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INFLUENCE OF THERMOMECHANICAL ROLLING SCHEDULES ON SCREW-SHAPED AND
FLAT ROLLS AND NITRIDING SCHEDULES ON THE STRUCTURE AND MECHANICAL
PROPERTIES OF P6M5 STEEL CUTTERS

Abstract. The article studies the influence of the number of passes during rolling (cogging) of blank part
in helical and smooth rolls on the formation of structures, mechanical and plastic properties of tool steel P6MS
after thermomechanical processing under different modes and low-temperature ion nitriding. It is shown
that cogging in helical rolls with twelve passes and one pass in smooth rolls allows to obtain an ultra-fine-
grained (UFGQG) structure in surface zone of the rolled strips. It is established that nitriding of the surface zone
with a coarse-grained structure contributes to the surface hardening of the samples, changes in the strength
characteristics of steel, and reduces the plastic properties, which is due to the formation of a crushable surface
layer on the samples. It is proved that when nitriding workpieces with a UMP structure, a hardened layer
is formed that is less prone to brittle fracture. The results of analysis and estimation of the thickness of the
nitrided layer after rolling in HR (helical roll) and PR (plain roll) under various thermomechanical conditions
and nitriding at a temperature of 500 ° C are presented. It is established that ion nitriding under the selected
temperature-strain mode allows almost 2 times to increase the microhardness of the surface during nitriding,
and the thickness of the near-surface layer increases under thermomechanical processing of HR with twelve
passes.

Key words: steel R6MS5, helical and smooth rolls, mechanical properties, ion nitriding, microhardness,
structure.

Introduction. To this date, the use of modern methods of modifying structural materials is one of the
main ways to increase the durability and reliability of cutting tools of metal-cutting machines in mechanical
engineering [1]. This is due to the fact that 85-90% of the tools of metal-cutting machines do not reach the
required service life due to surface wear of cutters. Experts know that the cost of repair and maintenance of
mechanical engineering parts is several times higher than the cost of originals parts.

Itis known [1-3] that nitriding is currently one of the most effective methods of surface modification, which
increases the hardness of the surface layers, wear resistance, fatigue and corrosion resistance of machine
parts. Therefore, the nitriding process has been widely used in various branches of mechanical engineering,
including mechanical processing.

Wear resistance of metal materials is a structure-sensitive characteristic [4-6]. Therefore, it is important to
know the rules, describing the interrelationship between initial structure of the surface layer and the structure
obtained in the zone of application of the nitrided layer, as well as the tribotechnical rules in interface of
rubbing pairs.

The purpose of this work is to develop a new manufacturing technique of cutters to improve the
tribotechnical and mechanical characteristics of nitrided structural steels.

Methods and materials. In the work [7], a tool with rolls with helical working surfaces was developed. In
these rolls, the helical protrusions and depressions of the upper and lower rolls are located opposite. Helical
rolls (HR) are designed to produce semi-finished products with fine-grained structure. The developed tool
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performs intensive plastic deformation (IPD) without significant changes in the original shape and size of the
workpiece.

Series of experiments were conducted in laboratory. As the material of the workpiece, steel POMS with a
size of 6x150x400 mm was chosen. The tool steel was subjected to thermomechanical rolling according to
following modes:

1. Heating to a temperature of 850°C, rolling in smooth rolls (SR) to a thickness of 4.0 mm;

2. Heating to the temperature of 850°C, rolling with four passes in HR to the thickness of 5.8 mm,
heating at the temperature of 850°C, rolling with four passes in HR to the thickness of 5.5 mm, heating at the
temperature of 850°C, rolling in SR to the thickness of 4.0 mm;

3. Heating to the temperature of 850°C, rolling with four passes in HR to the thickness of 5.8 mm,
heating at the temperature of 850°C, rolling with four passes in HR to the thickness of 5.5 mm, heating at the
temperature of 850°C, rolling with four passes in HR to the thickness of 5.0 mm, heating at the temperature
of 850°C, rolling in SR to the thickness of 4.0 mm;

4. Heating to the temperature of 850°C, rolling with four passes in HR to the thickness of 5.8 mm,
heating at the temperature of 850°C, rolling with four passes in HR to the thickness of 5.5 mm, heating at the
temperature of 850°C, rolling in SR to the thickness of 4.0 mm. Annealing of rolled samples at temperatures
0f 900, 1000 and 1100°C with an exposure time of 2 hours.

5. Heating to the temperature of 850°C, rolling with four passes in HR to the thickness of 5.8 mm,
heating at the temperature of 850°C, rolling with four passes in HR to the thickness of 5.5 mm, heating at the
temperature of 850°C, rolling with four passes in HR to the thickness of 5.0 mm, heating at a temperature of
850°C, rolling in SR to the thickness of 4.0 mm. Annealing of rolled samples at temperatures of 900, 1000
and 1100°C with an exposure time of 2 hours.

After rolling the samples according to modes 1, 2 and 3, they were quenched at 1200°C and a single
released at 560°C.

To study the effect of the nitriding process on the mechanical properties and wear resistance of the cutters,
samples with dimensions of 50%20x4 mm were cut out of the blanks. After grinding and electrolytic polishing,
the cut samples were subjected to low-temperature ion nitriding at the temperature of 520°C in JON-600 unit.
Herewith, the following process parameters were used: vacuum pressure (reactive atmosphere) p = 150 Pa,
time t = 10 hours, the composition of the reaction atmosphere is a mixture consisting of 90% N, 5% Ar and
5% H,, the flow rate of gaseous media was as follows: 900 ml/min N, + 50 ml/min Ar + 50 ml/min H.,.

The hardness was studied in the cross-sections of the selected zones by the Rockwell method according
to SS (State standard) 9015, and the micro-hardness was measured using the PMT-3 micro-hardness meter
according to the standard method [2].

Metallographic analysis was carried out using an energy-dispersion spectrometer JNCAENERGY
(England), installed on an electron probe micro-analyzer JEOL (Geol) at an accelerating voltage of 25 kV.
The magnification range of the JEOL device is from 40 to 40,000 units. The structural features of the samples
were also studied using an electron transmission microscope (TEM) JEM-2100CX at accelerating voltages
of 200 kV. To identify the structure of the steel, micrographic specimen was etched in a solution of 5% HNO,
and 95% C,H,OH.

Determination of the main mechanical characteristics and the nature of their changes during
thermomechanical rolling and nitriding was carried out on a universal Instron machine at room temperature
according to SS 1497-84.

Abrasive wear test was carried out using the T-05 tribotester under dry friction conditions according to
the “shaft — liner” scheme. The T-05 tester is equipped with the Spider 8 control unit and Catman Express
3.0 computer program. During the tests, the friction force F, the temperature of the sample, and the mutual
displacement of the friction pair h caused by the wear of the sample were continuously recorded. All
experiments were performed at a constant load of 18,615 N and rotation speed of 150 rpm. The counter-
sample was a roller having a diameter of 35 mm, made of VK8 alloy with a hardness of 87-90 HRC. To
measure the mass loss of the samples, RADWAG analytical balance of the WPA 40/160/C/1 type with a scale
of 0.01 mg was used.

Results and discussion. Analysis of the microstructure of the strips rolled according to mode 1 showed
that in the longitudinal section along the rolling direction, the presence of coarse lines and carbide banding
is observed. The microstructure contains large, medium, and small inclusions of carbides. This orientation of
the carbide phases along the rolling direction leads to anisotropy of the properties, uneven volume changes
during quenching, and an increase in the level of thermal stresses caused by phase hardening. Accordingly,
this structural inhomogeneity negatively affects the wear resistance of the tool.
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It should be noted that the strips of steel POMS5 rolled according to mode 1 have a differently-grained
structure. This structure consisted of relatively large non-recrystallized grains with an average size of ~ 86
microns in longitudinal and ~35 microns in transverse directions. Small grains with a size of ~7-12 microns
were located along the boundaries of large grains.

The study of this microstructure after quenching at the temperature of 1200°C and tempering at 560°C
shows that during this heat treatment, the retained austenite turns into martensite supersaturated with carbon
and alloying components, and also in soluble relatively large-sized carbide is released. All this leads to an
increase in hardness. Bright fields representing retained austenite are practically absent. The hardness from
the sample’s surface was 60-62 HRC.

The study of the structural state of the P6MS steel strips rolled according to modes 2 and 3 shows that
the fine-grained structure is formed in the surface zone of the blank section. At the same time, the density of
intragranular dislocations increases. It should be noted that rolling in the second mode led to the formation of
a fine-grained structure in P6MS steel. The average grain size in the peripheral zone of the workpiece reached
2-6 microns, and in the central zone-12-19 microns. When deformed according to the third mode, an ultrafine-
grained (UFQ) structure was formed along the entire longitudinal and cross sections of the workpiece. It is
worth noting that in the central zone of the blank, the more coarse-grained structure still preserved. Thus, as
a result of the passage of softening processes in the metal of the blank, a recrystallization UFG structure was
formed. In the surface zone of the rolled strips, a structure with average grain size of about 0.6 — 0.9 microns
was formed, and in the central zone -3-5 microns.

Based on the obtained data, it can be noted that during rolling in HR, the action of alternating deformation
mechanisms provides fragmentation and reorientation of the crystal lattice. At the same time, large-angle
boundaries are formed on the peripheral zones of the workpiece with a high density.

The analysis of the phase state of samples deformed according to modes 2 and 3 showed that a uniform
distribution of carbide inclusions is observed in the surface zone, i.e. there is no banding and striation. In
the central zone of the sample, the carbide inclusions are slightly stretched in the rolling direction. It should
be noted that in the surface zone of the sample, the carbide inclusions are mainly distributed along the grain
boundaries. At the same time, there is a partial crushing of large carbides. The average size of carbides in this
zone, when rolling in modes 2 and 3, respectively, was 2.4 —2.6 and 1.1 — 1.3 microns.

Further metallographic studies have shown that after annealing in steel POMS5, the above-described minor
structural non-homogeneity persists. At the same time, the average grain size of the strips rolled according to
mode 4 increases to the size 0f 9.3, 12.7 and 16.4 microns, respectively, at the annealing temperature of 900,
1000 and 1100°C. The similar increase in grain sizes is observed when rolling strips according to mode 5.
In this case, the average grain size grew to a size of 5.7, 9.1, and 12.2 microns, at an annealing temperature
0f 900, 1000, and 1100°C. The average density of carbides in the sections of the rolled strips, respectively,
was: when rolling in mode 4: 1.3 million pieces/mm?; when rolling in mode 5:1.8 million pieces/mm?. At the
same time, the average diameter of the carbide particles, when rolling according to mode 4 and 5, was 3.16
and 1.61 microns, respectively.

Quenching and tempering at temperatures of 1200°C and 560°C respectively, samples rolled according to
modes 2 and 3, led to an increase in the size of carbide particles due to their coagulation. At the same time,
the average diameter of the carbide particles, respectively, was 6.43 and 3.84 microns. However, their number
decreased due to the effect of braking processes on the release of carbide particles from the solid solution. The
effect of the braking processes on the release of carbide particles from the solid solution is associated with
shock cooling of the rolled strips. It should be noted that in the longitudinal and cross-sections of the strips
rolled according to modes 2 and 3, the density of carbide particles decreased, respectively, by 1.9-2.1 and 1.2-
1.6 times. The hardness of the strips rolled in modes 2 and 3, respectively, was 62-64 HRC and 65-68 HRC.

Thus, it is established that quenching at the temperature of 1200°C of strips rolled according to mode 3
leads to an increase in the hardness of POMS5 steel (by no more than 5 HRC) compared to the hardness of
strips rolled according to modes 1 and 2. Studies of samples made of POMS5 steel have shown that, according
to the thermomechanical modes 1, 2 and 3, the rolled strips have a hardness that does not contradict the
previously obtained results [3, 8, 9].

The analysis of the influence of the degree of deformation, i.e. the number of passes, at the temperature
of thermomechanical processing of 850 C, on the strength of steel POM5 showed, that with an increase in the
number of passes when rolling strips in HR in modes 2-5, a steady increase in the strength of steel is observed,
which reaches its maximum in the fourth pass. Further increasing of the number of passes to eight and twelve
initiates the softening process. At the same time, it should be noted that the fulfillment of rolling in HR and
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SR according to the thermomechanical rolling mode 3 in the deformation temperature range of 800 — 900°C
and subsequent quenching makes it possible to obtain products with an increased tensile strength. Thus,
the strength increases for POMS steel under the thermomechanical rolling mode 3 and quenching was 14%
(compared to the processing mode 1).

Thereby, rolling the strips according to the thermomechanical mode 2 and 3 contributed to the formation
of a high-strength state with low plasticity (Table 1). Strip annealing, treated according to modes 4 and 5 at
a temperature of 900, 1000 and 1100°C contributes to the relaxation of the structure. This led to the decrease
in strength properties. Analysis of the flow curves of samples rolled in thermomechanical modes 1-5 shows
that with the increase in the grain size, the yield stress and strength, as well as the plasticity of the samples,
decrease.

Table 1 Characteristics of POMS steel before and after nitriding

Processing type c,, MPa Ao, ,* c,, MPa o, % k**
Mode 1 3156 0,06 3268 8.3 0,11
Mode 1 and nitriding 3346 3448 7.4
Mode 2 3293 - 3456 8.6 -
Mode 3 3565 0,08 3717 9.8 0,07
Mode 3 and nitriding 3621 3718 9.1
Mode 4 1531 - 2242 47.7 -
Mode 5 1438 - 2723 53.2 -
*A0,,=(0, 5" Oy, g3 N — indicates states with a nitrided layer;

*H4K=(8-8,)/6 - embrittlement coefficient.

On the basis of the conducted studies, we concluded that the thermomechanical rolling mode 3 and
the subsequent quenching and tempering of samples at temperatures of 1200°C and 560°C respectively is
optimal in the preparation of tool blanks for low-temperature nitriding. In order to confirm the conclusions,
metallographic analysis of the structure and micro-hardness of the nitrided samples were performed.

Analysis of the structure of the bands rolled under thermomechanical modes 1 and 3 and subjected to
ion nitriding in a glow discharge shows the presence of a dark (highly etched) diffusion zone, which is an
a-phase-nitrogenous ferrite with a BCC lattice and a small release of nitride compounds [10]. The study of
the microstructure shows that the transition from the nitrided layer to the base (matrix) of the material is
smooth, which is one of the main requirements for the microstructure of nitrided steel. The analysis of the
structure of the samples rolled according to the thermomechanical mode 3, quenched and ion nitrided in the
glow discharge showed more developed dark diffusion zone, compared to the samples rolled according to the
thermomechanical mode 1.

For samples deformed according to mode 1, nitrided at 10 h exposure, the microhardness increases near
the surface to 14-16 GPa, and the depth of the nitrided layer having a microhardness of 7-9 GPa is 15-35
microns. The decrease in microhardness occurs smoothly, which indicates to a slight diffusion of nitrogen
atoms to a depth of several tens of micrometers.

The relatively high surface hardness of the samples treated according to mode 1 can be explained by
significant rate of nitride formation in the stressed surface layer of steel obtained during quenching. In our
opinion, during ion nitriding of samples made according to mode 1, high surface defects and coarse-grained
structure prevent penetration of nitrogen deep into the sample and formation of the nitride phase.

When nitriding for 10 hours of samples rolled according to mode 3, there is a decrease in micro-hardness
to almost 11-12 GPa at the depth of up to 20 microns from the surface and its slower decline deathward of the
sample. The depth of the nitrided layer (with micro-hardness of 7-9 GPa) is 70-90 microns, which indicates
the increase in the rate of nitrogen diffusion to 10 microns/h. In this rolling mode, the structure formed by
the UFG leads to an increase in the rate of nitrogen diffusion deep into the sample and the formation of solid
e-phase (Fe N), i.e., a nitride of variable composition with a hexagonal tightly packed lattice of metal atoms
[10, 11].
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The study of polished sections showed that the nitrided layers of the samples have different color from
the main material. In our opinion, the reason for this is the active etching of the nitrided layer. Consequently,
nitride-containing phases formed during nitriding reduce the corrosion resistance of the material.

The analysis of the obtained data shows that ion nitriding contributes to the surface hardening of the
samples, formation of crushable layer on the surface of steel samples. In the presence of the nitrided layer,
the samples are deformed viscously (matrix), and the surface nitrided layer is destroyed cleavagely. In this
case, the surface layer of nitrided samples made according to mode 1 cracks quickly from the very beginning
of deformation. This leads to the formation of rough transverse cracks from the beginning of the sample
testing. In samples treated according to mode 3, the process of cracking and fragmentation of the surface of
the samples is slow and accompanies the entire process of plastic flow. Ion nitriding in modes 1 and 3 causes
hardening of the samples (Table 1).The valueAs, ,, 0.06 and 0.08, respectively. The nature of the flow curves
changes slightly during nitriding, but the stretching of the samples before destruction decreases measurably.
The increase in the grain size and the formation of high-strength states of small thickness (mode 1) leads to
the increase in embrittlement coefficient k, (Table 1).

Thus, ion nitriding contributes to the change in strength characteristics, reduces the plastic properties of
P6MS steel, which is due to the formation of a brittle surface layer on the samples. However, samples made
according to the third thermomechanical rolling mode and nitrided according to the above modes show a
lower tendency to the brittle fracture.

Further, the tribotechnical properties of samples made of P6MS steel, made according to the 1st and 3rd
thermomechanical rolling modes were investigated. The analysis of the obtained data showed that the main
mechanism of wear of the tested steel is abrasive wear with small traces of plastic flow of the material.

When testing the abrasive wear of samples made of POMS steel rolled according to mode 1 and nitrided on
the glow discharge, the sample temperature at the beginning of the test increased from 25 to 51°C, and then
dropped to 33°C. Meanwhile, the displacement of the abrasive pair reached 235 microns. During the control
of the wear resistance of these samples, the shift of the abrasive pairs first occurred gradually, with a sharp
shift occurring after 380 s. This sudden increase in the displacement of the friction pairs is due to the rapid
cleaning of the surface of the tested samples from the nitrided layer.

Abrasion tests of samples made of POMS5 steel rolled according to mode 3 and nitrided in the glow mode
according to the above modes resulted in an increase in the sample temperature from 26 to 66°C, and then
decreased to 51°C. At the same time, the displacement of the abrasive pair consisting of a counter-sample
and P6MS5 steel was ~ 131 microns. During the control of the wear resistance of the hardened samples, sharp
displacement of the abrasive pairs occurred after 1850 s.

Decrease in the friction force that occurs during the abrasive wear test of all tested samples made of P6M5
steel subjected to the nitriding process indicates the decrease in the coefficient of friction of the nitrided layer.
At the initial stage of the test, the friction force in all tested materials was 17 N, and then after a certain time
(see above) it decreased to 7 N and remained at this level constant until the end of the test.

The process of nitriding in the glow discharge allowed increasing the abrasion resistance. This is evidenced
by measurements of mass losses of samples. The sample rolled according to mode 1 had the greatest mass loss
during the abrasive wear test (more than 45 mg). Measurements of mass losses of samples rolled according
to mode 3 and further subjected to nitriding in glow discharge showed significant decrease in these values
(0.12 mg of its mass). Nitriding in the glow discharge also had a positive effect on reducing the coefficient
of friction. For the POMS5 steel sample, the coefficient of friction decreased from 0.668 in the initial state to
0.124 in the nitrided state.

Thus, the nitriding process makes it possible to significantly increase the wear resistance and reduce the
coefficient of friction of the steel. This improvement in wear resistance and coefficient of friction is due not
only to the formation of the nitride layer, but also to the formation of chromium nitride in it. It is known that
chromium nitride, in addition to the significant increase in hardness, also contributes to the increase in the
wear resistance of steels.

Conclusions. 1.In this paper, we estimate the microhardness of the modified layer of steel POMS5, rolled
with different thermomechanical modes in HR and SR and nitrided at 500°C.

2. It is proved that the use of SPD and nitriding in the glow discharge increases the wear resistance and
improves the cutting properties of metal-cutting tools.

3. It is shown that the nitrided layer deposited on the surface of the sample with the UFG structure helps
to reduce the coefficient of friction and, consequently, to improve the chip removal from the cutting edge of
the metal-cutting tool.
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BYPAH/IAJIBI )KOHE "KA3BIK NIIITHBLTIKTEPIE UJIEM/IEY/IIH
TEPMOMEXAHUKAJIBIK PEKIMIEPIHIH KOHE A30TTAY/bIH PEKIM/EPIHIH
P6M5 BOJIATbIHAH KACAJIFAH KECKIIITIH KYPBLIBIMbI MEH MEXAHUKAJIBIK
KACHETIHE 9CEPI

AnHoTamusa. Makanana, POMS acnanTeik OosiaTTaH jKacajfaH JaiblHJAaMaHbl OypaHIalibl J)KOHE TEric
MiMIiHOUTIKTep/ie WIIEMIETeH Ke3/le, Ty CAaHBIHBIH aNTbUIFaH OONaTThIH KYPBUIBIMBIHBIH KaJbIITacybIHa,
MeXaHHKaJbIK JKOHE MIACTUKANIBIK KaCHEeTTepiHe Kalall acep eTeTiH/ir 3epTTenred. bynaaii seprrey aprypii
PEKUMIEPMEH TEPMOMEXAHHUKAJIBIK OHJCYJCH >KOHE TOMEHT1 TeMmIleparypaja MOHABIK a30TTaylaH KeHiH
xyprizinren. bypannanst nimrin6inikre (BI1) on exi Ty xone Teric miminoinikre (I'TI) 6ip eTymen ninemaeren
Ke3/Ie JKOJaKTapablH OeTki aliMarpiHAa yabrpaycakryHipnikti (Y¥T) KypbUIbIMIBI aldyFa MYyMKiHIIK Oap
eKeHI JKYMbICTa KepceTinreH. Ipi TYHipHIKTI KypbUIBIMBI Oap AaiiblHAaMaHblH OSTKi aiiMarblH a30TTay,
OonarTaH KacaJFaHyIriepaiH O0eTKi KaOBITBIHBIH OepikTeHyiHe, OEpIKTIK cCHUIaTTaManapbliHbIH e3repyiHe
BIKIIAJI JKACANTBIH/BIFBI JKOHE IUIACTUKAIBIK KACHETTEPIHIH TOMEHJICHTIHJIIT Makajiajga aHbIKTaJJIbI.
OchbIHail e3repicTep YJrUIepae ChIHFBI OeTKI KaOaTThIH Maiija OonybIMeH OaillaHbICThIpbUIFAH. Y YT
KYPBUIBIMBI Oap JlafibIHIaMaliap bl a30TTaFraH Ke3/ie KaraiiraH Kaoar Te3 Oy3bliMayFra 0eiiiM 00JIMaiThIHIbIFbI
nonenaenai. S00°C temmepatypaja a30TTay XKoHE dpTYpili TepMOMeXaHuKabIK peskumaepmen bl xone XKI1-
Te WICM/JICYJICH KEeHiH a30TTaliFaH KaOaTThIH KaJIbIHJIBIFbI TAJJIAHFAH JKOHE Oarajiay HOTHIKENIEPl KYMBICTA
kentipinred. Tannanran Temmeparypa-aeopManus pexKUMiH]IE HOHJIBIK a30TTay OSTTiH MUKPOKATTHUIBIFbIH
2 ece apTThIpyFa MYMKIHIIK OepeTiHiri makanana adbikTasiradn. OH eki erimmeH BIl naiibiHgamaHsbl
TEPMOMEXaHHKAJIBIK OHJIEI, KSHIHIpEK OHbI a30TaraH Ke3Je OeTKi KaOaTThIH KaJbIHIBIFBI apTaThIHIBIFbI
MaKaiazbl IOJICNICHICH.

Tyiiinai ce3nep: POMS Oonarbl, OypaHaaibl )KOHE Ka3blK MIMIHOUIIK, MEXaHUKAIIBIK KACHET, UOH/IbI
a30TTay, MUKPOKATTBUIBIK, KYPBLIBIM.
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BJIMSIHUE TEPMOMEXAHUYECKHUX PEXKUMOB ITPOKATKHW B BUHTOOBPA3HBIX 1
INTAJKHUX BAJIKAX U PEXKUMOB ABOTUPOBAHUSA HA CTPYKTYPY U MEXAHUYECKHUE
CBOMCTBA PE3LIOB U3 CTAJIA P6M5

AnHoTaunus. B craTbe n3yueHo BIUsHNAE KOJTHYECTBA IPOXOA0B ITPU MMPOKATKE 3ar0TOBKY B BUHTOOOPa3HBIX
U IMIaJIKUX BaJIKaX Ha (GOPMHUPOBAHKE CTPYKTYP, MEXaHUUECKHUE U MJIACTUYECKUE CBOMCTBA MHCTPYMEHTAIBHON
cram POMS5 nocie tepmomexanndeckoid 00pabOTKH B pa3HBIX PEKUMaX U HU3KOTEMIIEPATYPHOTO HOHHOTO
azotupoBanusi. [lokazaHo, 4To nMpokarka B BUHTOOOpa3HbIX Bajkax (BB) aBeHaaTeio mpoxoaaMu U OJHUM
mpoxozioM B miaakux Bankax (I'B) mo3Boisier momyduTs yasTpa Mesko3epHUcTyro (YM3) cTpykTypy B
[IOBEPXHOCTHOM 30HE IPOKATBIBAEMBIX IIOJIOC. YCTAHOBIIEHO, YTO a30TUPOBAHHUE ITOBEPXHOCTHOM 30HBI
C KpPYMHO3EPHHUCTOH CTPYKTYPOH CIIOCOOCTBYET MOBEPXHOCTHOMY YIIPOYHEHHIO 00pPa3lioB, W3MEHEHUIO
MPOYHOCTHBIX XapaKTEPUCTHK CTAJIM, CHUKAET IIAaCTUYECKHE CBOMCTBA, YTO OOYCIIOBICHO 00pa3oBaHHEM
XPYIKOTO TMOBEPXHOCTHOTO CJIos Ha oOpasnax. JlokasaHo, 4TO NMpH a30TUPOBAHMHU 3aroToBoK ¢ YM3
CTPYKTYPOH 00pa3yeTcst ypOUYHEHHBIH CJIOM MEHBIIIE CKIIOHHBIN K XpYIKOMY pa3pylieHuto. [IpencrapieHs
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Pe3yNbTaThl aHAIM3a U OLEHKH TOJIIIMHBI a30THPOBAHHOTO CJI0s nocye npokarkd B BB u I'B ¢ paznnunsivu
TEPMOMEXaHUUECKUMHU PEeXUMaMH M a30THpoBaHusA npu Temrneparype 500°C. YcraHOBIIEHO, YTO MOHHOE
a30TUPOBAaHUE IPH BHIOPAHHOM TeMIEepaTypHO-I1e(OPMALIMOHHOM PEXUME IO3BOJISIET TOYTH B 2 pasa
MOBBICUTE MMKPOTBEPAOCTH IMOBEPXHOCTH IPH a30THPOBAHMS, a TONIIMHA MPUIIOBEPXHOCTHOTO CIIOS
YBEJIMUNBAETCS IPU TepMOMEXaHU4IecKoi 00padoTke B BB ¢ nBeHaauaThio mpoxonamu.

KaroueBsbie cioBa: crans P6MS, BUHTOOOpa3HbIe W TIIAJKUE BAJKH, MEXaHHUECKHE CBOWCTBA, HOHHOE
a30TUPOBaHUE, MUKPOTBEPIOCTh, CTPYKTYpa.
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