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Pedepar. B crathe mpexncraBieHbl HMCCIENIOBaHMUS IO BIMSHUIO TEXHOJIOTHYECKMX MapaMeTPOB BbICOKOIHEPreTHUECKOM
00pabOTKH Ha 3KCIUTyaTallMOHHBIE CBOWCTBA IOPOIIKOBBIX MOKPHITHH M3 METaUIOKepaMuKH. Kak mpumep BBICOKOIHEpreTH-
4ecKol MOAM(UKAINY TTOKPHITHI paccMaTPUBAECTCs MPUMEHEHHE HMITyJIbCHO-TIIIa3MEeHHOI 00paboTku. B kadecTBe ncmoms-
30BaHHBIX NTOPOIIKOBBIX MaTE€PUATIOB MOKPHITHI BEIOpaHbl Pa3INYHBIE BapUAHTHI KapOHJ0COAEpKaIlel KepaMUKH ¢ Jo0OaBie-
HHUEM TBEpJOH cMa3Ku Ha jxene3Hoi ocHoBe. ITokpeITHs u3 kapOunoconepxamield KepaMuKy ¢ 100aBICHUEM TBEPION CMa3KH
B METAJUIMYECKON MaTpHlle Ha JKeJNe3HOH OCHOBE pa3pabaThIBalOTCS AJS 3aMEHBl aHAJOTMYHBIX C MATPUIEH HAa HHUKEIEeBOM
ocHoe. Takue (akToOpbl, KaK TPEIIMHOCTOWKOCTb, M3HOCOCTOMKOCTh, 00pabaThiBAEMOCTb, XPYNKOCTh, @ TAKXKE IKOHOMH-
YeCKHe COCTABIIAIOIINE, YacTO OrPaHMYMBAIOT NPUMEHEHHE IMOPOIIKOBBIX MaTEpPHAllOB HAa OCHOBE KapOMIHONW KepaMHKH
¢ no6aBIeHHEM TBEPAOH CMa3Ku B MaTPHIE HA HUKENeBOH ocHoBe. Korza onpenemsiomuM SKCIITyaTallHOHHBIN pecypc JeTa-
JIM ABJAETCS TONBKO MPOLIECC W3HAMIMBAHUS, TaKHe MOPOLIKOBBIE MaTepHallbl HEOOXOJUMO 3aMEHATh Ha Oojiee JeIIeBbIe M0-
POILIKOBEIE MaTepuajbl Ha OCHOBE KapOMIHOW KepaMHKH C J100aBIEHHEM TBEPJOH CMa3Kyd B MaTpHIC Ha OCHOBE JKeie3a.
IIpennaraemele pa3pabOTKK MOBBIMIAIOT H3HOCOCTOMKOCTD INIA3MEHHOTO MOKPBITHS Onarogapsi BBEJCHHIO B MaTepHal BBICO-
KOXPOMHCTOI cTanu u MoinoaeHa. GopMupyercst onTUMalibHasi IOPUCTOCTh B UCXOIHOW MOPOIIKOBOW IIMXTE MPU CHHTE3E
KOMNO3UIHOHHEIX MaTepuanoB FeCrMo-MoS,-TiC, nmpoucxoauT yiydnieHHe TeXHOJIOTHYECKUX ITapaMeTPOB MOPOLIKOBBIX
MaTepHaioB, Bo3pacTaeT X Ko3((GHUIUEHT UCHONB30BaHMs [IPU [UIA3MEHHOM HATBUICHHUH, yICLIEBISIETCS] TEXHOJIOT U HaHe-
CCHHUSI M3HOCOCTOMKHX TUIA3MEHHBIX MOKPHITHIA. /lo0aBka snemenTa Mo B cBszyroriee FeCr moBhIIacT cMauuBaHUE paciuia-
BOM CBSI3yIOLIEro KapOHMIOB THTaHA IPU CaMOpPACIPOCTPAHSIOIIEMCS! BHICOKOTEMIIEPATYpPHOM CHHTE3€ pa3padaTbIBaeMOoro
KOMITO3UIIMOHHOTO Toportuka. [Tocnenyromas mocioiinas o6padoTka HANBUICHHBIX IUIA3MOH ITOKPHITHH U3 MTOPOIIKOB pa3pa-
00TaHHOH KepaMUKH ¢ IPUMEHEHHEM ITOBTOPSIOIINXCS HMITYJIbCOB IUIA3MEHHBIX IIOTOKOB C PA3IMYHBIMU YPOBHIMH SHEPIHU
JJaeT BO3MOXKHOCTh CKOHCTPYHPOBAThb CTPOTO OIpEIeTIeHHbIE CTPYKTYPHI IPH HEOOXOIMMON M PEeryInpyeMoil MOPHCTOCTH,
YMEHBIIAIOMIEHCSI B ONpPENEIeHHON ITOCIE0BAaTeIILHOCTH OT HApyXKHBIX OOpabOTaHHBIX CJIOEB IO OCHOBBIL. Takoi THIl
00pabOTKH IIPUBOAUT K 3aMETHOMY YBEIMUECHHUIO N3HOCOCTOMKOCTH Y 00pabOTaHHBIX IIOBEPXHOCTEH TPEHUS, TIOBBIIIAET Mac-
JIOYAEPKHUBAIOLIYI0 CIIOCOOHOCTB, K TOMY e ()OPMHUPYETCsl 3HAUMTENbHas aAre3MOHHAs M COOTBETCTBEHHO KOTE€3MOHHAs
MIPOYHOCTH C(OPMHPOBAHHBIX CIOEB, TPAHUYHBIX C OCHOBOH. B COOTBETCTBHM C METOJMYECKUMHU pa3pabOTKaMu IPU H3Me-
HEHUH TEXHOJOTUUECKNX XapaKTEePUCTHK NMITYIbCHO-IUIa3MEHHBIX BO3JIEHCTBUIT BapbUPOBAIM AUCTAaHIINN 00paboTky, odmee
KOJIMYEeCTBO Bo3zeiicTBuil. OOIIee KOIMIECTBO UMITYJILCOB ILIA3Mbl BIMSET HA CO3AaBAEMYIO TOJNIIMHY CIOEB IUIA3MEHHOTO
TIOKPBITUS TIOC)Ie 00pPa0OTKH M CIIOCOOCTBYET OIUIABICHHUIO C YIUIOTHEHHEM MOJTYYEeHHBIX 0OpaOOTKOW IIa3MOW MOKPHITHI
1 CO3JIaHUIO CTPYKTYPHI C YIIPOUHEHHBIMH XapaKTePUCTUKAMH.
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Abstract. The paper presents research on the effect of technological parameters of high-energy processing on the performance
properties of powder coatings made of cermet. The use of pulse-plasma treatment is considered as an example of high-energy
modification of coatings. As used powder coating materials, various versions of carbide-containing ceramics with the addition
of a solid lubricant in an iron-based metal matrix have been selected in the paper. Coatings of carbide-containing ceramics
with the addition of a solid lubricant in an iron-based metal matrix on are being developed to replace those of a nickel-based
matrix. Such factors as crack resistance, wear resistance, workability, brittleness, as well as economic components often
limit the use of powder materials based on carbide ceramics with the addition of solid lubricant in the matrix based on nickel.
When only the wear process determines the service life of a part, such powder materials should be replaced with cheaper
powder materials based on carbide ceramics with the addition of solid lubricant in an iron-based matrix. The proposed deve-
lopments increase the wear resistance of the plasma coating due to the introduction of high-chromium steel and molybdenum
into the material. Optimum porosity is formed in the initial powder mixture during the synthesis of FeCrMo-MoS,-TiC com-
posite materials, there is an improvement in the technological parameters of powder materials, their utilization rate in plasma
spraying increases, and the technology of applying wear-resistant plasma coatings becomes cheaper. The addition
of the Mo element to the FeCr binder increases the wetting of titanium carbides by the binder melt during self-propagating
high-temperature synthesis of the developed composite powder. Subsequent layer-by-layer processing of plasma-sprayed
coatings from powders of the developed ceramics using repetitive pulses of plasma flows using different energy levels makes it pos-
sible to create strictly defined structures with necessary and controlled porosity, which decreases in a certain sequence from the outer
treated layers to the base. Such treatment contributes to a significant increase in the wear resistance of the treated friction surfaces,
increases the oil holding capacity, in addition, an increased adhesive and cohesive strength of the formed layers bordering the sub-
strate is formed. Processing distances, the total number of impacts have been varied in accordance with the methodological deve-
lopments, when changing the applied technological characteristics of pulse-plasma effects. The total number of plasma pulses
influences on the created thickness of the plasma coating layers after treatment and contributes to the melting with compaction of
the coatings obtained by the plasma treatment and the creation of a structure with hardened characteristics.

Keywords: high-energy processing, plasma deposition, cermet-based materials, process optimization, modification under the
influence of compression flows, shock-wave action of the pulse, degree of melting and compaction, morphology, coating
structure
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BBenenune

OpHa U3 BaKHEHWIINX PUYUH BBIXOJA U3 CTPOS
Jetaneil ¢ IUIA3MEHHBIMM IOKPBITUSIMH — TEpPMO-
MeXaHUYECKHe HampsHKeHHs, KOTOpble BO3HUKAIOT
U3-32 PaccoriiacoBaHus KOA(PPHUIUEHTOB TepMHUe-
CKOTO pacIIUpeHHst MeTajjla OCHOBBI JICTAIN H Ke-
PaMHUYECKOro HAIBIICHHOTO CJOS, a TAaKkKe H3-3a
HEPaBHOMEPHOCTH NPH PACIpENENeHUH TeMIepa-
TypHOTO TOJNISi B IJIa3MEHHOM MOKpeITHH [1-3].
B pesynbraTe HanmbUIEHUS! HCXOAHBIX OPOIIKOBBIX
MaTepHatoB BEICOKOTEMIIEPATyPHAsl CTPYS ILIa3MBbl
OKa3bIBaeT 3HAYMTEIBHOE BIMSIHHE Ha XUMHUeE-
CKHH COCTaB HAHOCHUMBIX KOMIIO3MIIMOHHBIX IIO-
POIIKOBBIX YaCTHI[, YTO CYIIECTBEHHO CHHXaeT
aJre3MOHHYIO U KOT€3HOHHYIO MPOYHOCTH MOKPHI-
THSI, TEM CaMbIM YXyAILIasl 3KCIUTyaTallMOHHBIE Xa-
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pakrepuctuku. ClenoBaTeNbHO, JUIS TOJYYCHUS
KaueCTBEHHBIX IUIA3MEHHBIX TOKPHITHHA HE00X0-
IuMa  pazpaboTka TOCIEeAYIOMIMX TEeXHOJIOTHYe-
CKHUX IPHUEMOB JUIs UX yOpouyHeHus [4—6]. YmnoT-
HEHHUE HaNBUICHHBIX IUIa3MOH MaTepuaioB C IIO-
MOIIbI0O  BBICOKOKOHIICHTPHPOBAHHBIX  MTOTOKOB
SHEpruM (MMITYJIbCOB KOMITPECCUOHHBIX — ILIa3-
MEHHBIX ITOTOKOB) OyJIeT CIocOOCTBOBATh IOBHI-
[MIEHUI0 UX KA4YeCTBEHHBIX XapaKTEpUCTUK [7-9].
[ocnenyromas mocinoitHass 00pabOTKa HaNBUICH-
HBIX TUIA3MEHHBIX TMOKPBITUH M3 MOPOIIKOB pa3pa-
0OTaHHON KEpaMUKH TOBTOPSIOMIUMUCS HUMITYITb-
caMH IUIa3Mbl TP PA3IHYHBIX HCIIOB3YEMBIX
YPOBHSIX DHEPIHH TIO3BOJSET CKOHCTPYHPOBATH
B MOKPBITUH HEOOXOAMMEIE CTPYKTYPHI IIPH CTPO-
ro KOHTPOJHPYEMOW IOPHUCTOCTH, yMEHbIIas ee
MOCJIEIOBATEIFHO OT HAPYXKHBIX CIIOEB K OCHOBE
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Yy CKOHCTPYHPOBAHHOTO IIJIa3MEHHOI'O TOKPBITHS
[10, 11]. OTO mpPUBOAMUT K YBEIUYEHUIO H3HOCO-
CTOMKOCTH, TIOBBIIAET MAaCIOYAEP KUBAIONIYIO
CIIOCOOHOCTDH TMOJTyYEHHBIX TTOBEPXHOCTEH TpEeHUs
U obecrieunBaeT pOCT KOTE€3WOHHOW W aJre3noH-
HOM mpoyHocTel. g peanu3aunv KaueCTBEHHOU
BBICOKO?HEPTeTHYECKOH 00paboTKH HEOO0XO0ANMO
PELINTD Psif 3a7a4:

— TIOJTYYHUTHb ONTUMAIbHBIE TEXHOJOTHYECKHE
PEXUMBI OT BO3JIEUCTBUN MMITYJIbCOB KOMIIPECCH-
OHHBIX IUIA3MEHHBIX IOTOKOB Ha CKOHCTPYHPO-
BaHHbBIE TUIa3MEHHBIE TOKPBITHS;

— MPOKOHTPOJIMPOBATH (POPMUPOBAHUE CTPYK-
Typbl U CBOWCTB y CJIOEB, MOJYYEHHBIX IUIa3MEH-
HBIM HaNbLJIEHHEM HW3HOCOCTOMKHMX IOKPBITUH B
mporecce UX MoIuUKAITIH;

— CO3JIaTh TEXHOJOTHYECKH 0OOCHOBAHHEIE pe-
KOMEH/JAIMN AJS MOBBIIICHUS [apaMeTpPOB H3HO-
COCTOMKOCTH, TJIIABHBIM 00pa3oM, 3a CYET HCIOIb-
30BaHMs Pa3INYHbIX YPOBHEH SHEPruu MpH MONIy-
YEeHUU YIIPOUYHEHHBIX CTPYKTYP.

MeToauka ucciaeg0BaHUI
HMITYJIbCHO-TIA3MEHHOH 00padoTKH

[lomyueHnHass MeToAMKAa ONTHMH3AIMH Tapa-
METpOB 00pabOTKM MpH HMITYJIbCHO-IUIa3MEH-
HOM BO3JIEHCTBHM OCHOBaHAa Ha HEOOXOIUMOCTH
(hopmupoBaHuss B pa3pabaThiBaéMOM TTOKPBITHH
YIPOUYHEHHO-U3HOCOCTOMKHUX CTPYKTYp IPH BBICO-
KO9HEpPreTHuecKoM BozaeiicTBuu. B ciiyuae ojHo-
KPaTHOTO TEIUIOBOTO BO3ICHCTBUS HMITYJIHCOM
INPOHMCXOAAT CBEPXOBICTPOE OXJIAXKICHHUE ydYacTKa
TIOKPBITHS HM3-3a TEIUIOOTBOAA B OCHOBY (TIOJTOXK-
Ky) " TIepeIuIaB CJos TUIa3MEHHOTO TMOKPBITHUS TI0-
paaka 30 wmxMm. CTeneHb KpaTKOBPEMEHHOCTHU
OTUJIABJICHNS KOMITO3UIIMH BIMSET Ha KOJIUYECTBO
[EHTPOB KpUCTAIUIM3AlMK y MaTtepuana. llpu
CBEpXOBICTPOM OXJIQXKICHHA OHO CIHOCOOCTBYET
TIOJTy4eHUIO YIPOYHEHHBIX CTPYKTyp. [locnemyto-
mee YIUIOTHEHHWE W IulacTUdeckas nedopMarus
c(OPMHUPOBAHHOTO H3HOCOCTOMKOTO CJOSI MOTYT
MONTy4JaThCsl W3-32  YAapHO-BOJHOBOTO  BO3JEH-
ctBusi. M3 [1-3] u3BeCTHO, YTO MIACTHYECKOE Te-
YeHHUE B KPUCTAIUIAX CIIOCOOCTBYET MIPHOOPETCHUIO
MOJTydYeHHBIM MaTepHUaIoM XapaKTePHCTHK, CBOW-
CTBEHHBIX aMOP(HBIM, ¥ (OPMHPOBAHHIO CIICIIU-
aNbHBIX CTPYKTYp AWCCHUMALNHU, B KOTOPBIX IPOUC-
XOIAIT M3MEHEHHE OJIMKHETO MOPSIKa aTOMOB U MX
nepepacrnpeneiaeane. Bo3MoXHOCTh (opMUpOBa-
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HHS TaKUX CTPYKTYDP HaIPSIMYIO CBS3aHa CO CTelle-
HBIO TUTACTHYECKON NedopMalil W YIUIOTHEHHS.
UYewM OoJble CTENeHb, TeM OONbLIE CTPYKTYp AMC-
curmanuu. Ha 3TOM OCHOBaHUM KPHUTEPHEM IPH
ONTUMU3AIUU UMITYJIbCHO-TIa3MEHHON 00paboTKu
BBIOpaHa MaKCHUMallbHAasi CTCNEHb YIUIOTHCHUS
M3HOCOCTOMKUX TOKPBITHA W3 KapOUAoCoAepKa-
el KepaMHuKH ¢ J100aBIeHHEM TBEPIOW CMa3Ku
Ha JKEeNe3HOW OCHOBE. JTO JOCTUTAETCS 3a CUeT
W3MEHEHUS NWCTAaHIMKA BO3ACWCTBUSA JO MHHH-
MaJbHBIX 3HAYEHUH, YTO MPUBOJUT K YBEIHUECHUIO
SHEPTETHYECKOTO YPOBHS MPH yAapHO-BOIHOBOM
W TEIUIOBOM BO3ACHCTBUAX wuMIyibca [11-13].
OpHako paspyiieHHe TIa3MEeHHBIX TOKPHITHH (J1e-
rpajanus) OrpaHHYUBACT YMCHBIICHHE TUCTAHIIUN
BO3JICUCTBUSL.

UccnenoBanus TPOBOAMIN Ha aHAIH3AaTOpPE
nzobpaxenuss (MOP-AMO3, AutoScan) u Ha Me-
tayurorpaduaeckoM mukpockore MeF-3 (Reichert,
ABcrpust). U3mepsiin  MHKpOTBEpAOCTH  TOMY-
YEHHBIX TOKPHITUH Kak OCHOBHOI'O IIOKa3aTels,
xapakTepu3yromiero ¢opMmupoBanue (a3 ¢ MOBHI-
IEHHON TpoYHOCTHhI. OOpabOTKY KOMITPECCHOH-
HOM IUIa3MOM OCYILECTBISUIM IPU IOMOIIM Mar-
HUTOILTa3MeHHOTO Kommpeccopa (MIIK), paborato-
IIETO B PEXKUME «OCTaTOYHOTO ra3a». B BakyyMHYyIO
Kamepy, MpeJBapUTeIbHO OTKaYaHHYIO, T00aBIIs-
1 pabouwmii a3 (a30T) 10 3aJaHHOTO YPOBHS JaB-
neans. Ero mpuMeHeHmne crocoOcTByeT oOpa3oBa-
HUO coeauHeHnii Tnma MeB/MeN, a oHH, B CBOIO
odepenp, IMOBBIMAIOT TBEPAOCTh M H3HOCOCTOM-
KOCTh TIOJIyY€HHOW CTPYKTYphL. XapaKTepPUCTUKU
mpoliecca: IIOTHOCTh MOJBOJMMON SHEPTHH TPH
OCYIIECTBIISIEMBIX ~ MMITYJIbCHBIX ~ BO3ICHCTBUSAX
nopsaka (2-3) - 10° Br/cm’; 3HAUEHHs aMILTUTYIbI
Pa3psAHOTO TOKA Y MAarHUTOIUIA3MEHHOTO KOM-
mpeccopa — ot 70 mo 100 kA; HeobOxomumas
JUTUTENBLHOCTh Tpu paspsiae — 150 mke. Ilpouecc
HaNbIJICHUST OCYIIECTBISUIM Ha YHUBEPCaIbHON
masMeHHoi ycraHoBke YIIY-3/l, nmns monpa-
YM HaNbUIIEMOTO MaTepHaja HWCIOJIB30BAIN ITH-
tatens TWIN-10.

O0cyxaeHHne M0Jy4eHHBIX Pe3yJIbTaTOB
MMITYJIbCHO-IIJIA3MEHHBIX BO3/1eHCTBHI
Ha MOKPBITHS U3 METANIOKEPAMUKH

BapbupoBanu KOJIMYECTBO UMITYJIECOB, H3ME-
HSAIOIHUX TONIIAHY U3HOCOCTOMKHUX CJIOEB TOKPHI-
THS TIOCJIe OOPaOOTKH, M TUCTAHIIUIO BO3ICHCTBUS
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MMITYJIbCAMU TPU W3MEHEHHHM TEXHOJIOTHYECKUX
XapaKTePUCTUK UMIYIIbCHO-TNIa3MEHHOW 00paboT-
k. HeoOX0MMOCTh BBICOKUX XapaKTEPUCTHK KO-
T€3MOHHOM W aJIF€3MOHHOW NPOYHOCTH SIBISETCA
OCHOBHBIM TpeOOBaHWEM JJs HW3HOCOCTOWKHX
IJIa3MEHHBIX NOKpbITHM. IloaToMy s oruiaBie-
HUS U YIUIOTHEHUs IOKPBITHM IO BCEH TOJIIMHE
HEOOXOAMMO CTpPOTO OIPENCICHHOE KOINYECTBO
HMITYJIbCOB.

B Tabn. 1 mpuBeneHB! pe3yiabTaThl, MOJIYUICH-
Hbl€ MpPU ONTUMHU3ALUU NUCTAHLUUU BBICOKOIHEP-
TETHYECKOT0 MOAU(DUIIMPOBAHUSI.

Tabnuya 1

JlaHHbIE ONTHMM3AIMH TUCTAHIUA
BBICOKOIHEPreTH4YecKoii 00padoTku

Optimization data of high-energy processing distance

Paccrosinue
ITopucrocTs,
[Tonryuaemoe IIp1 KOMIIpec-
. 9 MOy YeHHAs
H3HOCOCTOUKOE CHOHHOI
. | B pe3yibraTe
MTOKPBITHE TUTa3MEHHOMN N
HanblIeHus, %
00paboTke, M
0,09 3,2-3,9
0,08 2,4-3,0
FeCr30Mo3 — 12 % (MoS,) — 0,07 2,1-2,8
30 % (TiC) 0,06 2,0-2,6
0,05 Herpananus
MTOKPBITHS
0,09 4,1-4,5
FeCr30Mo3 — 12 % (MoS,) — 0,08 3,0-3.4
50 % (TiC) 0,07 2,7-3,3
0,06 [osBeHue
TPEUIHH
0,09 4,6-5,4
FeCr30Mo3 — 12 % (MoS,) — 0,08 4,0-4,7
70 % (TiC) 0,07 3,6-4,5
0,06 [osiBeHue
TPEUINH

OnTUManeHBIM IS AMITYJIbCHO-TUTa3MEH-
HBIX Bo3melicTBuii Ha Marepuanbl FeCr30Mo3 —
12 % (MoS,;) — 50 % (TiC) (u 70 % (TiC)) 6pu10
paccrostHue (muctaHIus o0pabOTKHM) B TIpene-
max 0,08 M. DT0 moATBEpKIACT CTAOWIM3AIIVS
SKCILTyaTaIllMOHHON XapaKTePUCTUKU MOPUCTOCTH,
3HAQUUTETHFHOTO YMEHBILIEHUS KOTOpPOM MpH pac-
croanusax menee 0,08 m yxe He npoucxoaut. Ta-
Kasg CHTyanus OOBSICHAETCS MIHOBEHHOCTBHIO TPHU
TUHAMHYECKOM M TEIUIOBOM BO3JICHCTBUAX WM-
MyJibCa TUTa3Mbl W HAJIWYHEM TYTOIUIaBKUX Kap-
ounuex ¢a3 (50 u 70 %) B mory4aeMbIX TOKPHITH-
SIX, MHOTOKPATHO TPETSITCTBYIOMINX BO3PACTAHUIO
CTEIICHU OIUIABIICHUS Y MCCIEAYEMBIX MOKPBITHA.
Ilpu pucranumsx <0,06 M OTMEYEHBI 3aMETHOE
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paspylieHHe HCCISAYEMbIX MOKPBITHH U 00pa3o-
BaHHEe MakpoTpeuiH. ONTUMaJIbHOE PACCTOSHUE
HUMITYJIbCHO-TNIa3MeHHOM 00pabotku 0,07 M cBOH-
CTBCHHO TMOKPBITHSIM M3 MOPOIIKOBOTO Marepuala
FeCr30Mo3 — 12 % (MoS,) — 30 % (TiC). Ins Toro,
YTOOBI TMONYYUTH MOJHOCTBIO OIUIABJICHHOE TO-
KpBITHE, ONTHMHU3UPOBATH 0O0IIee CyMMapHOE
KOJINYECTBO UMIYJIbCOB TIA3MBbI ITPH BBEICOKOJHEP-
reTudeckoir obpaborke. [lnms ormmaBiaeHus 0e3
YXYAIICHUS] TEOMETPHH MOBEPXHOCTH MOKPBITHUS
g FeCr30Mo3 — 12 % MoS, — 30 % TiC HeoO-
xogumo 11-12 BospeiictBuii, mig FeCr30Mo3 —
12 % MoS, — 50 % TiC — 13-14 Bo3neicTBUi,
st FeCr30Mo3 - 12 % MoS, - 70 % TiC - 14-15 Bo3-
JEUCTBUMH.

TexHoJ0rH4YecKne XapaKTePUCTHKH
ONTHMHM3UPOBAHHBIX H3HOCOCTOMKHUX
MJIa3MEHHBIX MOKPBITHI

IIpuBenennast Ha puc. 1 MUKpOCTpPYKTypa CBOM-
CTBEHHA TUIA3MEHHOMY IMOKPBITHIO, CHOPMHUPOBAH-
HOMY TpU ONTUMHU3ZUPOBAHHBIX PEKUMAaX BBICOKO-
SHEPTeTHUECKONH 00pabOTKH. 3aMETHO, YTO CIIOH
MTOJTyYE€HHBIX TUTA3MEHHBIX MTOKPBITHHA ITOCIE BBICO-
KOJHEPTeTUYECKOH 00pabOTKU COCTOST M3 MOJIH-
(bUIIMPOBAaHHOTO METAJUIOKEPAMHYECKOTO MaTepH-
ama. JloCTaTOYHO paBHOMEPHOE pacIlpe/esieHue
B MOKPBITUU CTPYKTYPHBIX COCTAaBISIOLIUX CIIO-
cOOCTBYET MOBBIIMICHUIO XaPaKTEPHUCTUK H3HOCO-
CTOWKOCTH HAHECEHHBIX KOMIIO3UIIMOHHBIX MaTe-
puanoB. Ha puc. 1 uccneayemMoit MUKpOCTPYKTYpPbI
3aMEeTHBI CJIEBI PACIUIABICHHBIX YaCTHYEK, U3 KO-
TOPHIX CPOPMHPOBAHO MOAM(PHUIIMPOBAHHOE TIO-
kpbiTre. COCTaB y CIIOKHBIX TOPOIIKOBBIX COEIH-
HEHHI KapOWJOB, CBOWCTBEHHBIH HMCXOJHBIM
MaTepuanaM M MOJyUYeHHBIH Mociie BEICOKOIHEpre-
THUYECKOW 00pabOTKH HM3HOCOCTOHKHUX IOKPBHITHH,
3HAYUTENFHO HE MEHAeTCSA. DTO BaKHO IPH KOH-
CTPYHPOBAaHUH HEOOXOAWMBIX TEXHOJOTHIECKUX
CBOWMCTB Y HAaHECEHHBIX IUIa3MEHHBIM HAaIbLICHU-
€M HM3HOCOCTOMKUX TOPOIIKOBBIX KOMIIO3HIIUH.
YBenuyeHne B MOKPHITUU KOJIMYECTBA HETPABJICH-
HBIX YYacTKOB TOBOPUT O HAIMYUU YIPOUYHECH-
HBIX CTPYKTYPHBIX COCTaBIISIONIMX C HEOOXOUMOMN
KOPPO3UOHHOW CTOMKOCTHIO, TPAKTUUECKH HE pac-
TBOPUMBIX B KUCIIOTHBIX TPABUTEISX.

IIpoBogunu aHamM3 YCpPEOIHEHHOH MHUKpPO-
TBEPIOCTH TOTYYEHHBIX H3HOCOCTOHKHX KOMIIO-
suruii. I[locie 00paGOTKM WMITYILCHOM TUTa3-
MOl MHKpPOTBEpPAOCTh MAaTEpHaJIOB YBEIUYHIIACH
Ha 1040-1320 Mlla (puc. 2).
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7 Puc. 1. MuxpoctpyKkTypa
FeCr30Mo3 — 12 % (MoS,) — 50 % (TiC) nokpbiTus

MOCJIe UMITYJILCHO-TUIA3MEHHOM 00padboTku, X500

Fig. 1. Microstructure
of FeCr30Mo3 — 12 % (MoS;) — 50 % (T;C) coating
after pulse plasma treatment, x500
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Puc. 2. 3naueHns MUKPOTBEPAOCTU U3HOCOCTOMKUX
MOKPBITUH U3 MTOPOIIKOB METAITIOKEPAMHUKH:
1, 3, 5 — uIa3MeHHOE HAIBUICHHE,
2, 4, 6 — UMITYJIbCHO-IIA3MEHHast 00paboTKa MaTepHaoB

Fig. 2. Values of micro-hardness of wear-resistant coatings
from cermet powders: 1, 3, 5 — plasma spraying;
2,4, 6 — pulse-plasma treatment of materials

Takoe MOXHO OOBACHUTH 3 (HEKTUBHBIM (HOp-
MUpPOBaHHEM (a30BBIX COCTABIIONINX C MOBHI-
LICHHOW MPOYHOCTHIO. Pexpucrammmzanust oTcyT-
CTBYET, TIOCKOJBbKY HIET pPa3BUTHUE IPOLECCOB
UMITYJICHO-TIJIA3MEHHBIX ~ BO3ACUCTBUH  BIIIyOb
MOJYYEHHOT0 U3HOCOCTOMKOr0 MOKphITHs. [IpebI-
Iylmue 0o0pabOTaHHBIE CIIOM TIOCTE YIUTOTHEHHS
UMEIOT TOHIDKEHHYI0 OOIIYI0 TOPUCTOCTh, HYTO
CHOCOOCTBYET TOBBILICHUIO TEIUIONPOBOAHOCTH,
MMO9TOMY OHH HE CMOTYT HAarpeTbcs IO BBICO-
KAX KPUTHYECKHX TemIiepatyp. Heobxomumas
3(PeKTUBHOCTH TIpoliecca BRICOKOIHEPTETHICCKOM
00paboTKN obecreunBaeTCsI XapakTepoOM OYCHD
JIOKAITLHOTO YIUIOTHEHUS (OIJIaBJICHUS) y IOIY-
YEHHBIX HM3HOCOCTOMKHX CJIOEB IUIA3MEHHBIX IIO-
KpBITUH TONmUHON mopsiaka 40-50 MkM, cBsA3aH-
HOTO C UX MOCIENYIOUIMM CBEPXOBICTPBIM OXJIaX-
JICHUEM.
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BbIBO/IbI

1. OcyuiecTBieHa ONTUMM3ALUS Ba)KHEHUIINX
TEXHOJIOTHYECKNX IapaMeTPOB BBICOKOIHEPTEeTH-
YECKOW MOAM(HKAIIMK TOJTYYCHHBIX H3HOCOCTOM-
KHX TOKPBITHH, IJIS 9Yero WCHOIB30BAIMCH BO3-
JNEHCTBUS HWMITYJIbCOB KOMIIPECCUOHHOW TIIa3-
MbI. M3HOCOCTOWKHE TOKPHITUS (HOPMHUPOBAINCH
mopomKkoBeIMH ~ Matepuasiamu  FeCr30Mo3  —
12 % (MoS;) — 30 % (TiC), FeCr30Mo3 -
12 % (MoS;) — 50 % (TiC), FeCr30Mo3 -
12 % (MoS;) — 70 % (TiC). B cootBercTBUH
C pa3pabOTaHHBIM METOJIOJIOTUYECKUM TIOIXO0JI0M
B KadyecTBE HEOOXOIMMBIX KPHUTEPHEB NPU ONTH-
MHU3AIMA PEKUMOB OOpabOTKM BBIOpaHa Mak-
CUMallbHasl CTETNEeHb JIOKAIBHOTO  YIUIOTHEHUS
(omaBneHUs) Y HAMBUICHHBIX MOPOIITKOBBIX KOM-
MIO3UIMIA TIPU TOJTHOM OTCYTCTBHH XapaKTEPHBIX
MIPU3HAKOB, TOATBEPXKAAOMUX (AKTOPHl paspy-
LICHUS TOKPBITUA B ClIydae BO3ACHCTBUS KOMIIpEC-
CHOHHOW TIIJIa3Mbl. YBENWYEHHE 4YHCIa HEeTpaB-
JIEHHBIX YYaCTKOB CBHIICTEIHCTBYET O HATUIUHU
YOPOYHEHHBIX aMOP(HBIX WIA HAHOKPHCTAJLTUYC-
CKHX (ha3.

2. [Ipu U3MEHEHUHN TEXHOJIOTUICCKUX XapaKTe-
PHUCTHK WMITYJILCHO-TIIA3MEHHON 00pabOTKH Bapbu-
poBalii CyMMapHOE KOJIIMYECTBO MMITYJIHCOB ILTa3-
MBI, BIUSIONINX HAa TOJIIUHY U3HOCOCTOMKHX CJIO-
€B MMOKPHITHSI TI0cie 00paOOTKH, ¥ TUCTAHIIAIO TIPH
BO3JEHCTBUAX UMIYJIbCAMU IIa3Mbl. MI3HOCOCTOM-
KH€ TUTa3MEHHBIC TIOKPBITUS TOJKHBI IMETh BBICO-
KHE MPOYHOCTHBIC XapaKTEPUCTHKK (KOT€3HMOHHBIC
u anre3noHHsle). CieaoBarebHO, CYMMapHOE KO-
JINYECTBO HWMITYJHCOB TIpU 00pabOTKE JOIKHO
CIOCOOCTBOBAThL  OIUIABIICHWIO  (YIDIOTHEHHIO)
IJIa3MEHHBIX M3HOCOCTOMKHX MOKPBITHM MO BCEU
TOJNIIIIMHE co37aBaeMoro ciosi. Hambomee omrtu-
MaJbHBIC UCTAHIIUU MPU 00pa0OTKE UMITYIbCAMU
KOMITPECCHOHHOM TIJIa3MBl  CKOHCTPYHPOBAHHBIX
n3HOCOCTOWKMX MOKphiTUi — 0,07—0,08 M, a He0O-
XOJUMOE KOJIMIECTBO MMITYJIbCOB ISl TTOJTHOW 00-
pabOTKKM M3HOCOCTOMKHX MOKPBITHH 1O BCEH TOJI-
muHe coctapisger 11-15. B crpykrypax o6pabo-
TaHHOTO H3HOCOCTOMKOTO TOKPBITUSI JOCTATOUYHO
paBHOMEpHOE pacIipeielieHHe SIEMEHTOB, CII0C00-
CTBYIOUIMX YBEJIUYECHUIO H3HOCOCTOMKOCTHU CKOH-
CTPYHPOBAHHBIX TIA3MEHHBIX CTPYKTYP.

3. [lapamMeTp MUKpPOTBEPAOCTH Y CKOHCTPYH-
POBaHHBIX MAaTepUaANOB TOCTE KOMIIPECCHOH-
HOM IUIa3MEHHON MOIU(UKAIMKA  YBEIUYHIICS
no 1040-1320 MlIla, yuemy B 3Ha4YUTENHHOU Mepe
MOCIMOCOOCTBOBAJIO  (JOPMHUPOBAHHME  CIICHIUATb-
HBIX aMOpGHBIX (a3, 00JaJaroIIuX MMOBBIIICHHON
MIPOYHOCTHIO.
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