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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 P6M5 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 1shows a general view of an installation for air-plasma coating.
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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 ofthe 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.

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 MO 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 ofthe plasmatron before and after modernization.

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
5mm.

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 ofthe coatings were carried out.
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Material and methods of research. P6M5 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 HV = 2800 mm was tightly pressed (with Fngain) 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 5N.

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, *m 28 23 14 21 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.

Figure 6 - Image ofthe cross section of the sample coatings with TiN and SiC powders:
a) TiNat 135 A, b) TiNat 150 A, ¢) TiNat 175 A, d) SiCat 135 A, f) SiCat 150 A, g) SiCat 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 u,
TiN coatings are characterized by a more stable running-in period: a friction coefficient of ~ 0.2 u. The
running-in period of 7 m is already 0.8 u for the P6M5 high-speed grease substrate. The friction
coefficient was 0.2 u, and the substrates - 0.3 1, for SiC coatings.

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 ofthe 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 ofthe substrate heating during the
deposition process. This, in turn, confirms the absence of softening of the substrate.

20 0 40 50 60 70 80 ]
Figure 8- Diffraction pattern of samples: a) P6M5, b) SiC powder, d) SiC coatings
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Figure 9- Diffraction pattern of samples: a) P6BM5, 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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TO3YTA TO31MA1 XABbIHOAPABI XAT'Y XOJ/IbIMEH KECK1LW UYPANOAPALI
BEP1IKTEHA1PY AL AYA-TTNASMANbLLL TEXHONOIMACBLIH 331PJIEY

AHHOTauua. MawmnHa Xacayfbl ogaH spl fambITy MW AeTTepLuLy 6ipi - MeTann Kecww K pangapgbiH (67prol,
METUMK, Kallay >X3He T.6.) KbI3MeT €Ty Mep3iMiH apTTbipy. XKorapbl KyaTTbl MOAU(MKaLMS - 6™ KbI3MET Mep3iMiH
ANrafiTyblH XX3He Kecy K¥pangapblHbiH GETiHIH (h3MKaNbIK, MEXaHUKAbIK XX3He naiifanaHy KacueTTepiH xakcap-
TyZbIH TMIMAI K¥panbl. Keckliu K¥panfbiH XXyMbIC iCTey KacueTTepiH apTTbipy Kebluece eHAey TeXHOMOrusachbiMeH
aHbIKTanagpl

OcbiraH 6ainaHbICTbl 6”1 XXyMbICTa TO3yra Te3impi >kabblHAapAbl Xary >XonbiMeH Keckllwl K¥pangapapl
6epiKTeHAIpYAIH aya-nia3MasibiK TEXHOMOTUACKIH 33ipaey MiHAETI Koibingel. Ocbl MakcaTTa aya-niasmasiblK To3aH-
Jaty KoHgplprbicbl (AMNT) xacan Whirbipbingbl. KOHABIPrbIHBIH HEM3M CUNATTapbl N1a3MOTPOH, aproH MeH ayaHsbl
MHEPTTI ra3beH KamTamacbl3 eTy XKyiecleH, kepHeyi 60 B awbik nHBepTOp TYpiHgeri 500 B KyaT Ke3lleH, aBTo-
HOMZbI M1a3MOTPOH/bI CanKbIHAATY XYVleciHeH Tpaapl. MNa3MOTPOHHbIH 33iPNEHreH KOHCTPYKLMACHIHAA X/ MbIC
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rasbl penHje aproH MeH aya naifganaHbinagpl. M1asMOTPOHHBLL XKyMbICKa KablieTTwnH 6aranay MakcaTbiHAa
SolidWorks 6argapnamaibik opTacbiHAa OCbl CXeMara TepMUs/bIK Tasigay XY prisingi.

JoraHbiH TypakTbl KO3ybIH KamTamachI3 eTy YLiH KoHg iprel OCCJ, 500 »orapbl XUiNikTi TOK 0CLUNNATOPbI-
HbIH HerisiHge 6alinaHbICChI3 «foran™1k Kosy» XYWeciMeH xababikTanraH. 03ipneHreH aya nnasmanblk TO3aHAaTy
KOHAMPrbICbIHAA KapOWATI >X3He HUTPUT >xabblHAapabl any 6OMbIHLIA SKCMEPUMEHT >XYPN3LWn, 3epTTeynep
Xacangpl. TeceHil 3epTTey MaTepuanbl peTwwge P6M5 xbingam keceTiH 6onat TaHgangpl. SiC xaHe TiN Hen3wae
XabblHAapabl any 6olbiHLWA 3KCMEpUMEHTTEP MblHadal pexxumge KYPprisingi: aybICTbipy YArIiCiHIH Ko3rany
X ngamapeirsl - 2-30 Mm/c, N1a3MOTPOH MeH YJIri apacbiHAarb! KalwbIKTbIK - 45-55 MM, TO03aHAATy [aKTapblHbIH
anameTpi - 10-25 mm. TosaHfaTy Kkeswpde OenwiekTepai Kbigblpy TemnepaTypacbl 150-200 °C-TaH acnaigpl.
ALre3naHbl xakcapTy YLiH Kyprak KOpyHZAMeH anfbiH ana Kym 6YpikkiLl apkbiibl eHAey XYprisingi (aya KbiCbIMbl -
0,3-0,6 MIMa, aFbicTbI-abpasuBTi connagaH 6eTke AefiHri KawbIKTbIK 80-100 MM Kypaiigbl).

ANT 3picimeH anbiHFaH Kapoug >3He HUTpMAA KabbiHAApAbIH TPUBONOrNAbIK cunaTTaManapbiH GaFanay
MaKcaTblHAa aybicnanbl Ko3FanbicTaFbl Yiikenic KYWiH enweyre MYMKIHAIK 6epeTiH KypblnFbiHbIL, KeMerimeH
Yiikenic Ke3iHfe To3yFa Te3imainikTi 3epTTey agici kongaHbingsl. XYpic y3biHAbIHbI - 12 M, XblngamgsiFbl - 2 cm/c,
XYKreme - 5 H.

XKabbiHbl 6ap YnrinepfiH KenfeHeH KuManiapbliHa MeTannorpadusanbik 3epttey xYprisingi. Makanaga 5 H
KanbInTbl XXYKTemegeri YAriHiH Yiikenic koadduumeHTi xaHe 0,94 cm/c e3apa »bUDKY XXblnaamablFbl KEPCETINTeH,
Yiikenic KoaghuumeHTiHiH M3Hi 0,2-geH 0,8 4 feiiHri apanbikta 6onagbl. TiN »KabbiHAapbIHA TYPaKTbl XXYMbIC iCTey
KesiHgeri Yiikenic KoathguumenTi ~ 0,2 o, An Te3 KeceTw 6onat P6M5 YwiH Yiikenic koauumenTi 0,8 4 Kypaiigbl.
SiC abbIHgapb! YLWiH Yiikenic koadduumeHTa 0,2 4 Kypaigpl.

P6M5 bonat 6eTwaen xabbiHAapAbIH (hasanblK Kypambl 6acTankbl YHTaKTapAblH KypamblHa CIlKec Kenegi.
Byn petTe amcpakTorpaMmanapia >abbiHbl 6ap YArinepde TeceHiw asanapbiHbiH pediiekcTepi maaa 6onagpl.
Ocblnaiiwa, peHTreHohasanblK Tangay To3aH4aHydaH KellH abblHAa xaHa (asanap TY3iNMenTiHiH mpceT, 6yn
TO3aHAaTy MNpOLECiHAe TeceyfiH TeMeH TemnepaTypacbiH pacTaigel. byn, €3 KesenHge, TECEHILWTIH TePMUSAbIK
eHgeyre YwblpamaFaHbIH pacTaiigbl.

TywWH ce3gep: XabbiH, aya-nnasManbik T03aHAaHy, KypblibIM, TUTaH HATPUAI, NNa3MOTPOH, KPEMHUI kapbuaa
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PA3PABEOTKA BO34YLLUHO-MNASMEHHOW TEXHOMOT MU YMPOYHEHUNA PEXY LLLNX
WHCTPYMEHTOB NYTEM HAHECEHUSA N3HOCOCTOWKMX MOKPbLITUIA

AHHOTaumsa. OfHoO 13 3agay AasbHELWero pasBuTUa MalMHOCTPOEHNS ABNSETCS MOBbILLEHNE CPOKa CyXObl
MEeTa/INIOPEXYLUMX WMHCTPYMEHTOB (CBepna, MeTumku, pasBépTkM W Ap.). Kak u3BecTHO, MoauuLmpoBaHue
BbICOKO3HEPreTUYeCKMM BO3AEACTBMEM SBNSETCA 3(P(MEKTUBHLIM CPEACTBOM MOBbILIEHUS CPOKa CAyX6bl U
YNyULEHNs (IU3NKO-MEXAHNYECKMX U IKCTJTyaTalMOHHbIX CBONCTB NOBEPXHOCTU PEXYLLMX NHCTPYMEHTOB.

MoBbIWEHWE 3KCMyaTaUMOHHBIX CBOWCTB PEXYLLEr0 WMHCTPYMEHTa B 3HAYWMTENIbHON Mepe Onpeaensercs
TEXHOMOrMeli ynpouHeHns. B cBA3u ¢ 3TuM, B AaHHOI paboTe 6Gbina nocTasfeHa 3afadva pa3paboTky TEXHOMOrMK
YMPOYHEHUS PEXYLLMX WHCTPYMEHTOB MyTEM HAHECEHUS W3HOCOCTOMKMX MOKPbITUIA Ha paboyeil MOBEPXHOCTM
BO3A4YLUHO-N/1a3MeHHbIM METOAOM. ABTOpamu JaHHOI Bblna paspaboTaHa 1 U3roToB/IEHA YCTaHOBKA A/19 BO34YLLHO-
MnaasMeHHoro HanbineHus (BIMH) nokpbITWiA, KOTOPas COCTOMT M3 NNa3MOTPOHA, CUCTEMbI NOLAYN MHEPTHbLIX rasoB
aproHa v Bo3fyxa, UCTOYHMKA NUTaHUA MHBEPTOPHOro Tuna 500 A ¢ Hanps>XeHnem X0n0cToro xoga 60 B, cuctembl
aBTOHOMHOIO OXNXXAEHUA Na3MOTpoHa. Ha OCHOBE M3y4yeHWsi CYLLECTBYIOLWMX MOZenein nnasmoTpoHa ana BIMH
Hamy 6bina paspaboTaHa KOHCTPYKUMS MAa3MOTPOH, KOTOPbIA COCTOMT M3 CReaytoLMX 4acTeil: aHod, Katog,
MEX3/1eKTPOHAA KepammUyeckas BCTaBKa, W30NMPYIOLLMe KepaMWyecKue Y3fbl, Y3Mbl MoJaun MopoLUKa, OX/ax-
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JaloWwein XnakocT, nnasMoo6pasyioLlero rasa M TPaHCMOPTMPYIOLWEero rasa. B pa3paboTaHHOW KOHCTPYKLWK
N1a3mMOTPOHE B KayecTBe paboyero rasa MCnonb3yeTcs aproH W BO34yX, OXNXKAEHUe Kopryca nnasMarpoHa
OCYLLIECTB/INETCA BOAHLIM MOTOKOM Yepe3 CheLluasnbHbliA OXNKAAOWMA KaHan vepe3 LUTyLepa nojayn oxnax-
[AtOLLEN XXMNAKOCTH.

C uenblo oLeHKU paboTOCNOCOBHOCTY MNa3MOTPOHA Oblfl MPOM3BEAEH TEPMUYECKUI aHaIM3 AaHHON CXeMbl
METOAOM KOHeuHbIX 3neMeHTOB SolidWorks. C uenbto obecneueHus 60nee yCTOWYMBOrO BO3OYXAEHWUS Oyru
yCTaHOBKa 6blna OCHALLleHa CMCTEMOI GECKOHTaKTHOTO «BO3OYX[EHWS LyrM» Ha OCHOBE OCLMINATOpa TOKOB
BbICOKOI YacToTbl OCCJ], 500. Ha pa3paboTaHHOI yCTaHOBKE BO3AYLUHO-MIa3MEHHOMO HamblNeHNs Obl1 NOBEAEH
3KCNEPUMEHT MO0 NOMYYEHUIO KapOUAHbLIX U HUTPUAHBLIX MOKPLITUIA Ha MOBEPXHOCTU ObICTPOPEXYLUMX CTaseid u
NpoBefeHbl 1abopaTopHbIe UCTbITaHWS NOAYUYEHHbIX NOKPbITUIA.

B kayecTBe maTepuana uccnefoBaHusi 6biia BblbpaHa ObiCTpopexyllas cTalb P6MS5. 3kcrnepyMeHTbl No
NoMy4YeHNI0 NOKpbITUIA Ha ocHoBe SIiC u TiN npoBogunMch B CreayloLeM peXxuMe: CKOpPOCTb MepeMeLLeHuns
2-30 mm/c, pacCTosiHME Mexay MnasMOTPOHOM W u3genvem 45-55 MM, AuameTp naTHa HanblieHws 10-25 M.
TemnepaTypa HarpeBa feTasieli MpW HanblieHMM He npesBbiwaeT 150-200C°. OnA ynydweHus agresum Obina
npoBefeHa npeaBapuTeNbHas NecKOCTpyiHas 06paboTka Cyxmum KopyHaom (npu gaBneHun Bosgyxa 0,3-0,6 MIa,
paccTosHMe OT cpe3a comia CTpyinHO-abpasvBHOTO MNWCTONETa A0 06pabaTbiBaEMO MOBEPXHOCTW COCTaB/ISET
80-100 Mm). C Ue/blo OLEHKU TPUBOIOrMHECKNX XapaKTEPUCTUK KapOuAHbIX U HATPUAHBIX MOKPLITWIA, NOMYYEHHbIX
meTogoM BIMH, 6bln NMpUMeHeH MeTOf MCCNefoBaHWsi M3HOCOCTOMKOCTM MPU TPEHWUM C MOMOLLbIO YCTPOIACTBA,
MO3BO/IAIOLLENO U3MEPATb CUMY TPEHUA CKOJBXEHWS B MEPeMeHHOM ABWdkeHun. OnmHa npobera coctasnana 12 wm,
CKOpOCTb 2 cM/c, Harpyska 5 H.

Bblno nposefeHO MeTannorpamnyeckoe MCCnefoBaHWe MOMEPeYHbIX LWIMGOB 06pasLoB C NOKPbITUAMU. B
CTaTbe MOKa3aH KO3(MULMEHT TpeHus obpasla npu HopManbHON cune 5 H 1 CKOpOCTW B3aMHOIO nepemeLleHns
0,94 cw/c, 3HaueHWe KoahhULMeHTa TPeHNSA HaxoauTea B nmpegenax ot 0,2 o 0,8 1. Ansa nokpbiTvii TiN xapakTepeH
6onee cTabunbHbIA Nepuog NpupaboTKu: KO3pduuMeHT TpeHus ~ 0,2 U, A Ans NOLNOXKM U3 ObICTPOpeXyLLeit
ctanu P6M5 nepuog npupaboTkm 7 m cocTasnseT yxke 0,8 u. [ns nokpbituii SiC KoaphuLMeHT TPeHNs cocTaBu
0,2 U, a MOAOXKKM - coO0TBeTCTBEHHO 0,3 U. @a30Bblii COCTaB MOKPbLITUIA Ha MOBEPXHOCTU CTaim P6M5
COOTBETCTBYET COCTaBY WMCXOLHbIX NOPOLUKOB. Mpn 3TOM Ha AupakTorpammax 06pasLoB € MOKPbITUEM MOSB/SETCS
pediekcbl NOANOXKKW. Takvm 06pa3oM, peHTreHo(as3oBblil aHanM3 Nokasan, u4To Nnocne HanblneHWs He 06pasytoTcs
HOBble (ha3bl Kak Ha MOKPbLITUM U TaK B MOAJIOXKKE, YTO MOLTBEPXAAET HU3KYIO TeMNepaTypy Harpesa Mog/0XKN B
rpoLecce HarblfeHWa. 3T0, B CBOIO OYepe/ib, NMOATBEPXKAAET OTCYTCTBME pasynpoYHEeHNs NOANOKKMN.

KntoueBble €noBa: MOKPbITUE, BO3AYLLIHO-MNA3MEHHOE HarbIEHNSs, CTPYKTYPa, HUTPUA TUTaHa, Naa3sMOTPOH,
Kapoua KpeMHus.
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