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DETERMINATION OF TEMPERATURE REGIMES FOR HOT
DEFORMATION AND ANNEALING OF NEW 4Kh3N3G7M7F STAMPING
STEEL WITH CONTROLLED AUSTENITIC TRANSFORMATION
DURING OPERATION AND DISPERSION HARDENING

Purpose. Determination of heating modes that ensure high technological plasticity during hot pressure treatment
and the lowest possible hardness after annealing of new 4Kh3N3G7M7F stamping steel with controlled austenitic
transformation during operation and dispersion hardening.

Research methods. Torsion and impact bending tests. Hardness measurement. Optical microscopy. X-ray
structural analysis.

Results. According to the results of torsion and impact bending tests of 4Kh3N3G7M7F steel in the temperature
range of 900...1225 °C, it was found that the obtained dependencies have the form of curves with a maximum in the
temperature range of 1150...1175 °C at a number of twists about 5 and impact toughness of about 92 J/cm?. The torque
decreases monotonically as the temperature increases (from 2590 N-m at 900 °C to 739 N-‘m at 1225 °C). Based on the
obtained data, the recommended temperature regime for hot pressure treatment of the steel under study is such that the
maximum heating temperature of the billets (ingots) should not exceed 1175 °C and not be lower than 950 °C. After
forging and cooling in air, the steel has a bainite-martensite structure with a hardness of 44 HRC.

Based on the results of the effect of full two-stage and incomplete annealing on the reduction of hardness, it was
established that the dependence of hardness on annealing in the temperature range of Aci-Acs has the form of a curve
with a minimum. Full annealing of the studied steel reduces the hardness to 35 HRC and is recommended to be
performed according to the following mode: 800 °C, 2 hours, cooling with the furnace + 680 °C, 2 hours, cooling with
the furnace. A reduction in steel hardness to 33 HRC is achieved after incomplete annealing at a temperature of 680 °C
for 6 hours and cooling with the furnace. After annealing to minimum hardness, 4Kh3N3G7M7F steel acquires a
predominantly fine-grained pearlite structure.

Scientific novelty. After hot deformation and air cooling, 4Kh3N3G7M7F steel with controlled austenitic
transformation during operation and dispersion hardening has a bainite-martensite structure with a hardness of
44 HRC. It has been established that during annealing, the dependence of hardness on the increase in the holding
temperature of 4X3H3I7M7® steel in the range of Aci-Acs has the form of a curve with a minimum at a temperature of
680 °C. This is explained by a change in the ratio of steel components with the decomposition of the initial bainite-
martensite structure and the restoration of this structure during the cooling of the austenite component. In the annealed
state, the steel has a predominantly fine-grained pearlite structure.

© Volodymyr Grabovskyi, Igor Bilonik, Anatoliy Ershov, Olena Lysytsya, 2026
DOI 10.15588/1607-6885-2026-2-5 oren 8“““5



mailto:vladimirgr45@ukr.net
https://orcid.org/0000-0003-0936-6132
mailto:bilonikim@gmail.com
https://orcid.org/0000-0003-0878-6434
mailto:ov_li@i.ua

p-ISSN 1607-6885 Hogi marepianu i TEXHOJOTIi B MeTaIyprii Ta MammHoOyxyBaHHi. 2026/2
e-ISSN 2786-7358 New materials and technologies in metallurgy and mechanical engineering. 2026/2

Practical value. Based on the results of torsion and impact bending tests, it has been determined that the hot
pressure treatment temperature of 4Kh3N3G7M7F steel should be within the range of 1150...950 °C. To improve
machinability and obtain a more balanced structure, complete and incomplete annealing modes for 4Kh3N3G7M7F
steel have been developed, which reduce the hardness value to 33...35 HRC (compared to 44 HRC after hot
deformation). The lowest hardness is achieved by incomplete annealing according to the following mode: 680 °C,

holding for 6 hours, cooling in the furnace.

Key words: 4Kh3N3G7M7F steel, technological plasticity, temperature, annealing, hardness, structure.

Introduction

The maximum operating temperature of the best
heat-resistant martensitic stamping steels is no higher than
700 °C, which is due to the fundamental characteristics of
their base structure. At the same time, during hot metal
processing under pressure, the heating of the working
parts of tools can significantly exceed these temperatures
[1]. This has necessitated the search for other types of
stamping materials for use at high temperatures. In
particular, steels and alloys based on a BCC crystal lattice
with dispersion hardening are proposed as substitutes for
standard stamping steels [2—4]. However, their widespread
use is limited by their cost and poor machinability [5]. These
shortcomings are largely eliminated in new stamping steels
with Continuous Annealing Treatment (CAT), the nature and
development of which are discussed, in particular, in [6-15].
They have an FCC crystal lattice at room temperature, which
gives them satisfactory machinability, and acquire an BCC
crystal lattice when heated above 500...600 °C, which
increases their resistance to high-temperature embrittlement.
This is achieved by lowering their critical points by
200...300 °C compared to standard heat-resistant stamping
steels. As a result, steels with CAT offer advantages for
the manufacture of pressing tools with operating
temperatures above 700 °C. An additional increase in the
high-temperature strength of such steels is achieved due
to their dispersion hardening after quenching and ageing.
A prerequisite for the dispersion hardening of steels with
CAT is that after quenching (treatment with a solid
solution), they must have a predominantly austenitic
rather than martensitic structure [8, 9].

As a result of the search for effective alloying, a new
stamping steel with CAT grade 4Kh3N3G7M7F [10] has
been developed, which is capable of strengthening by
dispersion hardening due to the precipitation of
intermetallic particles of the Fe-Mo type Laves phase and
VC type carbides. Its strengthening heat treatment
consists of quenching (treatment in a supersaturated solid
solution) from a temperature of 1150 °C and subsequent
ageing at 725 °C for 2 hours. This provides a significant
increase in the high-temperature (750 °C and above)
strength of this steel — 2...3 times compared to heat-
resistant serial martensitic stamping steels. It has been
established [10] that in order to maintain its advantages,
4Kh3N3G7MT7F steel must have the following component
content limits (in % by mass): 0,39...0,46 C; 2,7...3,6 Cr;
2,7.35Ni; 6,1.69Mn; 63.71Mo; 11.18YV,;
0,25...0,36 Si; Fe — the rest. The production and use of
4Kh3N3G7MTF steel requires knowledge of the correct
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temperature regimes for hot pressure treatment and
annealing. The temperature range for heating billets during
hot pressure treatment must ensure satisfactory
deformability of steels and technological plasticity to
prevent the formation of cracks during deformation.
Determining the annealing regime, which involves
obtaining an equilibrium structure with the lowest possible
hardness, is important for ensuring satisfactory machining
of steel. Usually, for this purpose, an attempt is made to
obtain a pearlite-type structure in alloy steels after
annealing. Solving this problem for steels with CAT is not
easy due to the high stability of supercooled austenite and,
accordingly, the complexity of obtaining such an
equilibrium structure. All this indicates the need to carry
out appropriate experiments to solve such problems.
Purpose of the work

To determine the heating modes that ensure high
technological plasticity during hot pressure treatment and
the lowest possible hardness after annealing of new
4Kh3N3G7M7F stamping steel with controlled austenitic
transformation during operation and dispersion hardening.

Materials and research methods

4Kh3N3G7M7F steel was smelted in an open
induction furnace with a capacity of 50 kg and poured
into square-section ingots. The alloying element content
of the steel melts was within the grade composition
specified above.

Samples for torsion and impact bending tests were
made from steel ingots. First, the ingots were cut
lengthwise into 15 mm thick plates, and then cut into
square-section bars with a side length of 15 mm. Samples
for torsion and impact bending tests were made from
these bars.

In accordance with GOST 3565-80, the torsion test
specimens had a diameter of 10 mm and a working length
of 100 mm. The nature of the tests was that one end of the
specimen was fixed in place, while a pair of forces was
applied to the other end in a plane perpendicular to the
axis of the specimen. One end of the sample was fixed,
while the other rotated at a selected speed. This meant
that the second end of the sample was able to perform
longitudinal gradual movements, which excluded the
possibility of axial tensile stresses forming in the sample.
The samples were twisted on a KM-50 testing machine.
The tests were performed at a speed of 20 revolutions per
minute until the specimens were destroyed. Based on the
test results, the number of revolutions until the destruction
of the specimens and the corresponding value of the
torque M; were determined.
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The impact bending test was performed on standard
Menage specimens with a U-shaped notch with a radius
of 1. mm.

To study the annealing modes, the ingots were
forged into square-section bars with a side length of
20 mm, which were cooled in air. The bars were cut into
cubic samples.

Research results and discussion

When assessing the technological plasticity of
4Kh3N3G7MT7F steel, it was taken into account that it
was necessary to determine the temperature range of the
highest values of plasticity, resistance to destruction and
the lowest resistance to high-temperature deformation in
order to predict the best deformability during forging or
pressing. Torsion and impact bending tests were carried
out on samples in the temperature range of
900...1225 °C. The resulting dependencies are shown in
Fig. 1. It can be seen that during torsion tests, the value of
the torsional moment M; monotonically decreases as the
temperature increases (from 2590 N-m at 900 °C to
740 N-m at 1225 °C), which corresponds to the natural
temperature dependence of steel resistance to plastic
deformation. The torque M; decreases most intensively up
to a temperature of 1150 °C. The temperature dependence
of the number of revolutions has the form of a curve with
a maximum in the temperature range 1150...1175 °C at a
value of about 5 revolutions. The curve of the temperature
dependence of impact toughness has a similar appearance,
the maximum value of which (about 92 J/cm?)
corresponds to testing at temperatures of 1100...1150 °C.
That is, the best combination of technological plasticity
characteristics is achieved when heated to a temperature
of 1150 °C. Higher heating temperatures cause structural
changes that significantly reduce the technological
plasticity of steel and can lead to metal destruction during
hot pressure treatment.
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Figure 1. Dependence of torque (Mt), number of twists (n) and
impact toughness (KCU) of 4Kh3N3G7M7F steel on test
temperature

Thus, based on the results of determining the highest
values of the number of twists and impact toughness, the
maximum heating temperature of billets (ingots) during
hot pressure treatment of 4Kh3N3G7M7F steel should not
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exceed 1150 °C. At the same time, the torque value is
significantly reduced, which ensures good high-
temperature deformability of steel. The lower value of the
hot deformation temperature is about 950 °C and can be
adjusted depending on the power of the stamping
equipment and the size of the forgings. Taking into
account the obtained results and structural features, the
following heating scheme for ingots of new
4Kh3N3G7M7F stamping steel during hot pressure
treatment is proposed. First, the blank is loaded into a
furnace at a temperature of 800 °C (taking into account
that the temperature of Acs = 795 °C) and, after complete
heating, is held for 1 hour to complete the polymorphic
a — v transformation. Next, the blank is heated at a rate
of 50 °C per hour to a forging temperature of 1150 °C,
held for 1 hour and subjected to forging. The forging
completion temperature is not lower than 950 °C. During
the forging process, intermediate heating to 1150 °C is
possible. The use of this heating scheme ensured the
production of high-quality 4Kh3N3G7MT7F steel forgings.

Let us consider the results of determining the
annealing modes that provide 4Kh3N3G7MT7F steel with
the lowest hardness values and, accordingly, better
machinability. The initial state of processing was forging
and air cooling. In this state, the steel had a predominantly
bainite-martensite structure, as shown in Fig.2. The
hardness was 44 HRC, which is too high for satisfactory
machining of steel.

The study of the effect of different annealing modes
on the reduction of the hardness of 4Kh3N3G7M7F steel
was carried out taking into account its relatively low
critical points; Ac; at about 530 °C, Acz at 795 °C, Ar; at
220 °C, Ms at 135°C, Mt — 40 °C. Full annealing of
samples was carried out using a two-stage mode with a
sequential decrease in temperature, and incomplete single
annealing at different temperatures.

MU RO T Fed G

Figure 2. Microstructure of 4Kh3N3G7M7F steel after forging
and air cooling

First, the effectiveness of two-stage annealing was
investigated. The first annealing corresponded to
complete annealing and consisted of heating the samples
to temperatures of 800...900 °C (i.e. above Acs) with a
holding time of 2 hours and cooling with the furnace
(100 °C/hour to 300 °C, then in air). This was followed by
a second annealing at temperatures ranging from 580 to
730 °C (in the Aci—Acs region) with the same holding
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time and cooling as in the first annealing. It was assumed
that after the first annealing, the austenitic structure would
transform into bainite-martensite, which is due to the high
stability of supercooled austenitic steel. The purpose of
the second annealing was to break down the bainite-
martensite structure, i.e. to obtain a more equilibrium
state and, accordingly, lower steel hardness. The results of
this experiment are shown in Fig.3. Each curve
corresponds to a specific temperature of the previous first
annealing (indicated on the graph). According to the data
obtained, the hardness after the first annealing is in the
range of 39...41 HRC and increases with higher annealing
temperatures. This is explained by the increase in the
concentration of carbon and alloying elements in the solid
solution due to the more complete dissolution of excess
carbide phases with increasing heating temperature.

A typical microstructure after the first annealing
(heating above Acs and cooling with the furnace) is
shown in Fig. 4, a.
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Figure 3. Hardness dependence on the temperature of the
second annealing after different temperatures of the first
annealing (indicated for each curve in the graph)

It is similar to the microstructure after forging (see
Fig. 2), i.e. it is also characterised as bainitic-martensitic,
but with a slightly smaller austenite grain size, which is
the result of complete recrystallisation during heating.

As can be seen from Fig. 3, all curves of hardness
dependence on the temperature of the second annealing
have a minimum in the region of 680 °C, which can be
explained as follows. The decrease in hardness with an
increase in the holding temperature to 680 °C is due to the
decomposition of the initial bainite-martensite structure
formed after the first annealing. As the temperature
increases from 680 °C to 730 °C, the proportion of the
austenitic component in the steel increases significantly,
and subsequent cooling to room temperature will lead to
its transformation according to bainite-martensite kinetics.
The increase in hardness due to the formation of such a
structure during cooling will prevail over the decrease in
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hardness due to the decay of the initial bainite-martensite
component of the structure. Accordingly, the closer to the
temperature Acs (795 °C), the greater the proportion of
the bainite-martensite structure in the cooled state, which
is characterised by increased hardness.

Figure 4. Microstructures of 4Kh3N3G7MT7F steel after
complete step annealing:

a — first annealing at 800 °C; b — second annealing at 680 °C

The hardness values in the minimum range for
different annealing temperatures are slightly different.
The lowest hardness was obtained for samples that were
pre-annealed at temperatures of 800...850 °C (average —
825 °C), equal to 35,1 HRC. This is 9 HRC units less than
after cooling the forgings in the furnace. The
microstructure after such annealing is shown in Fig. 4, b
and mainly corresponds to fine-grained pearlite formed as
a result of furnace cooling of the decomposition products
of the initial bainite-martensite structure. There are also
areas of bainite-martensite structure formed during the
cooling of the austenite component, which occurs when
heated above Ac;, and a small amount of residual
austenite. X-ray phase analysis has established that after
the second annealing to minimum hardness, the base of
the steel is a-iron, and the amount of residual austenite
does not exceed 6%. Phase analysis showed the presence
of MC and M3Cs carbides in the structure.

Thus, complete annealing (which is usually used to
obtain a more perfect structure) to a hardness of 35 HRC
is recommended to be performed in a stepwise mode:
825 °C, 2 hours, cooling with the furnace + 680 °C, 2
hours, cooling with the furnace.

Let us consider the results of a study of single
annealing for the possibility of reducing the hardness of
steel. The change in steel hardness after heating and
holding samples in the temperature range of 580...850 °C
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for 2 hours with cooling both in the furnace and in air was
investigated. For the selected temperature range, such
annealing is considered incomplete. Figure 5 shows that
the dependencies obtained for both cooling methods are
curves with a minimum at 680 °C, as for complete step
annealing. When the heating temperature is increased to
800 °C, the hardness reaches its maximum value and then
stops increasing. This is due to the fact that above acs
(795 °C), the steel becomes completely austenitic, and
when cooled, it acquires a bainite-martensite structure.
The presence of a minimum on the curves is explained in
the same way as in the case of the complete step
annealing considered above. Naturally, the cooling curve
with the furnace is lower than that with air cooling.
Accordingly, if in the first case the minimum hardness
value is 34,7 HRC, then in the second case it is
35,6 HRC.

The possibility of achieving even lower hardness
after single annealing by increasing the holding time to 6
hours at temperatures around 680 °C, i.e. 630...700 °C,
was also investigated. The results obtained are shown in
Table 1.

It can be seen that as the holding time increases, the
hardness values at all temperatures decrease slightly.
Moreover, for all annealing temperatures after cooling in
the furnace, the hardness is 0,8...1,5 HRC units lower
compared to air cooling. The lowest hardness of
32,5 HRC is achieved by annealing at 680 °C for 6 hours
and cooling in the furnace. This incomplete annealing
mode can be recommended for 4Kh3N3G7M7F steel to
ensure better machinability. The microstructure after such
annealing is similar to that shown in Fig. 4, b, i.e. It is
mainly fine-grained pearlite with areas of bainite-
martensite and residual austenite. The difference is the
larger grain size of austenite and the heterogeneity of the
structure, which is characteristic of annealing when

heated to temperatures of incomplete recrystallisation.

Thus, to reduce the hardness of the new
4Kh3N3G7MT7F steel after hot deformation, annealing
can be performed, depending on the complex
requirements for structure and hardness, either with
complete (full annealing) or partial (incomplete
annealing) recrystallisation.

Full annealing, which is usually used to obtain a
more perfect structure, is performed in a stepwise mode:
825 °C, 2 hours, cooling with the furnace + 680 °C, 2
hours, cooling with the furnace. The hardness after such
annealing is about 35 HRC. Incomplete annealing reduces
the hardness to 33 HRC and is performed according to the
following mode: 680 °C, 6 hours, cooling with the
furnace.

42,0
QO - furnace
A -air

41,0

40,0

39,0

38,0

HRC
/)J
——

37,0

|

|

|

|

SR
v/

35,0

34,0
500 600 700 800 900

Annealing temperature, °C

Figure 5. Effect of annealing temperature (2 hours holding
time) on hardness after different cooling of steel

Table 1 — Hardness values of 4Kh3N3G7M7F steel after different temperatures and times of incomplete annealing

Annealing temperature, °C Exposure time, hours Cooling method Hardness, HRC
5 with a furnace 34,5
in the air 35,2
with a furnace 34,1
650 4 in the air 345
6 with a furnace 32.8
in the air 33,5
5 with a furnace 33,8
in the air 35,1
with a furnace 32,6
680 4 in the air 34,3
6 with a furnace 32,5
in the air 33,3
5 with a furnace 345
in the air 35,1
200 4 with a furnace 335
in the air 34,7
6 with a furnace 33,1
in the air 34,0

© Volodymyr Grabovskyi, Igor Bilonik, Anatoliy Ershov, Olena Lysytsya, 2026

DOI 10.15588/1607-6885-2026-2-5

OPEN 8 ACCESS



p-ISSN 1607-6885 Hogi marepianu i TEXHOJOTIi B MeTaIyprii Ta MammHoOyxyBaHHi. 2026/2
e-ISSN 2786-7358 New materials and technologies in metallurgy and mechanical engineering. 2026/2

Conclusions

During hot pressure treatment of new
4Kh3N3G7M7F stamping steel with CAT and dispersion
hardening, the maximum heating temperature of billets
(ingots) should not exceed 1150...1175°C. This
temperature corresponds to the maximum values of the
technological plasticity of steel according to the results of
torsion and impact bending tests and a significant
reduction in torque. The lower value of the hot
deformation temperature is recommended to be at least
900 °C.

After hot deformation and air cooling,
4Kh3N3G7MTF steel has a bainite-martensite structure
with a hardness of 44 HRC. Full annealing of the tested
steel reduces the hardness to 35HRC and is
recommended to be performed according to the following
regime: 850 °C, 2 hours, cooling with the furnace +
680 °C, 2 hours, cooling with the furnace. A reduction in
steel hardness to 33 HRC is achieved after incomplete
annealing according to the following regime: 680 °C, 6
hours, cooling with the furnace. The dependence of
hardness on annealing in the temperature range Aci—Acs
has the form of a curve with a minimum, which is due to a
change in the ratio of particles of the bainite-martensite
structure that disintegrated and formed during the cooling
of austenite. In the annealed state, 4Kh3N3G7M7F steel
has a predominantly fine-grained pearlite structure at
minimum hardness.
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I'paboBchkuit

Mema poboomu. Busnauenns pedxcumie Hacpigy, wo 3abe3neuyromv GUCOKY MEXHOJO2IUHY NAACMUYHICMb npU
2apayit 06podYi MUCKOM Ma AKOMO2a MeHuty meepoicme nicis 8ionany Hoeoi wmamnogoi cmani 4X3H3I7TM7®D 3
Pe2yibo8anHuM ayCmenimHum nepemsopertsm npu ekKCniyamayii ma Oucnepcitihomy meepoinHio.

Memoou oocnidscennsn. Bunpobysanusi Ha KpyueHHs ma yoapHuui 3eun. Bumipiosanus meepoocmi. Onmuuna
Mikpockonis. Penmeenocmpyxmypuuii ananis.

Ompumani pesynemamu. 3a Ooanumu eunpobyeanv cmani 4X3H3I'7M7® na kpyuenus ma yoapHuii 32uH 6
inmepeani memnepamyp 900...1225 °C  ecmanosieno, wo OmMpuMaHi 3aleNHCHOCMI Maromv U0 KPUBUX 3
maxcumymom 6 obnacmi memnepamyp 1150...1175 °C npu uucny obepmis 6ina 5 ma ydaphoi 6’sskocmi 0ins
92 Ioic/cm?. Benuuuna Kpymuozo MOMEHMY MOHOMOMHO 3MEHULYEMbCSA MO MIpi 3pOCmanHs memnepamypu (8io
2590 Hm npu 900 °C oo 739 Hm npu 1225 °C). Bionogiono ompumanum OAHUM DPEKOMEHOOBAHO MEeMNEePamypHull
pedxcum eapayoi o6pobKU MUCKOM OOCTIONHCEHOI cmaii, 3a AKUM MAKCUMATbHA MeMNepamypa HAcpigy 3a20mo8oK
(31uekie) nosurnna oymu He suwje 1175 °C ma ne nuscue 950 °C. Ilicna Ky8anHA i 0X01002CeHH HA NOBIMPI CMAlb MAE
betinimno-mapmencumuy cmpykmypy 3 meepoicmio 44 HRC.

3a pesynomamamu 6nAUBY HA 3HUNCEHHA MEepPOOCmi NOBHO20 O080CMYNEHeB020 Md HEeNoBHO20 GiONAlie
6CMAHOBNIEHO, WO 3alexcHicmb meepoocmi 6i0 eionany 6 obaacmi memnepamyp Aci-Acz mae 6ueniad Kpueoi 3
minimymom. Tlosnuili ionan Oocniddcenoi cmani 3abesneuye sHudicenHs meepoocmi 0o 35 HRC i pexomendosano
suxonysamu 3a maxum pescumom: 800 °C, 2 200unu, oxonooddcenni 3 niuuio + 680 °C, 2 200unu, 0x0100%CeHHI 3
niyuro. 3nuoicennss meepoocmi cmani 0o 33 HRC docsieacmuves nicis Henognoeo eionany npu memnepamypi 680 °C
npomsizcom 6 200un i 0x0n00ceHHs 3 nivuio. Ilicis eionany na minimanvhy meepoicmoe cmanv 4X3H3I'7M7® nabysae
nepesascHo CMpyKmypy OpiOHOOUCHEPCHO20 3ePHUCTNO20 NEPAUMY.

Haykoea noeusna. Ilicisn eapsuoi deopmayii ma oxonodoicenns ua nosimpi cmans 4X3H3II7TM7® 3
DecyIboBaHUM  AYCMEHIMHUM NepemeopeHHAM Npu excnayamayii ma OucnepcCitiHum meepOoiHHAM MAe OelHimHo-
mapmencumny cmpykmypy 3 meepoicmio 44 HRC. Bcmanosneno, wjo npu eionani 3anedxcricms meepoocmi 8i0
3pocmanus memnepamypu eumpumku cmani 4X3H3I'7M7® 6 inmepeani Aci-Acz mae 8uenso Kpugoi 3 MiHIMyMOM npu
memnepamypi 680 °C. Iloscuioemvcs ye 3MIiHOW CNIBGIOHOWEHHS CKIAOOBUX HYACMOK CMANL 3 PO3NAOOM GUXIOHOI
OCUHIMHO-MAPMECUMHOT CIMPYKIMYPU Ma 3 NOHOBIEHHIM MAaKoi CmpyKmypu npu 0X0J100MHCeHHI ayCmeHimHol cKiadooi.
YV sionanenomy cmani cmane mae nepesasxcrno cmpykmypy OpiOHOOUCHEPCHO20 3ePHUCO20 NEPAUTNHY.

Ilpakmuuna wyinnicms. 3a pezyrvmamamu unpo6yeamvb Ha KpYUeHHs Mad YOAPHUU 32UH BUSHAYEHO, WO
memnepamypa 2apsuoi 06pooku muckom cmani 4X3H3II7M7® nosunna snaxooumucs 6 mescax 1150...950 °C. [na
HOKpawjentsi 00poOKU pi3aHHAM ma OMPUMAaHHs OiNbUW PIBHOBA2060T CMPYKMYPU PO3POOIEHI pedlcuMu NOBHO20 ma
HenoeHozo eionanie cmani 4X3H3II7M7®, siki 3uuscyroms 3Hauennss meepoocmi 0o 33...35 HRC (nopienano 3 44 HRC
nicns eapavoi oegpopmayii). Hatimenwy meepdicmo 3abe3neuye nenoguutl ¢ionan 3a pexcumom: 680 °C, eumpumxa 6
200UH, OXOJIOOINCEHHS 3 NIYYIO.

Knrouosi cnosa: cmanv 4X3H3ITMT®, mexnonociuna niacmuynicme, memnepamypd, 6iOnai, meepoicmo,

cmpykmypa.
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