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Annotation

The experiments showed the effect of hardening modes on the width of hardened tracks. With an
increase in the plasma arc velocity by a factor of 4, the track width decreases by ~ 30%, and an increase
in current by a factor of 2 leads to a proportional increase in the track width. The effect of the cooling
rate on the characteristics of the hardened layer during plasma quenching is studied. It was shown that
the cooling rates at temperatures corresponding to the austenitic region (not less than 750 0C) and the
decomposition temperatures of austenite with the formation of perlite (700-500 0C) significantly exceed
not only the critical quenching rate, but also the cooling rate during volume quenching in water or oil.
As the temperature decreases and it reaches the martensitic transformation region, the cooling rate slows
down. This helps to prevent the formation of internal quenching stresses arising from the temperature
gradient. The experimental hardening of a solid-rolled railway wheel at the UDGZ-200 installation
shows that in the range of practical operating modes, the surface layer of the wheel is hardened, which
confirms the calculated conclusion about the optional supply of coolant (water) to the hardened surface
during plasma hardening. The experimental hardening of a solid-rolled railway wheel at the UDGZ-
200 unit in the range of practical operating modes provides hardening of the surface layer of the wheel,
which confirms the calculated conclusion about the optional supply of coolant (water) to the hardened
surface during plasma hardening.

Keywords: Surface hardening, solid-rolled wheel, plasma arc (jet), heating, cooling rate, UDGZ-
200 installation, experimental hardening, hardening heat treatment, hardened product, martensitic
transformation.

Introduction

The surface layers of widely used structural
materials used in various fields of production are
gradually destroyed during operation under the
influence of a natural and aggressive environment,
as well as technological load. The destruction of the
surface layer occurs due to shock-abrasive wear,
contact friction, corrosion and other technological
factors.

The problem of wear and corrosion leads
to a significant overspending of metal structural
materials used in industrial production. The
development of technology for wear and chemical
resistance of the surface of materials exposed to
aggressive environments and mechanical stress will

allow more efficient use of structural materials in
industrial production. Layers of nitrides, carbides,
carbonitrides, etc., created on the surface of metals
and alloys, have special protective properties with
respect to the action of various aggressive media
[1,2].

Another feature of the processes of wear
and fracture of the surface layer is that during wear
there is a continuous superimposition of cycles of
plastic deformation and fracture, when the next
cycle follows the ablation of wear products. Such a
dynamic nature of the process also provides for the
dynamic nature of structural changes in the surface
layer. These sharp changes in the fine structure
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and structure of the surface layer with the external
environment and the formation of wear products in
this case lead to a high concentration of stresses
with a complex pattern of their interaction in the
surface metal layer. As a result of the influence of
these factors, the fine structure and structure of the
surface layer can turn out to be completely different
in the process of wear than the initial structure and
the structure of the metal in volume [3, 4].

In this article, the task is to improve the
surface properties of structural materials on the
basis of an economical, and at the same time the
most effective method - surface plasma treatment.
The use of plasma hardening allows you to directly
process the working surface, to improve the
physical and mechanical properties and corrosion
resistance of the material. The advantages of this
method include the versatility of processing, the
cheapness of hardening technology. Moreover, the
undoubted advantage of surface plasma treatment
is the complete absence of harmful emissions into
the environment. Plasma hardening does not use
toxic substances, flammable and explosive gases,
which ensures environmental cleanliness and
processing safety.

The main effect of plasma exposure on
a material is thermal exposure. In this case, the
samples instantly heat up to a high temperature,
up to the melting and evaporation temperatures.
The exposure time is usually tens of microseconds,
which provides a high power density. After the
end of pulse heating, the surface temperature drops
sharply due to heat diffusion into the interior of
the sample. Due to thermal and shock effects, the
depth of plasma exposure can reach 200 um in the
depth of the sample.

Thus, the plasma treatment is characterized
by the simultaneous occurrence of nonequilibrium
processes of melting, diffusion, and phase
transformations in the surface layer of the material
[5, 6].

At high loads and high train speeds, the thin
surface layers of the metal heat up to temperatures
exceeding the critical points (Acl, Ac3) and
subsequent accelerated cooling may form solid,
at the same time brittle, martensite, which leads to
cracking of the surface layers of the wheel rim.

These objective data indicate that increasing
the wear resistance of the rolling surface (wheel
flange and rim) of wheel sets is an urgent problem
in railway transport. In recent years, innovative
plasma technologies have been actively used to
solve this urgent problem. The attractiveness and

prospects of plasma hardening technology are due
to the universality of its parameters, availability,
environmental  friendliness and  economic
efficiency of use. At the same time, without
changing the general chemical composition of the
material and its physical and mechanical properties
in the inner layers, such processing easily fits into
the technological process of repairing wheels,
it is not expensive, quite productive and being a
finishing operation, it can effectively increase the
operational stability and service life of locomotive
wheel sets and wagons. .

At the UDGZ-200 manual plasma hardening
unit, the effects of the cooling rate on the
characteristics of the hardened layer under various
conditions of surface plasma hardening were
studied. The use of the UDGZ-200 manual plasma
hardening unit in this work is justified by the fact
that it has certain advantages over automated
plasma hardening units, which do not require
large capital expenditures for the acquisition of
expensive mechanisms in the form of a support
for moving the plasmatron over the surface of the
machined parts, robots for manipulation during
operation, automatic machines, etc. The technology
of hardening heat treatment by hardening consists
in heating steel above e critical temperatures (Acl
or Ac3) followed by rapid cooling. As you know,
rapid cooling in the practice of traditional heat
treatment is provided by placing a heated part in
a cooling liquid (water, oil, mixtures of salts and
alkalis, etc.) or by supplying liquid to the heated
surface of the hardened product (spray cooling).
In plasma hardening, a part or plasmatron moves
along the processing surface at a speed that provides
a critical hardening rate, i.e. the minimum cooling
rate at which the high-temperature phase (austenite)
turns into martensite without decomposing into a
ferrite-cementite mixture. Depending on the speed
of movement of the part (plasmatron), the heating
can be with micro-fusion or without micro-fusion
of damage to the surface of the part. In the case of
reflow, one should not allow gross damage to the
surface of the hardened part, which, as a rule, is
accompanied by the formation of drops of molten
metal. Such non-forced cooling, which provides
quenching with heat removal to cold areas of the
hardened part without supplying coolant to the
heated surface, is widely used to increase the wear
resistance of such large and massive products as
heavy machine tool spindles, solid-rolled railway
wheels, rolling rolls, etc. [1, 11].
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Materials and methods of research

In this article, in accordance with the theory
of N. Rykalin [2,3] the cooling rate when heating
a large (massive) body is investigated, such as a
single-rolled wagon wheel, under the conditions
used in the UDGZ-200 manual plasma hardening
unit. Using the formula ® = g/ 2n A v t2, the cooling
rates were calculated at a point on the axis of motion
of a powerful point heat source 1 s after its passage
through a heat source. The power of the plasma
arc is proportional to the current strength and the
voltage drop across it. The hardening voltage is

not regulated. The remaining plasma treatment
parameters are selected in the ranges typical for
the UDGZ-200 installation. The plasma arc power
q=1U, while the voltage is constant, equal to 30 V
(U = const), the current strength varies in the range
of 50-250 A, the thermal conductivity of the steel
is constant, equal to 47 W / (m 0C), the speed of
arc movement varies in range 5-40 m / h, constant
time (t = const), equal to 1 s. The exact values of
the calculation values are presented in table 1.

Table 1 - Dependence of the cooling rate on the speed of movement of the plasma arc
(hardening rate) at various values of current

Ser. ®,°Clc at1, A
v, m/h v, m/s

No. 50 100 150 200 250
1 5 0,0014 3631.96 7263.92 10895.88 14527.85 18159.81
2 10 0,0028 1815.98 3631.96 5447.94 7263.93 9079.91
3 20 0,0055 924.21 1848.43 2772.64 3696.86 4621.07
4 30 0,0083 612.24 1224.49 1836.73 2448.99 3061.22
5 40 0,0111 457.88 915.75 1373.63 1831.50 2289.38

As can be seen from the table, the numerical
values of the cooling rate (18159.81-612.240 C/s)
for all current values from 50 to 250 A exceed the
critical quenching rate in water, which according
to [4] is ~ 5000 C/s. The exception is the cooling
rate (less than 500 °C/s) at a current of a plasma
arc of 50 A and a speed of its movement of 0.0111
m/s, which is equal, according to the calculation,
to 457.880 S/s. Thus, we can conclude that, when
high-temperature plasma-jet high-speed heating of
massive parts is heated in almost the entire selected
processing range of the part, the critical cooling
rate required for plasma quenching is ensured by
the strength of the arc current and the speed of
movement of the part. Note that medium carbon
structural steels are hardened even at significantly
lower cooling rates.

The effect of simultaneously varying the
cooling time and the thermal conductivity of steel
on the change in the cooling rate during plasma
quenching calls scientific and practical interest.

The cooling rates were calculated with the value of
the thermal conductivity of carbon structural steel
(~47 W/ (m°C) [5]. Tt is natural to assume that the
value of the cooling rate affects the final structural
state of the steel. Small values of the cooling
rate (with a longer time) correspond to a high
temperature range, in which austenite decomposes
(more than 550 °C), and cooling rates at shorter
times correspond to low temperatures, when
martensitic transformation occurs, i.e. steel has
already acquired akalennuyu martensitic structure.

The calculation was performed with the
following initial data. The thermal conductivity of
steel (~ 47 W / (m°C), current strength T (150 A)
and arc voltage U (30V) are constant, arc power q
=1U = const (4500VT), the arc travel speed is also
constant and is 20 m / h, the time from the start
of heating ranged from 2 s to 16 s.The calculation
was carried out according to the above formula,
the results are shown in table 2.

Table 2 - the dependence of the cooling rate on time

Ser.No. t, c 2 4 6

8 10 12 14 16

1 o,°Clc | 694.44 | 173.61 | 77.16

43.42 27.78 19.29 14.17 10.85

Ascanbe seen from the presented calculation
data, as the plasma arc moves away from the
considered point, the cooling rate substantially
slows down. This indicates that immediately

after the start of cooling, the temperature rapidly
decreases and there is not enough time for
austenite decomposition by the diffusion pearlite
mechanism with the formation of soft structures
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(ferrite-cementite mixture), therefore supercooled
austenite quickly reaches the region of martensitic
transformation and its decomposition occurs by
the diffusion-free martensitic mechanism with the
formation of a solid martensite structure [6, 7, 12].

In order to specify at what temperature
and, correspondingly, time, a transition is made
from the diffusion-free martensitic transformation
(rapid cooling) to the not so fast diffusion pearlite
transformation, a calculation is made for a typical
quenching mode. The time range is limited to 6 s.,

since the most significant slowdown of the cooling
rate occurs in it.

Initial data for calculation: temperature for
heating T = q / 2n A v t; coefficient of thermal
conductivity of steel (~ 47 W / (m°C), current
strength - I (150 A) and arc voltage - U (30 V), arc
power q = IU = const (4500 VT), arc movement
speed is also constant and is 20 m / h, the time
from the beginning of heating ranged from 1 s to
6 s. The calculation results are shown in table 3.

Table 3 - the dependence of the temperature on time during hardening

Ser. No. t, c 1 2

3 4 5 6

1 T, °C 2771,78 1388,89

925,93 694,44 555,56 462,96

The main results of research

According to the data in Table 3, a significant
slowdown in the cooling rate after 4 and 6 s occurs
at temperatures of 694.44 and 462.960 C, i.e. in
the interval immediately preceding the interval
of martensitic transformation of medium-carbon
steels (400-200 °C). This confirms the above
calculations, which show that during plasma
hardening, the cooling rates are high (for current
150 A and part speed 5Sm / h 10895.880C), to
prevent decomposition of supercooled austenite by
the pearlite mechanism with the formation of soft
perlite structures (ferrite cementitious mixture).
From table 3 it can be concluded that is important
for practice, that in the interval of martensitic
transformation the cooling rates decrease. This
helps prevent quenching cracks due to temperature
gradients. This method of quenching, which
consists in rapid cooling to temperatures of 400-
500°C, then delayed cooling, is used in the practice
of hardening heat treatment and is known as
quenching in two environments. First, the part is
immersed in water and after a short exposure in
water is transferred to oil. Therefore, this method
of quenching is called quenching through water
into oil.

Rapid cooling in water prevents pearlite
transformation, and subsequent delayed cooling in

oil reduces quenching stresses in the martensitic
range. As practice shows, here the most crucial
moment is exposure to water, the duration of
which is set for each particular product. Both
overexposure and underexposure can lead to
marriage. Partial or complete decomposition of
austenite occurs during underexposure in water
and underestimates hardness, while overexposure
produces strong hardening stresses that can lead
to warping and cracking. Despite these drawbacks,
quenching through water into oil is widely used in
the manufacture of carbon steel cutting tools. It is
known that carbon steels have low hardenability
and therefore a cutting tool from it cannot be
quenched in oil [8, 13, 14].

In plasma hardening, the width of the
hardened tracks in one pass of the plasmatron is
of practical importance, since it determines the
productivity of the process. Therefore, it is of
interest to predict the width of hardened tracks
according to the calculation scheme used in
this work. The width of the hardened tracks at
a temperature of 750 ° C was calculated. This
temperature is taken as the minimum temperature
necessary for complete austenization of steel, i.e.
the temperature of the hardenability of the steel
during subsequent rapid cooling.

21 =N 8q/w v cp ATI,

where 21 is the width of the heating zone up to 750 0C;
cp is the heat capacity of steel equal to 4.8 J/(cm3K);
current strength varies I = varia, equal to 100, 150 and 200 A;

arc voltage U = const (30B);

plasma arc velocity v = varia (10, 20, 30, 40 m / h);

temperature increment is constant.
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The calculation results are given in table. 4 and in fig. 4 show that in the studied range of processing
modes, the width of the hardened track varies between 13.8 and 39.1 mm.

Table 4 - Dependence of the width of the hardened (hardened) track on the current strength

during plasma hardening.

2lcem, at I, A
Ser.No. v, m/h v, CM/S 100 150 200
1 10 0,278 2.76 3.39 391
2 20 0,556 1.95 2.39 2.76
3 30 0,833 1.59 1.95 2.26
4 40 1,111 1.38 1.69 1.95

Below are the results of a study of the
surface hardening of a solid-rolled railway wheel
made of steel grade 2 according to GOST 10791-
2011. The chemical composition of grade 2 steel
for railway wheels:%, C-0.64; Mn-0.58; Si 0.34;
P-0.008; S-0.020; V-0.025; Ni-0.043.

A solid-rolled railway wheel is considered
as a semi-infinite body, considering that when
hardening single strips, heating the wheel does not
affect the quality of hardening.

To ensure the necessary speed of rotation of

the wheelset during plasma hardening, a rotation
mechanism was designed and manufactured,
equipped with a special gear motor that allows you
to change the rotation speed. A strip of the ridge
and wheel rim is subjected to plasma hardening.
The hardening zone begins at a distance of 5-8 mm
from the top of the ridge. The tracks were tempered
at different speeds and at different currents. After
quenching, the hardness was measured using a
MET-U1 portable ultrasonic hardness tester [9,
10]. The results of the study are shown in table 5.

Table 5 - Dependence of hardened track width and Rockwell hardness on current strength and

hardening rate

Hardness HRC,

Ser.No. I, A v har, m/h Track width, mm (hardness

MET-VY1)
10 9 62
1 100 25 7 61
40 6 61
10 11 60
2 150 25 9 61
40 7 59
10 15 63
3 200 25 13 63
40 10 64

The hardness of the hardened tracks is
practically independent of the current strength
and the speed of movement of the plasma arc.
This is due to the fact that the cooling rates
during plasma quenching significantly exceed the
critical quenching rate. Note that a slight increase
in hardness from 61 to 64 HRC with an increase
in current strength from 100 to 150 A cannot be
explained only from the standpoint of cooling
conditions. With a certain degree of simplification,
this can be explained by an increase in the residence
time of the heated metal in the austenitic state, and,

as a consequence, a more complete dissolution of
alloying elements in it, contributing to an increase
in the martensite hardness [15, 16, 17].

The experiments also show the effect of
hardening modes on the width of hardened tracks.
As can be seen from table 5, with an increase in the
speed of movement of the plasma arc by 4 times,
the width of the track decreases by ~ 30%, and
an increase in current strength by 2 times leads to
a proportional increase in the width of the track.
The best agreement between the calculated and
experimental values of the width of the hardened
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track was obtained at high speeds of movement of because the design scheme assumes a fast-moving

the plasma arc relative to the workpiece. This is

Discussion of the data

In the work, the calculation method in-
vestigated the effect of the cooling rate on the
characteristics of the hardened layer during plas-
ma hardening. It was shown that the cooling
rates at temperatures corresponding to the aus-
tenitic region (not less than 750 ° C) and the de-
composition temperatures of austenite with the
formation of perlite (700-500 ° C) significantly
exceed not only the critical quenching rate, but
also the cooling rate during bulk quenching in
water or oil. As the temperature decreases and it
reaches the martensitic transformation region, the
cooling rate slows down. This is of great practical
importance, as it favors the prevention of the
formation of internal quenching stresses arising

Conclusion

The results of the studies showed that the
cooling rate at temperatures corresponding to the
austenitic region (not less than 750 °C) and the
decomposition temperatures of austenite with the
formation of perlite (700-500 °C) significantly
exceed not only the critical quenching rate, but
also the cooling rate during volume quenching
in water or oil. This ensures hardening of the
workpiece without the use of concomitant cooling
at the UDGZ-200 plasma hardening unit.

As the temperature decreased and it reached
the martensitic transformation region, a slowdown
in the cooling rate was observed. This is of great
practical importance, as it favors the prevention
of the formation of internal quenching stresses
arising due to the temperature gradient. In the
technology of heat treatment of parts to obtain
such an effect, a method of quenching through
water into oil is used. In surface plasma treatment,
such a quenching method is present naturally,

heat source.

due to the temperature gradient. The experimental
hardening of a solid-rolled railway wheel at the
UDGZ-200 installation shows that in the range of
practical operating modes, the surface layer of the
wheel is hardened, which confirms the calculated
conclusion about the optional supply of coolant
(water) to the hardened surface during plasma
hardening. It is shown that the experimental
hardening of a solid-rolled railway wheel at the
UDGZ-200 unit in the range of practical operating
modes provides hardening of the surface layer
of the wheel, which confirms the calculated
conclusion about the optional supply of coolant
(water) to the hardened surface during plasma
hardening.

which makes it technologically attractive.

In turn, the experimental hardening of a
solid-rolled railway wheel at the UDGZ-200 unit
(plasma hardening unit) showed that in the range
of practical operating modes the surface layer
of the wheel is hardened, which confirms the
calculated conclusion about the optional supply
of coolant (water) to the hardened surface during
plasma hardening . This fact is of great practical
importance, since the organization of work on a
technological site without supplying water to the
hardened product and subsequent assembly is
much simpler.

The calculated and experimental values of
the width of the hardened track for surface plasma
hardening at high speeds of movement of the
plasma arc (hardening speed) are obtained, which
is explained by the calculation for the case of rapid
movement of the plasma arc (jet) relative to the
part.

References

1 Bogdanov V.M., Zaxarov S.M. Sovremennye problemy sistemy koleso-rels. Zheleznye dorogi

mira, - 2014. Nel. p. 57- 62.

2 Bogdanov V.M., Zaxarov S.M. IX Vsemirnyj kongress po skorostnomu zheleznodorozhnomu
dvizheniyu, Tokio, - 2015 // Zheleznodorozhnyj transport, 2016. Ne 4. p. 20-23.
3 Kanayev A., Nekushev S., Jusin V. Increasing the wear resistance of wheelset flange susingthe

plasma ticquenching. viii international congress machines, technologies, materials

Bulgaria, 2011. p.103-105.

2011. Varna,

4 Korotkov V.A., Ananev S.P., Shur V.V. i dr. Issledovanie vliyaniya skorosti oxlazhdeniya
na kachestvo poverxnostnogo sloya pri plazmennoj zakalke. -Nizhnij Tagil: Svarochnoe proizvodstvo,

159



C.CEMI®YAAVH ATBIHAAFBI KA3AK ATPOTEXHUKAABIK YHUBEPCUTETIHIH, FBLABIM JKAPIITBICH No4(103) 2019

2012. No 3. p.23-27.

5 Xarris U., Zaxarov S., Landgren D. I dr. Obobshhenie peredovogo opyta tyazhelovesnogo
dvizheniya: Voprosy vzaimodejstviya kolesa i relsa / perevod s angl. - M.: Intekst, 2002. - p. 416 .

6 Semechkin A.E. Zheleznodorozhnyj transport na sovremennom etape. Zadachi i puti ix
resheniya. sb. nauch. trudov oao «Vniizht» - M.: Intekst, 2008. — 288 p.

7 Nechaev V.P., Ryazancev A.A. Issledovanie, razrabotka, obosnovanie vozmozhnostej
povysheniya nadezhnosti raboty krupnomodulnyx shesteren putem plazmennogo uprochneniya ix
poverxnostej. Progresivni texnologii i sistemi mashinobuduvannya. vip.1, 2 (43), 2012. p. 227-232.

8 Petrovyx V.A., Ivanova T.V., Nalabordin D.G. Ocenka iznosa grebnej celnokatanyx koles
gruzovyx vagonov po rezultatam dorozhnogo eksperimenta. Vagony i vagonnoe xozyajstvo. - M .: RPK
«Rrast», 2015. Ne 2. p. 45-47.

9 Goldshtejn M.1., litvinov V.S., Bronfin B.M. Metallofizika vysokoprochnyx splavov. - M.:
Metallurgiya, 1995. 312 p.

10 Tuftyaev A.S., Mordynskij V.B., Zhelobcev E.A. Ocenka iznosostojkosti vysokouglerodistyx
stalej v usloviyax suxogo treniya i abrazivnogo iznashivaniya. -M.: Stal, 2015. Ne 10. p.55-60.

11 Rykalin N.N., Nikolaev A.V., Kulagin [.D. Teplovoj potok v telo, vzaimodejstvuyushhee s
plazmennoj struej / tvt, 1965. Ne 6. p.25-27.

12 Rykalin N.N. Raschety teplovyx processov pri svarke. — M.: Mashgiz, 1951, 296 p.

13 Filinov S.A., Firger I.V. Spravochnik termista. - M.: Mashinostroenie, 1969, 320 p.

14 X. Kuxling. Spravochnik po fizike. - M.: Mir, 1982, 520 p.

15 Laxtin yu.m. metallovedenie i termicheskaya obrabotka metallov. - m.: Metallurgiya, 1984,

360 p.
16 Materialovedenie B.N. Arzamasova, - M.: Mashinostroenie, 1986, 384 p.
17 Novikov LI. Teoriya termicheskoj obrabotki metallov. - M.: Metallurgiya, 1986, 480 p.

ILJIA3MAJIBIK BEPIKTEH/IIPY KE3IHJEIT TYTAC WIEMJIEHTEH JOHFAJIAKTBIH
BEPIKTEHJIPIITEH KABATBIHBIH CUTTATTAMACBIHA CAJIKBIHJIATY
'KbLIJJAM/IbIF bIHBIH OCEPIH 3EPTTEY

Capcembaesa T.E.', phD ooxmopanmoi

bozomonos A.B.%, m.z2.x.

Kanaes A.T.", m.2.0., npogpeccop

Tononsnckuii IT.A.3, m,2.x., doyenm

IC. Ceughynnun amvinoazvl Kazax azpomexnuxanviy ynueepcumemi, XXenic oana. 62
K. Hyp-Cynman, 010011, Kazaxcman, tolkyn_adil@mail.ru

’C.Topaiievipos amvindazel memaexemmix Ilaenooap ynusepcumemi, k. Jlomosa 64
g.llasrnooap, 140000, Kazaxcman, bogomolov71(@mail.ru

SHanxmot [lemp amoinoazer Canxkm-Ilemepbype

noaumexHuxanvlx ynusepcumemi, lorumexnuueckas k., 29

Canxm-Ilemepoype k.,195251, Peceil, topoljansky@mail.ru

Tyiiin

Toxipubenep HoTHXKeciHAE OEPIKTEHAIPY PEKUMIEPiHIH OepiKTEHIIPIAreH KOJIAapAblH CHiHE
ocepin kepcerTi. [lma3manbIKk AoFa KbUIJAMIBIFBIHBIH 4 (akTopra apTybIMeH >KOIAbIH eHi ~ 30%
TOMEH/ICH/II, all TOKTBIH 2 ece apTybl JKOJ EHiHIH MpOoNopUUOHANbl ecyiHe okeneai. CankbiHIATY
KBUTTAM/IBIFBIHBIH TIa3MalIbIK OCpIKTeHAIpY Ke3iHIeri KaTalTbUIFaH KadaT cumarramaiapbiHa ocepi
3epTTeNreH. AYCTEHHTTIK alMakKka COHKeC KeJNeTiH TemIepaTrypaja CaJKbIHAATY IKbUIJaMIbIFbI
(7500C-Tan keM eMec) yKoHE NEPIUTTIH Maia O0MybIMEH ayCTeHUTTIH bIABIpay Temrepatypach (700-
5000C) KpUTHKAIIBIK TOKTAY >KbIJIIaMIBIFBIHAH FaHa €EMeC, COHBIMEH Oipre cya Hemece Maiiaa KeJeMIi
COHJIIPY Ke3iH/Ie CATKbIHAATY KbUIIaMABIFBIHAH JIa aCBII TYCETiHI KopceTinren. Temmneparypa TeMeHerl,
OJ1 MapTEHCHUTTIK TpaHchopMarms aiiMarbiHa KETKeHIE CAIKBIHAATY JKbIIIAMABIFEI Oasynaiinel. by
TeMIIepaTypaiblK TPaJAUCHTTEH TYBIHIAWTHIH iIIKi KaHy KepHEYJepiHiH alJlblH alyFa KOMEKTeCei.

160



BECTHMK HAYKV KA3AXCKOI'O ATPOTEXHUYECKOT'O YHVIBEPCUTETA IMEHI C.CEV®Y AAVHA No4(103) 2019

YJI'3-200 KOHIBIPFBICBIHIAFBI KATThl JOMalaK TEMIPXKOJ JIOHFAJaFbIHBIH TKIPUOETIK OepiKTeHyl
MPAaKTUKANBIK KYMBIC PEKUMJIEPIHIH ayKbIMBbIHAA JOHFaJaKTbIH O€TKi KalOaThbl KaTaWThUIFaHBIH
KepceTei, Oyl TuIa3MaliblK OSpIKTCHIIpY Ke3iHAe KaTaUThuFaH OCTKE CAJKBIHIAATKBIIITHIH (CYIIBIH)
KOCBIMIIIA Oepiflyl Typalibl €CenTiK KOPBITHIHIBIHEI pacTaiiipl. [1na3ManbiK MIBIHBIKTBIpYFa apHalFaH
Y AI'3-200 KypbIIFBICHIHA )KYPTi31UITeH KCIIEPUMEHT KOPCETKEHICH, TyTacTail HIeMICHICH TEeMipKOJ
JOHFaJIaKTapbIHBIH )KYMBIC OeTTepiH OepiKTeHIipyle KONJaHbUIAThIH KECTEICPAiH MPaKTHKAIBIK UH-
TepBabIHA TMJIa3MajblK IIBIHBIKTHIPY YIIiH ©HJAENETIH CHIPTKBI OCTTI Cy HeMece CYAIH epTiHAiCiH
KOJIJaHy apKbUIBI KYPri3y (ecenTeyiep pacTaraHaai) MiHACTTI €MEeCTIriH JoNIeNIen pacTaiIbl.

Kinmmix ce30ep: BeTTiK IWIBIHBIKTBIPY, TYTacTail WIEMICHICH AOHFANaK, IUIa3MaliblK JIOFa
(>kanbIH), KBI3IBIPY, CANKBIHAATY KbULAaMAbFbl, Y AI'3-200 KypbUIFBICH, TOKIPHOENTIK MIBIHBIKTHIPY,
OepiKTCHIIPETIH TEPMISUTBIK OHJICY, LIBIHBIKTBIPBUIFaH OYHBIM, MApTCHCUTKE aybICy.

HCCJIEJOBAHUE BJIUSIHUSI CKOPOCTHU OXJIAKIEHUS
HA XAPAKTEPUCTUKHU KOJIECA YIIPOYUHEHHOTI' O CJIOS
IPU TUIASMEHHOM 3AKAJIKE

Capcembaesa T.E.!, dokmopanm phD

bocomonos A.B.%, k.m.u.

Kanaes A.T ., 0.m.n., npogpeccop

Tononsnckuii I1.A., k.m.n., doyenm

'Kasaxckuii azpomexnuyeckuil ynueepcumem um. C.Cetighynnuna, npocnexm Xenic, 62
e.Hyp-Cynman, 010011, Kazaxcman, tolkyn_adil@mail.ru

2 [Masnooapckuit ynusepcumem um.C. Topaiieviposa, yauya Jlomosa 64
e llasnooap, 140000, Kazaxcman, bogomolov7 1 @mail.ru
SCanxm-Ilemepbypeckuil noaumexHuueckuil

yrugepcumem um. Illempa Benuxoeo, ya.[lonumexnuueckas, 29,
e.Canxm-Ilemepoype, 195251, Poccus, topoljansky@mail.ru

Pesrome

OKCIEpUMEHTBI TIOKa3bIBAIOT BIMSHUE PEKUMOB 3aKaJKW HA MIMPUHY 3aKaJleHHBIX JIOPOXKEK.
[Ipu yBenu4yeHun CKOPOCTH NEepEMELICHUS IIIa3MEHHON TyTH B 4 pa3a MUpHUHA JOPOKKH YMEHBIIAETCS
Ha ~30 %, a yBeln4YeHHe CUIIbI TOKA B 2 pa3za MPUBOAMT K MPOMOPIMOHATIBHOMY YBEINYCHUIO ITUPUHBI
JOpOXKKH. MccneoBaHo BIMSTHHE CKOPOCTH OXJIAKICHHUS HA XapaKTePUCTUKU YIPOYHEHHOTO CIIOS TIPU
IUTa3MeHHOH 3akainke. [lokazaHo, YTO CKOPOCTH OXJIaKACHUS MPH TEMIIepaTypax, COOTBETCTBYIOLIHX
aycTeHuTHOI oOnactu (He MeHee 750 °C) u TemmepaTyp pacrnajia aycTeHuTa ¢ 00pa30BaHUEM IMEPIIUTA
(700-500 °C) cymiecTBEHHO MPEBOCXO/IAT HE TOJBKO KPUTHYECKYIO CKOPOCTh 3aKAJIKU, HO U CKOPOCTH
OXJIQXKJICHHS IPH 00BEMHOM 3aKalike B BOLY MJIM Maciio. [1o Mepe CHUKEeHUs TeMIIepaTyphl U TOCTHKE-
HUS €10 00J1aCTH MapTEHCUTHOTO MPEBPAILICHHS CKOPOCTh OXJIAXKICHHUS 3aMeISIeTCS. DTO OJIaronpusT-
CTBYET MpeIyNpeKACHUIO 00pa30BaHusl BHYTPEHHHUX 3aKaJIOYHBIX HANPSDKCHUH, BOSHUKAIOIMIMX H3-32
rpajiveHTa TeMreparyp. JKCIiepuMeHTalIbHAsI 3aKaJKa IeJIbHOKATaHOTO KeJIe3HOJOPOKHOTO KoJieca Ha
ycraHoBke Y JII'3-200 nokasbIBaeT, 4To B AMaa3oHe MPaKTHYECKUX PEKUMOB pabOTHI 00eceunBacT-
s 3aKaJIKa MOBEPXHOCTHOTO CJIOsl KOJIeca, YTO MOATBEPKIACT pacyeTHBIH BBIBOJ O HEOOsS3aTeNbHON
noJlaue OXJIaXAAI0MIeH KUIKOCTH (BOJbI) HAa 3aKaJMBAaEMYIO TIOBEPXHOCTh MPH TJIA3MEHHOM 3aKaJIKe.
[TokazaHo, 4TO SKCIIEpUMEHTAIbHAS 3aKajlKa IeTbHOKATAHOTO JKEJIE3HOIOPOKHOTO KOJieca Ha YCTaHOB-
ke YJI'3-200 B muamazoHe MpakTHYECKUX PEKUMOB PabOTHI 00ECTICUNBACT 3aKaKy MTOBEPXHOCTHOT'O
CJIOsI KOJIeca, UTO MOATBEP)KIACT PACUETHBIM BEIBOA O HEOOS3aTeIbHOM MoJaue oXIaKaalonen sKuaKo-
cTH (BOABI) Ha 3aKaJMBaEMYIO IOBEPXHOCTDH MPH IJIA3MEHHON 3aKaJKe.

Knioueswie cnoga: I10BepXHOCTHOE YNPOYHEHHUE, LIEILHOKATAaHOE KOJECO, IIa3MEHHas CTPYH,
HarpeBaHue, CKOPOCTh oXJaxkaeHus, yctanoBka Y /I'3-200, mpakTuueckas 3akajka, TepMUyecKas 00-
paboTKa, 3aKaleHHas1 AeTallb, MAPTEHCUTHOE MPEBpaIlCHHE.
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