
workers, which makes the search for new materials particularly important. The study includes an analysis of literature data on
existing noise-reduction methods and demonstrates the advantages of using alloys with enhanced internal damping compared
to traditional structural materials. The experimental part was carried out by modeling impact processes using specialized meas-
uring equipment that made it possible to record sound pressure levels, frequency spectra, and vibration decay rates. Special
attention was paid to the influence of chemical composition, phase structure, and grain morphology on the acoustic characteris-
tics of the steels. It was established that the optimal combination of alloying elements promotes the formation of a structure
that provides more efficient vibration attenuation. The results obtained can be used in the development of new materials and
protective components aimed at reducing industrial noise and increasing equipment durability.
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1. Introduction

Reducing noise levels in the environment is one of the
pressing tasks of modern science and technology. Among the
various sources of acoustic impact, industrial noise occupies a
special place, the level of which has increased significantly in
recent years due to the widespread introduction of high-
performance machines and mechanisms, as well as an increase
in the operating speeds of equipment. The most common and
harmful type of industrial noise is mechanical noise of impact
and impulse origin, whose levels can reach 120 dB [1-5].

Impulse and impact noises are widespread in metallurgy,
mechanical engineering, and transportation. Their unex-
pected impact can cause stress reactions, increased blood
pressure, rapid breathing, arrhythmia, and decreased mental
performance. Therefore, the problem of reducing impact
noise is considered one of the priority areas of research relat-
ed to improving the reliability and safety of machines and
mechanisms.

Modern noise control methods include sound insulation,
noise source shielding, sound absorption, vibration absorp-
tion, increasing structural rigidity, using damping devices
and materials, and rational equipment placement. However,
these approaches often involve an increase in the weight,
size, and cost of machines, as well as a reduction in the man-
ufacturability of structures. In particular, the use of non-
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metallic sound-absorbing materials (rubber, polyurethanes,
plastics) is limited by their low strength and thermal stability,
which makes them unsuitable for high temperatures and
aggressive environments typical of the metallurgical and
machine-building industries [2, 3].

In this regard, the use of metallic materials with enhanced
damping properties that can effectively reduce the level of
sound emission at its source is of particular interest. Such
materials are distinguished by their simplicity of design,
stability of properties when the frequency of vibrations
changes, high strength, wear resistance, and a wide range of
operating temperatures. Nevertheless, the damping mecha-
nism of metal alloys has not been fully studied, and attempts
to establish a functional relationship between the loss coeffi-
cient and other physical and mechanical characteristics have
not yet yielded conclusive results.

The most promising for research are low-alloy structural
steels used for the manufacture of critical machine parts —
shafts, axles, gears, bushings, and couplings. These materials
include 16Cr4 (AISI 5115), 20Cr4 (AISI 5120), 20MnCr5
(AISI 8620), and 16CrV4 (AISI 6150), which are distin-
guished by their combination of strength, wear resistance,
and toughness after heat treatment.

This study examines the acoustic and damping properties
of new low-alloy steels alloyed with manganese, chromium,
and vanadium. Vanadium, being a constant component of
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most steels, significantly affects the nature of non-metallic
inclusions and microstructure, while chromium and manga-
nese contribute to increasing the strength and damping char-
acteristics of the material [1, 5].

The aim of this work is to establish the patterns of influ-
ence of vanadium, chromium, and manganese alloying on the
acoustic and damping properties of steels used under impact
and friction loads, with the goal of developing materials that
reduce impact noise in mechanical engineering.

For many decades, research into reducing industrial noise
and vibration has attracted the attention of researchers in the
fields of mechanical engineering, materials science, and
acoustics. The problem of impulse and impact noise generat-
ed by modern high-speed equipment is particularly acute.
Analysis of the literature shows that the level of impact noise
in industrial conditions can reach 110-120 dB, which signifi-
cantly exceeds acceptable health standards [6, 7].

According to [8-12], standard industrial sound level me-
ters do not provide sufficient accuracy when measuring
short-term sound pulses, since their integration periods do
not meet the requirements for recording instantaneous peak
values. To correctly measure impulse noise affecting the
hearing organs, it is necessary to use devices with a constant
integration time of about 20 us, capable of recording peak
sound pressure. Studies [13] have shown that even short
sound pulses with an amplitude of up to 140 dB can cause
damage to the hearing organs, despite their subjectively per-
ceived lower volume.

In mechanical engineering and metallurgy, the source of
intense impact noise is the collision of machine parts and
mechanisms, for example, in pipe rolling mills, where the
sound level reaches 110-118 dB [14]. In this regard, active
research is being conducted to develop materials and struc-
tures with enhanced damping properties that can effectively
absorb acoustic energy.

The most widely used methods of noise reduction are
sound insulation, shielding, sound absorption, and vibration
damping [15-19]. However, each of these approaches has
significant drawbacks: increased machine dimensions, re-
duced compactness of structures, increased metal consump-
tion, and more complicated operation. The use of special
damping devices increases the cost and complicates the
maintenance of equipment, and the rational placement of
noisy units requires significant capital investments in the
reconstruction of existing workshops.

The use of non-metallic materials (rubber, plastics, poly-
urethanes) as sound-absorbing elements is limited by their
low strength and thermal stability, which makes them unsuit-
able for use in high-temperature conditions and aggressive
environments. Therefore, increasing attention is being paid to
metal alloys with a high coefficient of internal friction, which
have the ability to dissipate the mechanical energy of vibra-
tions into heat.

The literature notes that high-damping alloys often con-
tain chromium, manganese, and vanadium as the main alloy-
ing elements [1, 2]. Manganese increases viscosity and fa-
tigue resistance, chromium contributes to the strengthening
of ferrite without reducing plasticity, and vanadium improves
the microstructure and regulates the amount of non-metallic
inclusions that affect sound attenuation. According to [4],
there are more than three thousand grades of steel containing
chromium, which confirms its versatility as an alloying ele-
ment for alloys with high damping properties.
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Research [5] have examined alternative methods for im-
proving damping characteristics, including changing the
geometry of metal surfaces and creating bimetallic composite
materials (45 steel-copper MT, X18H10T steel-AMGS alloy,
X18H10T steel-copper M1, etc.) obtained by hot rolling and
explosion welding. These materials have shown high effi-
ciency in noise absorption, but their production is technolog-
ically complex and expensive.

Despite the results achieved, the problem of creating eco-
nomical, strong, and durable materials with high internal
damping remains unresolved. In particular, the damping
mechanisms in low-alloy steels used in mechanical engineer-
ing, as well as the influence of vanadium alloying on their
acoustic and physical-mechanical properties, have not been
sufficiently studied. This circumstance determines the rele-
vance of the present study, aimed at finding patterns that
ensure a reduction in impact noise by optimizing the compo-
sition of steels and the structure of the material.

2. Materials and methods

Standard steels for castings of grades 16Cr4 — AISI 5115,
20Cr4 — AISI 5120, 20MnCr5 — AISI 8620, 16CrV4 — AISI
6150), used for shafts, axles, gears, and couplings, alloyed
with chromium, manganese, and vanadium, whose mechani-
cal characteristics are given.

Scrap metal, ferroalloys, waste from our own production,
and armored iron were used as metal charge materials. A
RelTEC crucible induction furnace was used for smelting.
Sheet metal made of 10 steel served as the starting material.
Alloying was carried out with 97.6% metallic manganese,
77.5% FeSi, and 99.98% metallic nickel. Synthetic cast iron
with a carbon content of 3.9% served as a carbon-containing
additive. The steel was cast into a metal mold measuring
210x 115 x 115 mm.

Based on research into equipment for studying the acous-
tic proprieties (sound level, sound pressure level) of steels, a
device was used for comprehensive research into the acoustic
and vibration properties of plate and tubular steel samples,
with further modernization. The operational scheme of the
setup is shown in Figure 1.

Figure 1. Device for comprehensive acoustic investigation [13]:
1 — capron threads; 2 - frame; 3 — sample plate; 4 — frame stand; 5 —
inclined plane; 6 — ball impactor; 7 — vibration sensor of the Bruel
& Kjer sound level meter; 8 — Bruel & Kjer sound level meter model
2204 with octave filter model 1613; 9 — S-18 oscilloscope; 10— load;
11 — ball receiver; 12 — «Octava 1014» sound level meter; 13 — frame
stands; 14 — microphone of the «Octava 101A» sound level meter;
15 — screw for securing the impactor stand
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The ball impactor 6 was placed on the inclined plane 5,
down which it rolled and then freely fell onto the geometric
center of the plate sample 3. The ball impactor 6 rebounds
from the plate sample and is caught in the ball receiver 11.
The sound generated as a result of the collision between the
ball impactor 6 and the sample 3 is recorded using the «Oc-
tava-101A» sound level meter 12.

The plate sample 3, while vibrating in the capron
threads 1, causes vibrations that are measured by the Model
2204 apparatus 8 from the company «Bruel&Kjer». The
tension of the sample using the capron threads 1 is stable
because the load 10 controls the tension force.

The height of the ball's fall is adjusted using the screw for
securing the impactor stand 15. The complex consisting of
the fastening of the sample 3 and the ball impactor 6 is fixed
to the frame 2, which is secured by stands 3 at the required
height above the floor.

For the purpose of measurement, ball impactors
(SHKh15) made of steel with diameters of 7 mm (1.40 g), 8
mm (2.09 g), 9 mm (2.97 g), and 11 mm (5.55 g) were used.

The study of steel plate samples (50 x 50 x 5) mm was
carried out on the installation. The mass of the ball, the den-
sity of the sample, the distance from the point of impact to
the sample, and the thickness of the sample are interrelated
by the following ratio:

m{4.6-p-1-h%, (1)

where m is the mass of the sample plate, g; p is the densi-
ty of the sample plate material, g/cm?; / is the distance from
the point of impact to the nearest edge of the sample plate,
cm; 4 is the thickness of the sample plate, cm.

The width and length of the sample plate must be 5 times
greater than its thickness. An experimental plate with dimen-
sions of 50x50x5 mm meets these characteristics.

The sound pressure levels were measured in octave fre-
quency bands ranging from 31.5 to 31 500 Hz, and the vibra-
tion acceleration levels were measured in the range from 31.5
to 31,500 Hz. The sound level was adjusted according to the
«A» scale, and the overall vibration acceleration level was
adjusted according to the «Lin» characteristic.

The ZG-10 sound generator was used to calibrate the
sound signal studies. Corrections for changes in the sound
signal depending on atmospheric pressure were made using
a PF-101 pistonphone. A constant air temperature and hu-
midity were maintained in the laboratory. Acoustic meas-
urements were calculated as the arithmetic mean of five
measurements [13]. The sound pulse generated by the colli-
sion of the sample under study with the striker was record-
ed using a storage oscilloscope, after which it was photo-
graphed and the damping parameters were determined:
logarithmic decrement, sound attenuation rate, relative
scattering, and internal friction.

3. Results and discussion

When developing high-damping alloys, one of the main
criteria is that there should be no significant reduction in
strength properties. Therefore, one of the reasons for choos-
ing chromium, manganese, and vanadium as alloying ele-
ments for iron-carbon alloys was that, among the main alloy-
ing elements (the most commonly used), these elements
strengthen ferrite more than others (Table 1).

Table 1. Chemical composition and mechanical properties of the studied steels

Chemical composition, % by weight

Steel grade C Si Mn Cr
16Cr4 0.12-0.18 0.17-0.37 0.4-0.7 0.7-1.0
20Cr4 0.17-0.23 0.17-0.37 0.5-0.8 0.5-0.8

20MnCr5 0.15-0.21 0.17-0.37 0.9-1.2 0.9-1.2
16Crv4 0.12-0.18 0.17-0.37 0.4-0.7 0.8-1.1
BO-1 0.23 0.15 0.9 1.7
BO-2 0.15 0.25 0.99 1.3
BO-3 0.28 0.2 0.51 1.2
BO-4 0.13 0.17 0.45 1.5

Mechanical properties

\Y% Other elements Nﬁ;a %5 % v ] /[é';l ) Nﬁ’,a
- <0.035 S; 700 12 45 70 500
- <0.035 P; 800 11 40 60 650
- <0.30 Cu; 900 10 40 - 750
R <0.3 Ni 750 13 | 50 80 550
0.47 0.035 S; 650 12 | 35 70 520
0.42 0.035 P; 720 10 40 75 580
0.56 0.35 Cu; 810 15 | 45 71 680
0.51 0.4 Ni 880 11 50 78 720

Note: g, is tensile strength, MPa; &5 is relative elongation after rupture on five-fold length specimens, %;  is relative reduction in area after rupture, %;

a, is impact strength, J/cm?; g; is yield strength, MPa.

The lack of modern acoustic equipment capable of meas-
uring peak values of impulse sound signals was an obstacle
to solving this problem. In this study, sound pressure levels
were studied during impact excitation of various alloys using
a modern Octava-101A sound level meter, which allows
measuring the peak value of a pulsed sound signal that char-
acterizes the initial impact effect with a maximum sound
pressure duration of 7=20 ps. The secondary effect of the
collision was recorded on the «Impulse» scale with an inte-
gration time of 7=35 ms. This time characterizes the aver-
age time of sound perception by human auditory organs. To
determine the time of registration of the impact sound pulse,
the sound pressure levels and sound levels were studied on
the same alloys with an integration time of 7-35 ms and a
peak sound pulse delay of 20 ps. Table 2 shows the sound
levels and sound pressures of alloys at different integration
time constant values of the equipment used.

12

As can be seen from Table 2 when measuring a sound
signal with a duration of 7= 20 us, which practically charac-
terizes the instantaneous value of the impact sound pulse, the
sound pressure levels for all the alloys studied are close to
each other regardless of the chemical composition and type
of heat treatment of the samples.

The sound levels of all alloys at this integration time are
the same and amount to 125 dBA. Exceedance of peak sound
pressure levels above the values on the «Impulse» scale was
detected across the entire frequency range and averaged 15
dB, with a difference in sound levels of 13 dBA. However,
Table 4 shows that the sound pressure levels at 7= 35 ms for
alloys BO-1 and BO-2 at a frequency of 8.16 kHz do not
differ from the peak values of the sound signal at 7'=20 ps.
The reason for this is apparently the increased elastic modu-
lus values for these steels.
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Table 2. Average values of sound levels and sound pressure levels of experimental alloys after various types of heat treatment and at

different sound pulse integration times

Sound pressure levels, dB, in octave bands with geometric mean

nﬁlllll(l))};r Intef;i:on frequencies, Hz Type of heat treatment Souggjlfvel,
500 1000 2000 4000 8000 16000
BO-1 35 ms 62 67 63 88 112 112 normalization 111
BO-1 20 ps 76 85 97 105 121 120 normalization 125
BO-2 35 ms 56 63 68 87 112 113 normalization 112
BO-2 20 ps 77 84 97 105 120 119 normalization 125
BO-3 35 ms 70 73 75 79 98 102 normalization 109
BO-3 20 ps 76 84 96 105 119 125 normalization 125
BO-4 35 ms 56 63 64 81 110 97 quenching, low tempering 100
BO-4 20 ps 76 84 97 107 113 113 quenching, low tempering 125
16Cr4 35 ms 50 69 73 78 107 112 quenching 110
16Cr4 20 ps 77 84 97 105 121 119 quenching 125
20Cr4 35 ms 68 69 77 91 110 107 normalization 113
20Cr4 20 ps 82 86 97 107 125 121 normalization 125

While the chemical composition and type of heat treatment
had virtually no effect on peak sound and sound pressure lev-
els, changing the thickness of the sample from 5 to 4 mm
contributed to an average increase in these properties of 3 dB.

Based on the results of the experiment, it can be conclud-
ed that the sound pressure levels 35 ms after collision charac-
terize the dissipative properties of the colliding parts. The
attenuation of sound vibrations in metal materials in our
experiment over 35 ms ranges from 3.5 to 17.5 dBA at a
sound attenuation rate of 100 to 750 dB/s, respectively. The
acoustic properties were measured on a newly created setup.

Figure 2 show the average values of sound levels and
sound pressure levels in octave bands of geometric mean
frequencies of the studied steels after normalization.

140
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1000 2000 4000 8000 16000 A
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] 6Cr4 ww—20Cr4 20MnCr5 16CTVA s 50 -1 s 50 -2 enms B 0 - 3 e B 0-4

Figure 2. Average values of sound levels and sound pressure
levels of the investigated steels after normalization

As can be seen from Figure 2, the peak of the SPL is at
frequencies of 8000 and 16000 Hz (112-116 dB). The mini-
mum of the SPL is at a frequency of 250 Hz (50-54 dB).

The sound levels of the alloys studied vary between 110
and 116 dBA. The «loudest» alloys during collisions are
16Cr4 (116 dBA), 18XT (114 dBA), and 20Cr4 (113 dBA).
The BO-4 damping alloy stands out from all other alloys due
to its low sound level (100 dBA) and relatively low sound
pressure levels. The reason for the high damping properties
of the BO-4 alloy (0.13% C; 0.17% Si; 0.45% Mn; 1.5% Cr;
0.51% V, the rest being iron) after normalization is structural
damping due to the formation of large metal grains.

The above-mentioned alloys, after cementation and sub-
sequent quenching and low tempering, exhibit increased
damping properties compared to normalization. As can be
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seen in Figure 3, the maximum sound pressure levels in the
octave bands of mean geometric frequencies are also at 8000
and 16000 Hz (95-110 dB). The minimum levels are at 250-
500 Hz (50-58 dB).

120

100

sound emission, dB

500 1000 2000 4000 8000 16000 A

frequency, Hertz

o1 6Cr4 ew——20Cr4 20MnCr5 16CTV4 e B0 -] s B0 -2 e 50 -3 e 5 0-4

Figure 3. Average values of sound levels and sound pressure
levels of the investigated steels after carburizing, quenching, and
low tempering

Figure 3 clearly shows how the sound pressure levels
change after normalization, carburizing followed by quench-
ing, and low tempering. After carburizing followed by
quenching and low tempering, the sound pressure levels of
the alloys decrease by 4-8 dBA compared to normalization.

The BO-4 alloy is characterized by minimum sound lev-
els (96 dB(A)) and sound pressure levels in octave frequency
bands.

After cementation followed by quenching and low tem-
pering, the sound pressure levels of the alloys decrease by (4-
8 dBA) compared to normalization.

Figure 4 shows the microstructures of samples BO-3 and
BO-4, respectively, after thermomechanical treatment for
three cycles.

Figure 4. Microstructure of samples BO-3 (a) and BO-4 (b)
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The effect of manganese content within the range of 0.5-
1.0% on the acoustic properties of alloys is not noticeable.
Although according to data, manganese and manganese-
based alloys have high damping capacity at low and high
deformation amplitudes (¢ =7-40%), in Fe-Mn alloys -C
alloys, the damping capacity is mainly determined by the
carbon content and the influence of manganese on phase
transformations.

Manganese, dissolving in ferrite and combining with car-
bon to form carbides, increases the hardness and strength of
steel. Due to the fact that in the presence of manganese,
transformations shift to lower temperatures and eutectoid
forms at lower carbon concentrations, the structure of man-
ganese steels is less differentiated. By causing significant
supercooling and increasing the stability of austenite during
isothermal transformation and in the upper and lower mar-
tensite temperature ranges, manganese contributes to the
formation of large amounts of residual austenite and the
possibility of a-phase formation. Since manganese forms
carbides that are easily soluble in austenite, the steels under
study, even with slight overheating (900-950°C, 1 hour in the
furnace), had large and coarse grains, both in hypoeutectoid
and hypereutectoid steel. However, the formation of large
coarse grains led to an improvement in the damping capacity
of the steel.

4. Conclusions

Based on experimental studies of the acoustic properties
of alloyed steels, it has been established that sound pressure
levels during impact excitation depend mainly on the struc-
ture and thickness of the sample, while the chemical compo-
sition and type of heat treatment have less influence on peak
sound values. When measuring peak pulses with a duration
of 20 ps, the sound pressure levels for all the steels studied
are practically the same and amount to about 125 dBA,
which corresponds to the instantaneous effect of collision.

Measurements taken at an integration time of 35 ms
showed that the sound pressure values obtained characterize
the dissipative (damping) properties of the alloys. The atten-
uation of sound vibrations in metallic materials over 35 ms is
3.5-17.5 dBA at an attenuation rate of 100-750 dB/s, which
reflects the difference in the ability of alloys to absorb acous-
tic energy.

The alloy BO-4 (0.13% C; 0.17% Si; 0.45% Mn; 1.5%
Cr; 0.51% V, the rest being iron), which exhibited the lowest
sound level of 96-100 dBA after normalization and cementa-
tion followed by quenching and low tempering. The in-
creased acoustic resistance of this alloy is explained by struc-
tural damping caused by the formation of a coarse-grained
microstructure.

It has been shown that alloying steels with vanadium,
chromium, and manganese improves their elastic and damp-
ing characteristics without significantly reducing their
strength properties. It has also been established that increas-
ing the manganese content within the range of 0.5-1.0% does
not have a noticeable effect on acoustic characteristics, but
contributes to the formation of residual austenite and im-
proves viscosity.

Thus, the developed and researched vanadium-containing
low-alloy steels have an optimal combination of strength and
damping properties, which allows them to be recommended
for use in mechanical engineering in the manufacture of parts
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subject to shock and vibration loads (gears, axles, shafts,
couplings, etc.).
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XpoM BaHAIMIl MApraHeUIeH JerupJeHIeH KaHa 0aJKbITbLIFaH
00JIaTTAPABIH AKYCTHKAJBIK KACHETTEPIH 3epTTey

P.K. AGyosa'", A.B. bonnapes’, I'.A. Bypmykosa'
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Anngarna. Makanaga BaHaaud, XpOM JKOHE MapraHell 3JIEMEHTTEPIMEH JICTIpJICHIeH jKaHa OajKbIThIIFAH OOJATTapIbIH
aKyCTHKAJIBIK, JeMII(pepiK *KoHe MIpUIIiK KacHeTTEePiH KEeIIeHI 3epTTey HOTHXkKeaepi KenripiireH. XKyMbICTBIH ©3eKTimiri
OHEPKACINTIH MalllMHa )Kacay, Tay-KeH jKOHEe METaJUTyprusl *aOAbIKTapblH Maiilaiany Ke3iHAe TYbIHIAWTBIH COKKBI ITYbl MEH
JUPLT IEHTeHiH TOMCHICTY KaXKCTTUTITIHIH apTybIHA OalIaHBICThL. AKYCTUKAJIBIK XKYKTEMENICPIiH KOFaphUIaybl OOIIICKTEeP IiH
Te3 TO3YbIHA, KOHIBIPFBLUTAPIBIH CCHIMIUTITIHIH TOMECH/ICYIHE JKOHE KYMBICIIBIIAPFa KaFBIMCHI3 oCepIiepre oKele i, Oy )kaHa
MaTepHaniapasl i3/eyAl epeKile cypaHbIcKa e eTeal. 3epTrey OapbIChIHIA MIyAbl OOJABIPMAay IbIH KOJIAHBICTAFHl dIicTepi
OoifpIHIIa oneOM JepeKTepre Tajjay >KYPTi3UImi JKOHE IOCTYpJli KYPBUIBIMABIK MaTepUaliIapMeH CalbICTBIpFaHia iMiKi
nemridepi JKOFapbl KOPBITIIANAPABI TAHAaTaHyAbIH apTHIKIIBUIBIKTAPEl KOPCETLIAl. OKCHEPUMEHTTIK OOk IBIOBIC
KBICBIMBIHBIH JICHTeHiH, JKUUTIK CIIEKTPiH jkKoHEe TepOeNiCTepAiH bIAbIpay KbUIIAMABIFBIH TYCipyre MYMKIHIIK OepeTiH apHaiibl
eJIIIey >KaOIBIFBIH KOJAaHa OTHIPHII, COKKBI IIPOIIECTEPiH MOJENBACY HETI3iHAE OpbIHAANAB. XUMUSIIBIK KYpaMHBIH, (a3allbiK
KYPBUIBIMHBIH JKOHE aCThIK MOP(QOJIOTHSICHIHBIH OO0NaTTap/blH aKyCTHKaIbIK CHUIAaTTaMalapblHA dcepiHe epeKlle Hazap
aymapeuiaabl. Jlerupreyini 3JIeMEHTTEpPIiH OHTaWIbl yiteciMi TepOemicTepal THIMOIPEK COHAIPYAI KaMTamachl3 CTETIH
KYPBUIBIMHBIH KaJIbIITACybIHA BIKIAT €TETiHI aHBIKTAJIbI. AJIBIHFAH HOTH)KEJICP OHIIPICTIK IIyAbl a3aiTyFa )KOHE YKa0IbIKTHIH
OEpIKTIriH apTThIpyFa OarbITTaJFaH KaHa MaTepUaJIIap MEH KOPFaHbIC AJIEMEHTTEPIH d3ipiiey Ke3iH e naijaaaHblTybl MyMKiH.

Hezizzi co30ep: cokkbl uiybl, Oemngpepixk Kacuemmep, aKyCmMuKaIblK OHIMOUIIK, 6AHAOUTIMEH e2ipiey, MOMEH Jle2ipAeHeeH
bonammap, 0blObIC WLIZAPYOLL OICEHOCMm)Y.
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I/ICCJICHOBaHI’Ie AKYCTHYECCKHUX CBOJMCTB HOBBIX BbIILJIABJIEHHBIX
CTaHEﬁ, JErHPOBAaHHBIX XPOMOM BaHAAUEM MapraHueM

P. K. AGyosa'", A.B. bonnmapes’, I'.A. Bypmrykosa'

'Mesicoynapoonasn o6pazosamenvnasn kopnopayus, Anmamel, Kazaxcman
2Vuusepcumem nayxu u mexnonoauti MUCHUC, Mockea, Poccus

*Aemop ons koppecnonoenyuu: ryskena@mail.ru

AHHoTanus. B cTaTbhe mmpencTaBiieHb pe3yIbTaThl KOMIUIEKCHOTO UCCIIENOBAHMS aKyCTHUECKUX, AEMIUPYIOMIHUX 1 BHO-
PaLMOHHBIX CBOMCTB HOBBIX BBIIUIABICHHBIX CTANEH, JISTHPOBAaHHBIX BaHAIHEM, XPOMOM M MapraHueM. AKTYaJbHOCTb PabOTHI
00yCIIOBIIEHa BO3paCTaOIIEeil TOTPEOHOCTHIO TPOMBIIUIEHHOCTH B CHIDKEHUH YPOBHSI YAapHOTO IIyMa M BUOpaIHii, BO3HHUKa-
IOIHUX IpPH 3KCILUTyaTallu MAlIMHOCTPOUTECIIbHOT'O, TOPHOPYAHOI'0 U METAJIITYPIru4€CKOro O60pyZ[OBaHI/IH. [ToBbIIIEHHBIE aKy-
CTHYCCKHE HArpy3Kd MPHUBOIIT K YCKOPCHHOMY H3HOCY JeTajed, CHIDKCHHIO HaI&KHOCTU arperaTtoB M HEOIarompuUsTHOMY
BO3/ICHCTBUIO Ha pabOTHHMKOB, YTO JIeJIae€T IMOWCK HOBBIX MaTepualioB 0COOCHHO BOCTpeOOBaHHBIM. B xoxe mccnemoBaHus
MIPOBEAEH aHAIU3 JIUTEPATypPHBIX JAHHBIX 110 CYIIECTBYIOIIMM METOAaM HIyMOIIO/IABIEHHS U IPOAEMOHCTPUPOBAHBI IIPEUMY-
IIECTBa HCIIOJIb30BAHMS CIUIABOB C IMOBBIIIEHHBIM BHYTPEHHUM JEMI(HUPOBAHHEM IO CPaBHEHHIO C TPAJWIMOHHBIMH KOH-
CTPYKLMOHHBIMH MaTepraliaMH. DKCIIEpIMEHTAIbHAsI 9acTh BBIOJIHIACH HA OCHOBE MOJICIIMPOBAHMS YAAPHBIX IPOLECCOB C
NPUMEHEHHEM CIIeHUaIM3UPOBAHHOTO M3MEPHUTENBHOIO 000PYIOBAaHUS, MO3BOJIAIOIICTO (UKCHPOBAaTh YPOBEHH 3BYKOBOTO
JIaBJICHUS], YaCTOTHBIH CIIEKTP W CKOPOCTH 3aTyxaHus Kojebannii. Ocoboe BHIMaHNE yIEICHO BIMSHUIO XMMUYECKOTO COCTa-
Ba, (pa30BOl CTPYKTYpHI U MOPQOJIOTHH 3epHA Ha aKyCTHYECKHE XapaKTePUCTHUKH CTaleH. YCTaHOBJICHO, YTO ONTHMAIBHOE
COYETaHUE JICTHPYIOUINX AJIEMEHTOB CHOCOOCTBYET (POPMHPOBAHHUIO CTPYKTYpHI, oOecreunBaronieii 6onee 3pdexTuBHOE Ta-
nreHue koneGanuid. [loydeHHBIE pe3ynbTaThl MOTYT OBITH UCIIONB30BAaHbI IPH Pa3pabOTKe HOBBIX MATEPHANIOB M 3aIJUTHBIX
DJICMCHTOB, HAIllpaBJICHHBIX HA CHUKCHUEC ITPOU3BOJACTBECHHOI'O IIyMa U MOBBIIICHUE JTOJITOBEYHOCTH 060py;:[013aH1/m.

Knrouesvie cnosa: yoapnuviii wiym, oemngupyrowjue ceoticmea, aKycmuyeckue Xapakmepucmuxu, 1e2uposanie anaouem,
HU3KONIe2UPOBAHHbIE CINAJIU, CHUICEHUE 36YKOUSTYYEHUSL.
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