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Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
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most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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STUDY OF THE STRUCTURE AND PROPERTIES OF THE METAL
OF 10Cr17Ni8SiSMn2Ti GRADE DURING CLADDING
IN A PROTECTIVE ATMOSPHERE

Abstract. The positive effect of nitrogen on the formation of the structure and service properties of chromium-
nickel-silicon steel under MAG cladding in a nitrogen-containing atmosphere of 70% N, + 30% CO, is considered. It
is shown that the cladded metal of 10Cr17Ni8Si5Mn2Ti grade, doped with nitrogen from the gas phase, forms a
more homogeneous structure, increases the volume fraction of austenite, and reduces the tendency to form a sigma
phase. During the crystallization of the weld pool, nitrogen forms fine-dispersed nitrides and titanium carbonitrides
in the structure, with particle sizes of 0.1-1.5 mm. The cladded 10Cr17Ni8Si5Mn2Ti metal, doped with 0.12-0.16%
of nitrogen, has a high resistance to scoring at specific pressures up to 96 MPa. The coefficient of relative erosion
resistance of the nitrogen-containing alloy is 1.73 times higher than that of the same alloy cladded in argon.

Keywords: cladded Cr—Ni—Si metal, nitrogen-containing atmosphere, sigma-phases, nitride particles, scuffing,
erosion resistance.

The experience of the operation of thermal power plants and petrochemical facilities in Kazakhstan
shows that for pipe fittings operating at temperatures up to 540 °C and specific pressures up to 60 MPa, a
good wear resistance for metal-to-metal friction is possessed by a chromium-nickel-silicon alloy based on
08Cr17Ni8Si6Mn steel, cladded with CN-6L electrodes. For fittings operating at temperatures up to
570°C and specific pressures up to 78 MPa, the 13Cr16Ni8Mb5Si5Mn4Nb alloy cladded with CN-12M
electrodes possesses such properties.

To mechanize the cladding of the sealing surfaces of the DN 50-80 fittings bodies (figure 1),
respectively, powdered PP - Np-10Crl17Ni8SiSMn2Ti and PP-Np-10Crl19Ni9Si5SMo2BMnTi wires in
argon are used.

However, the use of these technologies is associated with certain difficulties due to the formation of
the sigma phase in the cladded metal, which is the source of metal embrittlement and the initiation of
cracks in it [1, 2]. The sigma phase can also be formed as a result of the temperature and time conditions
of the cladding process and subsequent thermal treatment, the prolonged exposure to thermal loads at
thermal power plants at operating temperatures of 500-600 °C, which generally reduces the service
properties of the cladded metal [3-6].

At specific pressures above 60 MPa, the wear resistance of 10Cr17Ni8Si5SMn2Ti steel does not
comply with its regulatory operation requirements for higher parameters. The effect of high specific
pressures in combination with high temperature causes plastic deformation of the cladded sealing surfaces
and the formation of scuffs on them. One of the solutions to these problems is the introduction of nitrogen
into Fe-Cr-Ni-Si cladded metal as an austenizing and simultaneously reinforcing element under a suitable
alloying system [5]. An economical and technological option for alloying the Cr-Ni-Si cladded metal with
nitrogen is to use it as an independent protective gas or in a mixture with carbon dioxide in the process of
cladding.
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a b

Figure 1 — DN 80 fitting body after MAG cladding of sealing surfaces of the saddles:
a — macrospin with cladded saddles;
b — a fragment of the macrostructure of the cladded saddle; material of the fitting body of Steel 25L

The structure of the metal largely determines the strength and service properties of the alloy. In this
connection, the aim of this work is to study the influence of the composition of protective Ar, CO,, N,
gases and mixtures of N, + CO, on the formation of the structure and service properties of Fe-Cr-Ni-Si
cladded metal.

The experimental data indicate that nitrogen, being a strong austenizer, reduces the fraction of the
ferrite component and reduces the width of the region in which the martensitic transformation proceeds.

X-ray structural phase quantitative analysis showed that the transition zone in samples cladded in
carbon dioxide consists mainly of the ferrite component (85%). Cladding in nitrogen-containing media
reduces the ferrite content to 70-60% by increasing the austenite (figure 2). Hardness decreases
respectively from HRC 44 to HRC32 (figure 3). The maximum fraction of the ferrite component was
observed when cladding in an argon atmosphere (89%), and the hardness increased to HRC 50.

A% | T ' I | 1HRC

25 40
w0 w N, o
w7 Lij 0 (0 0 2 4 6 8
iti ' 0 . :
Figure 2 — Effect of the protective gas composition Figure 3 — Effect of the composition of the protective gas
on the content of austenite (A) on the hardness: 1 — CO,, 2 — 70%CO, + 30%N,,
and the HRC hardness of the transition zone 3 —50%N,+ 50%CO,, 4 — 30%CO, + 70%N,

The results of the studies show that a more uniform distribution of hardness over the height of the
cladded layer was observed when cladding in the gas medium with compositions of 70% N, + 30% CO,
and 50% N, + 50% CO; (figure 3). This increases the uniformity of the transition zone and decreases the
width of the interlayer with a martensitic component.
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The 10Cr17Ni8SiSMn2Ti alloy, obtained by the multilayer MIG/MAG cladding with
PP—Np-10Cr17Ni8SiSMN2Ti wire of 2.6 mm with different nitrogen content in the protective
atmosphere of N, + CO, and in argon was investigated. Cladding was carried out in the mode: welding
current 210-240 A, arc voltage 26— 27 V, cladding rate 17 m/h. The consumption of the protective
atmosphere is 10-14 L/min.

The results of the phase quantitative analysis (table 1) show that with increasing nitrogen content in
the CO, + N, mixture, the volume fraction of austenite increases and, accordingly, the fraction of ferrite
decreases. At the same time, with an increase in the number of layers, the volume fraction of austenite in
the cladded metal increases. Starting from the fusion zone, the content of austenite increases in the height
of the cladding.

Table 1 — Phase composition of the cladded 10Cr17Ni8Si5SMn2Ti metal

_ Content, %
a trigz;flf:r\s % First layer Second layer Third layer
Austenite Ferrite Austenite Ferrite Austenite Ferrite

100 Ar 31 69 32 68 33 67
100 CO, 33 67 39 61 39 61
70CO, + 30N, 40 60 48 52 48 52
50CO, + 50N, 40 60 54 46 55 45
70N, + 30CO, 62 38 71 29 72 28
N, 54 46 58 40 59 41

The presence of CO, in the mixture with N, activates the process of its absorption by liquid metal
and, in the most part, the formation of nitride and carbonitride particles [7, 8].

Titanium has a strong affinity for nitrogen and during the crystallization of the metal leads to the
formation of nitrides and carbonitrides. It was found that the maximum number of particles and their
dispersity are observed in the alloy obtained by cladding in protective atmospheres of 50% N, + 50% CO,
and 70% N, + 30% CO, (figure 4).

The results of the qualitative phase analysis are given in table 2.

Table 2 — Phase composition of cladded metal from qualitative X-ray analysis (protective atmosphere — 70N, + 30CO,)

Lattice parameter )
20 o (0. R, C) , ) lde}‘)’ﬁf;*e‘ble Formula Strt‘;‘;f:re
a A c, 4
49.9 2.1213 (200) 4.242 (6) - titanium carbonitride Ti (C,N) FCC
51.7 2.0574 (111) 3.5868 - austenite y-Fe FCC
52.4 2.0313 (110) 2.8736 - ferrite o-Fe VCC
53.7 1.9823 (212) c /iZgIS91 6 4.531 sigma phase MeCr Tetragonal
54.7 1.9497 411) not determined
55.5 1.9272 - - - not determined
77.4 1.4336 (220) 4.100 - chromium nitride CrN FCC
89.8 1.2674 (311) 4.2034 titanium nitride TiN FCC
99.8 1.1706 (112) 2.8673 - ferrite a-Fe VCC
111.9 1.0807 (113) 3.5843 austenite y-Fe FCC

The presence of nitrogen in the protective medium increases the dispersion of carbonitride particles in
the cladded metal. And the amount of fine particles in these nitrogen-containing media increases in
comparison with argon and carbon dioxide.
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In cladded metal alloyed with nitrogen, finely dispersed nitride and other particles with the size of
0.8— 1.5 mm are registered. The greatest number of such particles is observed in the metal cladded in
nitrogen containing atmospheres with the composition of 70% N, + 30% CO, and 50% N, + 50% CO..

The resulting titanium nitrides and carbonitrides, identified by transmission electron microscopy, are
the centers of crystallization in the weld pool and contribute to grain refinement.
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Figure 4 — Histograms of the distribution of carbonitride inclusions
by size in the cladded 10Cr17Ni8Si5SMn2Ti metal as a function of the protective medium during MIG/MAG cladding

Scanning the area of the surface zone of nitrogen-containing cladded 10Cr17Ni8SiSMn2NTi steel by
electron microscopy shows the predominant presence of finely dispersed titanium nitride and oxide
particles in the austenite matrix (figure 5).

Cr Si Ni

Figure 5 — Charting of deposited metal surface zone
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Energy dispersion analysis of point scanning (figure 6, table 3) allowed establishing that finely
dispersed rhombic species mainly consist of nitrogen and titanium. Nitrogen is mainly bound to TiN
nitride compounds. It is also present in the austenitic matrix of the cladded metal, but its content in the
austenite matrix is significantly smaller relative to titanium nitride compounds.

[FN

Cnextp 1

I

Al

Cnexktp 3

——
Smxm

Figure 6 — Inside of rhombic inclusion rounded dark oxide particles are registered.
Basic elements being present in inclusions (Table 3 spectrum 1 and 2) are titanium

Table 3 — Elemental composition of point scanning of 10Cr17Ni8Si5Mn2NTi alloy

Spectrum N 6] Al Si Ti Cr Mn Fe Ni Total
13.65 2.99 2.28 2.70 234 12.37 1.09 36.57 4.92 100

2 10.09 3.64 3.26 3.14 22.74 12.6 1.12 379 5.15 100
5.47 0.36 17.65 1.51 65.55 9.47 100

All titanium present in the cladded metal is mainly bound to nitrides, and to titanium oxides in small
amounts. In inclusions, there is an insignificant amount of manganese, silicon, nickel and chromium
nitrides.

Round-shaped dark oxide particles are found inside these rhombic inclusions (figure 6). The main
elements present in the inclusions (table 3 spectra 1 and 2) are titanium (23.44 and 22.74%) and res-
pectively nitrogen (13.85 and 10.09%). The content of all other elements including oxygen decreases
(figure 7).

The continuous surface scanning of the cladded surface also confirms that inclusions in the austenite
matrix are fine particles of titanium nitride with a size of 0.5-1.5 mm. In them, the content of Fe, Cr, Ni,
Mn, Si, O decreases with respect to the austenite matrix, and the content of titanium and nitrogen in-
creases.

The 10CrI7Ni8Si5SMn2Ti and 10Cr20Ni9Si5Mo2BMnTi alloys, obtained by cladding, respectively,
with PP-Np—-10Cr17Ni8Si5Mn2Ti and PP-Np—10Cr19Ni9Si5Mo2BMnTi wires in protective gases: Ar,
N,, and mixtures of CO, + N, were investigated.

From the data presented (table 4), it follows that all pairs of samples of the 10Cr17Ni8Si5SMn2Ti
alloy except for samples cladded in the atmosphere of argon have a high resistance against scuffing at
specific pressures of 91.2— 96.6 MPa. However, the best properties are possessed by the metal cladded
with PP-Np-10Cr17Ni8Si5SMn2Ti wire in atmospheres of 50% N, + 50% CO, (96.0 MPa) and 70% N, +
30% CO, (96.6 MPa).

When testing the unlike pairs of 10Cr17Ni8SiSMn2Ti+ 10Cr20Ni9Si5SMo2BMnTi samples, high
extreme pressure properties (93.0 MPa) are recorded in the metal cladded with the appropriate wires in the
gas mixture of 50% N, + 50% CO,. The anti-scuffing properties of the same-name pair from the
10Cr17Ni8Si5Mn2Ti alloy alloyed with nitrogen are not inferior to these properties when testing
opposite-type pairs of 10Cr17Ni8Si5SMn2Ti+10Cr20Ni9Si5SMo2BMnTi. An increase in the anti-scuffing
properties of the cladded metal is associated with the formation of a more uniform structure when cladding
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Figure 7 — Element composition of the working surface of the cladded metal
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Table 4 — Anti-scuffing properties of alloys under study

Type of alloy Protective gas, Hardness, Specific loads that cause scuffing
of test pairs of samples when cladding, % HRC more than 10 pm, MPa

100 Ar 36 57.7
100 N, 36 93.0
10Cr17Ni8SiSMn2Ti 50N, +50CO, 35 96.0
70CO; + 30N, 33 93.0
70N, +30CO, 35 96.6
10Cr17Ni8Si5Mn2Ti(lower) 100 N, 32/36 70.0
10Cr20Ni9Si5Mo2BMnTi (upper) 70N, +30CO, 35/38 77.0

in nitrogen containing media. The 10Cr17Ni8Si5Mn2Ti alloy, alloyed with nitrogen from the gas phase, is
characterized by the formation of uniformly distributed carbonitride fine particles in the austenite matrix,
which causes the effect of hardening.

Investigation of erosion resistance of materials under the influence of slit flow of medium on them
was carried out on a certified TPP stand. The working medium was the feed water (18MPa, 210 °C) of the
boilers of the industrial TPP.

From the results (table 5) it follows that all the investigated types of alloys obtained by cladding with
PP-Np—10Cr17Ni8Si5SMn2Ti wire in nitrogen and in nitrogen-containing atmospheres have a high
resistance to erosion wear

Table 5 — Erosion properties of the 10Cr17Ni8SiSMn2Ti alloy

. Testing parameters Test results
Alloy Protective gas - b Cocffici Frolat
for cladding P, T, tgstlng Dept Wear rate, oc 1_ment o. relative
MPa | °C time,h | of wear, pm um/h erosion resistance

17.0 | 200 254 15.95 0.064 1.03
Ar 18.5 | 180 196 15.32 0.052 0.88
18.5 | 180 196 9.32 0.047 0.97
17.0 | 200 254 12.15 0.051 1.29

50N+ 50CO,
18.5 | 180 196 7.21 0.033 1.39

10Cr17Ni8Si5SMn2Ti

17.0 | 200 254 13.06 0.053 1.24

70CO, + 30 N,
18.5 | 180 196 7.52 0.035 1.31
17.0 | 200 254 12.33 0.032 2.06
30CO, + 70 N, 18.5 | 180 196 6.15 0.051 1.40
18.0 | 180 196 10.86 0.049 1.53
. 17.0 | 200 254 16.8 0.066 1.00

12Cr18Nil10Ti

18.5 | 180 196 8.7 0.046 1.00

The metal that is cladded with this wire in the protective atmosphere of 70% N, + 30% CO, and 50%
N, + 50% CO, has a better erosion resistance, including in comparison with the alloy obtained by cladding
in argon. The phase composition of the cladded metal significantly affects the erosion properties. With an
increase in the content of nitrogen austenite, the erosion resistance of steel increases.

The increase in the erosion properties of the nitrogen-containing cladded metal is also associated with
the formation of finely dispersed solid nitrides with a lattice, a coherent lattice of austenite, and ensures
their strong engagement in it.

Conclusions.

1. It has been experimentally proved that the transition zone of the deposited layer in the nitrogen-
containing mixture is characterized by a decrease in the width and hardness of the interlayer with the
martensitic component compared to the argon medium, which reduces the tendency of the cladded metal
to crack in 2-2.5 times, (and, accordingly,) leads to the reduction in the labor intensity of the machining of
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the fitting bodies due to premature wear of the cutting tool, and will reduce the processing costs by up to
15%.

2. As a result of the experiment, it has been proved that alloying of the cladded metal with nitrogen
from the protective mixture of 50-70% N, + 50-30% CO, leads to the formation of a more homogeneous
structure, an increase in the volume fraction of austenite, a decrease in the tendency of the cladded metal
to form the sigma phase, the formation of finely dispersed carbonitride inclusions with particle sizes of
0.1-1.5 pm in the structure of the cladded metal, which ultimately leads to an improvement in the
mechanical properties and ability of products to resist high pressures up to 60 MPa at high temperatures
up to 540 °C, which will significantly increase the service life of the product.

3. It has been experimentally confirmed that the cladded 10Cr17Ni8SiSMn2NTi metal, alloyed with
0.12-0.16% of nitrogen from the gas phase by the MAG cladding in the nitrogen-containing atmosphere
of 50-70% N, + 50-30% CO,, has a 1.67 times increase in scuffing resistance and a 1.73 times increase in
erosion resistance relative to the similar metal without nitrogen cladded in argon, which improves the
service properties of the welded seam.
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P. Fa6asicansik', FO. W. Jlonyxos?, M. B. Jlyaxun'

1IlsyneT Cepik6aeB arbiajarbl Lbirpic KazakcTan MeMIIEKETTIK TEXHUKAIIBIK YHUBepcHUTeTI, OckemeH, KazakcTaH,
2KaparaHm)I MEMJIEKETTIK TeXHUKaIbIK yHIBepcuTeTi, Kaparanael, Kasakcran

KOPFAY ATMOC®EPACBIHJA BETKI KABATTA 10X17H8CSI'2T TYPIHJEI'T
METAJIAbIH K¥PbIJIbIMbI MEH KACUETTEPIH 3EPTTEY

Annotramus. 70% N, + 30% CO, a3or kocmanbl atMocdepacsiia MAG OalKbITy MIAPTHIHAA XPOMIIBI-
HUKEJIbi-KpEMHIIII 0OJIaTTBIH KYPaMbIH JKOHE KBI3METTIK KacHeTTepiHe a30TThIH OH acepi KapacThIpbliasl. ['a3 da-
3aceiHAarkl a30TmeH Kanrainrad 10X17H8CST2T Typingeri Metamt OipTeKTi KYPhUTBIMABI KaJbITACTHIPATHIH IBIFBI,
ayCTEHHT KOJIEMiHiH YJIeciH KoOCUTEeTIHIITi, cuTMa (a3achlH KaJbIITACTHIPY YAEPICIH TOMEHIETETIHII KOPCETIITEH.
JloHekepiey ayMarsl KpUCTAIUIIaHFAH/Ia a30T KypaMbIHIa YCaK AUCIEpCHsUTbl, 1—1,5 MKM apanbIFbIHIAFl, THTAHHBIH
HUTPUATEPI MEH KapOOHUTPHUATEPI KATBIITACAIEI.

0,12-0,16% azotnen neripaenred, 10X17H8CSI2T Typinaeri metamn 96 MIla kpichiMFa JieiliH KETIKKE KapChl
JKOFaphl TO3IMILTIKKE He 00aabl. A30T Kypamabl KOPBITIIaaa 3pO3usFa TO3IMIUIIK KACHET], aprOHMEH OaIKBITBIIFAH
KOpBbITIIara Kaparanja 1,73 ece >xorapsl O0Jaabl.

Tyiiin ce3mep: Cr-Ni-Si OaJKbITBUIFAH METAJUI, KYpaMbIHIa a30T O0ap atMocdepa, curma (asanap, HUTPUATIK
OeJIIeKTep, KeTiK, IpO3UsiFa TO3IMILTIK.

P. Tadabicansik’, 10, H. JIOl'lyXOBz, M. B. Ilyzucmil

TOYHO- XCTAaHCKHUH TOCYJapCTBCHHBIN TEXHUYSCKUH YHHBEpCUTET UM. /1. HKOacB
'Bocrouno-Kazaxcra 0CyJapCTBeE e e epcuTe Cepuxbaena,
VYerp-Kamenoropek, Kazaxcran,

KaparasuHCKuit rocyIapCTBEHHBII TeXHUYeCKni yHuBepcuTeT, Kaparanma, Kazaxcran

M3YYEHME CTPYKTYPHI U CBOMCTB METAJLTA THIIA 10X17H8CSI'2T
TP HAIIJIABKE B 3AINIUTHOU ATMOC®EPE

AHHOTanus. PaccCMOTpEHO MOJOXKHUTEIBHOEC BIUSHHE a30Ta Ha (HOPMHUPOBAHUE CTPYKTYPhI M CIIy)KCOHBIC
CBOWMCTBA XPOMOHHKEIBKPEMHUCTOH CTamu B ycloBusax HamiaBku MAG B asorconepxamieit armocdepe
70%N,+30%CO,. [Tokazano, uto HamaBaeHHbIH MeTan Tuna 10X 17H8CST2T, nerupoBaHHbIN a30TOM U3 ra30BOU
(azb1, oOpasyer Ooyiee OHOPOIAHYIO CTPYKTYPY, MOBBINIACT O0BEMHYIO JOJI0 ayCTCHHUTA, CHIXKAECT CKIIOHHOCTH K
oOpaszoBanuio curma-¢aspl. B mporecce KpUCTaTU3AIMK CBAPOYHONW BaHHBI a30T 00pa3yeT B CTPYKTYpPE MEJIKO-
JUCTIEPCHBIC HUTPUIBI M KapOOHUTPUABI THTaHa, ¢ pazmepamu dactull 0,1-1,5 Mxm. HamnmaBmeHHBIH MeTamn Tuma
10X17H8CSI2T, neruposannsii 0,12-0,16% a3ota, o0nazaeT BBICOKOH CTOHKOCTBIO MPOTHB 3aUPOB MPU YAEITb-
HBIX AaBicHUX 10 96 MIla. KoadduimeHT OTHOCHTEIBHON 3PO3MOHHON CTOMKOCTH a30TCOACPIKAIIEro CIijiaBa B
1,73 mpeBpImIaeT CTORKOCTB TAKOTO K€ CIIJIaBa, HAIIABIEHHOTO B aproHe.

KaroueBsie ciioBa: Cr—Ni—Si HamaBleHHBIH MeTalll, a3oTcoepikainas armocgepa, curma-(asbl, HUITPUIHbIE
YaCTHIIbI, 33IUPaHUE, SPO3HUOHHAS CTOHKOCTb.

CaeneHust 00 aBTOpax:

Hynxua M. B. — noktop TexHHWYecKHX Hayk, npogeccop, Bocrouno-KazaxcraHckuii rocyaapCTBEHHBIH TeX-
Hudeckuit yauBepcutet uM. J[. CepukOaena.

JlomyxoB FO. U. — xaHAMOaT TEXHWYECKUX HAYK, JOIEHT, KaparaHMWHCKUN roCylapCTBEHHBIN TEXHUYECKUH
YHHUBEPCHUTET.

Fabgpicansik P. — marmcrp TexHmueckux Hayk, BocrouHo-KazaxcTaHCKHIA rocymapCTBEHHBIH TEXHUYECKUI
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