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BIVAHVNE TEPMOI MAPOXVMNYECKOW OBPABEOTKM HA MOP®O/OI O
M LLEPOXOBATOCTb CTA/IbHOM MOBEPXHOCTW

KaHi. TexH. HayKk A.A. LLIMATOB, kaHa. TexH. Hayk H0.B. CMUHbKEBIWY
(Benopyccknin HauMoHabHbI TEXHUYECKNIA YHBepCUTeT, MUHCK)

VccnefoBaHbl MOPONOrns U LLepoXoBaTOCTb CTalbHON NOBEPXHOCTU, NOABEPrHYTON TEPMOruapoxXu-
Munueckoii obpaboTke (TIFXO) B BOAOAMCNEPCHOI Cpefe Ha OCHOBe okcuaoB THO2 + MOO3 lMpouecc TMXO
BK/OYAET: rugpoxmmuyecky’Oo6paboTKy NOBEPXHOCTHU B CrneLuanbHON BOLOAUCTEPCHON cpede; Tepmoobpa-
60TKy. IMocne rugpoxmmmyeckoii 06paboTku B TeyeHne 10 —120 MuHYT M nocnegytoruyero Harpesa fo 250 Xl
LLepOX0BATOCTb NOMYyYeHHbIX NMOKPbITWIA OCTaeTCs B Mpefenax OAHOrO Knacca. B pesynbTaTe onTuMm3aLmu
npouecca TIXO Koa(hULUNEHT TPEHUs CTanbHOW NOBEPXHOCTU CHU3mAcs B 8,3 pasa.

BeegeHue. LLlepoxoBaToCTb ABMSETCA BaXHbLIM NOKasaTeneM KayecTBa MOBEPXHOCTU W3JeNuid; OT Le-
poX0BaToOCTM W COCTOSIHWUSA MOBEPXHOCTU 3aBUCAT MOKa3aTeNn [OJTOBEYHOCTU, XKUBYYECTU U HALEXHOCTM
CTanbHbIX feTaneii mMawunH U MHCTPYMeHTOB [1], BOMbWMM HefoCTaTKOM WM3BECTHbIX 3alUMTHLIX MOKPbLITUIN,
MOMYYEeHHbIX HannaBKOM, HamnblIEHWEM, Fa30BO LeMeHTauueld M HUTpoLeMeHTauuel, 4eTOHAUWOHHbIM, Na-
3epHbIM, MNa3MeHHbIM W APYTUMU MeTOAaMu, ABSETCSA BbICOKAs LIePOX0BATOCTb MOBEPXHOCTU U OTCYTCTBUE
TOBapHOro KauecTsa MOKpbITWA [2]. ANns ucnpaBneHWs 3TOro HegoctaTka MPUXOAUTCS NPOBOAUTL AOMOJHU-
TeNbHYIO Onepauuio QUHULIHOK 06paboTKM NOBEPXHOCTM M3fenuii. B aToM nnaHe HavbONbLIMIA Hay4HbIA W
MPaKkTUYEeCKMIA MHTepeC MpeACTaBAAeT YNPOUHAOLWAaa TepMorngpoxmmmnyeckas obpadoTka (TMXO) ctanm B BO-
[LoAmncnepcHoi cpefe, NMOCKOMbKY MpoLecc NPUMEHMM A5 FOTOBbIX K 3KCMAyaTauuu W3genuid, HesHauuTenbHO
MEHSeT NMepBOHAYa/IbHYHO LLIEP0.X0BaTOCTb MOBEPXHOCTHU, UX pa3Mepbl, PopMy 1 CTPYKTYpy [3-8].

TepMoruapoxHMmyeckas obpaboTka - Hambonee NPOCTol M yHUBepCasbHbIA MeTof. C MOMOLLbIO 3TOro
MeToZa MOXHO C034aBaTb M3HOCOCTONKME HAHOCTPYKTYPUPOBAHHbIE MOKPbITUS HAa OCHOBE OKCUAO0B, CYNb(UA0B,
Kapobunaos, Apyrnx aHTUHPUKLNOHHbBIX MaTePUasioB 1 X KOMMO3ULKIA.

CornacHo HacToOAWMM MpeacTaBieHUsM B 06/1aCTU TPeHUs W uU3HalwmsaHusa [9 - 11], AyywmnmMmn aHTu-
(hPUKLMOHHBLIMU CBOMCTBaMU B aTMOCGEPHBIX YC0BUAX 061aAal0T MaTepuanbl 1 MOKPbITUS Ha OCHOBE CYNb(u-
[0B 1 oKcmaoB. OfHaKO NpeanoyTeHve npy pa3paboTke NOKPbLITUIA OTAAeTCA OKCUAAM, NMOCKOMbKY OHW SBAAIOT-
€A MOCTOAHHOW COCTaBNAIOLWEl FpaHNYHOro €nos, obpasytoLlerocs npu TpeHun nwboro matepuana. Mpu dop-
MMPOBAHUN OKCUAHOW M/IEHKW OMpeAeneHHOro cocTaBa M CTPYKTYpbl MOXHO CO34aTb MOBEPXHOCTHOE YNpoyHe-
Hue (3htheKT POCKO) M CHU3WUTL COMPOTMBAEHME CABUTY Npu TpeHun (3dekT PebuHaepa, bepHanna u gp.);
npuyem 3hhekT PebuHaepa peannsyeTcs TONbKO B MPUCYTCTBUM MOBEPXHOCTHO-aKTUBHbLIX BellecTB (MAB).
CornacHo MONeKyNApHO-MexXaHU4YeCKOM Teopumn TPeHWS MOBbILLEHNS U3HOCOCTOMKOCTU U3L4ENNsS MOXHO AOCTUYb
MpU BbIMOMHEHNN [BYX OCHOBHbIX YC/IOBMIA: MPU BbICOKOW TBEPAOCTM MOBEPXHOCTU (MOKPbITUSA) U HWU3KOW ee
MPOYHOCTMN afre3MOHHON CBA3M C KOHTaKTUPYHOLUM MaTepuasioM B 30He TPEeHMS.

VIMEHHO NOKPbLITUS Ha OCHOBE TYroniaBKUX U CBEPXTBEPbLIX MaTepUanos, ChopMmpoBaHHble MeToaom TIXO,
MMeIT HaHOCTPYKTYpY M 061ajatoT TBEPAOCMA30UHbIMKU cBoOMcTBaMM [3 - 8]. HaHOCTpYyKTypupoBaHHblE MaTe-
puvanbl 1 NOKPbITUS, UMEKLLME BbICOKOE KayeCTBO MOBEPXHOCTM, 06/eryatoT paspbiB afre3noHHbIX COefUHEHUI
B 30HE TPEHMS; B TO XKe BPeMs TBEPAOCTb HAHOMATepuasioB U3 METaN0B UK TYronnaBkUX COeAMHEHWA Bo3pacTaeT
B2 - 3 pasa [1; 12; 13]. B ycnoBuax MHTEHCUBHOM 3KCM/yaTallll MHCTPYMEHTOB U AeTaslell MallMH, KOr4a B 30He
TPeHWs OTCYTCTBYET CMasKa UM ee nojaya orpaHuyeHa, Hauayywmm CrnocoboM CHYDKEHWUS KO3IPMULMEHTA TPEHUS
AB/IIETCS HAHECEHWEe TBEPAOCMA30UHbIX MOKPbLITUIA Ha paboume YacTu M3Lenuid, UTO rapaHTUPYeT WX A/IUTEb-
Hyto paboty. Moatomy npouecc TMFXO uMeeT GonbLUMe NEPCNEKTUBLI 4/1i CBOEr0 PasBUTUSA, Npexae BCero Ans
WHCTPYMEHTOB W JeTaneil MallviH, UMeoLMX Mablil pecypc paboTbl. MpoM3BOACTBEHHbIE UCMbITAHWA MOKa3any,
4yto TIFXO N03BONSET YBEIMUUTL 3KCMAYyaTaLMOHHYIO CTOWKOCTb Pas/IMyHbIX BWAOB CTa/lbHbIX WHCTPYMEHTOB
(MeTuMKOB, CBeps, 3eHKEPOB, Pa3BEPTOK, Ppe3, NPOTHKEK, NEHTOUHBIX MU, HOXEN, LON6AKOB, LUTAMMNOB X0/104-
HOro gedopmmpoBaHus) n geTanei ans asTocamocsana «benA3» B 1,3...4,5 pa3 no cpaBHEHWIO CO CTaHAAPTHO
TepMmoobpaboTaHHbIMK [7; 8]. OaHaKo BOMPOCHI, CBA3aHHblIE C MOPJOIOrMEN U LLEPOXOBATOCTHIO MOBEPXHOCTU
MPaKTUYeCKN BCEX MHCTPYMEHTaNbHbLIX U KOHCTPYKLMOHHBIX CTaneid, noaBeprHyTbix TIXO, Mano msyyeHsi.

B HacToslen paboTe nocTaBfeHbl 3agaun: 1) u3yynTb M ONTUMMU3MPOBATb MO TPUOOTEXHUYECKUM CBOIA-
CTBaM MOKPbITUA, MofyYeHHble nNpy TFXO cTanu; 2) u3yyuntb MOpMONOrMYecKyo CTPYKTYpY U LLEPOXOBATOCTb
ONTUMMW3NPOBAHHbLIX MOKPbITUI Ha CTanu; 3) CpaBHUTL pe3y/bTaTbl TPUMOOTEXHUYECKUX UCCNef0BaHUI U U3yyde-
HUA MOPONOrMM U LLEPOXOBATOCTU CTaSIbHOW MOBEPXHOCTH, noaseprHyTon TIXO.

66



MPOMBILUNEHHOCTbL. MPUKNAAHBIE HAYKW. MalunHocTpoeHue Ne 3

O6beKkTbl U MeTOAMKA UccnefoBaHWA. Bce uccnefoBaHWs NPoBefeHbl Ha YrnepogucToil MHCTPYMEH-
TanbHol ctanm Y8 (0,8 % C), koTopylo nojgepranv TepMoruapoxnuMmyeckoin obpaboTke. Cam npouecc TIXO
OCYLLECTBAANM B 2 3Tana: NyTeM a) rmapoxvmmnyeckoin 06paboTkm (MXO) MoBepXHOCTM CTaTW Npu TemnepaType
95... 100 °C B TeuyeHme 40... 120 MMHYT B CreymaTbHO MPUrOTOBIEHHOM BOAOAMCMEPCHOM COCTaBe Ha 6as3e Ha-
HOpa3MepHbIX MOPOLUKOB OKCMAOB TWUTaHa U MonubaeHa; 06) nocnegytollein Tepmuyeckoid o06paboTku (TO),
BK/tOYatoLWen HarpeB go TemnepaTypbl 130... 1050 °C, Bbiaep>XKy B TeyeHue 30...60 MWH>T B OKACAUTENbHOM
WM 3allWUTHOW cpefe M oxnaxieHwe. Hacbllwarouwyo BOLOAMCIEPCHYIO cpedy NpeABapuTenbHO roToBWUAM NO
CMneLmnaTbHON TeXHONOrNK AUCMEPrupoBaHus 40 HaHOPa3MepoB rpyboAMCNEepPCHbIX YacTul, (C rpaHyomMeTpuye-
CKUM COCTaBOM 0 5 MKM) cmecn okcuaoB T102 + M0OO3 nyTem BBefeHNs 5 %-HOro BOAOPacTBOPMMOro opra-
Huyeckoro MABa (cynbtaHona). F0TOBbIM cuMTancs pabounii cocTaB ¢ KMCNOTHOCTbIO PH 6...8, KoTopyto yc-
TaHaB/MBaIM M NOALePXMBaIM NyTemM L03MPOBaHHOro BBefeHWs NHAOH. Mpu npoBefeHUN MMAPOXMMUYECKOIA
06paboTKM 06pasLbl NOMELLanM 1 BblLEPXMBa/M B BaHHe C FOTOBbIM COCTaBOM BOAHONM HacbILlatoLlelid cpegbl,
HarpeToii o TeMnepaTypbl Npouecca. MoBepXHOCTL 06Pa3LL0B NPeABapUTE/IbHO 06EKMPUBAIUN U AEKANMPOBAIM
B 5... 10 % pacTBOpe CEPHOIN KMCNOTbI B Te4eHMe 1...2 MuMHYT. Iocne Kaxgol onepaymm nogrotoBKu M rmapo-
XMMUYECKON 06paboTkM 00pasibl NpoMbIBasM B BOAe. VI30TepMUUECKYHO BbIAEPXKKY CTasiM NPOBOAUAN B BO3-
AyLwiHol cpefe go 250 °C, Bblle 31Ol TemnepaTypbl - nog cnoem ntoca SnCl: nam nnaskoro 3atsopa B203,

OnpegeneHne TPUBOTEXHUUYECKNUX CBOWCTB CTa/lbHON MOBEPXHOCTU OCYLUECTBAAIM Ha MUKPOTPUBGOMETpe
BO3BpaTHO-MocTynartensHoro Tuna (MMMC, omenb) Mo cXeme «MOABUXKHbLIN LLApUK - HEeMOABMXXHASA NAOCKOCTb»
npu cnesyoLwmx YyCNnoBmsAX UCMbITaHUiA: Harpyska 1 H; gnuHa rpeka 3 MM, CKOPOCTb 4 MM/C; napa TpeHus: yn-
pOYHeHHas cTanb (N0cKocThb) - cTanb LLX15 (cdepa gnametpom 4 mm) [6 - 8].

Moka3saTeNlb OTHOCUTE/IbHOW CTOMKOCTW YNPOYHEHHOr0 WHCTPyMeHTa (MAu feTanu) onpefensnu no ¢op-
myne K,, = tJtx, rge t\ - Bpemsa paboTbl (AnMHa paboyero xof4a) UCXOAHOr0 MHCTPYMeHTa; I2- Bpemsa paboTbl
YNPOYHEHHOIO UHCTPYMEHTA.

LLlepoxoBaTocTb TEPMOrMAPOXMMUYECKU 06paboTaHHOW MOBEPXHOCTU CTann ONpPefensniv ¢ NOMOLLbO
npodgunorpaga-npogunomerpa «Perfometer M2» (Mahr, Fepmanusa) (puc. 1). MiccnefoBaHUs TOHKOW CTPYK-
Typbl, MOP(OSOrMM U1 LLIEPOXOBATOCTA MOBEPXHOCTM MPOBOAMAM Ha aTOMHO-CMIOBOM MWMKPOCKOMe Tuna
«Nanoscope 3D» (Veeco, USA) ¢ ucnonb3oBaHmem KaHtunesepa (urnbl) u3 TIN (puc. 2).

a) 6)

Puc. 1. Mpodunorpad-npogunomeTp «Perfometer M2» npoussogctsa MepmaHuu (a)
1 AnarpaMMHble NeHTbI NMOKasaTeneid Kaxaoro samepa (6)
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Puic. 2. ATomHo-cunoBoit Mmukpockon «Nanoscope 3D» npoussogctea CLUA

PesynbTaTbl UCCNeA0BaHNI

Mpouecc TepMOrnapOXUMMNYECKO 06paboTKM MMEeET [ABOWCTBEHHbIV XapaKTep YMPOYHEHMS: Ha MOBEpPX-
HOCTM CTa/IM OCaXAaeTcs TBEPAOCMa304HOe TyronaaBKoe MOKpbiTMe Manoi TonwmHel (200 - 500 HM), a B nog-
cnoe co3gaeTcs MOAUMULMPOBAHHAA 30HA C BLICOKMMW HanpskeHUaMuU cxatus [7; 8].

TpuboTexHNYecKue nccnefoBaHuns. MonyyeHHble TBEPAOCMAa30UHbIe MOKPLITUS 6narogaps GopmupoBa-
HWI0 HAHOKPUCTANIMYECKON CTPYKTYpbl 06/1a4atoT CBEPXNAacTUYHbIMU cBoicTBamu [10; 11; 13]. Pe3ynbTaThl
npegBapuTeNibHbIX TPMOONOrMYECKUX WCNbITAaHWMIA MOBEPXHOCTU CTann Y8, NoABeprHyToi rMAPOXMMUYECKON
06paboTKe B BOAOAMCIEPCHON cpefie M3 TYTOMNABKUX aHTU(PUKLMOHHBIX MaTepManoB, Nokasanu, YTo B yC/o-
BUSIX CYXOr0 TPEHWS CKOMbXEHUSI 1 BO3AYLUHON aTMoctepsl: a) TBEPAOCMa30uHble rugpoxmmudeckue (MX) no-
KpbITUS Ha OCHOBE HAHOOKCUJOB MMEHT Nyylirie aHTU(PUKLMOHHbIE CBOMCTBA, YeM X NokpbITUA Ha 6ase Ha-
HOKapbuaoB, HAHOHUTPUAOB W HAHOYTNEPOAHbLIX MaTepuanos; 6) yBennYeHne Yncia KOMNOHEHTOB U3 Tyromnnas-
KUX aHTU(PUKLUOHHBLIX MaTepuanoB B COCTaBe BOAOAMCNEPCHOW Hacbllatolleld cpefbl BEAET K CHUXKEHUIO KO-
apduLmeHTa TpeHNa ocaXAeHHbIX NOKpbITUA [7; 8]. Mpouecc TITXO MOXeT cTaTb Hambonee NPOCTbIM CNOCO-
60M LeneHanpaBneHHOr0 MOBbILIEHUS U3HOCOCTOMKOCTU TOTOBLIX W34ENWIA, Y U3HAYaNbHO BaXHO CHopmMUpo-
BaTb HAa MOBEPXHOCTU CTaneii MHOrOKOMMOHEHTHbIE OKCUAOCOAepKaLlne MOKPbITUS.

Ha ocHOBaHUM ONTMMM3ALMU 1 KOMMbLHOTEPHOIO MPOEKTMpOoBaHUsA npouecca TMXO cTam Y8 ¢ NOMOLLbH
CUHTE3-TEXHOMOTUIA OnpefeneHbl TEXHUYECKU ONTUMATbHbIE PEXUMbI I MHOTOKOMMOHEHTHbIE COCTaBbl BOAO-
AMCNEepCHbIX HAHOOKCUAHBLIX cpef [6]. O6paboTka cTanu Y8 no onTumansHoMy pexumMy (XO, 14 B cocTaBe Ha
ocHoBe 'T10; + MoO3 , 3atem TO npu 200 °C, 0,5 4) no3sonuna cyLecTBeHHO (B 8,3 pasa) CHU3UTb KOAPHULMEHT
TPeHUs CTa/lbHOV MOBEPXHOCTU NPY CYXOM TPEHUM CKOMILXEHUS MO Hell MOABWXHOIO Lapuka m3 ctanu LLUIX 15,
MO CPaBHEHMIO C UCXOAHLIM COCTOsIHMEM (puc. 3).

N4« oV , 1/

OO0 _ 0000 _ 0000 _ 0000 O000 0000
0 000L R RCNNNNCWWWWOEARNRL ILIIO
ON RO N ADIONNAEDNOWN OO AN A CCUINRADOO

200 400 600 800 1000 1200 1400 1600 1800 2000
Konmmectso LINKTOB CKOJ1bXXEeHUA
Puc. 3. CpaBHMTENbHAA AnarpaMma M3MeHeHVs KoaiurumeHTa TpeHUs
OT [/IMTENIbHOCTW M3HaWMBaHMA (6e3 cMa3kum) noBepxHoCcTY ctann Y8 fo v nocne THXO [6].

Bug obpaboTku: 1- ctans Y8 nocne TIFXO B ONTUMATIbHOM PeXUME;
2 - cTanb Y8 ¢ anmasonofobHbiM PVD MokpbITUeM; 3 - UcxofHas ctaib Y8 (6e3 06paboTku)
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[ns MHCTPYMEHTa, Y KOTOPOro MecTO KOHTaKTa C AeTa/bio MeHsieTcsl Co BpemeHeM (MprpaboTka He uaet
B OAHOW Touke) [14], BaXXHO Ha NPOTSHKEHUUN BCEr0 BPEMEHMW 3KCMyaTaumMm UMeTb He TONbKO MUHUMaSbHbIE, HO
Hen3MeHHble 3Ha4YeHUs KoagguumueHTa TPeHus; 3TUM TpeboBaHMAM OTBeYaloT TepMorugpoxummyeckue (TrX)
MOKPbITMA. OHU UMelT npenmylLecTsa neped PVD anMasHbIM NOKPbITUEM (CM. puc. 3) 1 ApyrvMun TBepAoCMa-
304YHbIMU MOKPbITUAMU [13], y KOTOPbIX CHavana Ko3h(MLMEHT TPEHUS BbICOKUIA, a 3aTeM OH MeAJIeHHO CHUXa-
eTCs M0 Mepe NPMPaboTKM NOKPbITUIA C KOHTPTE/IOM, NpUYeM € 60NbLIOK aMNAUTYAOWR KonebaHuii.

VccnegoBaHns MOphonorMm 1 LLIEPOX0BaTOCTU MOBEPXHOCTU HA aTOMHO-CUIOBOM MUKpockone. C no-
molpto ACM «Nanoscope 3D » (Veeco, USA) n3yuyeHO BAKSIHVE BPEMEHU BbIAEPXKKM MPU XUMUYECKOA 0bpa-
60TKe 1 TemnepaTypbl NOCNeAYHOLLIErN0 HarpeBa Ha LWepoXoBaToCTb 77ms (Tabn. 1) n Moponorno cTanbHOW no-
BepxXHOCTH (puc. 4), KoTopble OnpeAeneHsl Npy ee cbeMke ¢ naowaam 100x100 MKkvA.

Tabnuua 1
BnusHme napametpoB TIXO Ha LIEPOXOBATOCTb MOXpbrenii Ha cTanu Y8
Bpems X1MWYecKOro 0CadKAeHUs MOKPbMIniA, MUH 10 30 60 120
LLIepoxoBaTocTb Rms, HM 31 41 52 63

Temnepatypa Harpesa NnokpbITHa, °C 100 150 250 300 400 500 600 700 800 870 1000
LLIepoxosaTocTb Rms, HM 63 84 47 95 166 259 116 82 219 100 300

MonyyeHHbIe faHHble (CM. Tabn. 1) cBMAETENLCTBYHOT O TOM, YTO MOC/e FMAPOXMMUYECKO/ 06paboTKM B
TeyeHue 10... 120 MuHYT 1 nocneaytowero Harpeea go 250 °C wepoxoBaTocTb TIX NOKPbITUIA OCTaeTcs B npe-
fenax ogHoro knacca (FOCT 2789-73). MakcumanbHOe yBE/IMYEHME LLEPOX0BATOCTM HabnogaeTca nocne Tep-
mMoo6paboTku npu 500, 800 1 1000 °C, 4TO MOXET 6bITb CBA3AHO CO CTPYKTYPHbIMU U PAa30BbIMU U3MEHEHUAMMU,
KOTOpble He yaanochb 3aMKcnpoBaTb MeTOLOM (Da30BOr0 PEHTreHOBCKOrO aHain3a, NOoCKONbKY pa3paboTaHHble
HaHOCTPYKTYpPUPOBaHHbIEe MOKPbITUSA SBAAOTCA PEHTTEHOAMOP(HbLIMK.

a)

10 MHUK 30 MUH

| yac 2 yaca

Puc. 4. 13meHeHne MOPQON0rMm NOBEPXHOCTM CTa/IM Y8 OT BPEMEHMN TAPOXMMUYECKO 06paboTk (a).
Pexxum MXO: '* 100 °C; cocTaB BogHO cpefpl Ha ocHose T102+ M0O3
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6)

150 °C 250 “C

400 “C 800 °C

Puc. 4 - OKoH4aHUe. 3mMeHeHne Mopghonorum noBepxHoOCTH cTanm Y8
0T TemnepaTypbl nocnesytoLero Harpesa (6)

VccnegosaHue WepoxoBaTOCT W NOBEPXHOCTU Ha npodunorpade-npocuniomeTpe. C NOMOLLbIO Npu-
6opa «Perfometer M2» 13y4eHO BANSHUE UCXOAHOM LLIEPOXOBATOCTU MOAM0XKMN U MPOfomKUTensHOCT MXO Ha
LepoxoBaTocTb (NapameTp R&) nosyvyeHHOro NokpbITUs (Tabn. 2; puc. 5).

Pe3ynbTaTbl MccnefoBaHWA (CM. puc. 4) roBopaT O TOM, UYTO FMAPOXUMUYECKUE MOKPLITUA UMEIOT Nyu-
LUYH0 aHTUPUKLMOHHYIO MOP(OIOrM0 NMOBEPXHOCTU, YeM TEPMOMUAPOXUMUYECKUE MOKPLITAS, NOCKObKY MpK
MXO ctanu dopmupyeTcs CTPYKTypa MOBEPXHOCTU C OKPYrfoi (OpPMOI BbICTYNOB W BhaguH, a npu TIXO
CTPYKTYypa NMOBEPXHOCTU MEHSETCA U MpeacTaBnseT coboi NUMKoobpasHble BbICTYMbl U BNAAUHbI, 4acTOTa U Bbl-
COTa KOTOpbIX BO3PacTaeT C MOBbILEHWEM TemnepaTypbl Harpesa. B aToM nnaHe onNTMManbHON TemnepaTypoil
TepMo0o6paboTKN rMAPOXUMUYECKUX NOKPbITUIA ABNsSeTca TemnepaTypa 200 °C.

Tabnuua 2
LLlepoxoBaToCcTb NOBEPXHOCTU CTaNM Y8 C MOKPLITUEM B 3aBUCUMOCTH
0T KayecTBa MCXOAHON NOBEPXHOCTM 1 BpeMeHn MXO
No LLlepoxoBaTocTb MOBEPXHOCTYU
o6pa-3|_|,a [0 06paboTKu nocne 14 XoO nocne 2 4 rXo nocne 4 4 rxXo nocne 6 4 MXO
Ra, MKM i?a, MKM Jla, MKM R?L wcm Jla, MKM

1 0,043 0,212 0,399 0,674 0,911
2 0,289 0,316 0,323 0,648 0,942
3 0,501 0,503 0,540 0,793 0,982
4 2,221 2,185 2,113 2,183 1,977
5 2,675 2,569 2,369 2,199 1,938
6 5,424 5,733 5,575 5,448 5,035
7 7,208 7,523 6,675 7,656 7,341
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Bpems XxuMunyeckoin 06paboTku, 4

Puc. 5. 3aBUCMMOCTb LLIEPOXOBATOCTM MOBEPXHOCTU CTAIN ¥8 C MOKPbITUEM
oT BpeMeHu 'XO 1 Ka4yecTBa NCXOLHOV MOBEPXHOCTH:
1- 7 - Homep o6pasua (cm. Tabn. 2)

MonyyeHHble faHHble CBUAETENLCTBYHOT O TOM, YTO nocne ogHovacosoi MXO ctanm ¥ 8 (HRC 60) wepo-
XO0BaTOCTb WAMGOBaHHOI NOBEPXHOCTM C Ra,,,, = 0,289...7,208 MKM M3MeEHSIeTCA He3HauUUTeNbHO (KpuBble 2 - 7), a
LLIepOX0BaTOCTb MOMMPOBAHHON NOBEPXHOCTU € Jlaex = 0,043 MKM noBbiwaeTcs. Mpu yBeNUYEeHUN AANTENbHO-
cTv npouecca MXO oT 2 Ao 6 YacoB LWEPOX0OBaTOCTb MONAMPOBaHHON Ao Jlagex = 0,043 MKM M WAMG0BaHHOM [0
Jonex 0,043; 0,289 1 0,501 MKM MOBEPXHOCTEN AONONHUTENLHO NoBbiwaeTca (Kpueble 1- 3). LLlepoxoBaToCTb
rpy6o WanhoBaHHbIX NOBEPXHOCTEN C =2,2...7,2 MKM, KaK NpaBu/io, OCTaeTca Ha MpexHeM yposHe (Kpu-
Bble 4 —7). Mo3aTomy ofgHo4acoBasi Bbigep>kka npu X0 cTanm Y8 agnseTcs NpeanoyTUTeNbHON, NOCKONbKY
MCXOAHAaA LUepoX0BaTOCTb XOPOLO M rpy60 LWAN(OBAHHBLIX MOBEPXHOCTEN He W3MEHSEeTCs, a LUepoXoBaToCTb
NONMPOBAHHON NOBEPXHOCTUN YXY/LIAETCSH HE3HAUUTESNBHO.

Ha ocHOBaHWW CpaBHEHUS pPe3ybTaToB TPUBOTEXHWUYECKUX UCCNE[0BAHUA U U3yUeHUs MOpPhoNorum un
LLIepOX0BaTOCTN CTa/IbHON NOBEPXHOCTU, MoABeprHyTo TIXO, MOXHO cAenaTb BbIBOA O TOM, YTO BbICOKOE
KayecTBO MOBEPXHOCTU U MAKCUMasbHOE CHUXEHMe KO3((ULMEHTA TPEHUSA NOMYYEHHbIX NOKPbITUIA JOCTUTa-
eTCA MNpy BbIMNOMHEHUWM ONTUManbHOro pexuma TFXO cTanm Y 8; npu 0fHOYACOBOM MNPOAO/MHKMNTENILHOCTM
X0 B BogoaucnepcHoi cpefe Ha ocHose TIO2+ MOO3 1 nocnefytoLleil N30TEPMUYECKON BblAepXXKe npu
Temnepatype 200 °C.

BbiBOabI:

1) B pesynbTate ONTUMM3aLMKU MpoLiecca TePMOrngpoOXUMUYECKol 06paboTKn ctann Y8 KoapguumneHT
TPEHUA CTaNbHOM NOBEPXHOCTU MPU CYXOM TPEHUU CKOMbXEHUA MO Heli NOABMXXHOrO wwapuka us ctanu WX 15
CHU3UNCA B 8,3 pa3a No CpaBHEHMIO C UCXOAHbIM COCTOSiHWEM. Pa3paboTaHHble MOKPbLITUSA, B OTANYUE OT APYTUX
TBEPAOCMA304HbIX MOKPLITUIA, He TPebYT NPMPaboTKu, U MUHUMa/bHbIE 3HAYEHUS KOIDMULMEHTA TPEHNUSA Ha
NPOTSHKEHNW BCErO BPEMEHMW 3KCMyaTaluuy 0CTaloTcs Ha 04HOM YPOBHE;

2) Npu rMApPOXMMUYECKon 06paboTKe cTann GopMmUpyeTcs CTPYKTypa MOBEPXHOCTU, COCTOALLas W3 Bbl-
CTYMOB U BMaAMH OKPYT0i (hOpMbl, a Mpy TEPMOrMAPOXMMUYECKO/ 06paboTKe MOP(ONOrus NOBEPXHOCTU Me-
HSAETCA U NpeLCcTaBNseT NMKOO6pasHble BbICTYMbl U BNaAWHbI, YaCTOTa M BbICOTA KOTOPbIX BO3PAacTatoT C MOBbI-
LUeHWeM TeMMNepaTypbl Harpesa;

3) nocne rmapoxMmMmyeckoin 06paboTkn B TeyeHne 10... 120 MUHYT 1 Nocneaytowero Harpeea go 250 °C
LLIEPOX0BATOCTb MOMYYEHHbIX NOKPLITUI OCTaeTCs B Npejenax OfAHOro Knacca;

4) Ha OCHOBaHUW CpaBHeHUs TPUBOTEXHUYECKUX UCCNefoBaHWi N U3yyeHUs MOPONorMm 1 LLepoxoBaTo-
CTU NOBEPXHOCTM YCTAHOB/IEHO, YTO BbICOKOE KayeCTBO NMOBEPXHOCTU Y MaKCUMasibHOE CHUKEHUE KO3 (pULIMEH-
Ta TPEHWS NOKPbLITUIA [OCTUraeTcs NPY BbIMOMHEHUW ONTUMaNbHOro pexunma TEXO ctanm Y 8: npu ogHovaco-
BOI npogomkuTensHocT X0 B BogoAMCNEPCHON cpefe Ha ocHoBe T102+ MO0O3 1 nocneaytolleii sotTepmu-
YecKol BblfepXXke npu Temnepatype 200 °C.
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INFLUENCE OF THERMO-HYDROCHEMICAL TREATMENT
ON MORPHOLOGY ROUGHNESS OF STEEL SURFACE

A. SHMATOV, J. SINKEVICH

The morphology and roughness of steel surface, subjected to thermo-hydrochemical treatment in an
aqueous suspension ofnano-sized oxides THO2 + M0O3 are examined in the paper. The process involves (1) the
hydrochemical treatment in a special aqueous nano-sized suspension and (2) subsequent heat treatment. After
hydrochemical treatmentfor 10 - 120 minutes and then heated to 250 °C the roughness of the obtained coat-
ings is the same class. Treatment with optimal regime permits decreasing thefriction coefficient ofthe steel sur-
face in 8,3 as compared with untreated.
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