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Purpose. The work is directed at elaboration of softening effect of carbon steel of a railway wheel after the
speed-up cooling to the different temperatures.

Methodology. Material for the research was carbon steel of a disk railway wheel with content of 0.57 % C,
0.65 % Si, 0.45 % Mn, 0.0029 % S, 0.014 % P, 0.11 % Cr. Specimens as plates 3 mm thick were exposed to heating
up to the temperatures higher than Ac;, the subsequent speed-up cooling was halted after achieving certain tem-
peratures (200—450 °C). A structure was studied with the use of electronic and light microscopes. The estimation
of degree of the structure defect after the speed-up cooling was carried out with the use of method of x-ray analy-
sis. The strength and yield stresses of carbon steel were determined under tension. Speed of deformation at me-
chanical tests was 1073 s7'. The microhardness of structural constituents of steel was estimated using the apparatus
a PMT-3 type.

Findings. The research results of the structural state and properties of carbon steel of a railway wheel are pre-
sented depending on the temperature of self-tempering after the irregular cooling. Within the investigated tem-
perature interval of self-tempering, permanent soften character of carbon steel with growth of the temperature of
completion of the forced cooling of wheel is conditioned by the correlation of qualitatively different processes
structural transformations.

Originality. The net effect of softening the metal by reducing the degree of supersaturation of solid solution,
reducing the dislocation density and coalescence of cementite particles exceeds the strengthening due to the pres-
ence of fine carbide particles in the structure.

Practical value. According to studies it is determined that in order to increase fracture toughness, the disc-
rolled railway wheel can be subjected to accelerated cooling to temperatures of 300—350 °C without substantial
metal embrittlement.
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Introduction. In modern conditions of steady in-
crease in the intensity of industrial development, the
safety problems of railway transport operation are of
particular relevance. One of the directions to increase
the operational safety of rolling stock is the use of me-
tallic materials with high level of properties for the
production of support elements. The use of thermal
and thermomechanical treatments for manufacturing
the high strength rolled metal has become widespread
over the last few decades.

A complex form of section of the railway wheel ele-
ments and their considerable thickness have restrained
the application of thermal hardening to achieve the
high strength condition in carbon steels for a long
time. While in operation, the railway wheel disk un-
dergoes a complicated total load. On this basis, the de-
velopment of proposals to improve the strength char-
acteristics of the railway wheel disk is an important
scientific and technical challenge.

Compared with other wheel elements, the disk has
the smallest thickness. Taking into account the suffi-
ciently high stability of austenitic phase in the carbon
steel of the railway wheel, one can expect to achieve
the cooling rates of critical values during accelerated
cooling in the metal volumes near the surface of heat-
removal.

Problem solution. During the thermal hardening
of the solid wheel disk the formation of structure gra-
dient from the surface of heat-removal is accompanied
by certain change in the complex of properties [1]. The
article represents a change in structural component
morphology and the corresponding complex of prop-
erties that is achieved. Investigation of processes of
structural transformations using the technology of in-
termittent hardening determined that a significant in-
fluence while achieving the level of properties is caused
by the development of self-tempering processes [2].
The work shows that the processes of structural trans-
formations after the termination of accelerated cooling
are caused by heating from the heat of metal volumes
that are distant from the cooling surface. Taking into
account the continuous nature of change in the cool-
ing rate of the wheel disk depending on the distance of
the intense heat-removal surface, the structural condi-
tion of the metal corresponds to the tempering at a cer-
tain temperature [3].

During the intermittent hardening, when the struc-
ture gradient on the disk section depends on the tem-
perature of accelerated cooling termination, the fur-
ther metal tempering by heating from the heat of inter-
nal volumes is accompanied by complex structural
changes in the internal structure [1—3]. The results of
the research show the qualitative agreement with the
structures of systemic research of thermally hardened
carbon steels [4]. Thus, the additional study of struc-
tural changes in the process of self-tempering after ac-
celerated cooling to a certain temperature is of some
interest concerning the clarification of the nature of a
softening effect of the carbon steel and determining
the resource of increase in wheel disc strength without
metal embrittlement.
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Objectives. The work is aimed to clarify the nature
of a softening effect of the railway wheel carbon steel
after accelerated cooling to different temperatures.

Material and methodology of the research.
The material for the research was the carbon steel of
the railway wheel with the content of 0.57 % C, 0.65 %
Si, 0.45 % Mn, 0.0029 % S, 0.014 % P, and 0.11 % Cer.
The railway wheel was subjected to heating to the tem-
peratures above Acs;, holding at that temperature for
completion of the austenite homogenization process
and accelerated cooling of the disk to the specified
temperature. Temperature range of the accelerated
cooling termination for the wheel disc was 200—
450 °C.

The samples for the research in the form of plates
3 mm thick were cut off from the wheel disk. The
structure was studied using electron and light micro-
scopes [4]. The work quite efficiently states the
methodology of studies using an electron micro-
scope. Evaluation of the degree of the defective
structure of metal after accelerated cooling was per-
formed using the methodology of X-ray structural
analysis [5]. The given work represents the results of
the research concerning the determination of param-
eters of a fine crystalline structure of carbon steels
with structures which are formed by sliding and in-
termediate mechanisms. The strength (o,) and yield
(o) limits of carbon steel were determined during
stretching. The deformation rate during mechanical
testing was 1073 sec™!. Microhardness of steel struc-
tural components was evaluated using microhardness
tester of PMT-3type.

Explanation of scientific results. The conduct-
ed research of the internal structure of thermally hard-
ened carbon steel of the wheel disc confirmed the
qualitative agreement with the known experimental
data [1—-3]. The metal structure near the surface of the
wheel disk after accelerated cooling to a certain tem-
perature (the temperature of accelerated cooling ter-
mination) was to a large extent similar to the structure
consisting of martensite tempering products at this
temperature [1].

Fig. 1 shows the structure of carbon steel samples
after accelerated cooling to the temperature of 200 °C.
The analysis of the internal structure shows that in the
metal volumes near the surface of the main heat re-
moval one can observe the existence of signs of lath
martensite after low-temperature tempering when the
temperature of accelerated cooling termination is
about 200 °C (Fig. 1, a). Indeed, making a compara-
tive analysis of martensite tempering from another
heating at the same temperature, one can find a lot in
common. The thickness of the formed martensite
lathes observed in the foil plane had the value in the
range of approximately from 0.1 to 0.8 microns. With
the certain difficulties on the edges of separate lathes
and their stacks, the location of fine particles of car-
bide phase with the dimensions of approximately 0.3—
0.04 microns was found. As compared to the bright-
field microstructure images, when due to the high dis-
location density and specific contrast it is quite diffi-
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Fig. 1. The structure of the investigated steel after
accelerated cooling to 200 °C with signs of mar-
tensite lath (a) and small carbide particles ran-
domly oriented dashed shape (b). Zooming of
18,000

cult to classify the carbide phase, the image analysis in
a dark field was used. In the images in the dark field,
the particles were detected distinctively in the cement-
ite reflexes. This made it possible to observe the selec-
tion of a number of highly dispersed carbide particles
on the dislocation lines in the middle of separate mar-
tensite lathes.

One can observe that most of the broad lathes have
small dashed disengagement of cementite with ran-
dom orientation (Fig. 1, b). These carbide particles
were formed by virtue of the self-tempering process
during accelerated cooling of the metal.

As the distance from the cooling surface increases,
the metal with the structures formed by sliding or in-
termediate mechanisms undergoes tempering at high-
er temperatures. The above mentioned influence on
the processes of structure formation is similar in its
nature to the increase in temperature of accelerated
cooling termination. Taking into account the fact that
there are no qualitative changes in the metal structure,
the differences in the steel strength level can only be
caused by increase in thickness of the martensite
lathes. As compared to the metal volumes that were
subjected to the low-temperature tempering (to
200 °C), increase in temperature of accelerated cool-
ing termination only by 50—100 °C can lead to increase

38

in the thickness of the martensite lathes up to
3—4 times.

Fig. 2 shows the metal structure when the tem-
perature in carbon steel volumes corresponds to the
cooling termination at the level of about 400 °C. Un-
der these conditions, in carbon steel there are signs of
initial stages of processes similar to polygonization.
Examples include the formation of groups of disloca-
tions which are very similar to the dislocation modu-
lated structure. Separate dislocation pits, with certain
dislocation density in the middle are separated by suf-
ficiently broad walls of dislocations that are inter-
laced. The structure also includes a certain amount of
broken contours of dislocation groups. The simulta-
neous presence of cementite globules in the middle of
metal microvolumes with low dislocation density
proves not only development, but also the termina-
tion of polygonization during self-tempering of car-
bon steel after accelerated cooling. The formed dislo-
cation cell structure in form is approaching to poly-
hedron, with thinner subboundaries (Fig. 2). The
body of dislocation cells is largely cleared from un-
bound dislocations.

There is a significant quantity of cementite globules
in the volumes of ferrite structural elements. Their av-
erage size is significantly greater in comparison with
the self-tempering temperature of 200 °C (Fig. 1, a).

Fig. 2. The structure of the investigated steel after
accelerated cooling to 400 °C with signs of dis-
location pit substructure (a) and recombination
of dislocations (b). Zooming of 18,000

ISSN 2071-2227, HaykoBuia BicHuk HI'Y, 2016, N2 5



TEOTEXHIYHA I TIPHUYA MEXAHIKA, MAWWWNHOBYAYBAHHA

Moreover, in the process of heating from the buried
metal layers after termination of accelerated cooling to
400 °C, further carbon depletion of solid solution oc-
curs as well as increase in the average size of carbide
particles. As compared to the cooling termination
temperature of 200 °C, at the temperature of 400 °C
recombination of dislocations and, consequently, re-
duction of their density is observed (Fig. 2, b).

Thus, after accelerated cooling termination, the
longer the distance from the surface of the main heat
removal is, the higher the temperature of the metal
self-tempering is.

In metal volumes, which are close to the middle of
the wheel disc, the microstructure is formed by force
according to the diffusion mechanism. The 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 perlitic colony.

The thickness of the cementite plates in perlite is
0.02—0.04 microns and the thickness of ferrite layers is
up to 0.15 microns.

Detailed studies revealed that the structurally free
ferrite grains in their turn consist of sub grains, the size
of which varies in the range of 1.5—3.5 microns. At
this, the metal volumes in the middle of sub grains
have high density of interlocked dislocations. More-
over, except the polyhedral form of ferritic grains in
separate microvolumes, the formation of Widmanstat-
ten ferrite can be observed. The existence of these
structural components can be considered as the evi-
dence of defined heterogeneity of cooling rate distri-
bution over the disk cross section or it is connected
with the liquation of chemical elements in the steel
microvolumes.

Based on the results of the known studies [2, 4, 5],
the given structural state of carbon steel near the sur-
face of the main heat removal consists of structural
components that were formed as a result of martens-
ite-bainitic transformation with self-tempering at tem-
peratures of 200—300 °C.

The steel strength level with the above mentioned
structures can vary in the range of 1300—1200 MPa de-
pending on the chemical elements concentration with-
in the grade composition.

Taking into account the continuous nature of the
increase in the temperature of accelerated cooling ter-
mination of metal layers depending on their distance
from the surface of forced cooling, the strength level of
carbon steel under study will certainly decrease. Here-
with, the metal structure in the above mentioned lay-
ers will consist of different correlation between the fo-
cuses of martensite-bainitic structures after self-tem-
pering near the disc surface to ferrite-perlitic struc-
tures with different morphology of phase components
in the middle.

Given that the strength of carbon steel with a mar-
tensite structure is primarily determined by the degree
of solid solution supersaturation, increase in self-tem-
pering temperature will be accompanied by quite nat-
ural development of the processes of its decay. At the
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same time, as it was described above, the places of
carbon atoms disengaging from the solid solution on
dislocations further become the globules of carbide
phase.

Thus, the development of self-tempering process
from the temperature of the forced cooling termina-
tion actually determines the correlation between two
processes of steel strengthening: from the supersatura-
tion of solid solution and dispersion strengthening
from the carbide phase particles. On this basis, it is
necessary to assess the correlation of these influencing
factors, depending on the self-tempering temperature,
on the strength characteristics of railway wheel carbon
steel.

The analysis of ferrite component microhardness
shows that in the process of accelerated cooling and
holding at the temperatures of forced cooling termina-
tion starting from 200 °C, one can observe the contin-
uous decrease in the carbon atoms concentration in
the solid solution (Fig. 3, a). At this, the development
of the steel softening processes with temperature in-
crease of accelerated cooling termination is to a great
extent caused by kinetics of carbon atoms redistribu-
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Fig. 3. Dependence of microhardness ferrite (a)
and X-ray interference extension (110) fer-
rite (b) on the self-tempering temperature of
rapidly cooled carbon steel
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tion between the crystal structure defects and the plac-
es in the crystalline lattice, defining its tetragonality.
One can assess the change in the degree of solid solu-
tion supersaturation by carbon atoms using the values
of ferrite micro hardness (#,). According to angular
coefficient of dependence H, = f(z), where ¢ is the
temperature of accelerated cooling termination for the
temperature range of 200—300 °C, the defined reduc-
tion in degree of solid solution carbon supersaturation
is caused by high density of defects in the crystal struc-
ture and, first of all, in the dislocations. Moreover, one
can certainly assume that starting from the tempera-
ture of 350 °C almost complete depletion of resource
of disengagement of carbon atoms on dislocations is
achieved. A confirmation for this statement can be a
certain slowdown in the decrease of H, value in the
temperature range of 350—400 °C (Fig. 3, @) and a very
small reduction in the width of the X-ray interference
(110) (Fig. 3, b).

Then, starting from the temperatures of 350—
400 °C a progressive decrease in the ferrite hardness is
observed. As compared to the lower temperature of ac-
celerated cooling termination (200—300 °C), the na-
ture of metal softening is caused by the qualitatively
different processes of structural transformations.

Indeed, as it is shown in the works [4—6], starting
from the tempering temperature of 350 °C carbon
steels already have a certain amount of fine carbide
phase particles after martensite quenching. On this ba-
sis, the carbon depletion of solid solution will occur
due to direct diffusion of carbon atoms from solid so-
lution for carbide particles. To a great extent confirmed
this is by the rapid decline in the expansion of X-ray
interference (110) (Fig. 3, b).

The correlation between these basic processes 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. 4).

Analyzing the type of dependence of the stress and
yielding limits confirms the complex nature of struc-
tural transformations depending on the temperature of
metal accelerated cooling termination. It can be ob-
served the corresponding decrease in strength charac-
teristics for the temperatures 200—300 °C, due to re-
duction in degree of solid solution supersaturation.

Almost equidistant run of dependency curves for G,
and o1 (Fig. 4, 5) shows that the main influencing fac-
tor should be considered the degree of supersaturation
of the solid solution by carbon atoms in the process of
accelerated cooling while the strengthening from the
development of strain hardening has much less influ-
ence. This is caused by the fact that the development
of strain hardening processes is greatly exceeded by the
effect of metal softening due to the carbon depletion of
the solid solution (Fig. 3, a, b).

On the other hand, the process of carbon atoms
disengaging from the solid solution has dual effect on
the strength properties of metal [5]. Thus, the disen-
gagement of carbon atoms from the octahedral sites of
ferrite crystal lattice on the dislocations will further
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promote their strengthening [6]. The work [6] deter-
mined a change mechanism for the complex of prop-
erties after accelerated cooling and tempering at cer-
tain temperatures using a large experimental material.
According to the nature of influence on the hardness
this process relates to the strengthening. Decrease in
carbon concentration in ferrite contributes to the ap-
pearance of additional quantities of cementite dis-
persed particles (Fig. 2, ). This should improve the
strength properties due to the processes of dispersion
strengthening.

With the slight increase in tempering temperature
or holding time under isothermal conditions, the de-
velopment of carbide phase spheroidization process
has the opposite effect. When forming the cementite
particles with more equal axes the decrease in their
number occurs. At the same time, the transition of
carbon atoms from the solid solution to the carbide
particles is accompanied by a decrease in internal
pressures. This is proved by the increase in reflex
contrast on microdiffraction photos [4, 5] and reduc-
tion in expansion of X-ray interferences of the ferrite
(Fig. 3, b).

When the tempering temperature increases to
400 °C the structural studies reveal early signs of dis-
locations redistribution and slight decrease in their
density, which is associated with this (Fig. 2). Com-
bined development of these processes explains the
permanent effect of carbon steel softening during in-
crease in the temperature of accelerated cooling ter-
mination for carbon steel in the range of 200—450 °C
(Fig. 4).

According to the obtained results the complex na-
ture of the influence of carbon steel structural transfor-
mations, depending on the temperature range of forced
cooling termination was determined. The total effect of
metal softening from the reducing in degree of super-
saturation of the solid solution with carbon atoms, re-
ducing the dislocation density and cementite particle
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coalescence exceeds the strengthening effect from the
presence of fine carbide particles in the structure.

At low temperatures (up to 300 °C) of cooling ter-
mination, the main source of steel strengthening is the
supersaturation of the solid solution with carbon at-
oms. The increase in temperature of accelerated cool-
ing termination is accompanied by the indispensible
increase in self-tempering effect for the metal volumes
that are buried from the cooling surface. The level of
strength properties of carbon steel is determined by the
compliant influence from the development of process-
es of dislocations interaction with the carbon atoms at
the decay of solid solution and dispersion strengthen-
ing from the formation of additional particles of ce-
mentite.

The analysis of dependence of carbon steel strength
properties (Fig. 4, 5) showed that in the manufactur-
ing process of all-rolled railway wheels, in order to im-
prove the spalling resistance the disk can be subjected
to accelerated cooling to the temperatures 300—350 °C
without significant metal embrittlement.

Conclusions.

1. A complex of properties of carbon steel railway
wheels depending on the temperature of accelerated
cooling termination is determined by correlating the
development of softening and strengthening pro-
cesses.

2. Sources of the strengthening effect include pro-
cesses of blocking mobile dislocations due to the allo-
cation of carbon atoms and dispersion strengthening
particles formed from carbide phase to them.

3. The rate of decrease in strength properties at
temperatures of suspension of forced cooling of carbon
steel above 300—350 °C is determined by excess of cu-
mulative effect mitigation of solid solution collapse,
accelerating spheroidization and coalescence of ce-
mentite particles of carbon atoms blocking dislocation
and dispersion strengthening.
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Mera. BuBueHHs mpuponu e(eKTy oM’ IKIIeH-
HS ByIJIELIEBOI CTajli 3a/Jli3HUYHOrO KoJjeca IiCJIst
MIPUCKOPEHOTO OXOJIOMKEHHS 10 Pi3HUX TEMITepaTyp.

MeTtoauka. Marepianom JUist JOCiIXKEHHsI Oyia
ByIVIelleBa CTajlb JUCKY 3aJli3HUYHOTO KoJjeca i3 3Mic-
toMm 0,57 % C, 0,65 % Si, 0,45 % Mn, 0,0029 % S,
0,014 % P, 0,11% Cr. 3pa3ku y BUIVIsIOI TUIACTUH TOB-
IMHOIO 3 MM IMijgmaBajau HarpiBy OO0 TeMmepaTyp
Bullle Ac;, momajblie IPUCKOPEHE OXOJIOMKEHHS
MIPUTIAHSUTA TTCIsT TOCITHEHHSI BU3HAYECHOI TEeMITe-
patypu (200—450 °C). CtpyKTypy BUBYAIU 3 BUKO-
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PUCTaHHSM €JIEKTPOHHOTO Ta CBITJIOBOTO MiKPOCKO-
niB. OUiHKY CTyreHs 1edEeKTHOCTI CTPYKTYPH IiCIs
TIPUCKOPEHOTO OXOJOMKEHHS 3MiMCHIOBAIA 3 BUKO-
PUCTAaHHSIM METOOUKN PEHTTEHIBCHKOIO CTPYKTYp-
HOTO aHamizy. Mexi MIlIHOCTi ¥ MJIMHHOCTI ByTJIelle-
BOI cTaji BM3Havaiau Ipu posrsaraHHi. llIBuakictb
nedopmailii mpyu MeXaHiYHUX BUIIPOOYBAHHSIX CKJla-
nana 1073 ¢!, MikpoTBepricTb CTPYKTYPHUX CKJIAI0-
BUX CTaJli OLIiIHIOBaIM, BUKOPHUCTOBYIOUM MiKpPOTBEP-
nomip tuity ITMT-3.

PesyasraTii. HaBeneHi pesynbTaTu DOCTiIXKEH-
HSI CTPYKTYPHOTO CTaHy Ta KOMILJIEKCY BJIaCTUBOC-
Tell BymIeLeBOi CTaJli 3aJi3HUYHOTO KoJieca B 3aJIeXK-
HOCTI Bif TeMmepaTypu CaMOBIAIYCKY MicClIs mpe-
PpUBYACTOIO OXOJIOMKEHHSI. Y MOCHiIXyBaHOMY iH-
TepBaJli TeMIIEpaTyp CaMOBIIITYCKY, IIepMaHCHTHUM
XapakTep ITOM’SKIICHHS BYIJICIIEBOI CTali Mpu
30UJIBIIEHHI TeMIlepaTypy 3aKiHUeHHS TIPUMYCOBO-
IO OXOJIOMKEHHS Kojieca OOYMOBJIEHUIT CIiBBiZHO-
IIEHHSM SIKiCHO pi3HUX TIPOLIECIiB CTPYKTYPHUX Te-
DPETBOPEHb.

HaykoBa HoBu3zna. CymapHuili edhekT mom’sik-
IIEHHS METaJTy Bil 3HVWKEHHS CTYTICHS TIEPEeCUICHHS
TBEPIIOTO PO3YMHY, 3MEHIIIEHHS IIITbHOCTI IUCIOKa-
il i KoaJleCLeHIlil IEMEHTUTHUX YACTUHOK TepEeBU-
1Iy€ piB€Hb 3MillHEHHS BiJl MPUCYTHOCTI ¥ CTPYKTYpi
NPiOHOAMCIIEPCHUX KapOiJHMX YaCTOK.

IIpakTnyna 3HaumMicTb. BusHaueHo, 1110, 3 Me-
TOIO IMiABUILEHHS TPIIIMHOCTIAKOCTI, IUCK CYLiJb-
HOKATaHOTO 3aJli3HUYHOTO KoJieca MOXHA Ti1aBaTi
MPUCKOPEHOMY OXOJOMXKEHHIO 10 TemnepaTtyp 300—
350 °C 0e3 cyTTEBOTO OKPUXHEHHS METay.

KimrouoBsi cinoBa: cmpykmypa, eyeneuyesa cmano,
OuUCK 3a1i3HUYHO20 Kojeca, memnepamypa, camo-
gionyck

Ileab. OmnpeneneHue mpupoabl dddekra paszy-
TIIPOYHEHMS YIJIEPOOMCTOU CTAIN XKeJIE3HOTOPOKHO-
To KoJjieca Iocjie YCKOPEHHOTO OXJIAXKICHUS OO pa3-
HBIX TEMITepaTyp.

Metoauka. Marepuaaom IS UCCASAOBAHUS
ObLIa YIIIEPOMMCTAsI CTaIb IMCKa XKeJIE3HOTOPOKHOTO
koueca ¢ conepxanueM 0,57 % C, 0,65 % Si, 0,45 %
Mn, 0,0029 % S, 0,014 % P, 0,11 % Cr. OGpasiibl B
BUE IUIACTUH TOJIIMHON 3 MM MoABeprajiu HarpeBy
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IO TeMIIepaTyp Bblllle Ac;, JalbHElIIee YCKOPEHHOE
OXJIaXKIeHUE TIPEeKpalllaii TTOCJIe JOCTIKEHUS OTIpe-
nmeneHHolt Temmeparypbl (200—450 °C). CTpyKTypy
M3yJaJIi C UCIIOJIb30BAaHUEM 3JICKTPOHHOTO 1 CBETO-
BOTO MUKpPOCKONOB. OIIeHKY CTeTleHU Oe(heKTHOCTHU
CTPYKTYPBI TIOCJIE YCKOPEHHOTO OXJIAXKICHMS OCY-
LIECTBSUIA C MCIIOJIb30BaHUEM METOAUKHU DPEHTIe-
HOBCKOTO CTPYKTYpHOro aHayiu3a. [1penensl mpoyHo-
CTU U TEKYYECTU YIJIEPOAMCTON CTalu OINpenessiiv
npu pactskeHuu. CKOpocTh nedopManuy npu Me-
XaHUYECKUX MCIbITaHUAX coctasisiia 107 ¢!, Mu-
KPOTBEPAOCTh CTPYKTYPHBIX COCTABJISTIOIINX CTaJId
OLICHMBAJIM, WCHOJb3ysI MUKPOTBEpIOMEp THUIIa
IIMT-3.

PesynbraTel. [IprBeneHbl pe3yabTaThl UCCIEIO-
BaHUSI CTPYKTYPHOTO COCTOSIHUSI M ITIPOYHOCTHBIX
CBOMCTB YITICPOIMCTON CTaJIM KEJIE3HOMOPOKHOIO
KoJIeca B 3aBUCUMOCTHU OT TeMIIepaTyphbl CAMOOTITY-
CKa TI0CJIe TIPEPhIBUCTOTrO oxJaxkaeHus. B nccnemye-
MOM HHTEpBajie TeMIlepaTyp caMOOTIycKa, IepMa-
HEHTHBIM XapaKTep pa3ylnpOYHEHUsS YIJICPOIUCTOM
CTaJIM C POCTOM TeMMepaTypbl OKOHYAHUST TPUHYIU -
TEJIbHOTO OXJIaXkJEeHUsI Kojieca 0OyCIOBJIEH COOTHO-
IIeHWEM Pa3BUTHUsI KaYeCTBEHHO pa3HbBIX ITPOIIECCOB
CTPYKTYPHBIX ITpEeBpaIlcHUIA.

Hayuynas HoBu3zna. CymMapHblil ekt pasy-
MIPOYHEHMS METAJIJIa OT CHIDKCHMS CTETICHH TIPEChI-
IIEHUsI TBEPIOTO PAcTBOpa, YMEHBIICHUS TIIIOTHO-
CTH IWCIOKAIMI MW KOAICCHEHIMNU ILIEMEHTUTHBIX
YaCTUIL TIPEBBIIIACT YPOBEHb YIIPOUYHEHUSI OT IIPH-
CYTCTBHUSI B CTPYKTYpPE MEIKOMMCIECPCHBIX KapOW-
HBIX YaCTHII.

IIpakTuyeckas 3HaYUMOCTb. OMpeneseHo, uTo,
C 1IeJbI0 MOBBIIIEHUS] TPEIIMHOCTOMKOCTH, IMCK
LIeIbHOKATAHHOTO KeJIe3HOAOPOXKHOTO KoJieca MOX-
HO TIOABEPraTh YCKOPEHHOMY OXJIAXXKICHUIO JO TEM-
nepatyp 300—350 °C 6e3 cylecTBEHHOTO OXpYyIyu-
BaHUS MeTaJlIa.

KiroueBble cloBa: crmpykmypa, yenepooucmast
cmans, OUCK JHCeNe3HOOOPOICHO20 Koaecd, memne-
pamypa, camoomnycK

Pexomenodosarno do nybaikayii doxkm. mexH.
Hayk B. B. llem’snuykom. Jlama Haodxo0uceHHs py-
xonucy 09.07.15.
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