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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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DEVELOPMENT OF AIR-PLASMA TECHNOLOGY
FOR HARDENING CUTTING TOOLS
BY APPLYING WEAR-RESISTANT COATINGS

Abstract. This work describes an air-plasma installation and a method of hardening cutting tools by applying
wear-resistant coatings. There are shown the results of commissioning of an air-plasma installation and the results of
calculation and evaluation of the performance of the developed plasmatron. A plasmatron was made in order to reduce
the heat load and improve the quality of the sprayed layer of the plasmatron operating life, as well as this plasmatron
include a cooled anode, a swirl unit, an interelectrode insert, and a cathode. There was performed thermal analysis of the
plasmatron design using the SolidWorks finite element method. The analysis results showed that the elements of water
and gas communications of the plasmatron withstand pressure with a nominal value of 2.5-3 atm. at a power of 25 kW.
The results of a study of the structure and properties of TiN and SiC coatings are shown. The results of tribological tests
showed that TiN and SiC coatings can improve the tribological properties of P6MS5 high-speed steel.

Key words: coating, air-plasma spraying, structure, titanium nitride, plasmatron, silicon carbide.

Introduction. One of the further development tasks of mechanical engineering is to increase the
service life of metal-cutting tools (drills, taps, reamers, etc.) [1]. As it is known [2-6], modification by
high-energy exposure is an effective means of increasing the service life and improving the
physicomechanical and operational properties of the surface of cutting tools. Improving the operational
properties of the cutting tool is largely determined by the hardening technology. Widely known ion-
plasma hardening technologies by applying nitride, carbonitride coatings require the use of special
expensive equipment and are economically feasible only for mass and large-scale production [7-10].

In practice, such restrictions do not occur when working surfaces hardening of the tool by the air-
plasma method [11-13]. In addition, the use of air as an active plasma-forming medium greatly simplifies
the installation for spraying and increases the safety of work and reduces the cost of coatings. However,
the phase-structural transformations and the physical mechanisms of the formation of coatings are still
insufficiently studied in spite of some successes achieved in the practical implementation of air-plasma
processes. In addition, studies on the effect of air-plasma hardening on the structure and properties of
high-speed steels have practically not been carried out [14-18]. Therefore, the method has not yet been
implemented in tool production. In this regard, the task in this work was to develop a technology for
hardening cutting tools by applying wear-resistant coatings on the working surface by the air-plasma
method.

The authors of this work developed and manufactured an installation for air-plasma spraying of
coatings, which consists of a plasmatron, an inert gas supply system for argon and air, an inverter type
500 A power source with an open circuit voltage of 60 V, and an autonomous cooling system for the
plasmatron. Figure 1 shows a general view of an installation for air-plasma coating.

— 54 ——
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Figure 1 — Installation for air-plasma coating:
1 - plasmatron, 2 - process control unit, 3 - gas supply cylinder, Figure 2 —
4 - power supply system, 5 - cooling system, 6 - bifurcated powder 3D model of a plasmatron
supply channel with expansion barrel, 7 - sample holder, 8 - compressor

One of the problems in the field of air-plasma technology is the short life of the plasmatron. In this
regard, we set the task of increasing the life of the plasmatron and carried out a number of works. We
developed a plasmatron design on the bases of study of existing plasmatron models for APS, which
consists of the following parts: anode, cathode, interelectrode ceramic insert, electricity, insulating
ceramic nodes, powder, coolant, plasma forming gas, and carrier gas supply nodes. Argon and air are used
as the working gas in the developed plasmatron design. The plasmatron body is cooled by water flow
through a special cooling channel through the coolant supply fitting. Figure 2 presents a 3D model of the
developed plasmatron. The developed plasmatron design differs from existing plasmatron for APS in that
the outlet openings in the nozzle are made in the form of rectangular tapering-expanding channels. This
gives an additional acceleration of the plasma flow at the exit of the nozzle.

A thermal analysis of this circuit was performed using the SolidWorks finite element method in order
to evaluate the performance of the plasmatron [19]. Figure 3 presents the color differentiation a) the
temperature of the solid; b) temperature of the fluid; c) flow rate. The analysis results showed that the
elements of water and gas communications of the plasmatron withstand pressure with a nominal value of
2.5-3 atm. at a power of 25 kW. Thus, the developed design of the plasmatron fully satisfies the condition
of air-plasma spraying.

a) Solid temperature (°C) m°""*"*"| b) &1 | ¢) Flow rate (m/s)

767/39ms

Temperature of the fluid (°C -
2.5 atm water C 3 atm o o -
]
20.2705*C : !.us" . o
3 atm ' | ‘
TG+P . ’ '
25kW —

Figure 3 — Results of thermal analysis (TG - transporting gas, C - coolant, P - powder):
a) solid temperature; b) temperature of the fluid; c) flow rate
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We have made a prototype plasmatron on the bases of the developed plasmatron designs. Full-scale
tests of the plasmatron were carried out at various capacities. The results showed that the 12X18H10T
stainless steel anode material begins to break down at high powers (20 kW) and molten areas are observed
on the surface, as well as areas sprayed with molten powders that were used for spraying. In addition, the
fluoroplastic plasmatron case also became brittle after 3 hours of plasmatron operation. In this connection,
we modernized the plasmatron, in particular, we developed a system for introducing powder into the
plasma (swirl unit), which rotates the anode spot and prevents local burning of the anode, as well as
replaced the anode material and the case material with copper (copper of M0 grade), which has high heat
and electrical conductivity compared to steel. The construction design of the swirl assembly is developed
on the basis of finite element modeling.

These changes allow to prevent the local burning of the anode, poor passability of the powder through
the spray channels and heating of the plasmatron body, which increased the durability of the plasmatron
nodes and resources of plasmatron work. Also, full-scale experiments of the plasmatron showed that the
introduced changes made it possible to stably apply coatings without destroying the plasmatron nodes.
Figure 4 shows a general view of the plasmatron before and after modernization.

0 .

Figure 4 — General view of the plasmatron before (a) and after modernization (b)

The installation was equipped with a non-contact "arc excitation" system based on the high-frequency
current oscillator OSSD 500 in order to ensure more stable arc excitation. Figure 5 shows a non-contact
"arc excitation" system and a matching circuit between the power source and the oscillator. As a result, it
became possible to automatically start the plasmatron with a gap between the anode and electrode of up to

5 mm.
Nbo [

§ T 408 Twwh 408 Mrausotpon
F ! il

HER308 P HER3DE XX I’I\.
| ( N

Figure 5 — The system of non-contact "arc excitation" (a) and the matching scheme of the power source and oscillator (b)

The developed technology and installation for air-plasma spraying can be carried out in the
conditions of a small thermal section of single and small-scale production, pilot and repair enterprises with
minimal costs for equipment, auxiliary materials and electricity, with ease of implementation and
maximum processing efficiency. An experiment on the production of carbide and nitride coatings on the
surface of high-speed steels was carried out on the developed air-plasma spraying (APS) installation, as
well as laboratory experiments of the coatings were carried out.
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Material and methods of research. POMS5 high-speed steel was chosen as the research material. The
experiments on obtaining coatings based on SiC and TiN were carried out in the following mode: moving
speed 2-30 mm/s, the distance between the plasmatron and the product 45-55 mm, the diameter of the
spray spot 10-25 mm. The temperature of the parts during spraying does not exceed 150-200 °C.
Preliminary sandblasting with dry corundum was carried out to improve adhesion (at an air pressure of
0.3-0.6 MPa, the distance from the nozzle exit of the jet-abrasive gun to the work surface is 80-100 mm).

The method of studying friction wear resistance by using a device that allows measuring the sliding
friction force in alternating motion was applied in order to evaluate the tribological characteristics of
carbide and nitride coatings obtained by the APS method [20]. A SiC ball with a diameter of 4 mm and a
hardness of Hy = 2800 mm was tightly pressed (with F, gain) to the surface of the sample. The system
consists of two supporting bodies moving in the same direction. The system that moves the plate consists
of two load-bearing bodies moving in the same direction, which allows the friction force to be divided.
The drive was an electric drive consisting of a stepper motor and a helical gear. The power of movement
was transmitted from a larger trolley to a smaller one using a strain gauge. The system allowed the
installation of a fixed displacement of the steel plate relative to the ball with a certain speed Vs and
displacement S, the force causing the FT motion was recorded with a frequency of 10 Hz. The path length
was 12 m, speed 2 cm/s, load 5 N.

The experiments results of obtained coatings. Using these powders, coatings were obtained on the
surface of P6M5 high-speed steel under various conditions. Coating modes are shown in table.

Modes of air-plasma coating from TiN and SiC

Powder TiN SiC
Ne 1 2 3 4 5 6
Arc current, A 135 160 175 135 150 250
Coating Thickness, um 28 23 14 21 89 20

There were carried out metallographic research of transverse sections of coated samples. Figure 6
presents a fragment of the microstructure of the transverse section of SiC and TiN coatings during air-
plasma spraying.

fi!lmlrit g Ay
L __L-L“..

Figure 6 — Image of the cross section of the sample coatings with TiN and SiC powders:
a) TiN at 135 A, b) TiN at 150 A, ¢) TiN at 175 A, d) SiC at 135 A, f) SiC at 150 A, g) SiC at 175 A
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Figure 7 shows the friction coefficient of the sample at a normal force of 5 N and a mutual
displacement velocity of 0.94 cm/s, the value of the friction coefficient is in the range from 0.2 to 0.8 L.
TiN coatings are characterized by a more stable running-in period: a friction coefficient of ~ 0.2 p. The
running-in period of 7 m is already 0.8 p for the P6MS5 high-speed grease substrate. The friction
coefficient was 0.2 p, and the substrates - 0.3 p for SiC coatings.

a a .

Distance [m] 08 Distance [m]

Distance [m]

Distance [m]

06

Figure 7 — The friction coefficient of the sample:
a) TiN (135 A), a’) substrate, b) SiC (250 A), b’) substrate

Figures 8, 9 present the diffraction patterns of the substrate, the initial powder, and the resulting TiN
and SiC coatings. The phase composition of coatings on the surface of P6MS5 steel corresponds to the
composition of the initial powders. In this case, substrate reflections appear on the diffractograms of the
coated samples. Thus, X-ray phase analysis showed that after deposition new phases are not formed both
on the coating and in the substrate, which confirms the low temperature of the substrate heating during the
deposition process. This, in turn, confirms the absence of softening of the substrate.
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Figure 8 — Diffraction pattern of samples: a) P6MS5, b) SiC powder, d) SiC coatings
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Figure 9 — Diffraction pattern of samples: a) P6MS5, b) TiN powder, c¢) TiN coatings

Conclusion. Analyzing the results, we can draw the following conclusions:

- An installation has been developed for air-plasma spraying, which consists of: a plasmatron, an inert
gas supply system for argon and air, an inverter type 500 A power source with an open circuit voltage of
40 V, and an autonomous cooling system for the plasmatron.

- A plasmatron has been developed, which consists of a cooled anode, a swirl unit, an interelectrode
insert, and a cathode. The advantage of the developed plasmatron is that the outlet openings in the nozzle
are made in the form of rectangular tapering-expanding channels, as well as the anode is made completely
welded and its surface has a radiator profile that will allow disassembling and assembling the plasmatron
during repair work without compromising its quality.

- It has been determined that TiN and SiC coatings can improve the tribological properties of high-
speed steel, in particular, the friction coefficient decreases by a factor of 2-3, and the wear resistance
increases by a factor of 1.5 times.

Thus, the conducted research have shown the promise and feasibility of using the developed
technology for increasing the wear resistance of cutting tools.
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TO3YFA TO3IM/II J)KABBIHJIAP/BI KAFY KOJIBIMEH KECKIII KYPAJIJAP/IbI
BEPIKTEH/IIPY ITH AYA-IIJIA3MAJIBIK TEXHOJIOTMSICBIH 93IPJIEY

AnHoTanus. MammHa jxacaybl OJJaH 9pi JaMBITy MiHICTTEpPiHiH 0ipi — MeTalI KeCKIiIl KypanaapabH (OypFeL,
METYHK, Kallay >koHe T.0.) KbI3MET eTy Mep3iMiH apTThipy. JKoraphl KyaTThl MOIU(UKAIHS — OYJ1 KbI3MET Mep3iMiH
WIFaUTY/IBIH JKOHE KeCy KYpajllapbIHbIH OCTiHIH (M3MKaIbIK, MEXaHUKAIIBIK JKOHE IMaiilajilaHy KacHeTTepiH jkaKcap-
TYJBIH TUIMII Kypajibl. Keckill KypaiiblH )KYMBIC iCT€y KacHeTTEepiH apTThIpy KeOiHece eHJIeY TEeXHOJIOIHSChIMEH
AHBIKTaJa bl

OcpiraH OaimaHbpICTBI OYJI JKYMBICTa TO3yFa TO3IMI >KaOBIHAAPIBI JKary >KONBIMEH KECKill Kypalgapabl
OepikTeHAIpYIiH aya-IDIa3MaliblK TEXHOJIOTHSACHIH d3ipiey MiHIeTi KoWbuiapl. OCchl MakcarTa aya-Tuia3MablK TO3aH-
naty KoHIbIprbIckl (AIIT) skacan mbIFbIpbULABL. KOHIBIPFBIHBIH HETI3T1 CHIIATTaphl IJIa3MOTPOH, aproOH MEH ayaHbl
MHEPTTI ra30eH KaMTamachl3 eTy KyhecineH, kepHeyi 60 B ambik unBeprop Typinzeri 500 B KyaT kesiHeH, aBTo-
HOMJIBI IIJIa3MOTPOH/IBI CAJIKBIH/AATY JKyHeciHeH Typajbl. [11a3MOTPOHHBIH 93ipJIeHTeH KOHCTPYKIMUSICHIHIA JKYMBIC
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ra3el peTiHIAE aproH MEH aya HaiganaHbpurafgsl. [11a3MOTPOHHBIH KXYMBICKAa KaOUTeTTiTiriH Oarajay MaKcaThIHIA
SolidWorks GarmapiaMabiK OpTackIHIa OCHI CXeMara TePMUSIIBIK Talgay >KYpri3iiii.

JloFaHbIH TypaKThl KO3ybIH KaMmTamachl3 eTy yiiH KoHasiprsl OCCJI 500 >xoFrapbl )KUUTIKTI TOK OCHUILISTOPBI-
HBIH HETi31HJe OalIaHBICChI3 «IOFABIK KO3Yy» KYHECIMEH kKaOJbIKTaJiFaH. O3IpJeHIeH aya IUIa3MalbIK TO3aHIATy
KOHJIBIPFBICHIHA KapOWATI JKOHE HUTPHUTTI >KaOBIHAAPIbI any OOWBIHIIA DKCIIEPUMEHT JKYPTi3iiil, 3epTreyiep
skacanabl. TeceHim 3epTTey MaTepuansl petinne POMS xpurnam kecerin 6onat taHmanabl. SiC xone TiN HeriziHge
JKaOBIHIApAsl ady OOWBIHINA JKCIEPHUMEHTTEP MBIHANAH PEeXUMAE JKYPTi3iidi: aybICTHIPY VITICIHIH KO3Falry
KBUIIAaMABIFEI — 2-30 MM/C, MIa3MOTPOH MEH YJTi apachIHIAFbl KANIBIKTHIK — 45-55 MM, TO3aHIATy AaKTapbIHBIH
muametpi — 10-25 mm. Toszanmaty kesinge OesmiekTep/i Kpi3aplpy Temmeparypachkl 150-200 °C-tan acmaibl.
AJre3usiHbI )KaKcapTy YIIiH KYpFaK KOPYH/IIEH ajlJiblH ajla KyM OYpIiKKill apKbUIbl OHJIEY KYPri3iiii (aya KbIChIMBI —
0,3-0,6 MITa, arpicTBI-a0pa3uBTi comuiagan OeTke Aeiinri KambIKTHIK 80-100 MM Kypaitiabr).

AIIT omiciMeH anpIHFAaH KapOHI XOHE HUTPHUATI XKaOBIHIAPABIH TPHOOJOTHSIBIK CHMATTaMalapblH Oaranay
MaKcaThIH/Ia ayBICHIANBI KO3FANBICTAFBl YHKENIC KYIIH ejmeyre MYMKIHIIK OepeTiH KYpBUIFBIHBIH KeMeTiMeH
yiiKeic Ke3iHae To3yFa Te3IMALTIKTI 3epTTey oici KoanaHbuibl. JKypic Y3bIHABIFEL — 12 M, )KBUILIAMIBIFBL — 2 cM/C,
xykreme — 5 H.

JKaObiHbl Oap yiriepaiH KeJCHEeH KuMajiapblHa MeTautorpadusiblk 3epTTey Kyprisumi. Makamama 5 H
KaJIBINTBI J)KYKTEMeIeri YIriHiH yiikenic koadduimenti xxone 0,94 cM/c e3apa KbUDKY KbUIIAM/bIFbl KOPCETLITEH,
yiikemic ko3¢ durmuentiniyg moHi 0,2-nen 0,8 p neitinari apansikta 6oxansel. TiN kaOBHAAPEIHA TYPAKTH KYMBIC iCTEY
Ke3iHgeri yikenic koadoummenti ~ 0,2 1. A Te3 kecetin 6omat P6MS ymin yitkeric koaddunuenti 0,8 p Kypaiasl.
SiC >xaObiHmaps! yurin yikenic koaddumuenti 0,2 1 Kypaiasl.

P6MS5 Bomnar Gertinzeri xaObiHAapAbH (a3aiblK KypaMbl O0acTanKbl YHTAKTapblH KypaMbIHA COHKEC KeJeml.
Byn perre nudpakrorpammarnapaa xkaObIHBI Oap yarizepae TeceHimn ¢asanapbiHblH pediekcTepi maiiga 0omasl.
Ocpuiaiima, peHtrenodasanbik Tangay To3aHAaHyIaH KeiiH jkaObIHa xaHa (asanap TY3UIMEHTIHIH KepceTTi, Oy
TO3aHJAATy MPOIECIHAE TOCEYIiH TOMEH TeMIIepaTypachlH pacTaiiel. byi, e3 Ke3eriHxe, TOCCHINITIH TEPMHUSIIBIK
OHJICYTe YIIbIpAMaFraHbIH PaCTail/Ibl.

Tyiiin ce3nep: xaOblH, aya-TuIa3MalbIK TO3aHIaHy, KYPBUIBIM, THTaH HUTPH, IUIA3MOTPOH, KDEMHUI KapOuIi.
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PA3PABOTKA BO3JIYIITHO-IIJIASMEHHOM TEXHOJIOTMM YIIPOUHEHUSA PEXYIIINX
HUHCTPYMEHTOB IIYTEM HAHECEHUS U3HOCOCTOMKHUX MMOKPBHITHUIA

Annotanus. OnHOM U3 3a/1a4 TAIBHEHINEro Pa3BUTHS MAITHHOCTPOCHUS SIBJISETCS TOBBIIICHUE CPOKA CITY>KOBI
METaUIOPEKYIIUX HHCTPYMEHTOB (CBepya, MET4YMKH, pa3BEPTKH U 1p.). Kak wusBectHO, MoauduimpoBaHue
BBICOKOIHEPTETUICCKIM BO3JICHCTBHEM SIBISICTCS I(PQPEKTHBHBIM CpPEIACTBOM IMOBBIMICHUS CPOKa CIYyXOBI M
yIIydIIeHns: GU3NKO-MEXaHUUECKUX U SKCIUTYaTallMOHHBIX CBOMCTB MOBEPXHOCTH PEXKYIIUX HHCTPYMEHTOB.

[ToBbIIeHNE SKCIUTYyaTalMOHHBIX CBOMCTB PEXYILEro HMHCTPYMEHTa B 3HAYMTENILHOH Mepe OIpenessieTcs
TEXHOJIOTHUEH YIpouHEHUs. B CBsA3M ¢ 3THM, B JaHHOW paboTe ObLia MOCTaBlieHA 3ajadya pa3pabOTKH TEXHOJIOTUH
YIPOYHEHHS] PEXYIIMX HHCTPYMEHTOB ITyTeM HaHECEHMsT M3HOCOCTOMKHX MHOKPHITHH Ha paboyell MOBEpXHOCTH
BO3/IyLIHO-TUIa3MEHHBIM METOJIOM. ABTOpaMH JJaHHOU Obli1a pa3paboTaHa W U3rOTOBJIEHA YCTAHOBKA ISl BO3YIIIHO-
ra3menHoro Hameuierus (BITH) mokpeiTrii, KOTOpast COCTOUT U3 IIa3MOTPOHA, CUCTEMBI TIOAAYN WHEPTHBIX Ta30B
aproHa M BO3/1yXa, ICTOYHUKA MUTaHUA HHBepTOpHOTO THIAa 500 A ¢ HampspkeHHeM xoiocToro xoxa 60 B, cuctembr
ABTOHOMHOT'O OXJI&XKJECHHUS IJIa3MOTpoHa. Ha ocHOBe M3y4yeHus CylecTBYIOIMX Mojelnel riasmorpona aiust BITH
Hamu Obula pa3paboTaHa KOHCTPYKIHMS IUIa3MOTPOH, KOTOPBI COCTOMT M3 CIEIYIOIIMX YacTel: aHOA, KaToj,
MEXDJIEKTPOHAST KepaMHuecKasi BCTaBKa, M30JIMPYIOLIME KEPaMUUYECKHE Y3JIbl, Y3JIbl TOAa4M IOPOIIKA, OXJIaX-
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JAromIed KHUIKOCTH, IUIa3MOOOPAa3yIOIIero ra3a M TPaHCIOPTHPYIOWETro Ta3a. B pa3zpaboTaHHONH KOHCTPYKIHH
IUIA3MOTPOHE B KadecTBe paboyero rasa MCIOJB3YeTCSl aproH M BO3/AYyX, OXJaXAEHHE KopIyca IIa3MaTpoHa
OCYIIECTBIISIETCS. BOJHBIM HOTOKOM Yepe3 CIELHaIbHbIA OXJIaXIAoUMK KaHall 4epe3 INTylepa I0Jaud OXJIaX-
JIaroIIen >KUIKOCTH.

C nenpio oneHkn paboTOCIMOCOOHOCTH TUIa3MOTPOHA OBUT TPOM3BENEH TEPMUUYESCKUIN aHATU3 JAHHON CXEMBI
MeToZoM KoHeuHBIX areMeHTOB SolidWorks. C menmpio obecneueHust Gonee ycTOHUMBOTO BO3OYKICHHS IyTH
YCTaHOBKa OBLTa OCHAIN[EHa CHCTEMOH OECKOHTAKTHOTO «BO30YKISHHS IyTW» Ha OCHOBE OCIHJUIATOpPA TOKOB
BeIcokoit yactorel OCCJ] 500. Ha pa3zpaboTaHHON ycTaHOBKE BO3IYIIHO-IUIA3MEHHOI'O HalbIICHUs ObUT MOBEAEH
OKCIIEPUMEHT I10 IOJYYEHHIO KapOMIHBIX M HUTPHUIHBIX MOKPBHITHH Ha MOBEPXHOCTH OBICTPOPEXKYLIMX CTalleld U
MIPOBEJIEHBI TaO0PATOPHBIE UCTILITAHUS TTOJTYYEHHBIX TOKPBITHH.

B kauecTBe MaTepuana ucclelOBaHHMA ObUIa BhIOpaHa OBICTpOpeXymas cTtaab POMS. DKcrepuMeHTHI 1O
monydeHnto MOKpeITHH Ha ocHoBe SiC m TiN mpoBOAWIHCE B CIEAYIOMIEM PEKHUME: CKOPOCTh IEepEeMEIIeHUs
2-30 mMM/c, pacCcTOSIHHE MEXIy IUIa3MOTPOHOM W m3nenueM 45-55 MM, amaMeTp mstHa HambuteHus 10-25 mm.
Temmeparypa HarpeBa JeTaieid NpU HambUIGHHH He mpeBbimaet 150-200C°. [ns yiydnieHus anare3uu Oboia
MpOBE/ICHA TpeBapUTEIbHAS MECKOCTPYiHas 00paboTKa CyxuM KOpyHIoM (mpu gaBieHuu Bozmyxa 0,3-0,6 MIla,
paccTosiHMe OT cpe3a coIlla CTpYiHO-aOpa3MBHOTrO mNHCToJeTa A0 00pabaThIBAEMOW IOBEPXHOCTH COCTABISIET
80-100 mMm). C enpo OIEHKH TPUOOIOTHIECKUX XapaKTEPUCTUK KapOUIHBIX M HUTPUAHBIX TIOKPBITHHA, TTIOTYIEHHBIX
Metogom BITH, Obm1 mpuMeHEH MeTOx HCCIeIOBaHWS H3HOCOCTOWKOCTH TPH TPEHHUHM C IOMOIIBI0 YCTPOICTBA,
MTO3BOJISIONIETO U3MEPATh CHIIY TPEHHUS CKOJBKEHHS B IEpeMEHHOM JABIKeHHHU. JmmHa mpobera cocraBmsiia 12 M,
CKOpOCTh 2 cM/c, Harpy3ka 5 H.

Beuto mpoBeneHo mertamiorpaduueckoe McCIeJOBaHHE IMOINEPEUHbIX HUIM(GOB 00pa3loB C MOKPHITUSAMU. B
CTaThe MMOKa3aH KOA(PQHUUUEHT TpeHusi oOpasla npu HOpMaNbHOW cwie 5 H u cKopoCTH B3aMMHOIO TepeMeIleHHUS
0,94 cm/c, 3HaueHne KoddduimenTa TpeHus Haxoaurces B npeaenax ot 0,2 no 0,8 w. {is nokpsituii TiN xapakTepen
Oozee cTaOWIBHBIA TepuO] MPUPAOOTKH: KO3 umeHT tperus ~ 0,2 | A UId TOUIOKKH U3 OBICTPOPEKYIIEH
cramu P6MS5 nepuon mpupabdotku 7 M coctasisieT yxe 0,8 p. st mokpeitaii SiC KodQQHUIUEHT TPEHUS COCTaBUIT
0,2 p, a mommoxkku — coorBercTBeHHO 0,3 p. Da30BbIi COCTaB MOKPBITHMH Ha MNOBepXHOCTH cTaimu PO6MS
COOTBETCTBYET COCTABY MCXOHBIX IMTOPOUIKOB. [Ipy 3TOM Ha audpakTorpaMmax 00pasioB C MOKPHITHEM TOSBIISETCS
peduiekchl ook, Takum 00pa3om, peHTreHO(a30BbIid aHAIM3 [MOKa3all, YTO TOCIIC HAMBLUICHUS HE 00pa3yroTcs
HOBbIE ()a3bl KaK Ha IMOKPHITUHM M TaK B IOJI0OXKKE, YTO MOJATBEPIKIAET HU3KYIO TeMIIepaTypy HarpeBa MOIJIOKKH B
mpoIiecce HalbUICHUA. JTO, B CBOIO OYepe/ib, IIOATBEPKAAET OTCYTCTBHE Pa3yIPOUYHEHHS MTOIIOKKH.

KiroueBble cji0Ba: MOKPHITHE, BO3AYIIHO-IUIA3MEHHOE HAIBUICHHUS, CTPYKTYpa, HUTPUA THTaHA, TUIAa3MOTPOH,
KapOHJl KpEeMHUSL.
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