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INFLUENCE OF SELF-TEMPERING TEMPERATURE ON STRENGTH
OF RAILWAY WHEEL DISK AFTER ACCELERATED COOLING

Purpose. The paper aims at estimation of resource of strength increase for railway wheel disk. Methodology.
The material for research was carbon steel of railway wheel containing 0.57%C, 0.65%Si, 0.45%Mn, 0.0029%S,

0,014%P, 0,11%Cr. A railway wheel was heated to the temperatures above AC3 and was held at this temperature
until the completion of austenite homogenization processes and then the disk was cooled at a growing rate to a cer-

tain temperature. A temperature interval of completion of the speed-up wheel disk cooling was 200-450 " C. Struc-
ture was studied with the use of research methods under electronic and light microscopes. After accelerated cooling
the estimation of metal structure imperfection degree was carried out with the use of X-ray structural analysis

method. The stress and yielding limit of carbon steel were determined at tension, at a speed of deformation 10757,

The microhardness of steel structural components was estimated using the microhardness tester of PMT-3 type.
Findings. The properties complex of railway wheel carbon steel depending on the temperature of the accelerated
cooling termination is determined by the correlation of soften and work-hardening processes development. The ef-
fect of work-hardening is based on blocking of mobile dislocations due to a precipitation carbon atoms and disper-
sion work-hardening from the formed particles of carbidic phase. At the temperatures of the accelerated cooling

termination of carbon steel higher than 300-350 ° C the decrease rate of strength properties is determined by the ex-
ceeding of total soften effect from disintegration of solid solution, acceleration of spheroidithation and coalescence
of cementite particles above the dislocations blocking by the carbon atoms and dispersion work-hardening.
Originality. Authors proved that the strength level of the railway wheel carbon steel from the temperature of accel-
erated cooling completion is determined by the influence ratio of the solid solution satiety degree and dispersion
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For the of accelerated termination

200-300° C a decrease of solid solution satiety degree is a basic factor, which determines the level of the strength
characteristic. Practical value. When making the whole-rolled railway wheel one can increase the strength limit of
disk metal using the accelerated cooling to the middle interval of temperatures, which was successfully proven by

work-hardening from a carbidic phase. temperatures cooling

authors.

Keywords: dislocations; self-tempering temperature; accelerated cooling; railway wheel disk

Introduction

A complex form of railway wheel elements
crossing and their large thickness have for a long
time restrained the application of thermal harden-
ing in order to achieve the high strength state in
them. In operation of the railway wheel the disk
undergoes complicated total loads. On this basis
the development of proposals to improve the
strength characteristics of railway wheel disk is an
important scientific and technical task.

As compared to the other wheel elements the
disk has the smallest thickness. Taking into ac-
count sufficiently high stability of austenitic phase
in the carbon steel of railway wheel [11] one can
hope to achieve the cooling rates close to the criti-
cal value during the accelerated cooling in metal
volumes near the surface of the main heat removal.

State of the problem. During the thermal hard-
ening of the disk for solid railway wheels forma-
tion of the structure gradient from the heat removal
surface is accompanied by some change in com-
plex of properties [1, 5]. Investigations of struc-
tural transformations using the technology of inter-
rupted accelerated cooling determined that a sig-
nificant influence in the achievement of properties
level is caused by the development self-tempering
processes [6, 7]. Taking into account the continu-
ous nature of the cooling change rate in different
layers of the wheel disc metal depending on their
distance from the surface of intense heat removal,
the structural condition of the metal should meet
the tempering at a certain temperature [4].

Thus, during the interrupted accelerated cooling
when the structure gradient on the disk cross sec-
tion is determined solely by the temperature of
cooling termination [2.10], the further metal tem-
pering due to the heating from the internal volumes
heat is accompanied by the complex structural
changes in the internal structure [4-6]. On this ba-
sis, further study of structural changes in the self-
tempering process after the accelerated cooling to a
certain temperature of cooling termination presents
certain practical interest.

Purpose

The article aims to define the strength increase
resource of the railway wheel disk.

Methodology

The material for research was carbon steel of
railway wheel containing 0.57%C, 0.65%Si,
0.45%Mn, 0.0029%S, 0,014%P, 0,11%Cr. A rail-
way wheel was heated to the temperatures above
Acy and was held at this temperature until the

completion of austenite homogenization processes
and then the disk was cooled at a growing rate to a
certain temperature. A temperature interval of
completion of the speed-up wheel disk cooling was

200-450 C. Structure was studied with the use of
research methods under electronic and light micro-
scopes [2]. After accelerated cooling the estimation
of metal structure imperfection degree was carried
out with the use of X-ray structural analysis
method. The stress and yielding limit of carbon

steel were determined at tension, at a speed of de-

formation 107s™'. The microhardness of steel

structural components was estimated using the mi-
crohardness tester of PMT-3 type.

Findings

Research of the internal structure of heat hard-
ened carbon steel from wheel disc confirmed quali-
tative correspondence with known experimental
data [1, 4]. Metal structure near the surface of the
railway wheel disk after rapid cooling to a certain
temperature (the temperature of accelerated cool-
ing termination) is to a great degree similar to the
structure consisting of martensite tempering prod-
ucts at this temperature [8-10].

The Figure 1 shows the structure of carbon
steel samples after accelerated cooling to the tem-
perature 200 C. Analysis of the internal structure
shows that one can observe the signs of rail mart-
ensite after cold tempering (Figure 1) in the metal
volumes near the surface of the main heat removal
when the temperature of accelerated cooling termi-
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nation is about 200 C. Similar to the martensite
after tempering from the separate heating at the
same temperature, thickness of the formed marten-
site rails was approximately in the range of 0.1 to
0.8 microns. On the edges of the separate rails and
their stacks there are the fine carbide phase parti-
cles with dimensions of approximately 0.03-0.04
microns. As compared to the bright-field micro-
structure images, when because of the low disloca-
tion density and specific contrast it is quite difficult
to classify the carbide phase, one used the image
analysis in a dark field. The images in the dark
field, in the cementite reflexes the particles are suf-
ficiently clear. In addition, it was possible to watch
the separation of dispersed carbide particles on the
dislocation lines in the middle of certain martensite
rails and line form, with random orientation
(Fig. 1).

Formation of the carbide phase is due to the
development self-tempering process during the
accelerated cooling.

:,“F'r - r(w
g

Fig. 1. The steel structure after accelerated cooling
to 200° C. Magnification is 18 000

With further increase of the distance from cool-
ing surface, the metal after structures forming ac-
cording to the sliding or intermediate mechanisms
undergoes the tempering at higher temperatures.
The above mentioned influence on the processes of
structure formation is similar in nature to the in-
crease of temperature of the accelerated cooling
termination.

Fig. 2. The steel structure after accelerated cooling to
400° C. Magnification is 18 000

The temperature increase of accelerated cooling

termination to 400 ° C is accompanied by the fully
expected qualitative changes in the internal struc-
ture of metal (Fig. 2). In the carbon steel structure
there are signs of initial stages of the processes
similar to polygonization. They include the forma-
tion of focuses from the interwoven dislocations
and the existence of the certain amount of broken
contours from the dislocation groups. The simulta-
neous presence of cementite globules in the middle
of microvolumes of metal with low dislocations
density proves not only development, but also ter-
mination of polygonization during self-tempering
of carbon steel after accelerated cooling. As a re-
sult of these processes the structure similar to the
modulated one is forming. Some dislocation pits
with certain dislocation density in the middle are
separated by sufficiently broad walls of disloca-
tions.

The formed dislocation cell structure in form is
approaching the polyhedron. The middle part of
the dislocation cells is foremost cleared of un-
bound dislocations. At the same time, there is a
significant amount of cementite globules in the
structure. Their size is significantly greater in
comparison with the self-tempering temperature
200 C (Fig. 1). Moreover, in the heat process from
the recessed metal layers after termination of ac-

celerated cooling to 400 ° C, it takes place a further
carbon depletion of solid solution, increase of the
average size of carbide particles and recombination
of dislocations that reduces their density (Fig. 2).

Thus, after accelerated cooling termination, the
higher distance from the surface of main heat re-
moval the higher temperature of the metal self-
tempering.
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In metal volumes, which are close to the middle
of the wheel disc the microstructure is formed by
force according to the diffusion mechanism.

Analysis of the internal structure of rapidly
cooled metal shows that the structure consists of
fine differentiated perlite with small amounts of
structurally free ferrite spaced on the edges of per-
litic colony.

The thickness of the cementite perlite plates is
0.02-0.04 microns and the layers of ferrite to 0.15
microns. Detailed studies revealed that the struc-
turally free ferrite grains in turn consist of sub
grains, the size of which varies in the range 1.5-3.5
microns. The metal volumes in the middle of sub
grains have high density of interlocked dislocations
and focuses with needlelike ferrite form. The exis-
tence of these structural components can be con-
sidered as the evidence of defined heterogeneity of
cooling rate distribution over the disk cross section
or it is connected to liquation of chemical elements
in steel microvolumes [12].

Based on the results of the known studies [1, 2,
13], given structural state of carbon steel near the
surface of the main heat removal consists of struc-
tural components that were formed as a result of
martensite-bainitic  transformation with  self-

tempering at temperatures of 200-300° C. The steel
strength level with the above mentioned structures
can vary in the range 1300-1200 MPa depending
on the chemical elements concentration within the
grade constitution.

Taking into account the continuous nature of
the increase in temperature of accelerated cooling
termination of metal layers depending on their dis-
tance from the surface of forced cooling, the
strength level of carbon steel under study will cer-
tainly decrease. Herewith the metal structure in the
above mentioned layers will consist of different
correlation between the focuses of martensite-
bainitic structures after self-tempering near the disc
surface to ferrite-perlitic structures with different
morphology of phase components in the middle.

Given that the strength of carbon steel with
martensite structure is primarily determined by the
degree of solid solution supersaturation, increase
of self-tempering temperature will be accompanied
by quite natural development of the processes of its
decay. At the same time, as it was described above,
the places of disengagement of carbon atoms from
the solid solution on dislocations further become
globules of carbide phase.

Thus, the development of self-tempering proc-
ess from the temperature of the forced cooling ter-
mination actually determines the correlation be-
tween the two processes of steel strengthening:
from the supersaturation of solid solution and dis-
persion strengthening from the carbide phase parti-
cles. On this basis, it is necessary to assess the cor-
relation of these influencing factors depending on
the self-tempering temperature on the strength
characteristics of railway wheel carbon steel.

Analysis of ferrite component microhardness
shows that in the process of accelerated cooling
and holding at the temperatures forced cooling

termination, starting from 200 ° C one can observe
the continuous decrease of the carbon atoms con-
centration in the solid solution (Fig. 3).

At this, development of the steel softening
processes with temperature increase of accelerated
cooling termination is to a great extent caused by
kinetics of carbon atoms redistribution between the
crystal structure defects and the places in the crys-
talline lattice, defining its tetragonality. One can
assess the change in degree of solid solution super-
saturation by carbon atoms using the values of fer-
rite micro hardness (H, ). According to angular

coefficient of dependence H, = f(¢), where tis

the temperature of accelerated cooling termination

for the temperature range 200-300° C, reduction in
degree of solid solution carbon supersaturation is
caused by high density of defects in the crystal
structure and, firat of all, in the dislocations. One
can certainly assume that starting from the tem-

perature 350° C almost complete depletion of re-
source of disengagement of carbon atoms on dislo-
cations is achieved. Confirmation of this statement
is a slowdown in the decrease of H, value in the

temperature range 350-400° C (Fig. 3) and a very
small reduction in the width of the X-ray interfer-
ence (110) (Fig. 4). Then, starting from the 350-

400° C temperature we can observe a progressive
decrease in the ferrite hardness.
As compared to lower temperature of acceler-

ated cooling termination (200-300° C), the nature

of metal softening is caused by the qualitatively
different processes of structural transformations.
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Fig. 3. Dependence of ferrite microhardness
on the self-tempering temperature of the carbon steel
after accelerated cooling
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Fig. 4. Dependence of expansion of x-ray photography
interference (110) of ferrite on the carbon steel
after accelerated cooling

Indeed, as show the works [2, 3, 9], starting

from the tempering temperature 350°C carbon
steels after martensite quenching already have
a certain amount of fine particles of carbide phase.
On this basis, the carbon depletion of solid solution
will take place due to direct diffusion of carbon
atoms from solid solution for carbide particles.
This is to a great extent confirmed by the rapid
decline in the expansion of X-ray interference
(110) (Fig. 4). The correlation between these proc-
esses of structural transformations in rapidly
cooled carbon steel is determined solely by the
temperature of forced cooling termination and is
confirmed by the strength change (Fig. 5).

The dependence nature analysis of the stress
and yielding limits confirms the complex nature of
structural transformations depending on the tem-
perature of metal accelerated cooling termination.
We can observe corresponding decrease in strength

characteristics for the temperatures 200-300° C,
due to reducing in degree of solid solution super-
saturation.

Almost equidistant run of dependency curves
for o, and o, (Fig. 5) shows that the main influ-

encing factor is the supersaturation degree of solid
solution by carbon atoms in the process of acceler-
ated cooling and the strengthening from the the
development of strain hardening has much lesser
influence. This is caused by the fact that the devel-
opment of strain hardening processes is greatly
exaggerated by the effect of metal softening due to
the carbon depletion of solid solution (Fig.3, 4).

On the other hand, the process of carbon atoms
release from the solid solution has dual effect on
the strength properties of metal. Thus, the disen-
gagement of carbon atoms from the octahedral
sites of ferrite crystal lattice on the dislocations
will further promote their strengthening [3, 9, 14].
According to the nature of influence on the hard-
ness this process relates to the strengthening.

Reducing the carbon concentration in ferrite
contributes to the appearance of additional quanti-
ties of cementite dispersed particles (Fig. 2). This
should improve the strength properties due to the
processes of dispersion strengthening.
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Fig. 5. Dependence of strength stress (¢) and yield
limits (m) on the self-tempering temperature
of carbon steel after accelerated cooling
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At the slight increase in tempering temperature
or holding time under isothermal conditions, the
development of carbide phase spheroidization
process has the opposite effect. During formation
of the more equilibrium cementite globules their
number decreases. At the same time, the transition
of carbon atoms from the solid solution to the car-
bide particles is accompanied by a decrease of in-
ternal pressures. This is proved by the increase in
reflexes contrast on microdiffraction photos [2, 9]
and reduction in expansion of X-ray interferences
of the ferrite (Fig. 4).

When the tempering temperature increases to

400° C the structural studies revealed early signs of
dislocations redistribution and slight decrease in
their density, which is associated with this (Fig. 2).
Participatory development of these processes ex-
plains the permanent effect of carbon steel soften-
ing during increase of the termination of acceler-
ated cooling temperature for carbon steel in the
range 200-450 ° C (Fig. 5).

According to the obtained results the complex
nature of the influence of carbon steel structural
transformations, depending on the temperature
range of forced cooling termination was deter-
mined. The total effect of metal softening from the
reducing in degree of solid solution supersaturation
by carbon atoms, reducing the dislocation density
and cementite particle coalescence exceeds the
strengthening effect from the presence in the struc-
ture of fine carbide particles. At low temperatures

(300° C) of cooling termination, the main source of
steel strengthening are the processes solid solution
supersaturation by carbon atoms. The increase in
temperature of accelerated cooling termination is
accompanied by the indispensible increase in self-
tempering effect from the metal volumes that are
buried from the surface of cooling. The level of
strength properties of carbon steel is determined by
the compliant influence from the development of
processes of dislocations interaction with the car-
bon atoms at the decay of solid solution and dis-
persion strengthening from the formation of addi-
tional particles of cementite.

Analysis of the dependence of carbon steel
strength properties (Fig. 5) showed that in the
manufacturing process of all-rolled railway wheels
in order to improve the spalling resistance the disk
can be subjected to accelerated cooling to the tem-

peratures 300-350° C without significant metal
embrittlement.

Originality and practical value

1.The level of strength characteristics of
railway wheel carbon steel from the temperature of
the forced cooling termination is defined by the
influence correlation from the solid solution
supersaturation and dispersion strengthening of
carbide phase.

2.For the temperatures of accelerated cooling

termination 200-300° C the reduction in degree of
solid solution supersaturation is the key factor in
determining the strength characteristics level.

During manufacture of all-rolled railway wheel
one can increase the strength limit of the metal
disk by the accelerated cooling to the medium
temperature range.

Conclusions

1. Under conditions of carbon steel accelerated
cooling the processes of mobile dislocations
blocking due to the carbon atoms release and the
dispersion strengthening from the formed particles
of carbide phase are the sources of strengthening.

2. At the temperatures of forced cooling termi-

nation above 300-350° C the rate of decrease in
strength properties is determined by the excess of
total softening effect from the breakdown of solid
solution, spheroidization aped-up and the cemen-
tite particles coalescence over the dislocation
blocking by carbon atoms and dispersion strength-
ening.
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BIIJIMB TEMIIEPATYPU CAMOBIAITY CKA
HA MIIHHICTB IUCKA 3AJI3HUYHOI'O KOJIECA
HICJIA TPUCKOPEHOI'O OXOJIO/’KEHHA

Mera. Pobota crpsiMoBaHa Ha BH3HAYCHHA pECypCy IMIABHINEHHS MIIHOCTI TUCKY 3alli3HUYHOTO KOJeca.
MeTtoanka. MarepianoM ans JOCHiIKeHHS Oyia BYyTJeneBa CTalb 3alli3HWYHOro Koieca 3i 3MictoM 0,57 % C,
0,65 % Si, 0,45 % Mn, 0,0029 % S, 0,014 % P, 0,11 % Cr. 3anizHu4HEe KOIECO MiAgaBail HarpiBy 4O TeMIepaTyp

BHIlEe AC;, BATPUMYBAIHX IIPY Lili TeMIepaTypi Ul 3aBepIIEHHs IPOLEeCY FOMOTeHi3alil ayCTeHITy Ta IPUCKOPEHO
OXOJIOJKYBJIM JIMCK O BU3HA4YEeHOI TemIiieparypu. TemmeparypHuil iHTepBai 3aKiHUY€HHS HNPUMYCOBOTO OXOJIO-

JOKEHHS TUCKy Kojeca ckmanas 3HaueHHA 200450 C. CTpyKTypy BHBUYAIX 32 METOAWKAMH JOCIIIKEHb i3 BHKO-
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PHCTaHHSIM €JIEKTPOHHOI'O Ta CBITJIOBOro MikpockomiB. OIIHKY cTyneHs Ae(eKTHOCTI CTPYKTYpPH MeTally Micis
MIPUCKOPEHOTO OXOJIOJPKEHHS 31HCHIOBAIN 3 BUKOPUCTAHHIM METOJIMKH PEHTIE€HIBCHKOTO CTPYKTYPHOTO aHAMi3y.

. . . . o . . . . -3 -1
Meski MIIHOCTI Ta IUIMHHOCTI BYTJICLEBOI CTall BU3HAYAIM IPH PO3TAraHHI 3i mBuakictio nepopmamii 107¢™ .

MikpoTBepIiCTh CTPYKTYPHHUX CKIQJOBUX CTajl OI[IHIOBAIM, BHKOPHCTOBYIOYH MikpoTBepaomip Tumy [IMT-3.
PesyabTaTn. KoMmiuieke BracTHBOCTEH BYTJIELEBOI CTali 3ai3HWYHOTO KOJieca B 3aJEXKHOCTI BiJ TeMIepaTypH
NPUNUHEHHS IPUCKOPEHOT0 OXOJIOMKEHHS BH3HAYAETHCS CIIIBBIIHOMIEHHAM PO3BUTKY IPOLECIB IOM SIKIIEHHS Ta
3MinHeHHs. J[xepenaMu edexTy 3MILHEHHS € MPOoLecH OJIOKYBaHHS PYXOMHX JHUCIIOKALid 32 paxXyHOK BUIICHHS Ha
HHUX aTOMIB BYIJICLIO Ta JWCIIEPCIHHOrO 3MIlHEHHs BiJ copMOBaHMX 4acTWHOK KapOimHoi ¢asu. [Ipu Temnepa-

Typax IPUIIMHEHHS TPUMYCOBOTO OXOJIOKEHHS ByTJIEeBoi crami Bumie 3a 300-350° C TeMm 3HMKEHHS BJIACTH-
BOCTEH MIIJHOCTI BU3HAYAETHCS MIEPEBUIICHHIM CyMapHOTo eekTy (oM’ SKIIeHHs BiJl po3May TBEpPAOro PO3UHHY,
NPUCKOpeHHs cdepoinu3anii Ta KoaJeCUeHLil YaCTWHOK LEMEHTUTY) Haja OJIOKYBaHHSM IUCIIOKalliil aToMaMu
BYIJICII0 Ta JAUCIEpCIHHMM 3MinHeHHsSM. HaykoBa HoBMHA. ABTOpamMH JOBEICHO, IO PIBEHb XapaKTEPHCTHK
MIIIHOCTI BYIJIELIEBOI CTalli 3aJli3HUYHOTO KOJIeca BiJl TEMIIEpaTypu 3aKiHYEHHsS MPUMYCOBOTO OXOJIO/DKCHHS BH-
3HAYAETHCSI CITIBBIJHOIICHHSM BIUIMBIB BiJl IEPECHUYCHHS TBEPAOTO PO3UMHY Ta AWCIEPCIITHOTO 3MILHEHHS Bil

kapOisHoi (asu. Jlns Temmeparyp NpUNUHEHHS NpuckopeHoro oxosomkenHs 200-300° C 3HWKEHHS CTYEHIO
MEPEeCUYCHHS] TBEPAOTO0 PO3YMHY € OCHOBHUM UHMHHHKOM, IO BH3HAYA€ PIBEHb XapaKTEPHCTUK MIITHOCTI.
[pakTnyna 3HaYUMIicTD. [Ipy BUTOTOBJICHH] CYyNITPHOKATAHOTO 3aJII3HHYHOTO KOJIeca MiIBUIIUTH MEXY MIITHOCTI
MeTally JUCKY MOXHA MPUCKOPEHNUM OXOJIODKECHHSM JI0 CepeIHBOTO iHTEpBaly TEMIIEpPaTyp, IO YCHIITHO JOBEACHO
B POOOTI.

Knouosi cnosa: pucnokaimii; Temmeparypa CaMOBIIIYCKy; HPUCKOPEHE OXOJOKCHHS, IUCK 3alli3HUYHOTO
KoJieca
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BJIUAHUE TEMIIEPATYPbBI CAMOOTIIYCKA
HA ITPOYHOCTDB JUCKA KEJE3HOAOPOKHOI'O KOJIECA
MMOCJIE YCKOPEHHOT' O OXJIAXKJAEHUSA

Hens. Pabora HampaBlieHa Ha OIEHKY pecypca IMOBBIIICHUS MPOYHOCTH JWCKA KEIC3HOJOPOKHOTO KoJeca.
Metoauka. MarepualioM Uil UCCIEIOBaHUs ObLIA YIIIEPOMUCTasl CTAJb JKEJIE3HOJAOPOKHOTO KojIeca C CojepxkKa-
awuem 0,57 % C, 0,65 % Si, 0,45 % Mn, 0,0029 % S, 0,014 % P, 0,11 % Cr. )Kene3Hogopo>kKHOE KOJECO HATPEBaIH
JI0 TeMmmnepaTyp Bblllle AC;, BbIIEPKMBAIN NPU ITOH TeMIepaType Ul 3aBEPUICHHs MPOLECCOB 'OMOTEHH3AlNH

ayCTEHUTa U YCKOPEHHO OXJIAXKIAJIU JIMCK JI0 ONpeesIeHHOW TeMIlepaTypsbl. TeMneparypHblii HHTEpBajl OKOHYaHUS
MPUHYIUTETHFHOTO OXJIaXAEHUs aucka kxoieca coctaBisul 200-450 C. Crpykrypy H3ydald ¢ HCHOJIH30BAHUEM

METOJUK MCCIEIOBAHMM IO OJICKTPOHHBIM U CB€ETOBBIM MHUKPOCKOIIaMH. OI_[eHKy CTCIICHU Iled)eKTHOCTI/I CTPYKTYPBI
METajuIa II0CJIE€ YCKOPEHHOTO OXJIAXACHHUA OCYHCCTBIAINA C HCIOJB30BAHUEM METOAUKU PEHTICHOBCKOI'O
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CTPYKTYPHOT'O aHaJIM3a. Hpe;[enm MPOYHOCTH U TCKY4YCCTHU yFJICpO,HHCTOfI CTajin onpeAcIsLId MPU PACTKEHUU, CO

-3 -1
CKOPOCTBIO He(bopMaIlI/II/I 107 ¢ . MHKpOTBCpZ{OCTL CTPYKTYPHBIX COCTAaBJIAIOIIHNX CTaJIM OLUCHUBAJIU, UCTIOJIb3YS

MukporBepaomep Tuna IIMT-3. Pe3yabtarhl. KoOMIUIEKC CBOMCTB YIVIEPOOUCTOM CTaId KEJIE3HOAOPOKHOTO
KoJIeca B 3aBHCHMOCTH OT TEMIEPATyphl MPEKPAILICHUsS] YCKOPEHHOTO OXJIaXKAEHHS OMNPENENSAeTCs COOTHOIIEHHEM
Pa3BUTHSA NPOLECCOB Pa3yNpPOYHCHUS U YyHPOUHEHUS. DPQEKT ynpouHEeHHss OCHOBAaH HA OJIOKHPOBKE IOIBIIKHBIX
JHCIIOKAIMI 3a CUeT BBLICNCHUS Ha HUX aTOMOB YIJIepoJa W JUCIEPCHOHHOTO YIPOYHEHHS OT c(OPMHPOBAHHBIX
yacTul KapOuaHo ¢asbl. [Ipu Temneparypax npekpaiieHus IpUHYIUTEIBHOTO OXJIaXISHUS YIIIEPOAUCTON CTalIN

Boimre 300-350° C TeMI CHWKEHHUS MPOYHOCTHBIX CBOMCTB ONPENENSETCS NMPEBBIIIEHMEM CyMMapHOTO dddexTa
(pa3ympouHeHusl OT paclaja TBEpAOro pacTBOPa, yCKOPEHUs ChepouIn3alii U KOAIECICHIIMN YaCTUI] [IEeMEHTUTA)
HaJ OJIOKUPOBKOW TUCIIOKAIMN aTOMaMH YIJepojia ¥ JTUCICPCHOHHBIM yipouHeHrueM. HayuyHast HoBu3HA. ABTO-
paMu JI0Ka3aHO, YTO YPOBEHb XapaKTEPHCTHK MPOYHOCTH YTIIEPOJMCTON CTAJIM JKEJIE3HOAOPOXKHOIO KOJIECaB OT
TEMIICpATYpbl OKOHYAHUA TMPUHYIAUTCIBHOI'0 OXJIAXKIACHUA ONPCACTIACTCA COOTHOIICHUEM BJIMSAHUA CTCIICHU IIPC-
CBIIIICHUS TBEPJIOTO PAcTBOpA U TUCIICPCHOHHBIM YIIPOYHEHUEM OT KapOwmmHou ¢assl. s TemnepaTyp mpekparie-

Hus yckopeHHoro oxnaxaenus 200-300° C cHmKeHMe CTEIeHH MPECHIEH s TBEPIOro PacTBOPa ABIAETCS OCHOB-
HbIM (DAaKTOPOM, KOTOPBIA OIPEIENIICT YPOBEHb XapaKTEPUCTHK mpodHocTd. IlpakTHyeckass 3HAYAMOCTD. [Ipu
M3rOTOBJIEHUH LIETBHOKATAHOTO KEJIE3HOJOPOKHOTO KOJIECa MOBBICUTH MpeAesl MPOYHOCTH METajula JUCKAa MOXKHO
YCKOPEHHBIM OXJIXKICHUEM JI0 CPEIHEr0 HHTEpBajia TeMIIepaTyp, YTO YCIIEIIHO JOKa3aHo B padorTe.

Kniouesvie  cnosa:  pgucnokaluu;, — TeMOEparypa  CaMOOTIYCKa; YCKOPEHHOE  OXJaXIEHHE,  JTUCK
JKEJIE3HOIOPOKHOT O KoJleca
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