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SPEED DEPENDENCE OF ACOUSTIC VIBRATION PROPAGATION
FROM THE FERRITIC GRAIN SIZE IN LOW-CARBON STEEL

Purpose. It is determining the nature of the ferrite grain size influence of low-carbon alloy steel on the speed
propagation of acoustic vibrations. Methodology. The material for the research served a steel sheet of thickness
1.4 mm. Steel type H18T1 had a content of chemical elements within grade composition: 0, 12 % C, 17,5 % Cr, 1
% Mn, 1, 1 % Ni, 0, 85 % Si, 0, 9 % Ti. The specified steel belongs to the semiferritic class of the accepted classifi-
cation. The structural state of the metal for the study was obtained by cold plastic deformation by rolling at a reduc-
tion in the size range of 20-30 % and subsequent recrystallization annealing at 740 — 750 ° C. Different degrees of
cold plastic deformation was obtained by pre-selection of the initial strip thickness so that after a desired amount of
rolling reduction receives the same final thickness. The microstructure was observed under a light microscope, the
ferrite grain size was determined using a quantitative metallographic technique. The using of X-ray structural analy-
sis techniques allowed determining the level of second-order distortion of the crystal latitude of the ferrite. The
speed propagation of acoustic vibrations was measured using a special device such as an ISP-12 with a working
frequency of pulses 1.024 kHz. As the characteristic of strength used the hardness was evaluated by the Brinell’s
method. Findings. With increasing of ferrite grain size the hardness of the steel is reduced. In the case of constant
structural state of metal, reducing the size of the ferrite grains is accompanied by a natural increasing of the phase
distortion. The dependence of the speed propagation of acoustic vibrations up and down the rolling direction of the
ferrite grain size remained unchanged and reports directly proportional correlation. Originality. On the basis of
studies to determine the direct impact of the proportional nature of the ferrite grain size on the rate of propagation of
sound vibrations in the low-carbon alloy steel. The directly proportional nature of influence of ferrite grain size on
the speed propagation of acoustic vibrations in low-carbon alloy steel on the basis of the conducted researches is
defined. The paper is shown that at increasing in the size of the recrystallized ferrite grain the degree of influence
the texture from the previous cold plastic deformation by rolling increases. Practical value. The received results on
nature determination of influence of ferrite grain size on the speed propagation of acoustic vibrations can be the use-
ful by development of techniques of non-destructive testing of metal materials quality. The special value the speci-
fied technique of measurement acquires in the conditions of line production of metal constructions.

Key words: hardness index; grain size; ferrite; phase distortion; speed propagation of acoustic vibration

which is necessary for the timely adjustment of pa-
Introduction rameters of technological processes. These automated
systems in most cases based on the use of non-
destructive methods for determining the properties of
metals and alloys [6]. The numerical technique for
modeling the propagation of elastic waves in materials
received the application [12], methods for measuring
physical properties of metallic materials, which in-
clude methods of acoustic measurement [13, 14],
acoustic emission, magnetic [11], and other properties.

In modern conditions of the industry development,
the intensification of production is impossible without
the development of automated control systems of
technological processes [1, 10].

Based on this, the requirements are quite reasona-
bly increasing on the accuracy and speed evaluation of
the metallic material properties [2], or the degree de-
fectiveness during the using of the product [9], in
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The state of the question

To some of the known acoustic methods for as-
sessing the properties of metals and alloys include
the method of measuring the speed propagation of
acoustic vibration (V) [8]. These specifications
are structure-sensitive value to the internal struc-
ture of the metallic material. By the results of re-
search show the sensitivity of the speed propaga-
tion of acoustic vibration to changes in the strength
characteristics [13], the structural state of metal
[14]. On the other hand, for example, carbon steel
the same level of strength can be achieved by vary-
ing the ratio of morphology and dispersion of par-
ticles of the minor phase, the grain size of the
metal matrix, the presence of substructure [4] and
others. Based on this, rather complex overall im-
pact of structural components in multiphase alloys
magnitude to speed propagation of acoustic vibra-
tion [8] indicates the necessity for continued re-
search. Making a detailed analysis of the nature of
the expected dependency rate speed propagation of
acoustic vibration from the characteristics of the
internal structure of the metal may be useful for the
development of non-destructive testing methods,
particularly in the difficult conditions of loading
system “wheel — rail” of railway transport [7].

Purpose

It is determining the nature of the ferrite grain
size influence of low-carbon alloy steel on the
speed propagation of acoustic vibrations.

Methodology

The material for the research served a steel
sheet of thickness 1.4 mm. Steel type HI8T1 had a
content of chemical elements within grade compo-
sition: 0, 12 % C, 17, 5% Cr, 1 % Mn, 1, 1 % Ni,
0, 85 % Si, 0, 9 % Ti. The specified steel belongs
to the semiferritic class on the accepted classifica-
tion.

The specified steel belongs to the semiferritic
class on the accepted classification. The structural
state of the metal for the study was obtained by
cold plastic deformation by rolling at a reduction in
the size range of 20-30 % and subsequent recrys-
tallization annealing at 740 — 750 ° C. Different
degrees of cold plastic deformation was obtained
by pre-selection of the initial strip thickness so that
after a desired amount of rolling reduction receives

the same final thickness.

The microstructure was observed under a light
microscope, the ferrite grain size was determined
using a quantitative metallographic technique. [3].
In order to understand the mechanism of ferrite
grain size influence propagation of acoustic vibra-
tion in the metal determined the parameters of its
fine crystal structure. The using of X-ray structural
analysis techniques [5] allowed determining the
level of second-order distortion of the crystal lati-
tude of the ferrite.

The speed propagation of acoustic vibrations
was measured using a special device such as
an ISP-12 with a working frequency of pulses
1.024 kHz [8]. As the characteristic of strength
used the hardness was evaluated by the Brinell’s
method. [3].

Findings and discussion

During the cold plastic rolling deformation draft
the increasing of shrinkage accompanied by a steady
rising in the number of accumulated defects in the
crystal structure. With further annealing at the ex-
pense of recrystallization processes is the formation
of homogeneous microstructure of ferrite grain size
structure (d ), which are inversely proportional to
the degree of plastic deformation [4].

: . | }/ s

v ' B

Fig.1. The microstructure of steel HI8T1 after cold
plastic flow by the rolling and annealing at
a temperature of 750 C. Magnification is 100.

The magnitude of the grain size varied in the
range 43-65 pum. The typical microstructure of in-
vestigated steel is shown on Figure 1. Normal dis-
tribution of grains in size is a confirmation of the
completion process of building recrystallization.

With increasing ferrite grain size the steel hard-
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ness, like most of the strength characteristics
[4,15], decreases (Fig.2). The shown dependence is
well obeys the equation of Hall-Petch type relation

1
HB=HB,+kd ?, (1)

where HB, — the steel hardness at the infinitely

large ferrite grain size, k — the angular depend-
ency ratio. From the analysis of the ratio (Fig.2)
were determined constant of equation (1), which

amounted to the value HB, =8k—g2, and
mm

kz45k—g15.
mm”

tained characteristics with known parameters for
most steels shows that /B, in absolute values ap-

Comparative analysis of the ob-

proaching the shear stress of the ferrite crystal lat-
tice, whereas similar magnitude exceeds by more
than an order of magnitude [4]. Elevated values &
are likely due to different stress state of the metal.
Thus, measuring the hardness under the indenter is
formed volumetric stress state, whereas in most
studies devoted to the analysis of diagrams of the
Hall-Petch relation, the tests were carried out in the
uniaxial stress state at tensile.

B8
mm

2
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Fig.2. The dependence of the steel hardness
from the ferrite grain size

Experimental studies determined that under
certain conditions during heat treatment in the steel
structure of the specified can remain the volume

fraction of residual austenite. To assess the possi-
ble influence of austenite on the steel hardness,
determined the size of the lattice phase distortions
for ferrit (p). The comparative analysis of the
magnitude p of the steel hardness showed the ex-
istence of the directly-proportional ratio between
them (Fig.3).
n-107

7,5

6,5
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4,5

120 130 140 150 160 170

kg
mmz

Fig.3. Mutual change of size | and hardness.

HB,

Given the persistent structural state of metal
ferrite grain size reduction is accompanied by quite
natural growth of phase distortions. On this basis,
it can be assume that for investigated the structural
state of metal structure in the presence of austenitic
phase does not lead to violations of the nature of
ferrite grain size influence to the hardness and
phase distortions.

The measurement of the velocity of propaga-
tion of sound vibrations in the metal from the grain
size (Fig.4) showed the existence of influence the
texture of cold plastic deformation by rolling.
From the comparative analysis of the given corre-
lations can determine that the dependence of the
velocity of sound waves along (¥vp) and across

(Vpp) in the direction from d remained un-

changed and is accountable directly proportional to
the ratio:
V=V,+od 2)

where V, — the constant value and o — angular
dependency ratio.

The influence of texture is reflected not only on the
absolute values of the speed propagation of acous-
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tic vibrations, but also on the angular change of the
dependency ratio.

m
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Fig.4. The dependence of the speed propagation
acoustic vibrations from the grain size and the rolling
direction:m - Vvp eand ¢-Vpp

Indeed, assessing the sensitivity of the speed
propagation of acoustic vibrations in the steel prior
to the change of grain size of ferrite in angular ra-
tio V = f(d) (fig. 4), it can be determine that the
propagation of acoustic vibrations in the direction
of rolling the magnitude of the sensitivity to

AVvp

changes d (o, = ) about in 2.5 times ex-

ceeds the similar characteristic to the rolling direc-

AV ‘ .
2 ) The result is addi-
Ad

tional evidence of the impact of rolling texture on
the value V' of the tested metal. Although based on
microstructural studies the influence after rolling
recrystallization texture is difficult to define
(fig.1). This is due by formed almost homogeneous
microstructure of grain structure with no signs of
forced orientation of the grains.

Thus, only a negligible impact from parts of the
texture that is left after recrystallization, can be
determined by measuring the speed propagation of
acoustic vibrations. The analysis of experimental
results confirmed the given situation that the influ-
ence of the remnants of the texture of cold rolling
and subsequent annealing of increasing ferrite
grain size is reflected in the change V' to a greater
extent.

On the basis of numerous experimental data it

tion transversely (o, =

is known that with increasing degree of cold plastic
deformation occurs progressive increase in the
number of centers of nucleation recrystallising
grains. On this basis, it is quite clear that expecta-
tion of grain refinement of ferrite during annealing.
On the other hand, by reducing the degree of cold
plastic deformation significantly increases the like-
lihood of development of processes of polygoniza-
tion subsequent heating [4]. For this reason, after
an inadequate level of plastic deformation may
develop processes of polygonization could greatly
complicate the formation of germ recrystallising
grains.

Thus, for the investigated steel the influence of
texture from preliminary cold plastic deformation
by rolling with the growth of the grain size must be
manifested to a greater degree. As shown in the
diagram it should be considered that the smaller
degree of plastic deformation is subjected to the
metal, the larger the grain size will be obtained
after recrystalization annealing and will be more
retained by the influence of cold rolling texture.
For the purpose of determining the absence of the
influence of the rolling texture you need to use the
dependencies Vvp and Vpp from the ferrite grain

size (fig.4). Extrapolation of these dependencies in
the area of small grain size to the point of intersec-
tion (whenVvp ~ Vpp ) allows you to define the

grain size, below which it should expect from the
lack of influence of the rolling texture. The ferrite
grain size has roughly equal 30-33mkm. Thus, to
achieve almost complete absence of anisotropy
properties after recrystallization annealing before
cold-rolled is necessary to increase the degree of
cogging. In this case, the processes of recrystalliza-
tion will occur more fully and, as a consequence,
there will be a more short-grain structure. To jus-
tify the submitted proposals were used constructed
value correlation Vvp and Vpp from the steel

hardness (fig.5). Implementation of extrapolation
in areas of high hardness values just as it was done
for according to the ferrite grain size (Fig.4), the
moment when Vvp = Vpp metal hardness value
kg
mm®
hardness value deducted for experimental depend-
ence HB from grain size (fig.2),

should be at level 190-195 If apply specified

HB, &
mm
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Fig.5. The correlation of the steel hardness
and the propagation velocity of sound vibrations

(Wp -1, Vpp -2).

1 1
get d 2 ~5,8 mm 2, that actually corresponds 30-
33mkm. A similar grain size values obtained from
the analysis of dependencies which are shown on
figure 4.

Thus, in terms of the engineering industry ap-
plications of the measuring method of speed
propagation of acoustic vibrations will allow to
evaluate the degree of anisotropy of the properties
of metallic materials, without costly testing the
mechanical properties.

Originality and practical value

1. On the basis of research defined directly
proportional to the impact of ferrite grain size on
the propagation of acoustic vibrations in the low-
carbon alloy steel.

2. It is shown that at increasing in size of re-
crystallising ferrite grain, the degree of texture in-
fluence from preliminary cold plastic deformation
by rolling is grown up.

The results obtained by the determination of the
ferrite grain size influence on the speed propaga-
tion of acoustic vibrations may be useful in the
development of methods of nondestructive testing
of metallic materials. The particular value is the
specified method of measurement of gains in the
ongoing manufacture of metal structures.

Conclusions

1. Analysis of the hardness dependence of steel
from the ferrite grain size showed that the hardness

component, which determines the state of a solid
solution substantially equal to the shear stress of
the crystal lattice of the ferrite.

2. The angular dependency ratio of steel hard-
ness from the ferrite grain size is determined by the
influence of the remnants of the rolling texture af-
ter annealing recristalization.

3. Shredding ferrite grain lowers the effect tex-
tures of rolling low carbon alloy steel after recrys-
tallization annealing.
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SAJVIEZKHICTD HIBUJIKOCTI PO3ITIOBCIOIZKEHHSA
3BYKOBHUX KOJIUBAHbB BIJI PO3MIPY 3EPHA ®EPUTY
B HU3BKOBYIJVIELHEBIN CTAJII

Merta. Pobota cripsiMoBaHa Ha BU3HAUEHHS XapaKTepy BIUIMBY PO3Mipy 3e€pHa (epUTy HU3BKOBYIJIELIEBOI JIETro-
BaHO{ CTaJli Ha IIBUAKICTh PO3MOBCIO/KEHHS 3BYKOBHX KOoMMBaHb. MeToamka. Matepianom Ui AOCTiIKeHb Oyia
oOpana nucToBa cranb TOBIIKHOK 1,4 MM. Cranb Tumy X18T1 Mana BMICT XIMIYHUX €JIEMEHTIB Y MeKax Mapo4HO-
ro ckiany: 0,12 % C, 17,5 % Cr, 1 % Mn, 1,1 % Ni, 0,85 % Si, 0,9 % Ti. 3a npuifHATOI0 KIacu}iKaIliero BKa3aHa
CTaJb BIHOCHUTHCS 10 HamiBhepuTHOro kiacy. CTPYKTYpHHH CTaH MeTany AJsl AOCHIDKEHHsS OTPUMYBAIU B pe-
3yJIbTaTi XOJOAHOI IIacTHMYHOI Jedopmalii NMPOKaTKOW Ha BeIMYMHY OOTHCKyBaHHS B iHTepBaii 20-30 %
1 IIOAJIBIIIOTO peKpUCTaNi3aliifHoro Bianamy npu temneparypax 740—750 °C. Pi3Huii cTymiHb XOJOJHOI IUIACTHY-
HOi medopmamii oTpuMyBaH (3aBISKU MOMEPETHHOMY II00PY MOXiTHOI TOBIIMHH IPOKATY) TAKAM YHHOM, II00
MICJIS MMPOKATKU Ha MOTPiOHY BEIMYMHY OOTHCKYBAaHHS OTPHMATH OJHAKOBY KIHIEBY TOBIIMHY. MIKpOCTPYKTYpYy
JIOCITIZPKYBAJIHU TiJI CBITJIOBUM MIKPOCKOIIOM, PO3MIp 3epHa (hepuTy BHU3HAYAIN, BAKOPUCTOBYIOUM METOAMKHU KiJIbKi-
cHOI Metanorpadii. 3acTocyBaHHs METOJUK PEHTTCHIBCHKOTO CTPYKTYPHOT'O aHAIIi3y J03BOJIMIO BU3HAYUTH PiBEHb
BUKPHBJICHb KPUCTANIUHOI pemnTku apyroro poxy ¢epury. LIBHAKiCT pO3NOBCIOUKEHHS 3BYKOBHX KOJIMBAaHb
BUMiproBasi crneuianbHuM npuiagoM tumy [CII-12 i3 poOouoro yacToTor mpoxomkeHHs immynbciB 1,024 xIm.
B sKocTi XapakTepUCTHUKM MIIHOCTI BHKOPHCTOBYBAJIM TBEpPIICTh, SKY OLIHIOBAIM 3a MeToxoM bpinesns.
PesyasTaTn. [Ipu 30inpmeHHi po3mipy 3epHa (GepuUTy TBEPAICTh CTaJli 3HIKYEThCS. [IpuBeaeHa 3aIeXHICTh Miao-
PSAAKOBYETHCS piBHAHHIO THITy XoJa-Ilerda. 3a yMOB HE3MIHHOTO CTPYKTYPHOTO CTaHy METaIy 3MEHIICHHS PO3MIpy
3epHa (PepUTy CYNPOBOKYETHCSI 3aKOHOMIPDHUM 3POCTaHHSIM BUKPHBIIEHb NPYrOro pojy. XapakTep 3ajexHOCTI
MIBUAKOCTI PO3MOBCIOJDKEHHSI 3BYKOBHX KOJIMBaHb Y3/IOBX W YIHOIEpeK HaNpsIMKy MPOKATKH BiJ po3Mipy 3epHa
GbepuTy 3aNUIIAETBCA HE3MIHHMUM Ta  MIAMOPAOKOBYETHCS MPSIMO  MPOMOPLIHHOMY  CITiBBiZHOIICHHIO.
Haykosa HoBH3HA. Ha OCHOBI IpOBEIECHHUX JOCIIHKEHb BU3HAYCHUH MPSAMO MPOIOPIIIHHUIN XapaKTep BIUIUBY PO3-
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MATEPIAJIO3HABCTBO

Mipy 3epHa (pepuTy Ha IIBHIKICTH PO3IOBCIOKCHHS 3BYKOBHX KOJHBAaHb Y HH3BKOBYTJICIEBIN JICTOBaHIM CTali.
B poboTi mokaszaHo, 110 TpH 3pOCTaHHI PO3MIPY PEKPHCTAII30BAaHOTO 3epHa (DEPHUTY CTYIIHD BIUIUBY TEKCTYPH Bix
MOTIepEeIHBOI XOJOAHOI MTacTUdHOi Aedopmariii mpokaTkoro 30imbnryeTbes. IIpakTuyna 3HaunMicTb. OTpuMani
pe3yJbTaTh 3 BU3HAYEHHS XapakTepy BIUIMBY pO3Mipy 3epHa (epUTy Ha LIBHIKICTH PO3MOBCIOKEHHS 3BYKOBHX
KOJINBaHb MOXKYTh OYTH KOPHCHUMH IPU PO3poOIli METOUK HEPYHHIBHOTO KOHTPOIIIO SKOCTI METaJIeBUX MaTepia-
niB. Oco6MuBOrO 3HAYCHHS BKa3aHa METOJMKA BUMIpIOBaHHS HaOyBa€ B yMOBaxX IIOTOYHOTO BHTOTOBIICHHS METaie-
BUX KOHCTPYKLIii.

Kniouosi crnosa: TBepaicTh; po3Mip 3epHa; (EepHT; BUKPUBJICHHS APYroro pojy; MIBUAKICTH PO3IOBCIOIKCHHS
3BYKOBUX KOJIMBaHb
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3ABUCUMOCTb CKOPOCTH PACITPOCTPAHEHUSI
3BYKOBbIX KOJIEBAHUH OT PASMEPA 3EPHA ®EPPUTA
B HU3KOYIJVIEPOJAUCTOMU CTAJIN

Lens. Pabota HanpaBieHa Ha onpezelieHre XapakTepa BIMsSHUS pa3Mepa 3epHa Gpepputa HU3KOYTIIEPOIUCTOM JIeTH-
POBaHHOH CTaJli Ha CKOPOCTh PacIpOCTPAHCHUs 3BYKOBBIX KoyeOanuii. MeToamka. MaTepuaiaoM Ui WCCICHOBaHUN
CITyXWiIa JcToBas cranp TommuHOoW 1,4 mm. Crams tmma X18T1 mmerna comepikaHHe XHMHYECKHUX 3JIEMEHTOB
B mpenenax Mapousoro cocrasa: 0,12 % C, 17,5 % Cr, 1 % Mn, 1,1 % Ni, 0,85 % Si, 0,9% Ti. Yka3anHas crajib OTHO-
CHUTCsI K IOy (heppUTHOMY KJIaccy O NpHHATOH Kiaccupukarpy. CTPYKTYpHOE COCTOSIHUE METalIa JUI UCCIICIOBAHUS
MOMyYand B pe3yJIbTaTe XOJOMHOW IDIACTUYECKOW nedopMarmy MpPOKAaTKOW Ha BEIMYMHY OOXAaTHsS B HMHTEpBAIS
20—30 % " MOCHeqyIOmEro PeKPUCTANIN3ANMOHHOIO OTKUTa Tpu Temreparypax 740-750 °C. PaznmmuHyio creneHb
XOJIOTHOW TITACTHYECKOH Aedopmanuu notydanu (6arogapst IpeABapHTeIbHOMY HOI00pY UCXOIHOW TOJIIMHBI POKa-
Ta) TAKAM 00pa30M, YTOOHI IOCIIE TIPOKATKU HAa TPEeOyEeMYIO BETHUYNHY 00XKATHS TOJTy9danach OJJMHAKOBAs KOHCUHAs TOJI-
mMHA. MUKpPOCTPYKTYPY HCCJIENIOBAIM TI0]] CBETOBBIM MHKPOCKOIIOM, pa3Mep 3epHa (eppura Onpeensiii, UCIoib3ys
METO/IMKH KOJIMYECTBEHHON MeTasiorpaduu. [IpuMeHeHre METOIMK PEHTTEHOBCKOTO CTPYKTYPHOTO aHAITH3a ITO3BOJIUIIO
OIIPE/ICITUTH YPOBEHB HCKAKEHUI BTOPOTO poJia KPUCTALTMIECKOM perieTkn (pepputa. CKOpPOCTh PacpoCTpaHEeHHs 3BY-
KOBBIX KOJeOaHMi m3Mepsti crenuanbHpM mpudopom tuma WMCII-12 ¢ pabodeit yacToToil MpoXoXKAeHNS MMITYJIECOB
1,024 xI'n. B xagecTBe XapaKTEPUCTHKU MPOYHOCTH HCIIOIH30BAIN TBEPAOCTH, KOTOPYIO OLIEHUBAIH 10 MeToxy bpume-
nst. Pesyabrarsl. [Ipu yBenuueHun paszmepa 3epHa (eppuTta TBEpIOCTh CTalM CHIDKaercs. [IpuBeieHHas 3aBUCUMOCTD
MOUYMHSCTCS ypaBHeHUIo Trma Xowia-Ilerda. B ciydae HEM3MEHHOTO CTPYKTYPHOTO COCTOSIHHSI METaIlIa YMCHBIIICHHE
pazmepa 3epHa (eppuTa COMPOBOKIAETCS 3aAKOHOMEPHBIM POCTOM HCKKEHHI BTOPOTro poja. XapakTep 3aBUCHMOCTH
CKOpPOCTH PacIipOCTPpaHEHHsI 3BYKOBBIX KOJIeOaHHH BJIOJIb U MONIEPEK HAIpaBJIeHMs IIPOKATKK OT pa3Mepa 3epHa depputa
ocCTaeTcss HEU3MEHHBIM U TOJYHMHACTCS IPSMOIPOIIOPIIMOHATEHOMY cooTHOmeHH0. Hayunas HoBu3Ha. Ha ocHoOBe
TIPOBE/ICHHBIX MUCCIICIOBAHUI OTIPEIENICH PSIMOTIPOTIOPIMOHATBHBIN XapaKTep BIMSHUS pa3Mepa 3epHa (eppuTa Ha CKO-
POCTBH PacTIpOCTpaHEHHs 3BYKOBBIX KOJIeOaHMI B HU3KOYIJIEPOIMCTON JerMpoBaHHOW ctamm. B pabote moka3aHo, 4TO
NP YBEJIMYEHHUH pa3Mepa PEKPUCTAILIM30BAHHOTO 3epHa (heppHTa CTENeHb BIUSHUS TEKCTYPhI OT NPEAbIIYIIEH X001~
HOM TUTACTHYECKOH nedopMarmy mpokaTkoi Bo3pactaer. IlpakTudeckas 3HAYAMOCTD. [lonydeHHBIC pEe3yIbTATHI 110
OTIpE/ICNICHUIO XapaKTepa BIFSTHISA pa3Mepa 3epHa (pepprTa Ha CKOPOCTh PacHpOCTPaHEHHS 3BYKOBBIX KOJIEOaHHUIA MOTYT
OBITh MOJIE3HBIMU TIPH Pa3padOTKE METOMMK Hepa3pyILatoIero KOHTPOJIsl KauyecTBa METAUIMUECKHX MaTepuanoB. Oco-
OCHHOE 3HAUCHUE YKa3aHHAS METOJUKA H3MEPEHUS MMPUOOPETACT B YCIOBHUAX IOTOYHOTO TPOM3BOJICTBA METATLTHICCKIX
KOHCTPYKLIMH.

Knoueesvie cnosa: TBepHOCTb; pa3Mep 3epHa; PEeppUT; UCKAKEHUE BTOPOTO POJa; CKOPOCTh PACIPOCTPAHEHHS 3BYKO-
BBIX KOJI€OaHMIt
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