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CHANGES IN STRUCTURE AND PROPERTIES OF STRUCTURAL CHROMONICKEL
STEELS AFTER PLASMA ELECTROLYTE HARDENING

Abstract: this work presents the research results of the impact of plasma electrolyte hardening (PEH)
on the structure and properties of structural 40HN and 20H2N4A steels. Thermal surface hardening of steel
parts is one of the most effective and efficient ways to increase the service life of loaded elements of machines
and mechanisms, also to reduce their material consumption. In this case, only the most loaded working surface
of the part is strengthened, leaving the core intact. The PEH process was carried out in an electrolyte from an
aqueous solution containing 20% sodium carbonate and 10% urea. It has been established that a modified layer
after PEH is formed with a thickness of 0.5-0.7 mm which consist of a hardened layer of fine-grained
martensite and an intermediate layer of perlite and martensite. Microhardness increases by 2 times, wear
resistance increases by 3 times after PEH. The conducted research showed the promise and feasibility of using
the developed method to improve the operational properties of parts operating under friction and wear. This
method, which consists in heating the part for 2 s, is recommended for hardening gears made of 40HN and
20H2N4A steels without additional heat treatment. PEH ensures the achievement of a technical and economic
effect due to the use of simple equipment, not expensive aqueous solutions, reduction of processing time, and

also as a result of increased wear resistance and microhardness of steels.
Key words: electrolyte-plasma hardening, 40HN steel, 20H2N4A steel, wear resistance, microhardness.

Introduction. Tt is necessary to create a
property gradient in the hardened section of the part,
providing for a solid and wear-resistant surface, a
viscous but strong core and compressive stresses in
the surface layer in order to ensure high cyclic
durability, high wear resistance, and reduce
sensitivity to stress concentrators [1,2]. The
implementation of such a set of properties is
possible when applying the method of surface heat
treatment. Surface thermal hardening of steel parts
is one of the most effective and efficient ways to
increase the service life of loaded elements of
machines and mechanisms, as well as reduce their
material consumption. In this case, only the most
loaded working surface of the part is strengthened,
leaving the core intact. At that the progress in
improving the quality of heat treatment (hardening)
of the working surfaces of parts is associated with
the use of concentrated energy sources: electron and
laser beam, plasma jet. Such methods allow to
achieve higher performance and hardening quality.
Currently, high-frequency, gas-flame, plasma,
electron-beam, and laser processing are widely used

for surface thermal hardening of steel parts in
industry [3]. Moreover, plasma surface hardening is
recommended for all existing methods of hardening
in its technical and economic indicators and the
results of a comparative analysis. The main
distinguishing feature of the plasma surface
hardening method is the possibility of obtaining
heating and cooling rates of materials that are
several orders of magnitude higher than those
typical of traditional hardening methods (furnace
hardening, hardening, high-temperature hardening,
gas-flame hardening, etc.), which helps to obtain
hardened layers with previously unattainable levels
operational properties [4,5]. The quenched-type
structures formed in this case have high hardness,
wear resistance, and fracture resistance.

In connection with above, the aim of this
work is to study the impact of electrolyte-plasma
hardening on the structure and properties of
structural steels.

Research method. In accordance with the
stated goal, 40HN and 20H2N4A steels were chosen
as the object of research. The choice of research
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materials is justified by the fact that these steels are
widely used for the manufacture of heavily loaded
gears. The chemical composition of steels 40HN and
20H2N4A (in %): 40HN — C:0.36-0.44; Si:0.17-
0.37; Mn: 0.5-0.8; Ni:1-1.4; S: up to 0.035; P: up to
0.035; Cr: 0.45-0.75; Cu: up to 0.3; 20H2N4A — C:
0.16-0.22; Si:0.17-0.37; Mn: 0.3-0.6; Ni:3.25-3.65;
S: up to 0.035; P: up to 0.035; Cr:1.25-1.65; Cu: up
to 0.3.

Electrolyte-plasma surface hardening of steel
samples was carried out on the installation, which

structurally consists of a power source, an
electrolyte-plasma processing chamber and a
personal computer [6-9]. General view and

installation diagram of electrolyte-plasma processing
is shown in Figure 1.

o

I\
f0

o —
1 - processed sample (cathode), 2 - anode from
stainless steel, 3 - pan, 4 - pump, 5 - heat exchanger,
6 - bath with electrolyte
Figure 1 — General view and scheme of electrolyte-
plasma treatment installation

PEH steel samples are carried out as follows:
the working bath is filled with electrolyte before
starting work, then, the electrolyte using a pump
mounted on the bottom of the working bath are
entered in the electrolytic cell. In this case, the
electrolyte exits through the hole of the conical
septum in the form of a jet and fills the electrolytic
cell and then the electrolyte is drained over the edge
of the electrolytic cell into a tray, and back into the
working bath. Thus, the electrolyte is in a circulating
mode. The feed rate of the electrolyte (flow rate) is
4-7 I min. The flow rate of cooling running water into
the heat exchanger is 3-6 I/min. The adopted
parameters of electrolyte cooling allow maintaining
the temperature in the range of 40-70°C when heating
the samples to a temperature of 800-900°C.

The processed product is immersed in the

electrolyte so that the processed zone of the products
is 2-3 mm from the opening of the conical partition
by using the device for fastening the processed
products. At the same time, an electrolyte stream
gives in to the treated zone through the hole of the
cone-shaped septum, which is 10-15 mm lower than
the height of the electrolytic cell. Then the anode is
connected to the positive pole of the power source,
and the workpiece - the cathode to its negative pole.
A voltage of 320 V is supplied between the electrodes
and the current density is 25-30 A/cm? for heating to
the quenching temperature. An intensely luminous
plasma layer is formed in the cathode region and the
product heats up at a speed of 300-400 °C/s at such
voltages. In this case, an abnormal arc discharge is
formed between the electrodes, due to which the
workpiece is quickly heated [10-13].

An NEOPHOT-21 optical microscope was
used to study the general nature of the structure. The
preparation of metallographic thin sections of steel
samples was carried out according to the methods
described in [16]. It should be noted that, for
metallographic microanalysis, the polished sections,
after polishing using a paste of chromium dioxide,
were etched with a 4% alcohol solution of nitric acid.
The morphology and elemental composition of the
sample processed in electrolyte plasma was studied
in the engineering laboratory on a JSM-6390LV
scanning electron microscope - JEOL company
(Japan), with the addition of an energy dispersive
microanalysis INCA Energy of "OXFORD
Instruments" company. X-ray diffraction studies of
the samples were carried out by the well-known
methods of X-ray diffraction analysis on X’ PertPRO
diffractometers.

The diffraction patterns were recorded using
CuK,-radiation (A =2.2897 A°) at a voltage of 40 kV.
The interpretation of the diffraction patterns was
carried out manually using standard techniques and
the PDF-4 database, and quantitative analysis was
performed using the Powder Cell program [14]. The
microhardness of steel samples was measured on the
PMT-3 device in accordance with GOST 9450-76,
with indenter loads P = 1 N and holding time at this
load of 10 sec [15]. Tribological sliding friction tests
were carried out on a tribometer in the laboratory of
the TMSCCU of TSU using the standard “ball-disk”
method according to the international standard
ASTM G 133-95 and ASTM G 99. A ball with a
diameter of 6.0 mm was used as a counterbody from
a certified material - Al,Os. The experiments were
carried out at a load of 1 N and a linear velocity of 2
cm/sec, a wear radius of 6 mm, the friction path was
25 m. The tribological characteristics of the modified
layer were characterized by wear rate and friction
coefficient [16].
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Research results and discussion. The
structural phase states of hardened surface layers of
20H2N4A and 40HN steels were researched.
Metallographic analysis showed that in the initial
state the structure of steel 20H2N4A consists of
ferrite. Steel 40HN consists of ferrite and perlite. A
cementite net is formed along the grain boundaries.
It can be seen that the number of ferrite grains
decreases, and the amount of perlite increases
depending on the carbon concentration in these
steels from the obtained data on the structure of
steels in the initial state. The formation of a
martensitic structure is observed in all steels after
PEH (Figure 2).

e

e R R ,
a—40HN initial state, b — 40HN after PEH of 2s,
¢ — 20H2N4A initial state,
d — 20H2N4A after PEH of 2s
Figure 2 — The microstructure of the surface of
20H2N4A and 40HN steels before and after PEH

The microstructure of the cross section of
40HN steel after plasma electrolyte hardening is
shown in Figure 3. Figure 4 shows that the structure
of the cross section of the steel is conventionally
divided into 3 zones: zone 1 is observed on the
surface — a hardened layer; zone 2 - a layer of
thermal influence; zone 3 - matrix. The hardened
layer is a homogeneous fine-grained martensitic
structure. The formation of an inhomogeneous
structure is observed with increasing depth - a zone
of thermal influence, which is martensite and
perlite. Then this zone passes to the ferrite-pearlite
structure, i.e. to the matrix structure. The thickness
of the modified layer is 1-1.2 mm.

20KV X45  500um

Figure 3 — The microstructure of the cross section
of 40HN steel after PEH

Figure 4 shows the X-ray diffraction patterns
of 40HN and 20H,N4A steels before and after PEH.
X-ray diffraction analysis showed that in the initial
state, that means only the a phase is present in the
structure of 40HN steel after standard heat
treatment. The diffraction patterns show a
broadening of interference lines from the
crystallographic plane after PEH (110). The
broadening of the (110) interference line is
associated with an increase in the dislocation
density and the formation of martensite and is
mainly determined by the tetragonality of
martensite [17-19]. Small peaks of austenite steel
are observed in the diffraction patterns of
20H2N4A. The formation of a surface layer of
austenite in tone during surface hardening is quite
natural. In addition, this will positively affect the
wear resistance of these steels.
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Figure 4 — Diffraction patterns samples of
20H2N4A and 40HN steels

Thus, the main advantage of PEH is the
possibility of obtaining the surface of steels of the
modified martensite layer. In this case, the basis of
the material does not change, i.e. the part retains its
viscous core. The formation of a modified layer of
fine-grained martensite with residual austenite in
the surface layers will positively affect on the
operational properties of the parts.

The mechanism of parts wear during
operation is complex and includes abrasive,
adhesive and diffusion wear. In this regard, in this
work wear resistance tests were carried out
according to the "ball - disk" scheme. The
tribological properties of the samples before and
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after PEH were investigated. Studies have shown
that all processed samples show a significant
reduction in the wear rate compared to the original
sample, which indicates a significant increase in the
steels wear resistance. The wear volume of the
40HN and 20H2N4A steel samples also decreased
significantly, which indicates an increase in the
wear resistance of 40HN and 20H2N4A steels after
hardening.

The experimental curves of the dependence
of the friction coefficient on the friction time of the
initial and processed samples of 40HN steel are
shown in Figure 5. The experiments were carried
out according to the "ball-disk" scheme, the path
length was 35 m, the speed was 2 cm/s, and the load
was 5 N. Figure 6¢ shows that the coefficient of
friction of steel samples 40HN before and after PEH
with a heating duration of 1 and 2 seconds has
approximately the same values. In this case, the
coefficient of friction increases to 4.5-5.5 at the
initial stage of friction, then decreases to 0.3-0.32
and remains at this level until the end of the friction.
This is due to surface roughness. And the curve of

Figure 5 — Image of the wear track fragment of the initial (a), treated (b) sample and a graph

the dependence of the coefficient of friction on the
mean free path of samples treated by PEH with a
heating duration of 3 sec has a different shape. It can
be seen that the coefficient of friction gradually
increases from 0.5 to 4. This is due to the
unevenness of the surface layer in depth, i.e. the
fine-grained martensitic  structure  smoothly
transforms into a ferrite-pearlite structure.

Snapshots were taken of the contact zone of
steel samples 20H2N4A by using a profilometer
(Figure 6). We can say that the depth of the track of
the specimen after PEH is much less compared to
the untreated specimen by estimating the wear
resistance of the samples based on the geometric
parameters of the wear paths. The shape of the
irregularities in general terms once again proves the
improvement of the tribological characteristics of
the test sample. It was found that PEH reduces the
surface roughness despite of increasing the hardness
of the surface layer, which leads to a decrease in the
friction forces during operation, and hence to an
increase in its durability.
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Figure 6 — Image of the wear track fragment of the initial (a), treated (b) sample and a graph
of the change in the friction coefficient of 20H2N4A steel samples (¢)

Changes in the microhardness of the surface
layer of 40HN and 20H2N4A steels after PEH were
studied. Studies have shown that the depending on
the initial state microhardness of 40HN and
20H2N4A steels 2 times increases after PEH.

The research results of the mechanical and
tribological characteristics of 40HN and 20H2N4A
steels showed that the greatest increase in wear
resistance and hardness compared to the initial ones
is observed in 40HN steel. Perhaps this is due to the
relatively high carbon content of this steel. And the

smallest effect is observed in 20H2N4A steel.
Thus, the research results showed that the
steels 20H2N4A and 40HN after PEH have high
wear resistance, microhardness, and strength
characteristics. A correct understanding of the
hardening mechanisms of the surface layer of steels
during PEH allows us to assume the structure of the
layer and to predict the changes that can occur with
it depending on the nature of alloying. In this regard,
it is necessary to find out the basic mechanisms that
provide high wear resistance of the surface layer of
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steels treated with PEH. In addition, the properties
are determined by the nature of the structure formed
in the process of PEH. In this regard, we conducted
a systematic study of changes in the tribological and
mechanical characteristics (wear rate, friction
coefficient, microhardness and strength
characteristics) of the surface layer of steels during
PEH. In the previous sections we studied the
structure, phase and elemental composition of steels

before and after PEH to clarify the structural
features that affect the microhardness and wear
resistance of steels.

Table 1 shows data on the structure and
tribomechanical characteristics of steels after PEH.
The experimental data clearly illustrate the
correlation between the structural and tribological
characteristics of hardened samples.

Table 1 — Experimental data on the structure and tribomechanical characteristics
of 20H2N4A and 40HN steels

Material Characteristics
Phase composition Hy, f j 107 V, ym?
P MPa mm’/Nm &
40HN initial o- phase 2030 0.36 2.9 11.03
40HN after PEH, 3s o'- phase, y- phase, 4407 0.35 0.28 0.07
M;C
20H2N4A initial o- phase 2460 0.4 2.39 34
20H2N4A after PEH, 2s ao'- phase, y- phase 5420 0.4 1.17 0.21
Note: Hu - microhardness; f - coefficient of friction; j - wear rate; V (um?®) - the amount of wear during
tests according to the ball-disk scheme

The dependence of the tribological properties
of the modified layers on the structural-phase states
is clearly traced from the generalized data given in
the table. The wear of the modified layer consisting
of the a'-phase (martensite), the y'-phase and Fe;C
carbide obtained after PEH is significantly lower
than the layer consisting only of the o'-phase with
excess particles of the y 'phase obtained after PEH.
Also, this layer, consisting of the «o'-phase
(martensite), the y'-phase and Fe;C carbide, showed
the increasing the microhardness compared to the
initial one. A special role is given to finely dispersed
particles of the secondary carbide phases. It is
known from [20-22] that the effects of increasing
hardness and wear resistance are directly related to
the size and number of dispersed inclusions that are
formed during the PEH process. A special role is
given to finely dispersed particles of the secondary
carbide phases.

Thus, it was found that the surface layer of
40HN and 20H2N4A steels has a higher
microhardness and wear resistance as a result of
PEH. The increase in microhardness and wear
resistance of steels 40HN and 20H2N4A after PEH
with a heating duration of 2 is in particular
associated with the formation of martensite, as well
as the formation of a defective substructure. The
resulting defectiveness is approached to the
defectiveness of the grain boundaries. Since, plasma
electrolyte hardening is carried out under conditions
of excessive excitation of the metal surface and

subsurface layers.

Conclusion.

- It has been established that a modified layer
with a thickness of 0.5-0.7 mm with high hardness
and wear resistance, consisting of a hardened layer of
fine-grained martensite, an intermediate layer of
perlite and martensite is formed after PEH .

- It has been established that microhardness
and wear resistance of steels 40HN and 20H2N4A
increase after PEH. Microhardness increases by 2
times, wear resistance increases by 3 times after
PEH. The high wear resistance of steels after PEH
is possibly associated with the formation of
fragmented martensite with residual austenite.

- It has been determined that a modified
martensite layer with residual austenite is formed in
low-carbon steels, and martensite with residual
austenite and cementite are formed in medium-
carbon steels after PEH. In this case, the basis of the
material, consisting of a ferrite or ferrite-pearlite
structure, does not change, i.e. the part retains its
viscous core. The presence of residual austenite and
cementite in the surface layers positively affects the
operational properties of the parts.

ACKNOWLEDGMENTS.

This paper was performed within the grant
financing of scientific research for 2020-2023 of
Committee of Science of the Ministry of Education
and Science of the Republic of Kazakhstan. Grant
(AP08857733, AP09058547).

80 —/—



ISSN 2224-5278 Series of geology and Technical Sciences 4. 2021

Paxamuios B.K.'", Carbaesa 3.A.1, Wieleba W.2, Kplasimkanos M.K.%, Baiizkan JI.P.!

'C. Amamxonos atemaars! Hersic KazakcTan MeMIekeTTik yHuBepcuteTi, Ockemen, Kazakcran;
’BpoI11aB FEUIBIM 5KOHE TEXHOIOTUANAp yHUBEpcUTeTi, Bpounas, [Tonsma.
E-mail: rakhadilovb@mail.ru

SJEKTPOJIUTTIK-TIIASMAJIBIK BEPIKTEH/IIPYJIEH KEHUIHI'T KOHCTPYKIUSJIBIK
XPOMOHMUKEJBAI BOJATTAPABIH KYPBIJIBIMbI MEH KACUETTEPIHIH O3I'EPYI

AnHoTanms: 6y xxymbicta 40XH xone 20X2H4A KOHCTPYKIHSUIBIK O0NaTTapAbIH KYPBUIBIMBI MEH
KAacCHeTTEepiHEe 3JIEeKTPONUTTI-Tua3ManblK OepikreHnipyain (OI1B) acepin 3epTTey HOTHXKENEpi YCHIHBUIFaH.
bonar Oemmrekrepai O€TTIK TEPMUSIIBIK OEpIKTCHIIPY MalIMHATAp MEH MEXaHM3MACPIIH KYKTEITeH
JJIEMEHTTEPIHIH JKYMBIC PECYPCHIH YIFaWTYyABIH, COHAAW-aK OJapIblH MaTepuan ChIHBIMIBUIBIFBIH
TOMEHJICTYIH €H THUIMII JKOHE YTBIMBI TOCUIIEPiHiH Oipi Oosbin TaObuTaasl. COHBIMEH KaTap, O6JIIKTIH eH
KOII J)KYKTEeJIreH KyMbIC OeTi FaHa KyIIeHTifin, e3eri e3repiccis kaiaasl. DI1b npoueci 20% Hatpuii kapOOHATHI
meH 10% kapbamuni 6ap cymsl epiTiHAineri anekTponutte xyprizingi. JI1b-nen kettin xaneHabFs 0,5-0,7
MM MOJU(pHUKAIMIAHFAH Ka0aT maina O0Jbl, OJ1 YCaK TYHIPIIKTI MAPTEHCUTTIH KaTalThUIFaH KabaThIHAH
JKOHE TMepIUT TEeH MAapTEHCUTTIH apalblK KabaThlHAaH TYPaThIHABIFEI aHbIKTanAbl. Ollb-man  keiiin
MHKPOKATTBUIBIK 2 €ce apTaabl, TO3yFa Te3IMILTIK 3 ece apTaapl. JKypri3uireH 3epTTeyiep YHKeIiC ITeH TO3Y
JKaFJabIHAa KYMBIC ICTEHTIH OeNmIeKTep/iH MaiganaHy KacHETTEpiH KakcapTy VIIH J3ipJIeHreH 9iCTi
KOJIIaHy IbIH OOJIalarkl MEH OPBIHJIBUIBIFBIH KOPCETTi. BemikTi 2 ¢ innHae KpI3AbIpyIaH TYpaThiH OYII 9j1ic,
KochIMITIa TepMUSITBIK oHeyci3 40X H sxone 20X2H4A OGoatTaH *acayifaH TiCTI JOHFaakTap Oepimicrepmi
KaTalTy yuriH yceiabuiazsl. O11b kapamaiibiM skaOabIKTEL, ap3aH Cy epiTiHAIepiH Maiganany, OHIey YaKbIThIH
KBICKapTy eceOiHeH, COHJai-ak OoNaTTapIblH TO3yFa TO3IMIUIITIH >KOHE MHKPOKATTBUIBIFBIH apTTBIPY
ece0iHeH TeXHUKAIBIK-OKOHOMHUKAIIBIK THIMIUTIKKE KOJI KETKi3y i KaMTaMachl3 eTell.

TyiiiH ce3aep: >IEKTPOIUTTIK-TIA3MANBIK OepikTeHmipy, 6omar 40XH, Gomatr 20X2H4A, to3yra
TO3IM/ILTIK, MUKPOKAKTHUIBIK,

Paxagmiaos B.K.'", Cat6aesa 3.A.}, Wieleba W.2, Kpuisimkanos M.K.%, Baiizkan JI.P.!

'BocTouno-Kazaxcranckuii rocynapcTBeHHbIi yHuBepcuTeT uMeHH C. AMaHKoII0Ba,
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’BpoIyaBcKuil yHHBEpCHTET HAyKH 1 TeXHOJIorHit, Bporytas, [Tonsmra.
E-mail: rakhadilovb@mail.ru

W3MEHEHUE CTPYKTYPHI U CBOMCTB KOHCTPYKIIMOHHBIX XPOMO-HUKEJEBBIX
CTAJIEH MTOCJIE SJIEKTPOJIUTHO-IIJIASMEHHOI'O YIIPOUHEHMUS

AHHOTaUUsA: B JaHHOW paboTe NpEeACTaBJICHBI PE3YJIbTaThl UCCICIOBAHUS BIIMSHUS 3JIEKTPOIUTHO-
wasMerHoro ynpounenus (O11Y) Ha cTpyKTypy U cBoiicTBa KOHCTpYKIMOHHBIX cTaneit 40XH u 20X2H4A.
[ToBepxHOCTHOE TepMUYECKOE YIPOUYHEHUE CTATBHBIX JeTalleH sIBIsCTCS ONHUM U3 Hanboiee 3ppekTHBHBIX
U JCUCTBEHHBIX CIIOCOOOB yBEIMUYCHHUS pecypca paboThl HArpyKEHHBIX AJIEMEHTOB MALIMH U MEXaHU3MOB, a
TaKKe CHIKEHUS MX MaTepuanoeMKocTu. Ilpu 3ToM ynpodHSAIOT TOJIbKO Hanbosee HarpyXeHHyI0 pabouyro
MIOBEPXHOCTh JETalM, OCTaBIsAs HETPOHYTOH cepaueBuny. IIpouecc OIIY mpoBoamnu B 3JEKTPOIUTE U3
BOJIHOTO pacTBopa, conepxauiero 20% kapOonata Hatpust U 10% xapbamuga. Y ctaHoBieHo, yto nocie 1Y
dhopmupyetcst MoauduIMpoOBaHHBINA cioi TonmmmHOM 0,5-0,7 MM, COCTOANIMIA W3 YNPOYHEHHOTO CIIOS
MEJIKO3epHUCTOTO MapTeHCHTa M TPOMEXKYTOYHOTO CiIos Tmepiauta W mapreHcurta. [locme OJIIY
MUKpPOTBEPAOCTh YBEIMUYMBAETCs B 2 pa3a, M3HOCOCTOMKOCTh yBenuumBaeTcs B 3 pasa. [IpoBeneHHble
HCCIICIOBAHUS TOKa3aJli MEPCHEKTUBHOCTh U 11E€JeCO00pa3HOCTh HCIIOIB30BaHUS Pa3pabOTaHHOIO MeToJa
IUTS YAyYIIEHUS SKCIUTyaTallMOHHBIX CBOWCTB JeTaneil, paboTaomux B YCIOBUSAX TPEHHS M HW3HOCA. DTOT
METOJI, 3aKJIF0UalOIIUIiCsl B HAarpeBe JeTalu B TeUEHHUE 2 C, PEKOMEHAYETCs JJIs 3aKalKy 3yOuaThIX KOJec U3
craneit 40XH u 20X2H4A 6e3 nonoaHuTensHON TepMuieckoit 06padoTku. JITY obecneunBaeT NOCTHKEHHE
TEXHUKO-3KOHOMUYECKOro 3¢ ¢eKTa 3a cHeT UCIONb30BaHMs MPOCTOr0 000pyIOBaHUs, HEAOPOTUX BOAHBIX
pacTBOpOB, COKpalIeHUs] BpeMeHH o00pabOTKH, a TakKe 3a CUeT IOBBIIICHUS! H3HOCOCTOWKOCTH U
MUKPOTBEPAOCTH CTalEH.

KiroueBble cji0oBa: 3JIEKTPOIUTHO-IUIA3MEHHOE yrpouHeHue, craib 40XH, crans 20X2H4A,
HN3HOCOCTOMKOCTh, MUKPOTBEPIOCTb.
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