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RESEARCH ON WEAR RESISTANCE COATING OF AIRCRAFT TITANIUM
ALLOY PARTS BY COLD SPRAYING TECHNOLOGY

Titanium alloys are the main structural material of aerospace system component, about 75 % of titanium and
titanium alloys are used in the aerospace industry, which have the advantages of low density, high specific
strength and excellent corrosion resistance, However, its low wear resistance limits the further application of
titanium alloy. Therefore, it is of great significance to the surface protection of titanium alloy. Surface coating
technology can solve the problems of titanium alloy wear. Currently, there are many coating technologies to
solve the problems of wear and corrosion, including the cold spraying(CS), high velocity oxy-fuel(HVOF), the
thermo-chemical treatment, the gas phase deposition, the laser melted; the plasma spray coating, the
double-plasma surface alloying technology, arc spray, etc, However, when thermal spraying is used to prepare
anti-titanium fire coating, the tip of the blade is prone to overheating, thus affecting the performance of the
blade. But cold spraying technology is due to the preparation of titanium alloy protective coating in solid state,
and the coating has high bonding strength and good impact toughness, furthermore, it can deposit almost any
powder materials, such as pure metals, including aluminum(Al), magnesium(Mg), titanium(Ti), nickel(Ni),
cobalt(Co), niobium(Nb), tantalum(Ta), Copper(Cu), tungsten(W), etc; nonmetal such as ceramic, etc; Metallic
alloys; composite coating, including Al-Zn, Ti-Al, Ni-Al, Al-Mg, Al-SiC, Al-Al,Os, Ti-Ti6Al4V-Al,Os, Ni-Zn,
Ni-cBN, Ni-Zn-Al,Os, Ti-Ta, Al-Mgi7Al12, Al-FeSiBNbCu, WC-Co, CrsC,-NiCr, etc. It can also directly sprayed
mixed powder to produce wear resistant coatings, hence, it is widely used. At present, cold-sprayed titanium
alloy materials are mainly used in the field of substrate protection and repair, and the field of cold-sprayed
titanium alloy additive manufacturing that has appeared in recent years is still in the stage of process and
basic theoretical exploration. In order to better understand the latest status of cold spray coating of titanium
alloy, in this paper, the wear resistance coating on aircraft titanium alloy parts by cold spraying technology

was reviewed, produce wear resistance coating directly by cold spraying technology was analyzed.
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1. Introduction

Titanium alloys have been widely used in the
fields of aerospace [1, 2], which used in the B787 for
15 %, SU-57 for 18 %, J-20 for 20 %, FC-31 fighters
for 25 %, B-2 for 26 %, F35 for about 27 %, and F22 up
to 41 %, etc [3]. Aircraft titanium alloys are divided into
three types according to phase composition: o, , mixed
(o-tp), among which a include Ti-8Al-1Mo-1V [4],
Ti-6Al- 2Zr-1Mo-1V [5], etc, it mainly contains
elements such as Al, which can increase the tensile
strength and creep stress of the alloy, reduce the density
of titanium alloy and improve the specific strength;  [6]
include Ti-6Al-6V-2Sn, Ti-6Al-2Sn-2Cr-2Mo-2Cr -Si,
etc, it has a high enough stable element content to be the
preferred structural material for airframes and wings;
(a+p) include Ti-6Al-4V, Ti-6Al-2Sn-4Zr-6 Mo [7], etc.

Due to the wide application of aerotitanium alloys,
some researchers began to study the surface protection
and repair of titanium alloy, including the cold spraying
(CS) [8], high velocity oxygen fuel (HVOF) [9]; the
laser melted [10]; the plasma spray [11], the
double-plasma surface alloying technology [12], etc.

On titanium alloy substrate, cold spraying
technology can solve the problem of titanium alloy
surface repair, wear resistance, at the same time, high
temperature resistant coatings is also a popular
applications by cold spraying technology, because the
titanium alloy belongs to heat sensitive material, when
the temperature exceeds the titanium alloy ignition point,
may produce titanium fire accident [13], the adoption of
flame retardant coating (with wear resistance) is one of
the most effective methods to prevent titanium fire
[14-16]. However, when thermal spraying, brazing and
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other methods are used to prepare anti-titanium fire
coating, the tip of the blade is prone to overheating, thus
affecting the performance of the blade. Cold spraying
process has obvious advantages in titanium alloy
protective coating due to its low temperature. In this
paper, only reviewed the application of cold spraying
technology in wear resistance coating of titanium alloy
parts.

2. Cold spraying technology

For the wear resistance of the titanium alloy
substrate surface, cold spray technology [17-23] has
obvious advantages over thermal spray technology.
Mainly manifested in:

1) the low temperature process of the cold spray
process is suitable for titanium alloy heat-sensitive
materials;

2) high deposition efficiency;

3) low porosity; etc, as shown in Table 1.

Because of the advantages of cold spraying [25],
researchers [26, 27] pay attention to it. Wong [28]
indicate that high deposition efficiency (100 %) for
titanium and copper. Cold spraying technology can
deposit almost any powder materials, including pure
metals such as Al [29], Mg [30], Ti, Zn, Cu, Ni, Ag, Co,

Fe, Nb [31], Ta [32]; nonmetal such as ceramic, etcs;
Metallic alloys; composite coating, etc. It can also
directly sprayed mixed powder to produce wear
resistant  coatings, chen [33] research that
Cu-Al;05-Graphite Solid-Lubricating coatings
deposited by cold spraying. Result show the Cu-based
solid-lubricating coating with 10 % Al,O; and 10 %
cu-coated graphite exhibited the lowest friction
coefficient of 0.29.

3. Wear-resistant coating by CS

3.1. Deposited onto titanium alloy substrate

Titanium alloy has poor surface wear resistance
[34], but it is very expensive and require long delivery
periods, which require repair such as wear, impact
damage during service. Zhang researcher [35] have
studied the wear resistance characteristics of titanium
alloy, cold spraying technology stands out among many
other technologies because of its low oxidation. And the
deposit of Ti and titanium alloy coatings by cold spray
technology may also protect substrate materials from
wear especially in aggressive environment [36].

Table 1
Comparative analysis of some thermal spray coating deposition techniques with CS [24]

Process Cold spray HVOF Plasma Arc spray
Bonding mechanism Mechanical/chemical Mechanical Metallurgical Metallurgical
Maximum thickness 0.05-10mm <1.5mm <0.5mm 0.1mm

Surface finish <lum 1.3-2um Ra 13um Ra 2um Ra
Deposition rate 1-10kg/h 1-5kg/h 2-7kg/h 5-60kg/h
Deposition efficiency >95 % 50-70 % 30-60 % 35-65 %
Wear resistance 50mm? 27mm? 10mm? 6mm?®
Bond strength 30-40Mpa 30-70Mpa 30-55Mpa 20-30Mpa
Corrosion rate 0.25mpy 3.5mpy 1mpy 2mpy
Porosity 0.15 % 1.6-2 % 5% 10-20 %
Oxygen content 0.25 % 3% 9% 5-15%
Gas consumption 85 % 45 % 15% 60 %
Power consumption 5-15kw 1-2kw 30-100kw 5-10kw
Powder feed rate 25-75kg/h 25kg/h 15kg/h 125-150kg/h
Spray velocity At least 500m/s 750m/s 500-700m/s 800m/s
Metals, polymers Metals Metals Metals
Feedstock . . . .
and composites and ceramics and ceramics and ceramics
Friction, impact, Friction, Friction, impact, Friction, impact,
Typical application Abrasion and Abrasion and Abrasion and Abrasion and
corrosion corrosion corrosion corrosion
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(@) (b)

Fig. 1. Optical microscope images showing wear
morphologies of counter steel balls tested against [37]:
a — Ti64 substrate; b — Ti coating with a thickness
of about 6200 um

(c) (d)

Fig. 2. Wear topographies (above) and morphologies
(below) of Ti-6Al-4V deposit tested under the same
condition: a — surface of the first layer; b — surface

of the second layer; ¢ — surface of the third layer;
d — cross section [38]

Fig. 3. Wear microtopography of 100Cr6 steel balls
rubbed on Ti-6Al-4V deposits: a — without treatment;
b — treatment with laser of powder 200W [41]

Khun [37] research that Ti coating on Ti-6Al-4V
substrate. The average friction coefficients of the Ti
coatings with thicknesses of about 100, 700, 1000, and

6200pum are about 0.72, 0.74, 0.71, and 0.61, which
shows that the Ti-6Al-4V substrate has a larger wear
track than the Ti coatings (fig. 1), confirming that the Ti
coatings have the higher wear resistance. Fig. 2 shows
the wear topographies and morphologies of the
Ti-6Al-4V coating deposits on the Ti-6Al-4V substrate
[38], which is very obvious about abrasive particles in
the process of wear.

(@) (b)
Fig. 4. The morphology of Ni-cBN coatings prepared
by different size cBN [39]: a — Ni-cBN(6.2um);
b — Ni-cBN(10um)

Ning [39] prepared Ni-cBN composite coating on
Ti-6Al-1.5Cr-2.5Mo-0.5Fe-0.3Si substrate by
low-pressure cold spraying. The results showed that the
binding strength (58MPa + 8MPa) of Ni-cBN composite
coating prepared by larger size ¢cBN (10um) was
significantly higher than that of the coating prepared by
smaller size cBN (6.2pum) (20MPa+1MPa), resulting in
more severe wear in Fig. 4a than in Fig. 4b.

Cold spraying technology can also be used in
combination with other technologies to produce wear
resistant coatings. Zhang [40] utilized cold spraying
technology to prepare the TiAl gradient coating on the
surface of titanium alloy by controlling the mixing ratio
of aluminum and titanium powder, and treated the
coating surface with chemical technology to achieve the
dual purpose of wear resistance and insulation, the
hardness value reached 600HV.

The wear resistance of laser treated (fig. 3b)
Ti-6Al-4V deposit is better than that of the untreated
(fig.3a) Ti6AI4V deposit by laser technology [41]. Li
sprayed H13 powder on the surface of titanium alloy to
form an H13 coating with a thickness of 50~105um, and
then used laser cladding technology to fuse cobalt metal
powder on the surface of H13 (Fig. 5). Bonding strength
of coating and matrix is up to 55MPa. Coating thickness
is 4.1mm, hardness reaches 1117.21HV,,, porosity is
0.61 %, and friction coefficient is 0.18 [42].

From the analysis above, different coating
materials can be selected for different titanium alloy
substrates. Such as Ti-6Al-4V substrate, the average
friction coefficients of Ti coatings with thicknesses of
6200 pum are best, up to 0.61; Ti substrate,
microhardness of the SiC composite coating was
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increased to (125+17.75) HVo3; Ti-6Al-1.5Cr-2.5Mo-
0.5Fe-0.3Si substrate, binding strength of Ni-cBN
composite coating reached (58MPa + 8MPa). However,
Most studies focus on Ti-6Al-4V matrix materials, and
more other titanium alloy matrix materials need to be
studied.

Ti-6Al-4V

(@) (b)
Fig. 5. Scanning electron microscope [42]:
a — CS+Cladding technology; b — Only Cladding
technology

3.2. Preparation of wear-resistant coating by CS

Wear — resistant coating can be produced directly
by cold spaying technology. Fig. 6 shows the friction
coefficients of Ti6Al4V deposits produced with nitrogen
and helium [43]. Obviously, under the same conditions,
the friction coefficient of helium gas is lower than that
of nitrogen gas, indicating that the friction performance
of helium gas as propellant is better.

07

Friction coefficient
o
(9]

——He gas, 2 mm —Nz gas, 2 mm

He gas, 4 mm

10000 15000 20000 25000 30000
Laps

N2 gas, 4 mm

0 5000

Fig. 6. Friction coefficients of Ti-6Al-4V deposits
as a function of wear lap. Note that friction coefficients
were tested against a 100Cr6 steel ball of 6mm
in diameter in circular paths for 30,000 laps at a sliding
speed of 3 cm/s under a normal load of 1N [43]

Through investigation, WC-Co is a potential wear
resistant coating material of titanium alloy substrate,
because of its superior wear resistance properties. Wang
[44] studied the cold spraying coating experiments of
three materials (fig. 7): micron WC-12Co, nanometer
WC-17Co and WC-23Co, and made a comparative

analysis with 316L stainless steel, indicating that
WC-Co coating has excellent wear resistance.

pum |

(e)
Fig. 7. Worn surface morphologies of cold sprayed
multiple dimensioned WC-Co coating and 316L
stainless steel [44]: a — WC-12Co; b — WC-10Co-4Cr;
¢ —WC-17Co; d — WC-17Co; e — 316L

Further research the nanometer WC-Co coating
was prepared by cold spraying technology [45], and
conducted the wear resistance experiment on three
materials (Fig. 8): WC-12Co, WC-17Co and WC-23Co.
It showed that the microhardness of WC-17Co was the
highest, about 1500HV0.3, and wear resistance of
coating was the best, which was 11 times that of 316L
stainless steel.

Conclusions and prospects

Titanium alloy is a heat-sensitive material, which
has poor resistance to abrasive wear for rotating or
rubbing aerospace components. Cold spraying
technology is suitable for the surface of titanium alloy
wear resistant coating.

1. There are few studies on the wear resistance
characteristics of titanium alloy substrates using cold
spray technology. At present, most researchers only
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Fig. 8. Wear morphologies of the cold sprayed WC-Co
coatings [45]: a — micrometer WC-12Co;
b — nanmeter WC-17Co; ¢ — nanometer WC-23Co;
d — micrometer WC-12Co; e — nanmeter WC-17Co;
f — nanometer WC-23Co

focus on Ti-6Al-4V alloy, and further research is
needed for other titanium alloys. Such as the
abrasive resistance of Ti-6Al-4V coating was sprayed
onto Ti-6Al-4V substrate by CS is better than Ti coating,
the main reason is that the porosity of the titanium
coating is larger than that of Ti-6Al-4V, hence, reducing
porosity is the future research focus of cold spray wear
resistant coatings. In addition, the combination of cold
spray technology and other technologies, post-treatment
of cold spraying process, are also the future trend to be
solved. for example, on Ti-6Al-1.5Cr-2.5Mo-
0.5Fe-0.3Si substrate, deposited Ni-cBN composite
coating, used the 10um size of cBN, the bonding
strength is (58 + 8MPa) after 600°C heat treatment
conditions;

2. Cermet not only has the toughness, high
thermal conductivity and good thermal stability of metal,
but also has the characteristics of high temperature
resistance, corrosion resistance and wear resistance of
ceramics. Cermets are widely used in rockets, missiles,
supersonic aircraft shells, and flame nozzles in
combustion chambers. The WC-Co in this article is a

typical cermet material with a very good surface
wear-resistant material, for example, wear- resistant
coating of WC-Co is directly prepared, microhardness
of WC-17Co is the highest, about 1500HV,3, and
wear-resistant performance of coating is the best, which
is 11 times that of 316L stainless steel, however, the
porosity of the WC-Co coating directly prepared by cold
spraying technology is about 1.2 %, hence, how to
reduce the porosity and use it to spray on the titanium
alloy surface to obtain the best physical properties is the
content of further research.
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JOCJIIKEHHS 3HOCOCTIMKOI'O MOKPUTTS JIETAJIEA I3 TATAHOBOT'O CILIABY JIITAKIB
HA OCHOBI TEXHOJIOT'Ti XOJIOAHOTI'O HAITAJIEHHA

Benvysze Xy, C. €. Mapkoeuu, Kynus Tans, O. B. Illopinoe, Tunmin Lao

TUTaHOBI CIDIABU € OCHOBHUM CTPYKTYPHHM MAaTEpialloM KOMIIOHEHTa aepOKOCMIYHOi CHCTEMH, B
ACPOKOCMIUHIA Taly3i BUKOPUCTOBYETHCS ONM3BKO 75 % THUTAaHOBHX Ta THTAHOBUX CIUIABIB, SKi MAalOTh
MepeBaru HU3bKO1 HIITLHOCTI, BUCOKOI ITMTOMOI MIITHOCTI Ta BiJIMIHHOI CTIMKOCTI 710 KOpO3ii, OJ{HAK, il HU3bKI
MEXi 3HOCOCTIMKOCTI TOAAJbIIe 3aCTOCYBAHHS CIUIABY THUTaHy. TOMy BiH Ma€ BEIIMKE 3HAYCHHS UL 3aXUCTY
MOBEPXHI THUTAHOBOTO CIUIABY. TEXHOJOTIS MOBEPXHEBOTO IOKPUTTS MOKE BHUPIIIUTH TPOOIEMH 3HOCY
TUTAaHOBUX CIUIaBiB. B nmaHmii dac icHye Oe3i4 TEXHOJOTIH HAHECEHHS MOKPHTTIB, BKIIIOYAIOYHM XOJIOJIHE
HarmmmwieHHs (CS), BucokomBuakicHe okcurenne nanueo (HVOF), TepmoxiMiuay 00poOKy, ocakeHHs ra30Boi
¢da3u, pO3IIABICHHS Jia3epa; MOKPUTTS ILIA3MOBUM PO3MIUICHHSM, TEXHOJIOTIS IMOJBIHOTO ILIA3MOBOTO
MMOBEPXHEBOTO JICTYBAaHHS, JYyrOBE PO3MUIICHHS TOLIO, alleé TEXHOJIOTIS XOJOJIHOTO HANMIECHHS 0O0yMOBIEHA
MiATOTOBKOIO 3aXHUCHOTO IIOKPUTTS 3 THTAHOBOTO CIUIABY B TBEPAOMY CTaHi, a MOKPUTTSI MA€ BHCOKY MIIHICTb
CKpIIUICHHS Ta XOPOIIy YAAapHY B'S3KICTh. OCA/DKYIOTh Maike Oyab-iKi MOPOIIKOBI MaTepialii, Taki sK YHCTI
MeTaJld, BKIIFoYarodn amoMinii (Al), maruiit (Mg), Tutan (Ti), Hikens (Ni), kobansT (Co), Hio0i# (Nb), TaHTan
(Ta), migs (Cu) , Bobghpam (W) Tomo; HeMeTal, HAIPHUKIAA KepaMika Tomio; MeTanesi CIUIaBU; KOMIIO3UTHE
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nokputts, BKaouaroun Al-Zn, Ti-Al, Ni-Al, Al-Mg, Al-SiC, AI-AI203, Ti-Ti6Al4V-Al,Os, Ni-Zn, Ni-cBN,
Ni-Zn-Al203, Ti-Ta, Al-Mgl7Al12, AIl-FeSiBNbCu, WC-Co, Cr3C2-NiCr Ttompo. Bin Takox Moxe
0e3nocepeIHhO PO3MOPOITYBATH 3MIITAHUN TTOPOIIOK JUISl OTPUMAHHS 3HOCOCTIHKHX IMOKPHUTTIB, TOMY IIHPOKO
3aCTOCOBY€EThCA. B maHmii 4ac Matepiaqy 3 TUTAaHOBHX CIUIABIB B OCHOBHOMY 3aCTOCOBYIOTBCS B rairysi
3aXHCTy Ta PEMOHTY MiJKIAagKH, a cdepa BUTOTOBICHHS T00ABOK 3 THTAaHOBOTO CIDIABY 3 XOJOJHUM
HaIWJICHHSM, IO 3'IBHJIAcsS B OCTaHHI POKH, IIe 3HAXOIWTHCS Ha CTaAii mporecy Ta 0a30BHX TEOPETHYHHX
PO3B1JIOK, 1 HE OyJIO MOAHUX YCHIIIHUX BUMAAKIB KOHCTPYKIIIH AeTaneil 3 aepoKOCMIYHOIO Ta aepOKOCMIYHOTO
THTAaHOBOTO CIUIABY, allé THTAHOBHU CIDIAB MAa€ HHU3bKY 3HOCOCTIMKICTH MOBEPXHI, 1 e OyJIo dyXe JA0pOoro,
TOMY BiH TIOTpeOy€e PEMOHTY, TAKOTO SIK 3HOITYBaHHS, ITOIIKOPKEHHS yAapaMH ITiJ] yac eKcrutyararii. ¥ 1ii
poOoTi Oyno pO3TISHYTO, MOKPUTTA 3HOCOCTIMKOCTI Ha JeTalsx i3 cIUlaBy JiiTaka 3 TUTAHOBOTO METaly
METOJIOM XOJIOJHOTO HAIMJICHHS, MPOaHAII30BAHO BHPOOHHUIITBO MOKPUTTS 3HOCOCTIHKOCTI Oe3rocepenHbo
METOIOM XOJIOIHOTO HAIMICHHSI.

KirouoBi cjioBa: THTaHOBI CIIJIaBH, 3HOCOCTiﬁKHﬁ; TEXHOJIOTIH HaHECEHHS HOKpI/ITTiB; XOJIOOHC HAIIWJIFOBAHHA.

UCCJEAIOBAHUE U3HOCOCTOMKOI'O OKPHITUS ABUALIMOHHBIX JETAJIEN
N3 TUTAHOBOI'O CIIJIABA 11O TEXHOJIOT'UH XOJOAHOT'O HATTIBIVIEHUA

Bensuysze Xy, C. E. Mapxoseuu, Kynus Tanw, A. B. Illopunoe, Tunmun Ilao

TuTaHOBBICE  CIUIABBI  SIBISIIOTCS ~ OCHOBHBIM ~ KOHCTPYKIIMOHHBIM  MATEPHAIIOM  KOMIIOHCHTA
A’POKOCMUYECKON CHCTEMBI, OKOJIO 75 % THTaHa M TUTAHOBBIX CIUIABOB HMCIIOJIB3YIOTCS B a3POKOCMHYECKON
MPOMBIIUICHHOCTH, KOTOPEIE 001a1aloT IPEeUMyIIeCTBAMH HI3KOU TNIOTHOCTH, BRICOKOH YIESTBHOM MPOYHOCTH
U OTJIUYHOU KOPPO3MOHHOW CTOMKOCTH, OJHAKO HMEIOT HU3KHE MPEIeNibl M3HOCOCTOMKOCTH AalbHeHiee
MPUMEHEHUE THTAHOBOTO cIniaBa. CleIOoBaTEbHO, TO HMEET OOJIBIIOE 3HAUEHHE IS 3aIlIUTH IIOBEPXHOCTH
TUTAHOBOTO CIUIaBa. TEXHOJOTHS MOKPHITHS ITOBEPXHOCTH MOXKET PEIINTh MPOOJIEeMBI W3HOCAa THUTAHOBBIX
CIuiaBoB. B HacTosmiee BpeMs CyIIECTBYET MHOXKECTBO TEXHOJOTHMH HAHECEHHS MOKPHITHH, B TOM YHCIC
xonoaHoe pacmbuieHue (CS), BbICOKOCKOpOCcTHOEe KuciopoaHo-tomueHoe (HVOF), tepmoxuMudeckas
00paboTKa, OCaKIeHHEe B Ta30BOH (aze, pacIUIaBiIeHHBIN J1a3ep; MOKPHITHE IDIa3MEHHBIM HAIbUICHUEM,
TEXHOJIOTUA [[BOI71HOFO TJIa3MEHHOTO JICTUPOBAHUA MMOBEPXHOCTHU, AYT'OBOC HAIIBIJICHUC U T. 1., HO TCXHOJIOTHUA
XOJIONHOTO HAITBIJICHUSI 00YCIIOBJIEHA ITOATOTOBKOM 3aIIUTHOTO MOKPBITHS U3 TUTAHOBOTO CIUIaBa B TBEPAOM
COCTOSTHHH, ¥ TIOKPBITHE UMEET BBICOKYIO MPOYHOCTH CIEIUICHHUS ¥ XOPOUIYIO YIAPHYIO BS3KOCTH, OHO MOKET
OCKIAIOT MPAKTHYSCKH JIFOOBIE MOPOIIKOBBIE MATEPHAbl, TAKUE KaK YHCThIE METAJUIbI, BKJIIOYAOIICE
amomunnii (Al), marauit (Mg), Turan (Ti), aukens (Ni), ko6ansT (Co), HHoOHMit (Nb), Tanrtan (Ta), mens (Cu),
BombppaMm (W) u T. 1., HEMeTal, TaKOW KaK KepaMuKa M T. 1., MeTaJuIM4ecKhe CIUIaBhI, KOMIIO3UTHOE
nokpeithe, Brmroyaronee Al-Zn, Ti-Al, Ni-Al, Al-Mg, Al-SiC, Al-Al203, Ti-Ti6Al4V-AlOs, Ni-Zn, Ni-cBN,
Ni-Zn-Al203, Ti-Ta, Al-Mg17Al12, Al-FeSiBNbCu, WC-Co, Cr3C2-NiCr u T. 1. OH Takke MOXKer
HETIOCPEICTBEHHO PACIIBIIATH CMEIIAHHBIN MOPOIIOK ISl TIOYYSHHST W3HOCOCTOUKUX MOKPHITHH, TOITOMY OH
IIHUPOKO HUCIIOJIB3YCTCH. B HaCToOAIIEC BpEeMA MaTCpUajibl U3 TUTAHOBOI'O CIlJiaBa C XOJIOAHBIM HAIIbIJICHUEM B
OCHOBHOM HCIIOJIB3YIOTCS B OOJACTH 3aIMUTHI M PEMOHTA MOIJIOKKH, a OOJIACTH MPOU3BOICTBA TPHCAIOK C
XOJIONHBIM HAIBUICHHEM W3 TUTAHOBOTO CIUIABA, IOSBHBINASCS B TOCIEIHUE TOMBL, BCE €IIe HAXOAUTCS Ha
CTaJluu Tpoiiecca U 6a30BbIX TEOPETUUESCKUX HUCCIEIOBaHUH, U HE OBUIO YCHEIIHBIX CIy4aeB MCIOJIb30BaHUS
A’POKOCMUYECKUX U adPOKOCMHYECCKUX JIeTajleld M3 KOHCTPYKIMOHHBIX TUTAHOBBIX CILIABOB, HO THUTAHOBBIN
CIUIaB UMEET HU3KYI0 W3HOCOCTOHKOCTh MOBEPXHOCTH, W OTO OBUIO OYEHHb JOPOr0, MOITOMY OH Tpedyer
PEMOHTA, TaKOTr0 KaK M3HOC, yJapHOE MOBPEXKIESHUE BO BpeMs JKCIUTyaTallid. B 3Toil cTathe 0030p ObLIO
paccMOTPEHO HW3HOCOCTOWKOE IMOKPBITHE JeTalell aBHAIMOHHOTO THUTAHOBOTO CIDIaBa IO TEXHOJIOTHUHU
XOJIOMHOTO PACHBUICHHS, MPOAHAIN3UPOBAHO ITOIYYCHHE H3HOCOCTOMKOTO IMOKPBITHS HEMOCPEACTBECHHO IIO
TEXHOJIOTUHU XOJIOJAHOI'O paClbIJICHUA.
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