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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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NOISE RESEARCH OF TOOTH WHEEL
OF THE PINION STAND OF THE RADIAL-SHIFTING BEND
WITH MODIFIED TEETH (GEARS)

Abstract. A new combined method for manufacturing bars and tubes with a stable sub microcrystalline
structure is proposed in the article: intensive plastic deformation by the method of radial-shear rolling with a
combination of pressing. The influence of the modified teeth of the gear wheels of the radial-shear stand on the noise
and vibration of its drive is investigated. At the same time, a special methodology was developed and appropriate
research tools were used. To determine the noise level in tooth gears with modified teeth of the wheels, a special
stand was designed and manufactured. As the object of investigation, medium-speed disc type straight-toothed pairs
of medium sizes were chosen. The tests carried out on the stands were designed to find out the effect of modified
wheel teeth on noise and vibration, the variation of skew, speed and load, and the effectiveness of the effect of the
profile modification of the teeth of the wheels on noise and vibration when varying the gap between the teeth, speed
and load. The conducted experimental studies to determine the noise levels of tooth gears with modified teeth
showed that for transmissions with 7+9 degree of use of longitudinally modified teeth on one mating wheel, a signi-
ficant reduction in the load concentration and a reduction in vibration and noise of 3+5 dB, and the use of a profile
modification of the teeth along the entire height of tooth, obtained by hydro abrasive method, allowed to reduce the
noise level by 4+6 dB. If there is no load, the noise level increases with the depth of the profile modification. Under
load, as the profile modification increases, the transmission noise level first decreases, then increases.

Keywords: modified teeth, gear train, contact markings (strips), modification depth, gear tooth contact, gear-
meshing frequency.

Introduction. Rolling mills belong to the class of heavy energy-intensive aggregates, which are
manufactured on individual projects in single copies [1, 2]. Each type of mill is characterized by its design
and specific operating conditions, depending on the technology. They are low-speed, powerful crimping
mills and relatively lightly loaded high-speed training and wire mills, continuous wide-band hot and cold
rolling mills with a wide range of speeds along the stands, rolling mills for bars, pipes and etc.

Intensification of rolling production processes increases the load on heavy-loaded elements of mill
stands, gear stands, reducers, combined reducers, etc. [3-5]. The cyclic action of powers leads to the
appearance of defects in the mating elements. Gaps in gear train and bearings are one of the main reasons
for increasing vibrations and the appearance of dynamic loads, leading to the destruction of parts. The
primary task in the operation of mechanisms is the detection of incipient defects at early stage of occur-
rence using diagnostic tools.

For most mills and their stands, the impact character of the load application is typical, first of all, at
the moment when the workpiece is caught by rolls [6]. This circumstance leads to the formation of
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significant dynamic loads, which are the reason for increasing the noise level in the rolling mill and
adversely affect the durability of the equipment. The desire to increase productivity, expand the range of
products and improve its quality, and increase the profit of the enterprise is associated with the inten-
sification of the work of rolling mills. This, in turn, led to an increase in static and dynamic loads, increa-
sed wear of articulated parts and gaps, reduced longevity, the loss of production due to equipment failures
due to fatigue.

The service life of most mills is estimated in tens of years [7, 8]. Maintaining the working capacity of
rolling mills equipment is ensured by preventive maintenance, which is a well established, however,
outdated maintenance practice. It allows you to continue the operation of rolling mills, while bearing a
large cost of repairs.

Modern economic conditions lead to the need to introduce a new maintenance strategy "on the actual
state". The last 10-15 years, an exceptionally great attention is paid to the determination of the technical
state on the basis of vibration diagnostics of rolling equipment [9-13]. The advantages of using mills with
the use of control and diagnostic systems are noted: improving the quality of products, optimizing the
technological process and equipment operation, and improving the repair system oriented to the technical
condition of the units. In the works [14, 15] examples of the effective and successful application of
diagnostic systems are given.

Peculiarities of diagnosing and manifestations of the technical condition of the mechanical equipment
of metallurgical enterprises were considered in works [9-15]. The emergence of modern stationary control
systems for metallurgical equipment requires the development of new approaches to assessing the
technical condition.

In our opinion, it is possible to improve the durability of individual parts of rolling mills by impro-
ving their design, for example, gear wheels of pinion stands. It is known [16] that the general indicator of
the quality of the gear train is the nature and noise level. Reducing the noise level is one of the most
important conditions for increasing the efficiency and reliability of high-speed, heavily loaded gears.

The main task in the production of gears with limited accuracy of their manufacture and installation is
to reduce the disturbing forces in the oscillation source, i.e. reduction of its vibroactivity [17]. The use of
various modifications of the wheels teeth has made it possible to largely solve the problem of reducing
dynamic loads, contact stresses, increasing the smoothness of the gearing and reducing the noise level of
the transmission [18]. Despite the fact that these types of modifications in gears have been used for a long
time, they have not found wide application in practice in gears with increased hardness of the working
surfaces of the teeth.

In the works [19-23], based on theoretical and experimental developments, methods for modifying
wheel teeth with increased hardness of working surfaces have been created, and these methods are realized
on cylindrical gears with an involute tooth profile. For industrial recommendations of rational parameters
of wheel teeth modification, their comprehensive experimental verification on test benches and in gear
mechanisms of rolling mills is necessary. In the above studies, statistical and dynamic tests of wheels with
modified teeth for identifying the effect on their noise in the transmission were carried out at the stand.

To date, a sufficiently large number of studies have been performed for studying the level and nature
of noise in the gear trains [20-23]. The sources of noise excitation are considered and noise transmission
criteria and methods for performing air noise and vibration measurements are proposed. Frequency tables
of forced oscillations, depending on the geometric parameters of the link, are given. In the study of noise,
spectral analysis was used, and the comparison of the components of the noise spectrum with the calcu-
lated values of the forced oscillation frequencies made it possible to justify the method for identifying
noise sources.

The most dangerous dynamically are the oscillations arising at edge contacts caused by the combined
effect of manufacturing errors and the deformation of the linkage [13]. In this case, the amplitude of the
oscillations is many times higher than the amplitude of the cyclic error, and the transmission operates with
sharply increased noise.

The quantitative parameter of the source noise is its acoustic power [14]. A parameter that can be
directly measured with instruments is sound pressure. The total noise level approximately corresponds to
the value of the integral of the function of the dependence of the intensity of sound oscillations on the
frequency. However, in connection with the logarithmic law of addition of noise levels, the overall noise
intensity is mainly determined by the most intensive components.
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In the study of the relationships between the errors of gear trains and the parameters of their noise and
vibration, the last were the total, octave and one-third octave levels, or the levels obtained as a result of
spectral analysis with a constant, relatively wide bandwidth [15]. With the improvement of analog analy-
zers and the appearance of digital analyzers that make it possible to obtain spectra of signals with a high
resolution in frequency, the possibilities of special analysis have expanded substantially.

In work [10] the influence of the profile modification of the wheel teeth on the noise characteristics
of the gears was verified experimentally. It is established that the profile modification of the teeth signi-
ficantly changes the frequency spectrum of the noise of the gear train, reducing the level of the frequency
component corresponding to the tooth frequency and its second harmonic by more than 10 dB, in addition,
a certain reduction in the subharmonics of the tooth frequency was obtained.

The aim of this work was:

1. Determination of the influence of the modified wheel gears on noise and vibration, variations of a
distortion, speed and load.

2. Determination of the efficiency of the influence of profile wheels gear modification on noise and
vibration at variation of a gap between gears, speed and load.

Materials and experimental procedure. In this work, we propose a new combined method for the
production of bars and pipes with a stable sub microcrystalline structure: intense plastic deformation by
radial-displacement rolling with a combination of pressing [24].

The device for continuous pressing of rods comprises a main drive, working and gear stands, rotating
in different directions of the rolls and a press-matrix. The rolls have smooth and undulating cone-shaped
gripping and crimping portions, respectively, and calibrating cylindrical areas. In this case, the protrusions
or valleys of the rolls having the same width and, respectively, height or depth, are made along a helical
line with an angle between the tangent to the helical line and a line passing through the point of tangency
along the generatrix perpendicular to the base of the roll equal to from 45° to 60°.

The rods are pressed in the following way. The workpiece is fed into the gap between the rolls and
deformed with the protrusions and hollows of the corrugated cone-shaped sections of the rolls when the
rolls rotate in one direction. Rolls, while rotating, rotate the deformable metal forwardly and squeeze it out
through the opening of the press-matrix.

Rolling of the workpiece in the undulating cone-shaped sections of the rolls, with the rotation of the
rolls in one direction, provides progressive and rotational motion of the workpiece in the rolling direction,
efficient grinding of the structure throughout the section of the workpiece due to the development of shear
deformations and reduction in the rolling force. Effective grinding of the structure ensures the production
of high-quality products.

In the present work, the influence of the modified teeth gear of wheels of the pinion stand of radial-
displacement rolling on the noise and vibration of the drive of this mill is investigated. At the same time, a
special methodology was developed and appropriate research tools were used.

Obviously, the most reliable data on the advantages of transmissions with these or those parameters
can be identified only in the process of comparative full-scale tests of these transmissions, carried out in a
uniform manner on the same test equipment. In this case, the possible incompatibility of experimental
results will be completely ruled out, resulting in a number of cases when comparing gears with the same
parameters tested in different research organizations with different gear sizes and using different test
methods and various testing equipment.

For determination of noise level in gear trains with the modified teeth of wheels the special stand
with the loaded close circuit was developed and assembled.

The main design features of the stand are presented on figure 1.

The stand represents design from two parts: drive and assembly for teeth wheels noise testing.

Transmission system consists of sixteen step gearbox units 1, placed on the stand with a curbstone 2
and the 7,5 kW electric motor, located in a curbstone which are connected among themselves by V-belt
transmission. The drive torque from the drive through a shaft and V-belt transmission is transferred to a
driving shaft of a reducer 3.

The device for tooth wheels noise testing consists of a reducer 3, the mechanism of cogwheel testing
and the mechanism of loading 4, which are installed on the stand 5. The mechanism of wheels testing is
installed on the carriage and consists of two parts:static and mobile. The static part represents a support
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Figure 1 — General view of the stand for cogwheels noise testing

with the shaft and tested wheel, which rigidly fixed on the carriage together with a driven shaft of a
reducer 3, connected by the coupling.

The second support with the shaft and the tested wheel rigidly fixed on a table of the carriage, which
can move along cross guides by means of a screw pair and the handle. The electromagnetic powder brake
8, connected to a driven shaft with the coupling, creates load. Rotational speed of a driving shaft is
controlled by means of the photo sensor; the frequency of reintegration is controlled by means of the
electromagnetic sensor (not shown in figure 1). The torque created by a brake is evaluated according to the
results of an indicator head (tarred).

At statistical tests loading of a closed boundary was carried out as follows: the driven shaft of a
reducer 3 is disconnected with a driving shaft and rigidly fixed with the reducer body by means of the
special device (not shown in figure 1). Loading is performed by means of the lever (figure 1b) and the
screw mechanism on a dynamometer. Under the influence of the created moment cogwheels z;, z, and
shafts 6,7 try to turn, but as the driven shaft of a reducer 3 is connected with the body and the bedplate,
this turn can happen only within backlash and elastic deformation of gearing. Teeth of wheels engage to
each other and are loaded with relevant efforts. After that, the driving shaft and a driven shaft of a reducer
3 become isolated, fixed and driven shaft is disconnected with the body unloaded the lever and the lever
cleans up. The report of cogwheels work cycles is performed on a turn counter.

As the object of investigation, medium-speed disc type straight-toothed pairs of medium sizes were
chosen. When choosing the main parameters of gears for research, we proceed from the assumption that
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approximately 80% of all produced gears fit into the range of modules from 3 mm to 5 mm and diameters
not exceeding 200 mm, which corresponds to the projected gears of a radial-shear mill.

Experimental cogwheels made of 40X steel are widely used in gears of mills of various designs.
These wheels are manufactured to the 7th grade of accuracy by grinding (roughing and finishing) of all
their surfaces after hardening.

The specification of the applied wheels is shown in table 1. The tested wheels are broken up into six
groups of pair wheels. In each group, in turn, five couples of wheels with different modification of teeth.
These modifications of teeth are characterized as follows:

- tested couple of wheels A. Wheels have a standard profile of tooth;

- tested couple of wheels B. Wheels have profile modification of teeth, received in the hydro abrasive
way.

During experiments, tests periods were divided into two periods. An initial stage of break-in at the
loadings causing tension no more than 0.6 at loadings and rotating speeds allowed during work. Con-
ditions of break-in were chosen for all samples identical, considering that their hardness was HRC 45-50.
Time of break-in for each couple was one hour that represents 46000 cycles of loading at drag torque
300 N-m. and rotating speed 800 rpm.

Table 1 — The sizes of the tested straight-toothed wheels

Characteristics _ ! _ _ 2 _ _ 3 i
of toothed wheels Traction Driven Traction Driven Traction Driven
wheel wheel wheel wheel wheel wheel
Module (mm) 3 3 3,5 3,5 4,0 4,0
Number of teeth 59 59 56 56 51 51
Width of toothed ring (mm) 23 23 23 23 23 23
Material steel 40X steel 40X steel 40X steel 40X steel 40X steel 40X
Tooth hardness 45+50 45+50 45+50 45+50 45+50 45+50
Roughness of tooth surface, mkm 1,5+2,0 1,5+2,0 1,5+2,0 1,5+2,0 1,5+2,0 1,5+2,0
Accuracy of tested wheels 7-7-7B 7-7-7B 7-7-7B 7-7-7B 7-7-7B 7-7-7B

The noise measurements of the tooth gears of the transmissions were carried out in the operation
modes given in table 2.

Table 2 — Load conditions

Number of rotations of traction wheel #, r/min Load M, N-m
280 0, 200, 400, 600
400 0, 200, 400, 600
560 0, 200, 400, 600
800 0, 200, 400, 600

Removal and analysis of experimental results were conducted on a collected analog complex, shown
in figure 2.

For measurement of noise level, the set of the acoustic equipment AK-12 was used, which included:
accurate pulse noise- meter 00017 equipped with the one-inch microphone with the measuring
microphone amplifier M 102 and a measuring microphone priming cap of MK102 and RG101 of model
00 003.

The microphone is installed in all cases at the same point, in 100 mm from the point corresponding to
a gearing pole.

The noise of wheels was analyzed by means of the narrow-band analyzer SK4-26 with bandwidth 1/3
octaves during the gear work. Results of the spectral analysis were registered with the graph plotter N-306.
For monitoring of required high-speed mode of gear, the digital frequency meter of 43-33 type was used.
When required of repeated noise signals reproduction they were recorded on a DVD disk, and then it was
analyzed more precisely.
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Figure 2 — Scheme of the test stand

Results and discussion

Results of measurement of a noise range for profile-modified and unmodified cogwheels are given in
figure 3, the tooth frequency and its main subharmonics and harmonic as of the second order are also
given. As it follows from comparison of noise ranges of the unmodified and modified cogwheels,
application of profile modification, substantially reduces sound intensity level at a tooth frequency and its
harmonica of the second order (to 12 dB), also reduces sound intensity level in subharmonics of tooth
frequency (to 5 dB).

The results of the study of the influence of the parameters of the profile modification of the wheels
teeth with high hardness of the side surfaces are given below.

A series of experiments was conducted on cogwheels which have profile modification of teeth,
received in the hydro abrasive way (Tested couple B). From possible combinations of depth modification

on ahead and root for gears Z, = Z, = 57, m = 3,5 mm, was chosen a row, providing continuous increase in
depth of profile modification (table 3).
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Figure 3 — Gear noise spectrum: a — Profile-modified teeths, b — Unmodified teeths
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Table 3 — Depth parameters of profile modification teeth in tested cogwheels at the input and at the output of the gearing

Ne of the tested couples of cogwheels Depth of modification couples of teeth in gearing
1 0,004 0,012 0,016
2 0,006 0,025 0,031
3 0,008 0,050 0,058
4 0,010 0,075 0,085
5 0,012 0,100 0,112

As aresult of the conducted researches, the frequency characteristic of the noise of the gear train with
profile-modified teeth is revealed. A characteristic frequency for transmission with a total depth of
modification at the input of a pair of teeth in a mesh of 36 microns at n = 560 rpm and M = 200 N-m is
shown in figure 4. At this peripheral speed, the transmission frequency was 465 Hz. This value falls into
the limiting frequencies of the active band 500 Hz, which are 370 730 Hz. It can be seen from the graph
shown that the intensity of sound pressure significantly (by 10 18 dB) increases in the active band
corresponding to the frequency of the tooth and multiples of it (1 kHz, 2 kHz), and then decreases
significantly. Due to the logarithmic law of addition of the sound pressure intensity, total transmission
noise level is determined by the noise level at the mean geometric frequencies of the octave bands
corresponding to the tooth frequency and multiples thereof.
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Figure 4 — The frequency characteristic of the noise tooth gear with the profile modified teeth

The characteristic of the background created by the test stand (the drive, an intermediate support, the
lubrication system, a brake) in a measurement point is shown by shaped line in figure 4. Checking under
the logarithmic law of addition of sound pressure intensiveness showed that additive to the noise level of
the tested tooth gear from a background made no more than 0,5 dB, and it corresponds to average
dispersion of an experiment by results of three-five measurements in each point

For medium geometrical octave band, center frequencies of 500 Hz, 1 kHz and 2 kHz schedules of
dependence of noise level on depth of profile modification at different loadings and rotational speeds were
constructed. Curves on the figures 5—7 are made after calculation of statistical characteristics of an
experiment and smoothing of the function set in table in not equidistant points by method of the smallest
squares.

Without loading at all rotating speeds, with increase in depth of profile modification, the noise level
grows in gear. Under the loading, with increase in depth of profile modification noise level at the
beginning decreases, and then increases. The general noise decrease in examinees tooth gears at different
frequencies of octava strips at different stress and circumferential speeds, is given in table 4.
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Table 4 — The general noise decrease in tasted tooth gears

Octave band centre frequencies, Hz Number of rotations, RPM Stress, N-m Average noise decrease, dB
200 1,9
560 400 1,7
600 3,5
500
200 3,0
800 400 3,7
600 32
200 3,0
560 400 2,7
600 2.8
1000
200 3,0
800 400 2,7
600 2,8
200 32
560 400 2,6
600 2,4
2000
200 3,0
800 400 5,8
600 4,7

The average decrease in noise level due to the application of the full profile modification, received in
the hydroabrasive way in the considered gears of 7th degrees of accuracy made 3 dB, which corresponds
to decrease in intensity of noise approximately by one and a half times because of the logarithmic addition
of intensiveness of noise of different sources.

Analysis of the shape and location of the contact spot on the side surface of the wheel tooth showed
that with a small (insufficient) depth of the profile modification under the load, edge contact is clearly
pronounced on the tooth head. At the optimum depth of the profile modification and close to it, the edge
contact under load is absent; the contact patch has the correct shape.

Conclusion. Conducted researches on determination of noise levels of cogwheels with the modified
teeth showed that:

1. For gears of 7+9th extents of use on one of the interfaced wheel longwise modified teeth give a
considerable decrease in stress concentration and reduction of vibration and noise of 3+5 dB;

2. Application of profile modification teeth on all depth of tooth received in the hydroabrasive way,
allowed us to reduce noise level by 4+6 dB.

3. In the case of load absence and increase of the depth of profile modification noise level increases.

4. Under load, with increase in profile modification gear noise level decreases in the beginning, then
increases.
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TYPJIEHAIPUITEH TICTEPI BAP PAAUAJIABI )KbIJI’KbIMAJIbI OPHAKTBIH
TICTETI'EPIII KAITACTAPBIHIA TICTI JOHFAJIAKTAP ITYBIH 3EPTTEY

AnHoTanusi. Makanajga TypakThl CyOMHUKPOKPUCTAIIBI KYPBIIBIMBI Oap IIBIOBIKTap MEH KYOBIpIapabl AaibiH-
JayObIH OipJiecKeH jkaHa dfici YCHIHBUIFAH: IpecTey YiseciMi 0ap paauaiabl-KbUDKBIMAIEl WIEMICY 9IICIMEH Kap-
KBIH/IBI TUIACTHKAJIBIK Aedopmarys. Paquaabl >KbUDKbIMaJIbl OPHAKTBIH TIiCTi NOHTENEKTePiHiH IIYBIIFa KOHE OHBIH
IipinmiHiH e3repyine ocepi 3eprrenai. COHBIMEH KaTap, apHaAbI oficHaMa d3iplIeH Il KOHE THICTI 3epTTey Kypalaapsl
naiaananeIIbl. JJOHFaIakThiH TYpIICHAIPUIreH TicTepi 6ap TicTi OepinicTepaiy 11y ASHIeiiH aHbIKTay YILIiH apHailbl
CTEH/1 JK00aJaHbII, AalbIHIAABL. 3epTTey 00BEKTICI PEeTIHAEe OpTa KbULAAMIBIKTAFbl JUCKIUJICPIIH OpTallia OJIeM/ I
Ty3y TicTi xynrapbl TaHaanpl. CTEH/ITe )KYPri3iIreH ChIHAKTap Iy MEH Aipiire, KyObUTy aybITKYbIHA, JKbUIIAMIIBIK
MIeH JKYKTEMere jKoHe JOHIeNIeKTEep/iH TicTepiHiH NpoQMiIbal TYpJeHYiHIH 1y MEH Jipiire ocep €Ty THIMIUIriH
aHbIKTayFra OarbITTasnrad. TypiaeHIipuUIreH Ticrepi 6ap TicTi JOHFAIAKTap/IbIH IIYBUT ICHICHICPIH aHbIKTay OOMBIHIIIA
OTKI3UIreH SKCHEePHMEHTANIBIK 3ePTTEYJIep KOPCETKEH IeH, O1p AOHTeeKTer! JOHFaIaK OOMIIBIK TYpJIeHIIpUITeH Tic-
Tep.i maiganany aopexeci 7+9, )KyKTeMe KOHIICHTPAIMSICHIHBIH alTapIIbIKTall TOMEHACY1 KOHE AIPija MEH IIybUIIBIH
azatobl 3+5 J10 sxoHe Tic OMiKTiriHaeri tictepai npoduibai TypiaeHaipy, Tuapoabpa3uBTi 9iCiMEH aJbIHFaH Iy JIeH-
reiiin 4+6 J10 Temenneryre MyMkinaik oepai. Erep sxykreme Oosimaca, 1y JeHreii npoguiibii TypIieHIipy TepeH-
nirimen Oipre apraisl. JKykreme kesinae npoduibi TypiieHIipy Kylueiie 6bactaranna, Oepijicre my AeHreill ToMeH-
JIeiii, comaH KeiiH apTapl.

Tyiiin ce3mep: TypneHuipiarex ricrep, Ticti 6epinicrep, Tyiicne narsl, TYpICHAIPY TEPEHAIr, Tic OaliaHbICHI,
TIC YKHIJIITI.
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UCCJEJJOBAHME ITYMA 3YBYATBIX KOJIEC LIECTEPEHHOM KJIETH
PAINAJIBHO-CABUTI'OBOI'O CTAHA C MOJJU®UNIINPOBAHHBIMMU 3YBbAMU

AnHoTanus. B cTartbe npemiokeH HOBBIA COBMEIIEHHBIN CIIOCO0 M3TOTOBIICHHUS NPYTKOB U TPYO cO CTaOMIIb-
HOH CyOMHMKpOKPHCTaJUIMYECKOH CTPYKTYpOH: WHTEHCHBHAs IUIacTHYEcKas AedopMaiys METOJOM pagHaibHO-
CIIBUTOBOH IPOKATKH C COYETAaHHEM IIpeccoBaHMs. MccnenoBaHo BIMsAHUE MOIU(UIMPOBAHHBIX 3yObeB KOJIEC IIec-
TepEeHBIX KIeTel paJuallbHO-CIBHIOBOIO CTaHA Ha IIyM M BHOpauuio ero nmpusona. IIpum sTom paspaborana cre-
L[MaJIbHAasi METOAMKA U NIPUMEHEHBI COOTBETCTBYIOUINE CPEJCTBA HUCCIeN0BaHMA. I onpeeneHnsl ypoBHS IIymMa B
3yOuaThIX Mmepenavax ¢ MOIUPHUIMPOBAHHBIME 3yObsIMH KOJIEC ObUT pa3pabOTaH U U3rOTOBJICH CIICIUANIBHBINA CTCH]I.
B kauectBe 00bEKTa MCCIICAOBAHMS OBLIM BBHIOPAHBI CPEIHECKOPOCTHBIC TUCKOBOI'O THIIA MPSMO3YObIC Maphl CPe-
HHUX pa3MepoB. VcmbiTaHus, MPOBOAMBIINECS Ha CTEHJAX, UMENH LENbI0 BBIICHUTH BIMSHUE MOIU(PHUIMPOBAHHBIX
3yObeB KoOJIeC Ha IIYyM W BHOpauuio, BapbHpPOBaHMS II€PEKOCa, CKOPOCTH U HArpy3Ku U 3(Q(HEKTHBHOCTH BIIMSHUS
npoduibHONH MoanUKanuK 3yObeB KOJIEC Ha IIyM M BUOpANMWIO NPH BapbUPOBAHHM 3a30pa MEXIY 3yObSIMH, CKO-
poctu u Harpy3ku. [IpoBeneHHbIE SKCIIEPUMEHTANIBHBIE UCCIEAOBAHUS 110 ONPENEIICHNUIO YPOBHEH IIymMa 3y0uaThIx
KoJieC ¢ MOAN(HUIMPOBAHHBIMY 3yObsIMH TIOKA3aJIH, YTO JUIs Iiepesiad 7+9 CTeNeHn HCIoIb30BaHms Ha OJJHOM COTIpS-
TaeMOM KOJIECE TPOIOJIEHO MOIU(PHUIIMPOBAHHBIX 3yObeB JaeT 3HAUYMTEIBHOE CHIDKCHNE KOHLEHTPALMH HATPY3KU U
yMeHbIlIeHne BuOpauuu u myma 3+5 1b, n npumenenne npoduinpHol Moaudukanyy 3yObeB 1o Bcell BeicoTe 3y0a,
MOJY4YEHHOW Tuapoadpa3uBHBIM CIIOCOOOM, HO3BOJIMIO CHU3HUTH ypoBeHb Inmyma Ha 4+6 nb. Ilpum orcyrctBuum Ha-
TPYy3KH, C yBEIMYEHUEM TITyOHHBI IPOGMIbHON Mogudukamy ypoBeHs Iyma Bo3pactaeT. Ilox Harpyskoi, ¢ yBe-
JIMYeHneM npodmIbHON MOTU(HKAIIMK YPOBEHB IIyMa Mepeadyy BHAYAJIEe YMEHBIIACTCS, 3aTEM yBEIHINBACTCS.

KiroueBble cjioBa: MoIuQHUIUPOBaHHBIE 3yObs, 3yOdaThle INepemadd, MATHA KOHTaKTa, TIyOmHa mommupu-
Kallii, KOHTAKT 3yObeB, 3y0I[0Bas 4acToTa.
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