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! MucturyT Texnmueckoii remnopusuxu HAHY. Ykpauna, r. Kues
’ Tocy/1apcTBEeHHOE aBHAIIMOHHOE TIPe/INpUsTHE «YKpanHa». Ykpauna, r. Kues
’ HanuoHa bHbIi yHHBepCHTET 060poHbI YKkpauHbl. Ykpauna, r. Kues

MU3HOCOCTOMKOCTD JIETOHAIIMOHHBIX MOKPBITHIT CUCTEMBI
FeAl,-Ti-Si IIPU HATPY/KEHUHN TPEHUEM B YCJIOBUAX
ITIOBBINIEHHBIX TEMIIEPATYP

Hccnedosano mpenue u usnoc demonauuonnvix Komnosuuuonnvix nokpvimuii FeAl,-Ti-Si 6 ycaoeuax
ebLcoKoOmemnepamyprozo mpenus. 060CHOBAH 6bLOOP KOMNOZUUUL U €€ ONMUMATILHBLE COCMAE 0J1 HaNbLIe-
HUS UBHOCOCMOUKUX NOKPLIMULL, HAZPYHCEHHBIX MPEHUEM 6 YCI0BUAX BblCOKUX memnepamyp. Ommeueno,
UMo NONONCUMETILHOE 8030elicmeue Ha CMPYKMYpPY, C60UCMEa U KAUeCmeo MHO20KOMNOHEHMHBIX NOKPbIMUIL
0KA3b16a10M JIE2UPYIOWUE ITIEMEHMBL NPU ONPEOeNEeHHLIX KOHUCHMPAUUAX, A MAKICE MEXHOTI02UMeCKUe napa-
MempoL nHanviaenus. lloxazano, wmo kpemuuil u muman cnoco6cmeyom o6pazoeaniio CLONCHOIE2UPOBAHHBLX
8bICOKOMEMNEPAMYPHBIX COCOUHEHUTL, 001A0A0WUX NOBBIUEHHBIM COnpomusieHuem ustocy. Maxcumano-
Hy10 mukpomeepoocmo umerom noxpoimus FeAl,-Ti npu codepycanuu mumana ~28%, npu smom mexanuue-
CKue ce0lcmea Mamepuasa nosvliaromcs nymem 00NOJIHUMENIbHOZ0 Je2uposanuu kpemuuem~22% oopa. B
C6010 ouepeds, npu pacxodax padouux 2a3oe auemuaena-xkucaopooa ~(22-27)e/n obecnewusaemcs cma-
OUNBLHOCID MEXHOJI02UMECKUX NAPAMEMPOS HANBLICHUS, HEUSMEHHOCMb XUMUMECK020 COCMABA U NOCMO-
ancmeo ceovicme nokpvtmuii. Ilpu nazpysxe 5,0 MIla, ckopocmu cxonvscenus 1,5 m/c u memnepamype 0o
650 °C noxpoimusa cucmemot FeAl,-Ti-Si npoaenaiom ycmoiinueyto cmpyxmypuyro npucnocadausaemocms,
00ecnevusaouyto MUHUMU3AUUIO NAPAMeMmPO8 mpenus u usnawmusanus. Memannoespaduueckuii anaius u
npounozpaduposanue 00pasyo6 c6udemesrbCMEYOM 0 MOM, MO HA NOBEPXHOCMAX MPEHUS OMCYMCMEYIOm
3amemHvle NOBPEHCOCHUSL, A OMOeNbHbIE 0UAZU CXBAMBIEAHUS JIOKATUSYIOMCS 8 MOHKONIEHOUHBIX NOGEPX -
HoCmHbIX Cosix. Onpedenenvl 8bicOKas adze3ust, PUUKO-MeXaHUUeCKUe XapaKmepucmuku u Conpomueie-
HUe U3HOCY NOKPLIMUL 6 YCAOBUAX NOGHLIUEHHLIX MeEMNePamyp, COBPEMEHHLIMU QUIUKO-XUMUMECKUMU
Memooamu aHANU3aA U3YUEHbl CMPYKMYpPA U CE0UCMBA MOHKONIEHOUHLIX NOBEPXHOCMHBIX 006€KMO8.
Yemanogaeno umo, conemanue mexanuneckux u PUIUKO-XUMUHECKUX XAPAKMePUCMUK 00ecnevusaem wupo-
Kue 603MONCHOCMU UCnOoNb306anus nokpoimuil FeAl,-Ti-Si 6 ycnosuax evicoxomemnepamypnozo usnoca.

Kuwuesvie crosa: demonayuonnoe noxpoimue; usHOCOCMOUKOCIb; NOBEPXHOCMHIL CIOL; CMPYKMYPHASL NPUCNO-
cabausaemocmo; memnepamypa.

Beenenue

[Tporieccsl TpeHUS W W3HANIUBAHUS SABISIOTCA
OMHOI w3 Hambojiee BAKHBIX HAYYHO-TEXHUYECKUX
obuacteil uccyae[OBaHNs, TaK KaK B HUX TEOPETHUECKU-
MU ¥ TIPUKTQTHBIMUA METOJAMU U3YYaIOTCS BOIIPOCHI, €
KOTOPBIMHM TIPUXOJUTCS CTAJTKUBATHCA B MOBCETHEB-
HOU mpakTHKe. XapaKTEPHOU OCOGEHHOCTHIO 0O0JIb-
ITUHCTBA MO/IBUKHBIX COTPSIKEHUH jleTajeil MalivH,
pPaboTAIOIINX B YCIOBUSIX TPEHUS, SIBJSETCS HEOOXO-
JMMOCTD BBITIOJIHEHUST PA0OUUX U TEXHOJOTHIECKUX
(byHKITMI TTpU TOBBITIIEHHBIX TeMIiepaTypax. Temmepa-
Typa, Kak OJWH W3 3KCIIYaTallMOHHBIX (haKTOPOB,
BAJKHBIM TIOKA3aTeb YCJIOBHUS TPEHUS, a TEIJIOBBIC
MIPOIECCH, BO3HUKAIOITUE TTPU HTOM, OKa3bIBAIOT HETIO-
CPEZICTBeHHOE BiUsAHME HAa (hopMUpoBaHUe (HUUKO-
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XUMUYECKUX U MeXaHWYeCKMX CBOWCTB TOBEPXHOCT-
HBIX coeB. OHAKO, HECMOTPST Ha TPUHIMITHAIBHYTO
Ba)KHOCTh, TEOPETHUECKUE U IPAKTUYECKHE PAbOTHI,
CBsI3aHHBIE C BBICOKOTEMIIEPATYPHBIM M3HAIINBAaHUEM
JIETOHAIIMOHHBIX TOKPBITUI, B HAYYHOU JUTEpaType
KpaiiHe HEeMHOTOYMCJEeHHBI, MO3TOMY HCCJIe/l0OBaHUe
BJIUSHUS TEMIIEPATyPHOTO (paKkTopa HA 3aKOHOMEPHO-
CTY U3HATNBAHUS ETOHAITMOHHBIX TOKPBITUI OCTAET-
ST aKTYaJIbHOI TIPOOJIEMOIT COBPEMEHHOI MTPAKTUKH.
Ot kauyecTBa U PasHOOOPA3UsT ACCOPTUMEHTA MO-
POIIKOB B 3HAYUTEIbHON CTETIEHU 3aBUCST MACIITAOBI
1 3Gh(HEeKTUBHOCTh MPAKTUIECKOTO TPUMEHEHUS TI0-
KpbITHiL. B ¢Bsi3u ¢ aTuM o6Iuii uHTEpec B 910 06.1a-
CTU HEPa3PhIBHO CBsI3aH ¢ Pa3pabOTKON HOBBIX TIOPOIII-
KOBBIX MaTepuasoB. IIpy mpounx paBHBIX YCJIOBUSAX
TTOJTyYeHUSI JIeTeBbIX TTOPOIITKOB SIBJISIETCS] HellpeMeH-
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HBIM YCJIOBUEM WX MAaCCOBOTO HCIIOJIb30BAHUS, MPHU
5TOM TEXHOJIOTHS UX IOJYYEHUs JOJIKHA ObITh MPO-
CTOW M TTPOM3BOANTENBHO [ 1].

ITocranoska npoGaeMsl

N3yuuth cocTas, CTPYKTYPY ¥ 3aKOHOMEPHOCTH TPe-
HUSI U U3HAIIUBAHUS Pa3pabOTaHHBIX Ha Oase MPUPOJI-
HBIX PECypCOB CTPaHbl [I€TOHAIIMOHHBIX MOKPBITUHI
cucreMbl FeAl,-Ti-Si mmst 3amutsl netaneil MarmmH,
PabOTAIINX B YCIOBUSX BHICOKOTEMIIEPATYPHOTO TPE-
Hust. Teoperuueckue MOJIOKEHUsI, 0OOCHOBBIBAIOII[IE
COIPOTHUBJIEHNE WM3HANTUBAHWIO CO3MAHHOTO IeTOHA-
IIUOHHBIM METO/IOM TIOBEPXHOCTHOTO CJIOS, PACCMATPU-
BaJIUCh C TIO3UIUU CTPYKTYPHO-IHEPTETUYECKOH Teo-
puu Tpenus u uznoca [2]. KoMmosumoHHbIil TOPOTIOK
[T HAIBLIEHUS TOJIYYAId METOIOM MeXaHOXUMUJe-
ckoro cunrte3a [3]. TlokpbITUs HAHOCWJIM HA JlETOHA-
IIMOHHO-Ta30BOM ycTanoBke <«/lnenp-3». Tommuna
MOKPBITUH Tocse AoBoAkK coctaBiasiaa 0,20-0,25 v
mpu mepoxosatoctu R, = 0,63-0,32. [l cpaBHEHUS 110
AHAJIOTUYHBIM TIpOrpaMMa 6bIJII/I HCIIBITaHbI JAE€TOHa-
IIUOHHbBIE TTOKPBITUS, HAIbLIEHHbIE BOJIb(MPAMOCOIep-
sxamum toporikoM BK15, a Takke mopomkamMu Ha
OCHOBE€ HUXPpOMa 1 OKCH/a aJITIOMWUHUA. Hcubrtanus Ha
M3HOC OCYIIeCTBJsIN Ha yctanoBke M-2211B [4] na
KOJIBIIEBBIX 00pasilaX B YCJOBHUSX PACHPEIeTeHHOTO
konTakra (Ky;=1) npu ckopoctu ckosbxennst 1,5 m/c u
Harpyske 5,0 MIla. 3a ocHOBY mccIeI0BAHIS TIPUHSITEI
o0111e TeXHUYECKUE TPEOOBAHUST METOIMKY UCTIBITAHIIST
HA U3HOCOCTOMKOCTb MATEPUAJIOB TIPU BHICOKUX TEMIIE-
parypax [5]. IIpu s1OM ObLIM CETaHbI HEOOXOAMMBIE
U3MEHEHUSI C IeJIbI0 MAKCUMAJIBHO TPUOJIMBUTD TPO-
11ecChl (PU3NKO-XUMUUYECKOM MEXAHUKU TPEHUsT U U3Ha-
MIMBAHUS K PEATbHBIM YCJIOBUSIM 3JKCILTyaTAlUU.
Temrmeparypa TpeHUsT 0OPA3IOB U3MEPSLIACH XPOMEJb-
KOTIeJIEBbIMU T€pMOTIapaMi, U3TOTOBJIEHHBIMU M3 TIaC-
MOPTU3UPOBAHHOIO TIPOBO/IA.

IIpn packpeITum B3anMOCBs3el MexX1y CBOWCTBa-
MU MaTepHuajoB IMOKPHITUN B YCJIOBUAX TPEHUS, UX
CTPYKTYPOIi, BJUSHUEM BHENTHUX (haKkTOpOB, ornpese-
JISIOMIMX HAEKHOCTh U PabOTOCHOCOOHOCTh CUCTEMBI
TPEHWSI, BELYIIYIO POJIb UTPAET BBIOGOP METOJIOB UCCJIE-
JoBaHNN. BO3MOKXHOCTH HMCIHOJIB3YEeMBbIX METOJUK U
anmapaTypbl BO MHOTOM OTPEAETSIOT TIyOuHY WU
JOCTOBEPHOCTH TPENCTABIEHUN O IPOIeccax, MmpoTe-
Kalomux 1Ipru KOHTaKTHOM BSaI/IMOI[efICTBI/II/I COIpsa-
JKEHHBIX TOBEPXHOCTEMN.

Wsydenne pU3NKO-XUMUIECKUX CBONCTB, MUKpO(ha-
30BBIil aHAJIU3 MOBEPXHOCTHBIX CJIOEB, 00YCIABINBAIO-
IUX 3aKOHOMEPHOCTU AaKTUBAIUU, WHTEHCUDUKAIUIO
MIPOIIECCOB MEXAHOXMMUYECKOTO OKUCJTEHUS M CXBa-
TBHIBAHUSI, OCYIIECTBJIEHO UCIIOIb30BAHIEM MeTOa Iud-
paxiuu 2JeKTpoHoB. VcciaemoBanusi TPOBOAMIN HA
anexkrponorpage IMP-100 (chemka Ha OTpaskeHue 1pu
Hanpstrkernn 100 kB), MUKPOpPEHTTEHOCTIEKTPATTBHDII
ara3 — Ha Mukpoananuzatope «Kamexas. [Ipu ompe-
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JeJIeHNN NCTUHHDBIX KOHHEHTpaL[I/IfI BHOCHUJIN TIOIIPAaBKN
Ha ocHOBHBIE a(h(eKTh 110 porpammam jiist IBM [6].
Nundopmaiiuio 0 Ka4ecTBEHHOM 1 KOJUYECTBEHHOM
COCTaBaX, XUMUYECKOM COCTOSTHUW 3JIEMEHTOB, HAJIU-
ynn eHeKToB M (PYHKIIMOHATBHBIX TPYII B TIPHUIIO-
BEPXHOCTHBIX CJIOSIX MOJYYaal C TOMOIIBIO METOMA
0’Ke-3JIEKTPOHHOM  CIIEKTPOCKOTTMU HA YCTAaHOBKE
«Jamp-10S» o metonuke dhupmol «JEOL». Osxe-criek-
TPBI PErHCTPHPOBAIN pH ToKe 5-10°° A, yckopsomem
nanpsoxennn 10 kB, Bakyym 2-10 7 I1a, amamerp 30112
30 mKwm. Metasnorpaduueckue ucciiegoBanust mpoBo-
nuich Ha Mukpockorie Tuiia MAM-8M. BaxubiM aTa-
1TOM KayeCTBEHHOTO M3y4YeHUsI CTPYKTYPBI TOKPBITUI
SABJISJIOCH TIOJy4eHUe MUKPONLTGOB, KOTOPbIE H3TO-
TOBJISIJIMCH 110 METOAUKE U3JI0KEHHOI B pabore [7].

Pe3yabraTsl uccieioBanuii

ITpoGsiema BHIOOpA palMOHAIBHON KOMIIO3UIIUI
nokpsituii FeAl,-Ti-Si cBssana ¢ ouenkoil BaustHus
KOMIIOHEHTOB Ha UX CTPYKTYPY M CBOMCTBA, KOTOPbIE
OCYTIECTBJISIM 110 CTPYKTYPHOMY Tpu3Haky [2].
Bri60p B KauecTBe HCXOIHOTO ChIPbhsI TIOPOIIKA JKEJIE3a,
SIBJISIIONIETOCST IOCTATOYHO JIENIEBLIM, Hee(UIIUTHBIM
CTaHIapTHBIM MaTeprasoM [8], 06ycIoBIeH TaKKe ero
BO3MOKHOCTBIO MHOTOKPATHOTO JIETUPOBAHUST 0COOEH-
HO 3JIEMEHTaMM € OTPAHUYEHHON PACTBOPUMOCTBIO [9].
Ha puc. 1 u 2 mpuBe/ieH XapakTep 3aBUCUMOCTEH BN -

Puc. 1. 3aBucumMocTs 3MEHEHUST MUKPOTBEPIOCTH TOKPBITHSI
FeAl2 ot cozepskanust Ti

Puc. 2. 3aBucumocTb MUKPOTBEPAOCTH (1) U MHTEHCUBHOCTH
nsnanmsanus (2) nokpoitust FeAl,-Ti ot conepskarnus Si
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Puc. 3. 3aBucuMoCTb MHTEHCUBHOCTH U3HAITUBAHUST TOKPbHI-
THI FeAlz-Ti—Si OT pacxojia Ta30BOI cMecH

HUS COJICPKaHUSA TUTaHA W KPEeMHUS Ha MUKPOTBeEp-
nocts (Hp) m wHTeHcHBHOCTS M3HammuBauUA (1)
TTOKPBITUT.

Kak BumHo us rpaduka, MaKCUMAIbHYIO MUKPOTBEP-
JI0CTb UMEIOT JleToHalMoHHble HOKpbiTust FeAl,-Ti ¢
coziepkanueM tutana ~28%, Mpu 9TOM MeXaHUYeCcKue
CBOICTBA TIOJIyYEHHOTO MaTepraia MOTYT OBITh MOBBI-
IITIEHBI ITyTEM JIOTIOJIHUTETHHOTO BBEJICHUS B €T0 COCTAB
KPEMHUS, ONTUMATbHOE CO/IEPKaHUE KOTOPOTO, Kak
YCTaHOBJIEHO, COOTBETCTBYeT ~22%. BBenmenne Turana
U KPEeMHU, BXOASMINX B TBEP/IbIA PAacTBOP ’Keje3a u
VIIPOUHSIONINX €T0, CIOCOOCTBYIOT 00Pa3oBaAHUIO
CJTOKHOJIETUPOBAHHBIX BBICOKOTEMIIEPATYPHBIX CTPYK-
TYP, BBI3BIBAOIINX JMCIEPCHOE TBEPAeHUE Orarogapst
4eMy COTPOTHBJIEHUE W3HOCY BCJIEACTBHE 0OPa3oBa-
HUS 3HAYUTEIBHOTO KOJUIECTBA YIIPOUHSIONHX (a3 ¢
BBICOKOH TEPMOJMHAMUYECKON YCTONYMBOCTBIO TIOBBI-
maetrcs. llosoxuTeapbHOe BAMSHUE HA CTPYKTYPY M
CBOIMCTBA MOKPBITUH JIETUPYIOINNE 3JIEMEHThI OKa3bl-
BAIOT, KaK YCTAHOBJICHO B TIPOTIECCE UCTIBITAHWIM, JTUIITH
MIPU  OTIPEJICJIEHHBIX KOHIIEHTPAIMSX, ONTUMAJIbHbBIC
3HAYEHUS KOTOPBIX OMPEETIEHO AKCITEPUMEHTATBHO.

BaskHoe 3HaueHne B 06GECTIeUeHUN BBICOKOTO Kaue-
CTBAa MHOTOKOMITOHECHTHBIX MOKPBITUH, UMEIOT BJIMI-
HUE€ TEeXHOJIOTHYECKHE TTapaMeTphl HamblIeHUSA. bbuia
MPOBE/ICHA CEPUs IKCIEPUMEHTOB IO OMPECIECHUIO
BJIUSTHUSI COOTHOIIEHUsST PabOYnMX Tra30B U CTEIEHU
3aTOJTHEHUST CTBOJIA Ta30BOH CMEChI0 Ha JKCILIyaTa-
IIMOHHbIE XapaKTepUCTUKU MoKpbiTuil. Ha puc. 3 npu-
Be/IcHA 3aBUCUMOCTb WHTEHCWBHOCTU W3HAITWBAHUS
OT 3aTI0JTHEHWS CTBOJIA TA30BOI CMECHIO Ha OCHOBE alle-
TuiieH-kucaoposaa coornomenue (1:1,1). Kak BujgnHO
HAIIbLICHUE TPU PACXO0/IaX PabOUMX Ta30B B COOTHOIIIE-
HUW JUIg alleTuieH-kucaopoga 22/27—24/29 obec-
MeYnBaeT HAMOOJIBIIYI0 M3HOCOCTOIKOCTD, KOTOpAst
OJTHO3HAYHO KOPPEJIUPYETCS C TPOYHOCTHIO CBA3M
TIOKPBITHUS, YTO UJLTIOCTPUPYETCS pUC. 4.

Puc. 4. 3aBucuMoCTb a/iIre3MOHHON TTPOYHOCTH MOKPLITHIA OT
pacxo/ia ra30BOil CMECH TIPU HATIBLIEHIH

HensMeHHOCTD XMMIUECKOTO COCTaBa U TapaMerT-
POB TIpoIiecca HAIbLIEHUST 00YCIaBIUBAIOT MOCTO-
SIHCTBO CBOWCTB TOKPBITUIN, OTHOCUTEJbHAS IJIOT-
HOCTDb KOTOPBIX ~99%.

[osrygennbie B pe3yJibrate ONTUMHUIAINN TTOKPBITHIA
FeAl,-Ti-Si mo manueM MUKPOPEHTIEHOCTIEKTPATHHOTO
aHAJIN3a TI03BOJINIIO KIACCU(PUIIMPOBATH CTPYKTYPY KaK
TOHKHUI KOHTJIOMepar Bkodenuii (bosee 65% oObema)
tuma amoMuHuoB xkesesa (Fe,Al, FeAl, Fe, Al FeAl,),
tutana (Ti,Al, TiAl,, TiAly) u cumrmnos (Fe,Si, Fe,Si,
Fe.Si,; TiSi, TiSi,), kxpome OHUHAPHBIX MHTEPMETAILITUI-
HBIX BKJTIOYEHUH, HAJIOXKEHUE COOTBETCTBYIONIMX KOH-
IEHTPAITMOHHBIX MaKCMMYMOB YKa3bIBAe€T HA BO3MOK-
HOCTb CYTIIECTBOBAHUS CJIOKHBIX TYTOIJIAaBKUX (ha3 THUTIA
(Fe, Ti)Al, (Fe,Si)Al, tBepapix pactBopos Ti-Si,-Fe-Si,,
YCTaHOBJICHO, YTO WHTEPMETAJTMIHBIE COCTUHCHMUS,
PACTBOPSIST MCXOJHBIE KOMIIOHEHTDI, O0YCJIABIUBAIOT
06pa3oBaHUE TBEP/IBIX PACTBOPOB.

B rtabJmiite 1 mpuBeseHbl U3MeHEHMs (DU3UKO-Me-
XaHUYECKNUX CBOWCTB MOKPBITUN B pe3yJibTaTe Jieru-
poBaHU4.

W3BecTHO, 4TO TIPU HATPYKEHUU TPEHUEM TTOBEPX-
HOCTHBIU CJION BCJIEACTBUE TIIACTHYECKOI Jedopma-
WU TIEPEXOJUT B TEPMOIUHAMUYECKI HEPAaBHOBECHOE
AKTUBUPOBAHHOE COCTOSHUE, U3 KOTOPOTO My TeM -
(bysum u XUMHUECKOTO B3aUMOJIEMCTBUSI C OKPYIKaIO-
e cpelol CTPEeMUTCS TepelTH B TacCUBHOE, B
pesyJibrate 06pPasyTCsT TOHKOILIEHOUHBIE BTOPUYHbIE
CTPYKTYPBHI [2].

Jlannble uCHbITAHUN OMpe/esionue (yHKIINO-
HAJBHYIO 3aBUCUMOCTbh HWHTEHCUBHOCTH U3HAITUBAHUA
OT TeMIIepPaTypbl BOJIM3HU TIOBEPXHOCTEN TPEHUST UCCJIe-
JyeMbIX TIOKPBITUIH, mpezcTaBiensl Ha puc. 5. C poc-
ToM TemIiieparypbl BiioTh 0 600 °C msnammBanue
nokpeitrit FeAl,-Ti-Si (kpuBast 7) mpaktuyecku cra-
OUJIIBHO, MMEET MECTO HOPMAJIbHBIH MeXaHOXUMITUe-
cknit m3Hoc. COTJIacCHO HWCCHEMOBAHUSAM COCTaB TIO-

TaGanma 1.
DuU3NKO-MEeXaHHYECKHE CBOIICTBA MOKPBITHI IIPH H3MeHeHuH (a30Boro cocTaBa
Cocras Tonmuna, MM o, I'lla G, Mila G, Mlla Hy, MllIa
MOKPbITUS
FeAl, 0,15—0,25 0,45—0,50 380—430 45—51 11 000
FeAl-Ti 0,15—0,25 0,53—0,66 550—600 62—79 17 000
FeAl,-Ti-Si 0,20—0,30 0,80—0,97 670—840 89—110 19 500
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Puc. 5. 3aBUCHMOCTb UHTEHCUBHOCTU M3HAINBAHUA OT
TeMIIepaTypbl:

1 — FeAl,-Ti-Si; 2 — Ni-Cr-Al-B; 3 — ALO,-Cr,0,;

4 —WC-Co (V=1,5m/c; P=5,0 MIla)

BEPXHOCTHBIX IIJIEHOK, 9KPAHUPYIONNX a/JAre3anoOHHbIe
B3aUMOJIEIICTBUST B 30He TPUOOKOHTAKTA, MPEICTAB-
JISIIOT HapsI/Ly ¢ OCHOBHOI (ha30ii epechIIieHHbIie TBEP-
nbie pactBOPEI Ha ocHoBe Fe, Si B a-Al, okcumos Fe,O,-
AlLO,, ALO,-TiO,, a TaxkKe KOHIJIOMEPAT CJIOKHBIX
okenaubix coepnnenuit tuma Fe,TiO;, Fe,(TiO,),,
FeAl,O,, B-tuanura AL, TiO;, mysnuta Al SiO; u cunu-
kata ¢aitsaauraoro tuna FeSiO,, koTopsle B pe3ybTa-
Te CIleKaHusT 00YCJIABINBAIOT 06Pa30BAHNE TOHKOTLIE-
HOYHBIX TE€TEPOT€HHBIX IMOBEPXHOCTHBIX CTPYKTYP,
MUKPOTBEPAOCTh TIpU 3TOM cocTaBisier 21-23 TTla,
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pu ucxoaHoi — 10 19+0,5 T'Tla. Takum o6pasom, mpu
TTOBBIIIIEHUN TEMIIEPATYP I10/] HeﬁCTBI/IeM KacaTeJIbHbIX
U CKUMaAIOHIIUX HaHpH}KeHI/Iﬁ B ITOBEPXHOCTHBIX CTPYK-
Typax ¥ IPUIIOBEPXHOCTHOM CJIO€ NHTECHCUBHO IIPOTE-
KalOT TEPMOMEXaHUYeCKUe TIPOIECChI, CYIIEeCTBEHHbIE
CcTpYKTypHO-(ha3oBble u3aMenenus. Ha puc. 6 mpen-
CTaBJEHBI MUKPOCTPYKTYPLI M 3JIEKTPOHOTPAMMBI,
OTpasKaIolie KUHETUKY Pacliajia CTPYKTYP Ha MOBepX-
Hoctu tpenusi mokpeitiit FeAl,-Ti-Si. TTosimenne
TEMITEPATYPBl AKTUBUPYET IPOIECCHl KOATYJISIINI U
PEKPUCTAILITU3AIIH, PA3BUBAIOIINECS] HA PA3JIUIHBIX
MaCH_[Ta6HbIX YPOBHX, O YEM CBU/JIETEJIbCTBYET ITOCTE-
[eHHOe MCYe3HOBEHNe KOJIEI U TIOSBJIeHIe Ha DJIeK-
TPOHOTPAMMAX TOUYEYHBIX Pe(IeKCOB, YKA3bIBAIOUIIX
Ha amopguoe coctosinue [9].

B Hacrostiee BpeMst 00IIeNPU3HAHO, YTO HA OCHOB-
Hble 3aKOHOMEPHOCTH TPEHUA W M3HAIINBaHWA HEMa-
JIOBJKHOE BJIMSIHUE OKA3bIBAET HBOJIONUS TTOCIeI0BA-
TEJbHO YCJIOKHSIIOMUXCS KOHMUTYpaIuil MmoBepX-
HOCTHBIX CTPYKTYP, UMEIONINX BBICOKOIIPOYHOE TOHKO-
JIACIIEPCHOE CTPOEHE, KOTOPBIE CIIOCOOCTBYIOT JIOKA-
JINBAIUN TITACTUYECKUX ehOpMAIii 1 IKPAHPOBA-
HHWIO HEAOIYCTUMBIX ITPOIECCOB CXBAaTbIBaHUA.

C aHepreTuYeCcKoil TOYKU 3PEHUsT TAHHYIO TPAHC-
(hopMaIuio BTOPUYHBIX CTPYKTYP MOMKHO paccMaTpu-
BaTb B Ka4€CTBE a/ICKBATHDLIX 3JIEMEHTAPHDBIX MEXaHN3~
MOB aJIalITAllNK [TOBEPXHOCTHBIX CJIOEB B IIPOIECCE

Puc. 6. [ToBepxHOCTH TPeHUST ¥ HJEKTPOHOrpaMMBI MOKpbITHiT FeAl2-Ti-Si, nenpITaHHbiX Ipu TeMIepaTypax:

a) 400 °C (x240); 6) 550 °C (x28000)
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Puc. 7. TToBepxnoctn tpenust mokpsrtist FeAl,-Ti-Si, namoctpupyione KMHETHKY TIpoIiecca pa3pyIeHus, moce uenbraniii mpn 650 °C

CTPYKTYPHOU HPHUCIOCOOIMBAEMOCTH CUCTEMbBI Tpe-
Hus. Tak, ¢ OHOU CTOPOHBI, BCJIEICTBUE CTATUCTUYE-
CKUX 3aKoHOMepHocTeil (asbl oOpazoBanus u (Qpar-
MEHTalluY BTOPUYHDBIX CTPYKTYP Ha Pa3IUYHbIX y4acT-
KaX KOHTAaKTHBIX HOBerHOCTefI HE COBIIaJaIOT, HO UX
aJINTUBHOE paclipejiesieHre TMPeJCTaBIsIeT yCTOWIN-
BO€ CTPYKTYPHO-BPEMEHHOE COCTOSIHUE, C JAPYroil —
(opMupoBanue CTPYKTYpPbl MTOBEPXHOCTHOTO CJIOS He
ABJIACTCA MHACTEPMUHUPOBAHHDBIM, a YIIPaBJIAECTCA
MUHHUMAJIbHBIMU TIPUHIUTIAMA JTUCCUTIATUBHDBIX IIPO-
eccos [9, 10].

C moBbIIIEHEM TeMTepaTyphbl (PHUC. 5) KOMILTEKC
MTOBEPXHOCTHBIX SBJICHWH WHTEHCU(DUIUPYETCs, 4TO
00y CJIOBJIEHO Ha HAIII B3IJIsL| MCKa)KEHUEeM KPUCTaJLIN-
YeCKUX PENIeTOK TPU IJIACTUYECKOU aedhopmaiium 3a
cuer (hIAYKTYUPYIOITUX HAINPSKEHUH, BO3ZHUKAIOIUX
IIpu TpeHU", KpoMe TOTO, IMMOABJEHNE TOYECYHDBIX 1 MHO-

Puc. 8. 3aBucuMocTh MUKPOTBEPAOCTH OKCUAHBIX CTPYKTYP
Ha MOBEPXHOCTSIX TPEHNUS IeTOHAIOHHBIX HOKPBITHIT OT
TeMIepaTypbl

72

TOMEPHBIX /1e()EKTOB aKTUBUPYIOT TPUOOXUMUUECKIE
peaxIun.

Ho mnpu goctuskeHWN KPUTUIECKOTO 3HAYEHUS,
KOTOpBIE JIJIsI MCTIBITBIBAEMOTO MOKPBITUSA (KpuBas 1)
cocrasisteT ~650 °C, BBI3BIBAET JECTPYKITHOHHBIE MTPO-
1ecehl U 00YCJABIUBAET MEPEXO/ K HEIOIYCTUMBIM
SBJIEHUSIM TTOBpesK1aeMocTH (puc. 7).

s nokpsrtuii cucremst Al,O,-Cr,O, (kpuBas 3)
mpefiesbHas KPUTHYECKAsT TeMIepaTypa MpU JaHHbIX
ycaoBugx Tperust coctaBisier ~680 °C, y TmOKpbITHIT
tuma Ni-Cr-Al-B (kpuBas 2) puama3oH HOPMaJbHOTO
TpeHus orpanndeH Temreparypuoit ~600 °C, a moxpsI-
tust Ha ociose WC (kpuBast 4) coxpansior paboTocIo-
co6uoctb j10 530 °C.

TOHKOTLIEHOYHBIN KOHTJIOMEpPAT OKCUIHBIX (has,
MPENsTCTBYIOIUIT a/ITe3MOHHO-MOJIEKYJISAPHOMY
B3aMMOICICTBUIO KOHTAKTHBIX TTOBEPXHOCTEH, Tpes-
cTaBsieT coOOU CJIOKHBIN OOBEKT, WHTETPATbHbIE
CBOICTBA KOTOPOTO B CBOIO OU€PE/Ib 3aBUCAT OT XapaK-
TEPUCTUYECKUX OCO6€HHOCT€fI n UHANBUAYAJIbHDIX
CBOUCTB MPOCTBIX OKCHOB KaK CYOCTAHTHBIX CaMO-
CTOATENAbHDBIX €IMHNII, CBOIICTBA KOTOPBIX MOTYT 6bITb
UCCJIEIOBAHBI B TEDMUHAX CBO€OOPA3Us UX CTPYKTYP.
Tak, MUKpPOTBEPZIOCTb TOBEPXHOCTHBIX CTPYKTYP M
XapakTep 3aBUCUMOCTU OT TEMIIEPATYPhI IIPeNCTaBIIe-
HbI Ha PUC. 8.

Mukpotsepzroctsh Boctuta FeO, obpasyrotierocs
Ha TIOBEPXHOCTSIX Tpenus mokpeitiit FeAl,-Ti-Si mpu
TMOHMKEHUN TeMIIepaTypbl MOHOTOHHO YMEHbLIIAETCA,
a BOm3u 3uaueHust 520 °C cKau0K MUKPOTBEPIOCTH,
YTO MPOUCXOUT B Pe3yJIbraTe TBePA0(PA3HOr0 MIPeBpa-
menns FeO B 6osee crabumbnbtit okeuyg Fe,O,. Ipu
YeM 3HaY€HUA MUKPOTBEPAOCTU JaHHBIX OKCHU/IOB ITPpU
MOHMKEHUU TeMIIEPATYPhI He COBIIAIAIOT C PE3yJbTa-
TaMU MU3MepeHui, TIoJIyYeHHBIMU TIPX Harpese, 4To, C
HaIleld TOYKU 3PEHUst, 0OYCIOBJIEHO Pa3TUUHBIMU
3HAUECHUSIMU CTPYKTYPHO-TEPMUYECKON aKTUBAIIUH H,
CJIeI0BATEIbHO, KOHTAKTHOW YIPYTOIJIACTUIECKOI
nedopmaiueit, Baugonel Ha aHOMaIbHYIO Aubdy-




3MOHHYI0 aKTHBHOCTH KaK KHUCJIOPOJA, TaK ¥ JIPYTUX
3JIEMEHTOB, BKJIIOUAsI JKeTe30. MUKPOTBEPIOCTD reMa-
tuta Fe,O, Ipn NOBBIIIEHNN TeMIIepPaTyphl YMeHbIa-
€TCST U UMEET MECTO CKaYOK MUKPOTBEPAOCTH BCJIE-
crBue noaumopduoro B—o — mpespamienus. [Ipu
OXJIAJKJIEHUW TEMATUTA C BBIJIEPKKOIM B MOMEHT HU3Me-
PEHUST MUKPOTBEPAOCTH HAOIIOMAETCST CKAYKOOOpas-
HOE TIOHMKEHHEe MUKPOTBEPIOCTH JI0 3HAYEHHUIT, COB-
MAA0IINX CO 3HAUECHUSIMU MUKPOTBEPIOCTU MATHETH-
ta Fe,O,, 6Gosee PHIXJIOTO W MeHee TJIOTHOTO, YeM
v-Fe,O,. TIpoayKkTel m3HOCA MPEACTABISIIOT COOOM
MOPOIIIOK TEMHO-OYPOTo TBeTa. Pe3yIsraThl pEHTTEHO-
(azoBoro aHamMsza TMOATBEPIKIAIT TMPEBpAlleHIE
reMaTuTa B MAaTHETUT, ABJIAIOIINICA Oojiee CTabUIIb-
HBIM OKCHJIA JKeJie3a B JIAHHBIX YCJIOBUSIX.

MUKpPOTBEPAOCTh OMHOOKKUCH TUTaHA, KOTOPasi He
nperepreBaeT MOTUMOPGMHBIX TPEBPANCHUH, TTPU
TOBBIIIEHUN TeMIIEpaTypbl MOHOTOHHO YMEHBIIAETCA.
Takke cJeayeT OTMETHTh, YTO MPOCTBIE OKCH/IBI
CKJIOHHBI K 00Pa30BaHUIO TBEP/BIX PACTBOPOB, PACTBO-
peHNe B HUX JIETUPYIOIIUX 3JIEMEHTOB, KaK MPABUJIO,
00y CJIOBJIMBAET MOBBIIIEHIE MUKPOTBEPIOCTH.

Byoxucs tutana TiO, mperepreBaeT moamMopd-
noe mpespaitenre pu 500 °C, npuyeMm yBeiudenue
MUKPOTBEPAOCTHU B MOMEHT IIPpEBPpallleHns CBUAETE]Ib-
CTBYET O MEPEXOJie MEHee IMIOTHO YIAKOBAHHOW KPU-
CTAJUTNYECKON petieTku Opykuta (POMOUYECKON) B
6oJiee TIIOTHOYTTAKOBAHHYIO TETPATOHAJIBHYIO PeIeT-
Ky pyTwia. MUKPOTBEPAOCTh JABYOKUCH THUTAHA IMPU
PACTBOPEHUHU B HEM JKeJjie3a MMOUYTH He M3MEHSIETCSI.

[Tpu BBesieHMN B KavyecTBe JieTupyloneil mpucaaku
B COCTaB /J1€TOHAIIMOHHDBIX HOKprTI/IfI KpeMHusA Ha
MOBEPXHOCTH TPEHUST 00PA3yeTCsT IBYOKKCH, KOTOPAsi B
HCCJIEIyEMOM TEMIIEPATYPHOM JHATa30HEe TPEeTepIie-
BaeT JiBa TMOJTUMOPGMHBIX MPEBPAICHUS, TEPBOE TIPU
500 °C u Bropoe mipu 700 °C. PentrenohasoBsiM aHa-
JIU30M YCTAHOBJIEHO, UTO B TIEPBOM CJIyYae HU3KOTEM-
reparypHbIil B-KBapil MPEeBPAIIaeTCsl B BBICOKOTEMITE-
paTypHBIN O--KBapIl.

MuKpOTBEPAOCTh 00PA3YIONMIMXCST HA TOBEPXHO-
CTAX TPpEHUA OKCUAHBIX TIIJICHOK TpeXBaJIEHTHBIX
MeTalI0B B anHoM ciydae Fe,O, u Al,O, npu nosbi-
[IEHWU TEMIEPATYPhl YMEHBIIAETCS], OJHAKO BOJIU3U
350+600 °C xpuBas u3MeHEHUST MUKPOTBEPIOCTH
Al,O, umeer mepernd, CBUAETENBCTBYIONMUI O TOTH-
MOp(hHOM TIpeBpaIieHnn.

B pesyibraTe uCCIEIOBAHUS MHUKDPOTBEPAOCTH
OKCHJIHBIX CTPYKTYP, 00OPa3ymoIIuXcsi B YCIOBUSIX
BBICOKOTEMIIEPATYPHOT'O M3HAIIMBAHWA Ha ITOBEPXHO-
CTAX TpeHuA AEeTOHAIlMOHHBIX HOKprTI/IfI, MOJXHO
OTMETUTH HEKOTOPBIE XapaKTEePHbIE OCOOEHHOCTH, a
NMEHHO, HCcJjie/fyeMbie CTPYKTYPbI B 3aBUCUMOCTH OT
XMUMHWYECKOT'O COCTaBa MOTYT HAXOAUTHCA B PA3JIMYHBIX
coctoguusix. lIpn TOBBIIIEHHBIX TeMmIlepaTypax,
OKCH/HBIE CTPYKTYPBI IIEPEXOAT B Oojiee cTabuIbHOEe
COCTOSTHIE, YTO OOYCJIaBJIMBAET U3MEHEHME UX (DU3H-
YECKUX CBOUCTB. 3aBUCHMOCTh MHUKPOTBEPAOCTU
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MMOBEPXHOCTHBIX CTPYKTYP OT TeMIIepaTypbl, KaKk Tpa-
BWJIO, MOHOTOHHAS, €CJIM OHU HE MOJTUMOPMHBI, U
CKauKO0Opas3Hast, eCJu MPOUCXOAST MOJUMOP(hHDIE
[IpEBpAIleHNs WU TIPEBPAIIEHUST MeTacTaOUIbHBIX
cocTostHU B GoJiece CTAaOWIIbHBIE W YCTOHUYUBBIE TIPU
HarpeBe Wau oxJaxaeHun. [lepernObl HA KPUBBIX
U3MEHEHUST MUKPOTBEPAOCTEH B GOJIBITHHCTBE TLJIAB-
HbIE, TaK KaK B OKCHUIHBIX CTPYKTYPaX PAaCTBOPEHBI U
MPUCYTCTBYIOT YacTUIIbl BHEJIPEHUN U TpuMecei,
KOTOpBIE CYIECTBEHHO BIMSIIOT HA MUKPOTBEP/IOCTD, a
CJIeJIOBATEHHO, M HA CBOMCTBA OKCHIOB KaK MPOCTHIX,
TaK U CJIOKHBIX COCTABOB.

ITpu BceM MHOrO0Opasuy KOHCTPYKTUBHBIX (HOPM
U (DYHKIIMOHATBHBIX OCOOEHHOCTE!l MAIllUH M MeXa-
HU3MOB, TpebOBaHUE H3HOCOCTOWKOCTU SIBJISIETCS
OOIIMM TTapaMeTpOM, KOTOPBIN OTpesessieT Ge30TKa3-
HOCTb U JIOJITOBEYHOCTD. Y co3anue yHUBEPCATHHOTO
MOKPBITUA [IJIST UX 3AIMUTHI OT U3HOCA OTPAHUYEHO TOM
sKe MPo0JIeMOI, 4TO M IOJydeHHe H3HOCOCTOMKOIO
MOHOJIUTHOTO MaTepuasa, yAOBIETBOPSIONIETO BCEM
TpeOOBAHUSIM, KOTOPBIE PEATU3YIOTCS B IMPAKTUKE
MalIMTHOCTPOCHMUS.

OO6mmuit mHTEPEC B 9TOM 00JIACTH HEPA3PBIBHO CBSI-
3aH ¢ CO3/IaHMEM HOBBIX MaTepuasioB. [Ipu paspaboTke
KOTOPBIX YYUTBIBAJIMCH TEXHUKO-2KOHOMUYECKHUE
orpaHnueHust, 00yCJIOBIUBaeMbie TPEOOBAHUSIMU TIPO-
MU3BOJICTBA, B TOM YHCJIE 3aTpary AeUIUTHBIX U OPO-
TMX KOMITOHEHTOB.

Pe3ynbratsl cCOMPOTUBICHUS U3HOCY NETOHAITMOH-
HBIX TOKpBITHI cucteMbl FeAl,-Ti-Si mpu mossrmern-
HBIX TEMIIEPATYPaX MOATBEPKIAIOT 1[eJIECO0OPAZHOCTD
U TIEPCIEKTUBHOCTD TPOJOJIKEHUS MCIBITAHUH €
1IETBI0 BCECTOPOHHETO MCCIENOBAHWS WX JKCILIyaTa-
IIUOHHBIX BO3MOKHOCTEH B 3KCTPEMAJIBHBIX YCIOBUIX
3aIIUTHI JieTajiell OT U3HocA.

BoiBoasl

1. YcranoBjeHa TMPaBOMEPHOCTD WCIIOJIb3YEMbIX
METOIOJIOTHH U aJTOPUTMa TIPOBEIEHUST SKCIIEPUMEH-
TaJIBHBIX HccaenoBanuit mokpoituit FeAl,-Ti-Si, koto-
pble B BO3/YIIHOHN cpejie P OTCYTCTBUU CMa3KHU B
YCIOBUSX BBICOKOTEMITEPATYPHOTO TPEHMST TIOKA3aaIn
BBICOKHE 3HAUEHUST N3HOCOCTOWKOCTH, HE YCTYTAIOTIIE
TaKOBBIM JIJIsT TIOKPBITHI HAa OCHOBE HUXPOMA, OKCH/IA
aMoOMUHUS U TBepioro ciiaBa BK.

2. YcTaHOBJIEHO ONITUMAJIBHOE COJIEPKaHe KOMIIO-
HEHTOB B IOKPLITHH, COOTBETCTBYIOIIEE MaKCHUMaJlb-
HOU M3HOCOCTOUKOCTU, W UCCJEI0BAHbBI UX (PU3UKO-
MexaHuJyeckne cBoiicTBa. OmpeneseH CTPYKTYPHO-
(hazoBbIli coCTaB TIOKPBITHH, YTO MO3BOJHUIO KJIACCHU-
(uUIMpoBaTh WX COCTaB KaK CTPYKTYPY TOHKOTO KOH-
ruiioMepara yipoussionux das (bosee 65% odbema).

3. YcTaHOBJIEHO, YTO U3HOCOCTOMKOCTH MOKPBITHI
B PEKUME CTPYKTYPHOU MPHUCHIOCAOIUBAEMOCTH 00-
YCJIOBJIEHA YCTOMUMBBIM 00pa3soOBaHUEM B Pe3yJbTaTe
KOOIIEPATUBHBIX TMOBEPXHOCTHBIX TpI/I6OXI/IMI/I‘{eCKI/IX
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3(deKkTOB TOHKOMIEHOUHBIX CTPYKTYP, TPEACTaB-
JITIOIUX €000 TUCTIEPCHbBIE TeTEPOTEHHbBIE OKCH/IBI
TUTIA MIUHETbHBIX (a3. Hammune Ha TOBEPXHOCTSIX
TPeHUst OKCUHBIX [IJIEHOK TUTA -THAINUTA, MYJLIATA,
CIJINKATOB TIPETISITCTBYET a/IFe3MOHHO-MOJIEKYISIPHO-
MY B3aMMO/ICHICTBUIO, BBITIOJHSIST POJIb TBEPION cMas-
KI, ¥ CIIOCOOCTBYET aKKOMOJAIIUU 3€PHOTPAHUTHOTO
CKOJIbKEHUSI.

4. YcraHOBJIEHBI ONTHMaJIbHbIE COOTHOIIEHUS
pabounX ra30B U CTENEHU 3AMOJHEHUS CTBOJIA TA30BOM
cMmechio. [Ipu aToM oTMeueHo, YTo, yIpaBJisisl TEXHOJIO-
TUYECKUM TIPOIEeCCOM HANbIJIeHUs JeTOHAIIMOHHBIX
TTOKPBITUH, Y/IaJIOCh Peajn3oBaTh HE TOJIBKO MPOTHO-
3UpPyeMbI XMMHUYECKUH COCTaB, HO IOJIYyYUTh THPHU
5TOM 3aJIaHHYI0 CTPYKTYPY, MO3BOJISIONLYI0 obectie-
YUTh MUHUMAJbHbBIC TTOKA3aTeJ TPEHUS B JTAHHBIX
YCJIOBUSIX UCTTBITAHUI.

5. PaszpaboraHbl KOMIIO3UIIMOHHBIE TTOKPBITHS
cucrembl FeAl,-Ti-Si, ie conepxarnue neunuTHBIX 1
JIOPOTOCTOSAIINX KOMIIOHEHTOB, C I1[eJIbI0 MTOBBIIIEHUS
M3HOCOCTOMKOCTH Y3JI0B TPEHHUs, KOTOPbIE, KaK MOKa-
3aJIM Pe3YJIbTaThl UCTIBITAHUN, 00ECTIEUNBAIOT UX JKC-
[JTyaTallMOHHYI0 HAJIEXKHOCTD B COOTBETCTBUH C TPeHO-
BaHUSIMM U BO3MOKHOCTSIMM, OTKPBIBAIOIUMUCS C
[IPUMEHEHUEM HOBOTO KOHKYPEHTOCIOCOOHOTO Mare-
puana /sl M3HOCOCTOWKUX TOKPBITUH, MOJTyYeHHBIX
JIETOHAITMOHHBIM METO/IOM.
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WEAR-RESISTANT FeAl,-Ti-Si DETONATION SPRAY COATINGS
UNDER FRICTION LOADING AT ELEVATED TEMPERATURES

The investigation results of friction and wear of the developed detonation composite coatings FeAl,-Ti-Si
under high-temperature friction conditions are presented. The choice of FeAl,-Ti-Si composition and its opti-
mal content for spraying of wear-resistant coatings loaded with friction under high-temperature conditions are
Justified. It is noted that the alloying elements at definite concentrations and technological parameters of
spraying have positive influence on structure, properties and quality assurance of multicomponent coatings. It
is shown that the introduction of silicon and boron promote the formation of hard-alloy high-temperature com-
pounds with increased wear resistance. The maximum microhardness corresponds to the Cr—Si coatings with

~28% titan content. Besides, the mechanical properties of the obtained material are improved by additional
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alloying of ~22% silicon. In turn, the coatings plating at working gas flow rate in a ratio for acetylene
~(20/25) l/min and oxygen ~(22/27) l/min provides the chemical composition and spraying process parame-
ters permanence as well as constant properties of coatings. The obtained results show that for the coatings of
FeAl,-Ti-Si system at loading 5.0 MPa, sliding speed 1.5 m/s and temperature up to 650 °C the stable perform-
ance of structural adaptability, which provides the friction and wear parameters minimization, is demonstrat-
ed. The metallographic analysis and strip chart recording of specimens indicate that the friction surfaces are
characterized with the absence of visible defects; the separate cold-welded regions are located in thin-film sur-
Jace layers. The composition, structure and tribological durability of coatings produced from the elements of
resource base of the country were studied; their high adhesion, physical and mechanical characteristics and
wear resistance under high-temperature conditions were defined. The thin-film surface structures pattern and
properties were investigated with the help of modern physical and chemical methods of analysis. It was deter-
mined that the combination of mechanical, physical and chemical properties of the investigated coatings pro-
vides wide opportunities for their usage as effective materials under high-temperature wear conditions.
According to the test results, the application of the investigated composite coatings for friction units efficiency
improvement provides their operational reliability in accordance with requirements and opportunities that
appear with the development of a new competitive material for wear-resistant coatings obtained with the help
of detonation method.

Keywords: detonation coating; wear resistance; surface layer; structural adaptability; temperature.
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