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Du3uK0-MeXaHHYECKHEe CBOMCTBA U CTPYKTYPHO-(ha30B0O€ COCTOSIHHE
KOHCTPYKIMOHHOM cTaau 15XI'H2TA npu 31€eKTpoucKpPOBOM JeTHPOBAHUU
B Pa3JIMYHBIX TEXHOJOTHYECKHX YCIOBUSIX

Hcceaedosano eausHue mamepuana aecupyroujeeo s1eKmpooa Ha MUKpomeepdocms, (azoswiii cocmag u moauHy
opmupyemoeo noKpbimus npu 21eKmpouckposom aecuposanuu (DHJI) 6 pazauunsix mexnonroeuvecKux yciosusax. Yema-
HOBAEHO, YMO ¢ NosblieHUem pexcumos yemanosku DHJI (paspsonas emkocms KOHOeHCamopos, HanpsaiceHue 6 UMnYAb-
ce) MUKpomeepoocmy u MoAuUHa NOKPbIMUS YEeAUHUBAIOMCA GHe 3A8UCUMOCIU 0m Mamepuana snekmpoda. Penmeeno-
¢hazoeuwiii anaruz o6pazyoé nocae obpadomru nexkmpodom UMX2 nokazan naruuue uHmepmemaiiuoos ¢ HaUMeHbUUM
DPA3MEPOM KPUCMANAUMO8, YMO obecnevusaem MAaKcUMAanbHyro MUKkpomeepdocms. Pesyivmamol uccae0o6anus 6auaHuUs
Mamepuanoe Aeupyrouux 31eKmpooog Ha UsMeHeHue moAWUHbl NOKPbIMUL NO360AI0M PEKOMEHA08aMb NPUMEHeHUe
anekmpodoe UMX2 u IlI2 ons eoccmanoeaeHus u3HOUEHHbIX demanell.

Karouesnie caoea: eoccmanosnerue, 31eKmpouckKpogoe necuposanue, Aecupyouuil 31eKmpoo, MUKpomeepoocms,
@azoswiii cocmag, MoAUUHA NOKPLIMUSL.

It was researched the influence of alloying electrode on the microhardness, phase composition and thickness of
Jformed covering influencing by electrospark alloying (ESA) in different technological conditions. It is established that with
increase of technological modes of the ESA installation (digit capacity of condensers, tension in an impulse) the
microhardness and tickness of a covering insrease regardless of an electrode material. Roentgen-phase analysis of these
samples after processing of electrode IMH?2 showed availability of intermetallic with the least size of crystals that ensures
maximum of microhardness. Results of research of influence of materials of alloying electrodes allow recommending
application of elecrodes of IMH2 and Sh2 for change of thickness of coverings for restoration of wear-and-tear details.

Keywords: recovering, electrospark alloying, alloying electrode, microhardness, phase composition, thickness of

covering.

Beenenue

[ToBrIIeHNE 3KCILTyaTallMOHHBIX TPEOOBAaHUI K Ic-
TaJIIM aBTOMOOMJICH TTOCTOSTHHO CTUMYJIHUPYET Pa3BUTHE
METOJIOB TTIOBEPXHOCTHOTO yIpouyHeHMs. CoBpeMeHHEBIC
pecypcocbeperaroline TeXHOJIOIMU MOBEPXHOCTHOM 00-
paboOTKM MaTepraloB OCHOBaHbI HA MIPUMEHEHUM KOH-
yeumpuposeannvix nomokoe snepeuu (KI1D) u BemiecTna.
OnHUM M3 MEePCIEKTUBHBIX METOIOB IMMOBEPXHOCTHOTO
yrpouHeHus KI19 saBnsiercs DUJI, mo3BoJsioliiee cyiiie-
CTBEHHO IOBBICUThH (hU3UKO-MEXaHUYECKHEe U TPUOOTEX-
HUYECKME CBOMCTBA.

dopmupoBaHue yrpodyHeHHoro ciost pu DI pouic-
XOIIUT B PE3YJIbTATE CJAOKHBIX IIA3MOXUMUYECKUX U TETUIO-
(U3MIECKMX MPOLIECCOB, Peal3yeMbIX Ha JIOKAIbHBIX yJa-
CTKaX MOBEPXHOCTU oOpadaThiBaemoit metanu [1]. [Tpu
COIMDKEHWU Aecupyrouieeo snekmpoda-anoda (JID) ¢ obpada-

ThIBAEMOU MOBEPXHOCTHIO (KaTOAOM) IPOUCXOIUT UCKPO-
BOIA paspan mmTeasHocThio 107°...107° ¢. B pesynbrate Ha
aHoNe M KaTome 00pa3yloTcsl JIOKaIbHbIe OYaru IUlaBIeHUs
W UCTTApEeHMsI, BBI3BIBAIOIINE MX JICKTPUIECKYIO PO3UI0 U
TIOJISIPHBIN MacCOITePeHOC MPOMYKTOB 3po3nu ¢ JID Ha Ka-
Ton (meTtanb). Ha moBepxHocTH aetanu ¢opMUpyeTcs Mo-
KpPBITHE, COCTOSIIEe U3 MaTepraia Karoma, MOIU(pUIIIpo-
BaHHOI'O 3JIEMEHTaMM MaTepuajia aHoda M MEX3JIEKTPOI-
HO# cpenbl. Da30BBI COCTaB M CTPYKTypa MOKPHITHS,
copmupoBanHoro DNJI, onpenesitoTcs COCTaBOM, CTPYK-
TYpOM, CBOCTBaMU MaTepuayioB JID 1 TeXHOJIOrn4ecKUuMu
pEeXMMaMU UCKPOBOI 00pabOTKMU.

Llenp pabOTHI — MCCIeOBaHNE BIUSIHIS MaTepHUaliOB
JID Ha MUKpPOTBEpPAOCTh, CTPYKTYPHO-(a30BOe COCTOSI-
HUE, TOJIIMHY IOKPHITHIM, dopMmupyembix DUJI Ha
CTaJIbHBIX aBTOMOOMJTIbHBIX JIETAJISIX.

Yupounsiionue TexHoorud u mokpbiTus. 2013. Ne 11 3



OBPABOTKA KOHUOEHTPUPOBAHHBIMU IIOTOKAMMN SHEPI'UN

O0opynoBanue, MaTepuabl U METOIbI
NPOBEIEHUs] MCCJIEA0BAHMIA

UccrenoBanus mpoBoaMINCh Ha 00pasiax n3 KOHCT-
PYKUMOHHOM JtlerupoBaHHoi ctamu 15XITH2TA, npume-
HSIEMOI TIpM M3TOTOBJICHUM TEPBUYHBIX BaJIOB KOPOOOK
nepenad aBromooueii. IToBepxHocTr 00pa31oB oOpada-
ToiBann DUJI TpeMsi pasavuyHbIMU 3J1€KTPONAMU': CTaH-
naptHblii JID mapku T15K6; UMX2 ¢ coctaB 50 %
WC—-Co, 50 % Ni—Cr—B-Si; 112 ¢ MuHepaJIbHBIM
ceipbeM JladTbHEBOCTOYHOIO pEruoHa Ha OCHOBE
TiC—Ni—Cr—Al-1IIJIK (meenuTOBBINA KOHIIEHTpAT
CaWo,).

O06paboTKka 00pa3lOB OCYIIECTBISLIACh HA YCTAHOBKE
OUJI mopenu IMES-1001 ¢ TeXHOJOTHYECKUMU PEXU-
MaMH: eMKOCTh KoHmeHcatopoB C = 34...240 mx®D; Ha-
npsokenne B uMmnyinbce U = 80...160 B; BpeMst 00paboT-
k1 — 2...4 MuH/cM?. MUKpPOTBEpAOCTh (DOPMUPYEMBIX
TMOBEPXHOCTHBIX CJIOEB (DUKCUPOBAIU C TOMOIIbIO MUK-
potBepaomMepa IIMT-3 npu Harpyske 0,49 H. Unentu-
(ukanys sneMeHTHOTO 1 (ha30BOrO COCTABOB MOKPBITUIA
TIPOBOIMIIACEH penmeeHogazoswvim anaruzom (PDA) ¢ mo-
Moo nudpakromerpa "D8 Advance" B MOHOXpoMaTH-
3upoBaHHOM CuK, -uznydyeHun. [lapameTpbl KpucTauiiu-
YecKoii pemeTku 1 3PGEeKTUBHBIN pa3Mep KpUCTAIJIUTOB
pPacCUUTBIBAIM, UCTIONb3YS (DOPMYIIBI ST pacueTa Mex-
TUTOCKOCTHBIX paccTosiHuii u Metoauky CensikoBa—Illep-
pepa (¢ y9eTOM MHCTPYMEHTAJIbHON ITOTIpaBKM) B Ha-
npasnenugx [110] m [200]. Juga cTtanbHON OCHOBBI

D,y = 719 A, Dyy, = 222 A. TonmuHa HaHOCUMBIX
MOKPBITUI ONpenensiach Ha TOPU3OHTAJIBHOM OIITH-
meTpe MKI-3 oTHOCUTENIBHBIM METOAOM U3MEPEHMUSI.

Pe3yabTaThl uccae10BaHuii 1 X 00CYKIeHHE

Pesynbratel u3MepeHUs] MUKPOTBEPIOCTU MMOKPHITUIA
00pa3uoB, nojaydeHHbIXx DWJI Ha pa3IUYHBIX TEXHOJOTH-
YECKUX PeXMMax, MpeACcTaBIeHbl B TaOIMIIE.

AHann3 pe3yJbTaTOB U3MEPEHUST MUKPOTBEPIOCTH
mokasaj, 4ro JID B mopsiike yBeIWUeHUS MUKPOTBEPIO-
CTH TIOKPBITHS PACIIoararoTcs B CICAYIONICH TTocIenoBa-
tenabHocTH: L2 (=50 HRC), T15K6, UMX2 (=70 HRC).
Kpome Toro, ycTaHOBJIEHO, UTO YBEJTMYCHUEM IHEPTETH-
YeCKMX pexXxuMoB 00padotku DMJI (eMKOCTU KOHIIEHCa-
TOPOB M HAIIPSDKEHUS B UMITYJIbCE) MUKPOTBEPAOCTh I10-
BEPXHOCTHOTO CJIOSI 00pa3lioB B CpEAHEM YBEIUUNBACTCS
BHE 3aBUCUMOCTH OT MaTepuana JID. UckioueHune co-
cTaBJsIeT obpa3sel;, 00padOTaHHBIN 3JEKTPOJIOM MapKu
T15K6, nmpn MCHojb30BaHUM KOTOPOTO HaOII0IaeTCs
HEKOTOpPOE CHIDKEHNE MUKPOTBEPAOCTU C YBETUICHUEM
HATIPSDKeHUST B UMITYJIbCE.

I Dnexrpompl paspabotansl B MHCTHTYTEe MaTepuaioBeneHus Xada-
POBCKOTO HAy4YHOTO ILIEHTpa IO PYKOBOJACTBOM KaHI. TEXH. HayK
C.B. HukoneHko

MuKpoTBEpaOCTb MOKPbITHIA, MOTy4eHHbIX DI
Ha cramm 15XTH2TA (mukporsepaocts ocuobl 22 HRC)

Pexum DUJT Muxkpo-
Mapka JID CocraB JID TBEPAOCTh
U,B | C,Mk® | HRC, +1 %
80 — 67
50 % WC—Co
NMX2 140 — 68
50 % Ni—Cr—B-Si
160 — 70
60 % TiC, - 34 50
30 % Ni—Cr—Al _ 60 0
2 10 % LLIJIK
(LIEETMTOBBIN KOH- - 90 50
uenTtpat CaWo,) B 150 63
100 - 65
15 % TiC, 6 % Co,
T15K6 79 % WC 68 — 68
56 — 66

[ns o0bsICHEHUsI TTOTYYeHHBIX Pe3yJbTaTOB U3Mepe-
HUS MUKPOTBepIoCcTH ObuUT TIpoBeaeH PDA. PeHtreHo-
rpaMMbl MOKPBITUI, chpopmupoBaHHbiX DUJT ¢ momo-
IIBI0 MCCJIEIyeMBbIX 3JIEKTPOIOB, IIPUBEICHBI Ha puc. 1.

B nosepxHocTHOM crioe, monydeHHOM JID UMX2, Ha-
0JII0AI0TCS] UHTEHCUBHBIE PeIEKChI, COOTBETCTBYIOIINE
untepmetauaam FeNi;, CrNiW (cM. puc. 1, 6), a Takxke
pedIeKChl OT MOMTOXKKM, COOTBETCTBYIOIIME TBEPAOMY pac-
tBopy CrFe ¢ mapamerpom pemrerku (0,2878+0,0002) HM.
D¢ heKTUBHBIN pa3Mep KPUCTAUIMTOB B HallpaBIeHUU
[200] D,y = 14,4 uMm. Takum 06pa3oM, MaKCUMaJIEHOE 3Ha-
YyeHrue MMKPOTBEPAOCTU MOKPHITUM, CHOPMUPOBAHHBIX
anexktporomM UMX2, cBsizaHO ¢ 00pa3oBaHUWEM WHTEpMeE-
TaJJTUIIOB 3Kejie3a, HUKEISI U XpoMa BCIEACTBUE MUKPOME-
TAJUTypTUYECKMX TIPOIIECCOB, MTPOTEKAIOIINX HA TTOBEPXHO-
CTH B pe3yJIbTaTe MepeMelnBaHus U XUMUUYECKOT0 B3auMO-
JIeCTBUSI KOMITOHEHTOB JID ¢ MaTrepuasoM OCHOBBI.

P®A mokpsiTusi, chopMrupoBaHHOTO TpU 00pabOTKe
obpasua anekrponom T15K6 (C = 34 mx®, U = 160 B,
t = 4 MUH), TI0O XapaKTEPHBIM MMMKaM TTOKa3aJl HaJu4due
kapouma turaHa (TiC), a takke das: (CrTi),0,, FeO (cm.
puc. 1, a). Ilpu 3TOM NUKOB OT UCXOAHOTO Matepuaia
MNpakTU4YeCKy He HaOJ0AaeTcsl, YTO TOBOPUT 00 OTCYTCT-
BUU TepeMellIMBaHNs MaTepuaaoB JID U OCHOBHI.

IIpoBeneHHbIN aHAIU3 TTOKa3all, 4YTo obOpasel, obpa-
6otannblil JID 12 Ha pexumax C = 120 mx®, U= 80 B,
kpoMme ocHoBHOU ¢a3bl FeC comepxut dassl CrTiC,
Cr,0; (cm. puc. 1, 8). Tepaprit pactBop CrFe mmeert pe-
mweTKy ¢ nmepuoaom (0,291+0,008) um; abdeKTUBHBIN
pa3Mep KpUCTaJIUTOB B HampapieHuu [110] D,, =
= 15 um, B HanpaeneHnu [200] D,,, = 21 HM.
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Puc. 1. PeHTreHOorpaMmbl noKpbi-
THii 00pa3uos ctaau 15XTH2TA,
JIETHPOBAHHBIX 3JIEKTPOAAMM:

a—TI15K6; 6 — UMX2; ¢ — 1112

Pasmepnl kpuctauToB npu oopadorke JID 12 sB-
JISTIOTCST HAMOOIBITUMU M3 BCEX UCCIIEIYEMBIX JIEKTPO-
JIOB Y TIPEBBILIAIOT pa3Mepbl KPUCTALIUTOB, chOPMUPO-
BanHbIx DUJI snekrpogom MMX2 npumepno Ha 50 %,
YTO MPUBOAUT K YMEHBIICHUIO MUKPOTBEPIOCTH.

PesynbraTel M3MEpeHUsT TOMIIMHBI TTIOKPHITUH, chop-
mupoBaHHBIX DUJI pa3nuuHBIMU BJIEKTPOAAMU, MPEI-
CTaBJIEeHbI Ha pUC. 2 (CM. CTp. 2 OBJOXKKM).

W3 moyyeHHOI [uarpaMMBbl CJIEIYET, YTO C IOBBIIIE-
HUEM 3HepreTudeckux pexxumon DMJI ToammHa moKpbi-
THS YBEIMIMBAETCS BHE 3aBUCUMOCTH OT MaTepuaia JI1D.

IIpu ncnonp3oBanum snekTpona UMX2 Ha ocHOBe
Kapbuaa Bojbdpama ¢ 106aBKaMu KOMIIOHEHTOB, oOpa-
3YIOIIUX C MaTepruajoM OCHOBBI HEOTPAHWYEHHBIE TBEP-
JIble pacTBOPBI, a TAKXKE UTPAIOLIUX POJIb (DJIIOCOB, MOJTY-
YyeHa HauOoJIbIIast TOIIMHA NOKPHITUS (=210 MxM). Bee-
JeHue B coctaB JID camoduttocupytoimx 106aBok (bopa u
KPEMHMS), HEUTPaTU3YIOLIMX BIUSHUE KUCIOpOoAa BO3IY-
Xa, YMEHbIIIaeT 00pa30oBaHUE OKCUIHBIX TJIEHOK B (DOPMU-
pyeMoM cioe [2], 4TO OKa3bIBaeT MOJOXUTEIHBHOE BIIMSI-
HHE Ha CIUIONTHOCTh 1 YBEIMUCHHE Pa3MepPOB ITOKPBITHS.

WUcnonw3oBanue snektpona L2 takxke mpuBOIUT K
00pa30BaHUIO TTOKPBITUI, MTPEBBIIIAIOIINX IO TOJIIINHE
TIOKPBITHS, CHOPMUPOBAHHBIC CTAHIAPTHBIMU 3JIEKTPOIa-
mu Mapku T15K6, B 1,7—2 pa3za. [TosydeHHBIE pe3yJbTaThl
WCCIIeIOBAHUSI OOBSICHSIIOTCS TEM, YTO MUHEPAJTBHOE ChI-
pbe (1IeeTUTOBBIN KOHIIEHTPAT) CO3AAeT 3allMTHYIO aTMO-
cepy B 30HE 3IEKTPOUCKPOBOI 00pabOTKM, IIPEITITCTBYS
BBITOPAHUIO 3PO3MOHHBIX YaCTUIL M CITOCOOCTBYSI MHTEH-
cuduKalu MaccornepeHoca Matepuana JIO.

FeNi,

‘ CrFe

CrNiw “ FeNi,

Pt Ww M}W WW\W

CrNiW  Crke
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\
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B pesynpraTte mpoBeneHHBIX MCCIICAOBAHUI ITOKA3aHO,
yTo 00padboTtka DMJI IpuBOAUT K U3MEHEHUIO (PAa30BOTO
COCTaBa, pa3MepOB KPUCTAUTUTOB M MUKPOTBEPIOCTH TI0-
BepxHocTu ctaiau 15XTH2TA. Ipu o6paboTKe 371€KTpO-
nom UMX2 npoucxoaut ¢hpopMUpoBaHUE B TOHKOM I10-
BEPXHOCTHOM cJioe (MOKPBITUM) MHTEPMETAIJIUIOB ¢ HaW-
MEHBIIMM Ppa3MepoOM KPUCTAJUIMTOB, YTO OOeCIieurBaeT
MaKCUMaJIbHOE MOBBIIIEHUE MUKPOTBEPAOCTU. ¥YCTaHOB-
JIEHO, YTO yBeJIWYEHUE DHEPreTUYecKux pexxumon DUJI
(EMKOCTH KOHJEHCATOPOB U HAMNpPsSDKEHUsI B UMITYJIbCE), a
Takxke mpuMeHeHue aekTponoB UMX2 u 112 criocobcet-
BYET YBEJIMYEHUIO TOJIIMHBI (POPMUPYEMBIX TTOKPBITUIA.

Takum obpazom, MosydeHHbIE pPe3yIbTaThbl TO3BOJISIIOT
PEeKOMEHIOBaTh B KauecTBe JID mpu 371eKTPONCKPOBOIL 00-
paboTKe TTOBEPXHOCTEH CTaTbHBIX aBTOMOOWJIBHBIX JIeTa-
neit: UMX2 — m1s BOCCTAaHOBJIEHUSI M OJTHOBPEMEHHOTO
TMOBEPXHOCTHOTO yrpouyHeHus; 112 — mosa BoccraHoBIE-
HUST U3HOLIEHHBIX rToBepxHocTeit; T15K6 — wts nossIiie-
HUST MUKPOTBEPIOCTU (POPMUPYEMBIX IMOKPBITHIA.
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l'[o.nyqelme JErnpoBaHHbIX HOKprTI/lﬁ IPA HAIVIABKE HOBbBIMHU CBAPOYHbIMU
JIECKTpPOoAaMHU C HCII0Jb30BAHUEM nnpxonuiziconepmamero MHUHEPAJIBHOI'O CbIPbA

IIpedcmaesnenvi pezyavmamot uccredo8anuii no GopMuUpoBaHUI0 WUXMbl NOKPLIMBIX 21eKmMpodoe 045 pyHHOU 0y2080ii
HANAABKU HA OCHO8E MUHEPANbHbIX KOHUEHMPamos JlanbHegocmouHo20 pecuona. JKcnepumeHmanibHo 00KaA3aHo, 4mo
b6addeneumogulii KOHUEHMPaAm Moxicem Obimb UCNONB30BAH 8 KAHECmEe Necupyiouieco KOMHOHEHMA 051 NOAYYEHUSs AeeUpo-
BAHHBIX NOKPLIMUL NPU PY4HOL 0Y2060i Hanaaske. [Ipu smom KoHueHmpam ucnoab3yemcs KOMHAEKCHO, 6e3 00NOAHU-
menvHoil mexronoeuteckol nepepabomru. C nOMOUsbI0 pazpabomantsix 31eKmpooos noay4eHsl 1ecUpo8aHHble NOKPbIMUs
¢ codepucanuem uyupkonus do 0,5 %, obnadaiougue biCOKUMU PUIUKO-XUMUHMECKUMU U IKCNAYAMAUUOHHBIMU CEOL-
cmeamu.

Karoueesvte caoea: nannasounnlii 21ekmpood, 6addeseumogulii KOHUeHmMpam, WUPKOHULL, 1e2UpOBAHHOe NOKpPbIMUe.

Results of researches on formation of furnace charge of the covered electrodes for a manual arc welding-surfacing on
the basis of mineral concentrates of the Far East region are presented. It is experimentally proved that the baddeleit
concentrate can be used as an alloying component for receiving the alloyed coverings at a manual arc welding-surfacing.
Thus the concentrate is used in a complex, without additional technological processing. By means of the developed electrodes
the alloyed coverings with the content of zirconium to 0,5 %, possessing high physical and chemical and operational

properties are received.

Keywords: welding electrode, baddeleit concentrate, the zirconium, the alloyed covering.

BBenenne

M3BecTHA TTepCeKTUBHOCTD MIPUMEHEHUS ITUPKOHMS
B CTaJISIX JUISI IOBBIIICHUS MX TIpeesia BBIHOCIMBOCTH Ha
BO3IyXe U B KOPPO3MOHHBIX cpenax, yaydyIIeHUsI TPOYHO-
CTU CBOWCTB IPY MOBHIIICHHBIX TeMIlepaTypax, yIapHOi
BSI3KOCTH TIpM TeMIIepaTypax HIXKe HYJIS TpaaycoB, 3a-
MEIJICHUU pOCTa 3epHa, YBEJIMICHUH ITPOKATNBACMOCTHU
U yJIydllleHUU cBapuBaemMocTu [1].

LupkoHuit — peakuii MeTasa, CUJIbHBINA pacKUCIU-
TeJdb U MoguduKatop ctanu. M3BecTeH psii JIeTMpOBaH-
HBIX LMpPKOHUEM cTajeit, cogepxamux 0,05...0,87 %
nupkoHus. Ctanau, JIeTHPOBAHHBIC IIMPKOHUEM, HCITOThb-
3YIOT JUISI U3TOTOBJICHUS JIeTalieil, paboTaroIIuX B YCI0-
BUSIX BUOpPAIIMM U TOBBIIICHHBIX TEMIIEpaTypax, a TakxKe
JUJISI TPOM3BOICTBA CBAPOYHBIX U HAILJIABOYHBIX ITPOBOJIOK
(CB-15I'CTHOLA, CB-08I'2CLI). OnHako BbICOKast CTOM-
MOCTh IIUPKOHUS, CJIOXHOCTb €rO IMOJy4YeHUs] B YUCTOM
BHJIE C TIOCTICAYIONINM BBEACHUEM B CTaJlb, KaK 3TO IpaK-
TUKYETCSI B HACTOSIIEEe BPEMS, SIBJSIOTCS CIEepPKUBaIO-
UM (PaKTOPOM ISl €T0 LIMPOKOTO MpuMeHeHus1. B cBsi-
31 C 9TUM MPEACTaBISIeT UHTEPEC UCMOJb30BaHUE aJlb-
TePHATUBHBIX IOAXOIOB ITOJYYCHHS JIETMPOBAHHBIX
LUPKOHUEM ITOKPBITUI HA OCHOBE MOCTVKCHUI MHUHE-
PAJIOTUICCKOTO MaTePHUATOBEICHUS.

B [2, 3] nmoka3aHo, 4YTO HayYHOIl OCHOBOII MMHEpaIo-
TMYECKOr0 MaTepUAaJIOBEICHUS SIBJISIETCST N3YYeHUE, WC-
CJeIOBaHUE U aHAIIU3 YUKAUYECK020 KPY2080pOmMa eeujecm-

6a u mamepuanroé (LKBM) Bo BTOpOii nipupoae. AHanu3
LIKBM nokasbIBaet, 4To AJisl YCTOMYMBOTO pa3BUTUS pe-
CypCOIOOBIBAIOIINX PETUOHOB HEOOXOAMMO COKpallleHUe
paccTosiHMiA (BpeMeHM) KaK MEXIy IIUKJIaMU, TaK U BHYT-
pY UX OBMKEHUS BelllecTBa Ha HadaabHOM 3Tane [IKBM.
CrienoBatenbHO, 3(PHEKTUBHOCTD MOTYYEHUST MaTEPUAJIOB
U MOKPBITUI TOBBIIIIAETCS TIPU MCITOJb30BAHUM MUHE-
PaJIGHOTO CHIPhsI B PETMOHE €T0 JIOOBIYM U MCITOJIb30BaHUK
B KaXJIOM IIMKJIe KOHIIEHTPUPOBAHHBIX TTIOTOKOB SHEPIUU
(aymromoTepanusi, cBapoyHas Ayra, Iia3Ma, Ja3ep, BbICO-
KOYACTOTHBIE TEXHOJOTUU U T.1.) [4].

B cBs13u aTUM MIpeACTaBISIET UHTEPEC MTOTyYeHNE HO-
BBIX 2JIEKTPOJHBIX MAaTEPUAIOB C UCIOIb30BAHUEM MU-
HEpaJTbHOTO ChIpbsl JlaIbHEBOCTOUYHOTO PErMOoHa U C €ro
MPUMEHEHUEM.

B pesynbTaTe mosgBuiach rurore3a 00 UCIOIb30BaHUN
LIUPKOHUICOAEPKAIET0 MUHEPATbHOTO ChIPhsl B 00Mas3-
Kax 3JIeKTPOJIOB ISl IyTOBOM cBapKu U HaruiaBku. [1pu
5TOM IIPEAIIOJIarajoch, YTO COACPXKAIIMECS B TTOKPBITUHI
9JIEKTPO/Ia OKCUJIBI IUPKOHUS TIOJl BO3AEHCTBUEM TYTO-
BOTO pa3psiiia OyayT BOCCTAHABIMBATHCS U JIETUPOBATH
HATUTaBJIIEMbIi METaJL.

ens paboThl — TOJTyYeHUE JIEKTPOIOB ISl HATUIaB-
KU C UCITOJIb30BAaHWEM B KaueCTBE JIETUPYIOIIEH KOMITO-
3UIIMM MHOTOKOMITOHEHTHOTO MUHEPAJILHOTO ChIPBSI, CO-
JIEPKaIero OKCUIbl IUPKOHUSI, TTO3BOJIsIONINE (HOpMU-
poBaTh HAIUJIaBJIEHHBIE CJIIOM C BBICOKUM YPOBHEM
SKCIUTyaTallMOHHBIX CILJIABOB.
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Ma’repuanm N METOJbI NMPOBECACHUA HUCCIIeI0BAHUM

Mg moydeHus IeTMPOBAHHOTO MeTalJla MCITOIb30-
BaJICs TIOAXOM, B paMKaX KOTOPOTO MPEAIojarajoch 3a
CUeT 3aJaHus HavaJlbHBIX YCIOBMiI ((popMHUpoOBaHUE
LIMXTHI TTOKPBITUS 37EKTPoJa) U (haKTOPOB, BIUSIONIUX
Ha MOBeJcHNWE CBapOYHOI BaHHBI (TOK, HaIIpSIKEHUE,
IVaMeTp TIeperiaBIsieMoil IPOBOJIOKU U Ip.), UMETh
MpeaCcTaBICHUE O BCEX IOCICAYIOIIMX COCTOSHUSIX
cucreMsnl [3].

DopMupoBaHUEe IIUXThI MTOKPHITUI 3JIEKTPOAOB IIPO-
BOJIMJIOCH MO pa3pabOTaHHOW METOIOJIOTHUM, ITPUBEICH-
Holi B [6]. PemeHue 3amaun 6a3upoBaioch Ha ONTUMM3a-
uuu KomriekcHoi pynkuuu C; = f(x;, X5, ..., X,), Te
C; — CBOIiCTBa HAIUIABJICHHOTO METAJIA; X, Xy, ..., X, —
COCTaB ITOKPBITUMA.

YcTaHOBIEHO, YTO MpPHU DJIEKTPUYECKOI CBapKe, Ha-
IUTaBKE U TepelliaBe JISTUPYIOIINE IIaKOBBIE CHCTEMBI
Ha OCHOBE MHOTOKOMITOHEHTHBIX MUHEPAJIBHBIX acco-
OUALIMNA ¢ JOCTATOYHOI TOYHOCTHIO OMKICHIBAIOTCS TIPH-
BEIEHHBIM TIOJJMHOMOM TpeThero Topsiaka. Eciau moiy-
YeHHbIC ypaBHEHUS aJeKBATHO OMMMCHIBAIOT 3KCIIEPUMEH-
TaJbHbIE Pe3yJbTaTbl, CTPOSTCS KOHTYPHbIE KpPUBBIC
TIOBEPXHOCTEI OTKIJIMKOB, TIO KOTOPBIM ONITUMU3UPYIOTCS
BBIXOJHBIE MapaMeTphbl (CBOMCTBA).

B xauecTBe JIETUPYIOIIETO MUHEPATBHOTO CHIPhS OBLI
OpUHAT OaggeaeuT AIraMMHCKOIO MEeCTOpPOXIeHus Xa-
6apoBckoro kpas (ZrO, — 52; SiO, — 45,4; Al,O; — 1,9;
CaO — 0,4; npoune — 0,3 % mac.). Kpome TOrO0, MCHOJb-
30BaJINCh U3BECTHSIK, (PJIIOOPUT U TPAHUT MECTOPOKIE-
HUii XabapoBCKOTO Kpas.

DKCITepUMEHTHI TTPOBOIIIIN Ha TTOCTOSTHHOM TOKE 00-
paTHOI TOJIpHOCTU npu cujie Toka 100 A MHOTrocI0¥-
HOI HamjaaBKo# Ha miacTUHbl M3 CT3CH TOMIIMHOM
10 MMm.

MeramtorpadudecKuii aHaJIu3 CILUIABOB IMTPOBOIMIIN C
oMOIIbI0 MUKpocKkotoB "Jlabomer-2", "EC METAM
PB-21" npn yBenmuenusix 1o 1000. MUKpoTBepIOCTh OII-
penensim Ha mipubope [IMT-3M. JuddepeHnnanb-
HO-TePMMYECKUI aHAIMU3 OCYIIECTBISIM Ha IepUBaTO-
rpade "Q-1000". da30BbIil cOCTAaB MOJYYEHHBIX MaTe-
pUaJioB M3y4yaJu Ha PEHTTeHOBCKOM IM(PPaKTOMETpE
"IIPOH-7". UccaenoBaHne 3JIEMEHTHOTO COCTaBa ITOJTY-
YEeHHBIX CIUIABOB MPOBOMIIIM Ha PEHTTE€HOBCKOM (DIIyo-
PECLIEHTHOM KPUCTAILI-IU(GPAKIIMOHHOM CKaHUPYIOIIEM
cnektpometpe "CnekrpockaH MAKC-JV" u pactpoBom
3JIEKTPOHHO-30HI0BOM MuKpockore "ISM-35C" (JEOL,
SITTOHMS) ¢ MPUCTABKOU 3JIEKTPOHHO-30HI0BOIO MUKPO-
aHaJM3aTopa peHTIreHOBCKOro criektpoMerpa "35-SDS" ¢
BOJIHOBOW OUCIIEPCUEN.

Hns anann3a GU3NKO-MeXaHMIECKUX M 9KCILTyaTalli-
OHHBIX CBOMCTB CILJIaBOB MCIIOJIb30BalIU CJEIYIOIIUe
npuobopkl: A usmepeHus Teepaoctu — TIHI-2M, TK-14,
TII-2; nnas uccineaoBaHUsT U3HOCOCTOMKOCTU — MalllMHa

"MN-5018" B ycmoBUSIX TpeHUS 6€3 CMa3KM IPY Harpy3Ke
200 H. BaytpeHHue nedekTbl CBApHBIX IIIBOB OMpPenesi-
JIN yABTPa3BYKOBBIM medekTockonom "Y/I-12I1" ¢ mpus-
MaTHUYEeCKUMU U pa3aeTbHO-COBMEIIIEHHBIMH ITPeo0pas3o-
BaTeJISIMU.

Pe3yabTaThl Hcciea0BaHuii M MX 00CYXKIeHHE

B 1mmxTe »JIeKTpOJOB TOJOBHOTO 3KCIEepUMEHTa
(tabja. 1) moctostHHO npucyTcTBYeT 50 % Mac. OCHOBBI,
COCTOSIIIIEe M3 U3BECTHSIKA U TPAaHUTA MECTOPOXICHUS
Bsazemckoro paitona XabapoBckoro kpad. OcTalbHBIE
50 % mac. oTBeieHbl Ha U3MEHSIEMYIO YACThb CUCTEMBbI, B
KOTOPOI BXOIHBIMU BO3IEUCTBUSIMU SIBJISIIOTCSI KOJIMUE-
CcTBa 0aJeIeuTOBOrO KOHIIEHTpaTa (X,), GJII00pUTOBOrO
KOHIIeHTpaTa (x,) u rpadura (x;).

Kak BugHo u3 Ta6. 1, 6e3 pucyTCTBUS B IIIUXTE BOC-
crtaHoBuTeNs (rpadut) GanaeeuTOBbI KOHIEHTPAT HE
BOCCTaHaBJMBAETCSI U HE JIETMPYeT HarulaBaseMblil Me-
Tasu1 (OMbIT 1), a Mpu onpeaeIeHHOM COepKaHuu Oane-
nenta (0,33...0,40 % mac.) HaGIIOOAIOTCSI HAUOOJIbIIIIE
3HAYCHUS MEXaHNMUECKNX U 3KCIUTyaTallMOHHBIX CBOCTB.

BbixonHble mapaMeTpbl (OTKJIMKM): COAep>KaHUe LIUp-
KOHUS B HAIUIaBICHHOM METAIIE Yz, KOIDOUIMEHT
U3HOCOCTOMKOCTHU Y — OTHOCUTENbHO cTanu 40XH,
npezies NPOYHOCTU NPU PACTSKEHUM Y, YIapHasd BA3-
KOCTb Vg DICKTPOIBI U3TOTOBICHBI METOIOM OKYHAHMUS,
cepaeyHuk u3 npoBosioku CB-08 nuamerpom 3 Mm. Toi-
IIMHA 3JIEKTPOIOB MO MOKPHITUIO BBIACPXKMUBAIACh paB-
Hoit (6+0,3) mm. KonuuectBo cBsizytomero — 30 % ot
MAaCChI CYyXOM IIMXTHI.

[Tocne BuITIOTHEHUS IBYX MapayIeJbHBIX OTBITOB B
Kax 0¥ Touyke riaHa (tabj. 1) 1 0fHOro KOHTPOJILHOTO
OITBITa TIPOBEPKHU aleKBATHOCTH ITOJYYCHHBIX MOIeeit
YCTaHOBJICHBI 3aBUCUMOCTH OTKJIMKOB:

cojJiep>kaHue IMPKOHUS B HalJIaBJICHHOM MeTaJlie
[Zr];

Tpesie] MPOYHOCTH MPU PACTSIKEHUU G

ynapHas BI3KocTh KC;

ko3 duiimeHT nu3Hococtokoctu K.

[To mpuBeneHHBIM 3aBUCHUMOCTSIM TTOCTPOCHBI KOH-
TypHbIE KpUBBIE MOBEPXHOCTE OTKINKOB (puc. 1), mo-
3BOJISIIONIME pelIaTh 3aJa4yr (pOpMUPOBAHUS U ONTUMU-
3allMM COCTaBa IIMUXTHI 3JIEKTPOIOB U MTPOTHO3UPOBAHUS
UX CBOWCTB.

AIeKBaTHOCTh MoJeJieii mpoBepsiaach B Touke "Z" ¢
koopauHaTaMu: x, = 40; x, = 25; x; = 35. [Ing oTki1uka
codepicanue YUpKoHUs 8 HANAA8AEHHOM Memanie pacueT-
HOE 3HaY€HHUE B MPOBEPOUYHON Touke coctaBuio 0,51,
onbiTHoe — 0,5 % mac. IIpoBepka ageKBaTHOCTU IOJIY-
YEeHHOM Mojenu 1o ¢ Kputepuio (kputepuii CtblogeHTa)
roxasaja CJIeAyIOLINe 3HAYEHU: [, =0,751 5, =22,
Jst OTKIIMKA Ko3gguyuenm u3HOCOCMOUKOCMU PaCUYET-
HO€ 3HaYeHUe B MPOBEPOUYHOU TOUKe cocTaBujio 7,93,
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Tabauua 1
IInan u pe3yabTaThl rOI0BHOIO KCIIEPUMEHTA
Otxiuku ()
Howep | Kox touxin ]?iﬂ(ie;:;‘ D1100pUTOBBII Rsrirm LlupkoHuit Kosbdurment IIpenen ViapHas
OHbe TlraHa KOHIIEHTPAT, X; KOHLICHTDAT, X, f{:;ﬁ;iiit M3HOCOCTOMKOCTH, npggz::;;Teﬁnn BSI3KOCThb ,
Yz % VKoo Yo, ,MITa Yo, Ax/em
1 1 1 0 0 0 1,08 560 183
2 2 0 1 0 0 0,9 530 160
3 3 0 0 1 0 6,0 680 16
4 122 0,333 0,666 0 0,001 1,0 580 200
5 112 0,666 0,333 0 0,003 1,1 560 210
6 133 0,333 0 0,666 0,36 6,1 630 32
7 113 0,666 0 0,333 0,41 5,8 600 45
8 233 0 0,333 0,666 0 52 640 22
9 223 0 0,666 0,333 0 5,1 600 24
10 123 0,333 0,333 0,333 0,47 7,9 710 41
jp | Konrpors- 0,400 0,250 0,350 0,50 7,85 690 38
Hbli "7

Puc. 1. KonrypHbie KpuBbI€ JIs1 IOBEPXHOCTEl OTKIMKOB:
a — Tipenes MPOYHOCTU MPU pacTsikeHuu c,, MIIA; 6 — ynapHas
BaskocTb KC, JIx/cM* 6 — KOo3(h®UIMEHT M3HOCOCTOIKOCTH

K

n

TOYKa

s € — COfiepxXaHuWe LIMPKOHUS B HariaBke [Zr], % mac.; 1, 2,
3,4, 5, 6 — HOMepa obyacTeil Ha nruarpammax; Z — IpoBepoYHast

onbiTHOe — 7,85.TIpoBepKa Mo ¢ KPUTEPHUIO: 7,0 =1,6;
Loaon = 2,2 . 1719 OTKIIMKA npeden npouHocmu pacyeTHOE
3Ha4eHWEe B MPOBEPOUYHOIT Touke cocTaBuiio 700, OmbIT-
Hoe — 690 MITa. ITpoBepka Mo f KpUTEPHUIO: #ycq = 1,47 ;
traon =2,2. JUIs1 OTKJIMKA yoapHas 643K0Cmb PacuyeTHOE
3HauYeHMEe B IMPOBEPOUYHOI TOUKe cocTtaBuyio 40, OMbBIT-
Hoe — 38 JIx/cm?. TIpoBepKa 1o ¢ KpUTEPHUIO: ooy = 1,135
tra6n = 2,2. IIpoBepKa noxasasa, 4To ypaBHEHUS aleKBaT-
HO OTIMCHIBAIOT OIBITHBIC JaHHBIE.

Takum o6pa3zoM, o nuarpaMmam, MPUBEIESHHBIM Ha
puc. 1, BUOZHO, YTO CBOICTBA HaIIaBJIEHHOIO MeTalljia
M3MEHSIIOTCS B IIMPOKUX Mpeneiax. [1pyu coBMmelieHuu
guarpamm (puc. 2) pelnaetcs 3agaya ONTUMHU3ALUU
CBOICTB HaIlJIaBJIECHHOTO MeTalJla IJIs1 KOHKPETHBIX YCII0-
BUI.

HcnbiTaHust ONBITHBIX 2JIEKTPOIOB C ITIOKPBITUEM, CO-
OTBETCTBYIOIIMM II0 COCTaBy ToukKe "Z" (cM. puc. 1), mo-
Ka3aju MX BBICOKYIO TEXHOJOTMYHOCTh. Jlyra Jierko Bo3-
OyxXaaeTcsi U TOPUT ycToiuuBO. [10BEpXHOCTH IIBOB
rjaaakasi, OTae/IeHue 1ulaka jierkoe. HarutaBka ocyiiect-
BJISLIACh B 8 CJI0€B HA IUIACTUMHY U3 ctaiu Br3cn Tosm-
Hoii 10 MM. XMMHUYECKUII COCTaB M TBEPAOCTh HAILIaB-
JICHHOTO MeTajljla IIpUBeAeHbl B Ta0. 2.

3oHa crutaBieHus oopasia "Z" Me (puc. 3) mpeacTas-
JIsIeT cO0O0I 3epHUCTHI MEPIUT ¢ MUKPOTBEPIOCTHIO
128...194 HV 0,005. [TepauTHas 30Ha UMEET MIUPUHY
okoJjio 1,5 Mm.

8
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Puc. 2. CoBMenieHHas AMarpaMMa OTKJIMKOB:
— ynapHasl BI3KOCTb; - ------
COCTOMKOCTU

3 30HBI cr1aBiIeHUsT OepyT HAYaIO COCTOSIIIIAE
W3 TIepuTa CToJ0YaThie KPUCTAUIUTBI, MEXIY KO-
TOPBIMU PACITOJIOKEH LIEMEHTUT ¢ MUKPOTBEPIO-
crhio 733...928 HV 0,005. B uenom cTtpykrypa 1mo-
JIY4EHHOTO CITJIaBa COOTBETCTBYET 3a3BTEKTOMUIHOMN
CTajii C BbIPAXXEHHBIM IEHAPUTHBIM CTPOECHHUEM.

IIpu manpHeieM ynajJeHUU OT 30HBI CILIaBJIe-
HUS TIPUCYTCTBYET MEJIKOAUCIIEpCHAsT KapOumaHast
daza (puc. 4, a). HamuaBiaeHHBIN MeTaLT Iproope-
TaeT JeAeOypUTHYI0O pPa3HOOPUEHTUPOBAHHYIO
CTPYKTYpY (puc. 4, 6). B BepxHeil u cpenHeit yactu
HaIUTaBKU MPUCYTCTBYET JISTUPOBAHHBINA OCTATOU-
HBII ayCTeHUT ¢ MUKpoTBepaocTthio 300...
500 HV 0,005 (puc. 4, s).

— KO3((pULIUEHT U3HO-

CTpyKTypa HaIlJIaBJIEHHOTO MeTaJljla OTHOCUTCS K Jie-
JIeOypUTHOMY TUITy, KapOuaHas ¢asa 3aHumaert 60...65 %
wromany mrda. HarmraBka nMeeT BeIpakeHHOE JTCHI-
puTHOe cTpoeHMe. I[IpPOTSIKEeHHOCTh ACHAPUTOB —
120...300 MKM, IIMpHHA CTBOJA AeHApUTA — 4...13 MKM,
MukpoTBepaocThb 733...928 HV 0,005. B mexxneHnputHoM
MPOCTPAHCTBE PACIIOJIOKEHA IBTEKTHKA C MUKPOTBEPIO-
creio 260...360 HV 0,005.

C 11eIbI0 CHIDKECHUST aHU30TPOITNHY U TIOJIyYeHUS TIep-
JINTA 3€pHUCTOI (DOPMBI OBLI MPOBEAEH HUKINYECKUI
TPeXKpaTHBI OTXWUI B HHTEpBaje TeMIepaTyp
680...920 °C.

Puc. 3. Oopazen "Z"'(Me):
a — 30Ha cruiaBieHus1, x500; 6 — yyacToK, NMpUJerallnil K 30He CIaB-
nenust, x500

Puc. 4. HannaBka:
a — HUXHSI JacTh, x500; 6 — cpenHsisa yacthb, x500; 6, ¢ — BepxHss 4acThb, x500, x100

Tabauya 2
Xapakrepuctuka ¢opMupyeMoro OnbITHBIMU 3JIEKTPOJAMH CILIABA
KommoneHT, % mac. Tseprocts
Crnas HRC
Zr C Al Mn Si Cu Ni S P
"Z' Me 0,5 2,7 - 0,24 1,3 0,02 0,12 0,026 0,014 47
Yupounsiionue TexHoorud u mokpbiTus. 2013. Ne 11 9
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Puc. 5. I'padut B HanJIaBJIeHHOM Me-
Tajlie mocjae orkura, x280

ITocne otxura B Mmertamie obpas3oBajics rpadurt
XJIOMbEBUAHO (hopMbl. Pazmep rpapuTOBBIX BKIIOUEHU
KoJebaercsd B nipeaenax 0,47...5,2 MKM, ipu 3ToM OoJiee
90 % BkmoueHuit ¢ a3(pdekTUBHBIMU pa3mepamu ot 0,47
1o 2,8 MkM. BkitoueHMs1 UMEIOT BBITSIHYTYIO (popmy. O6-
1as Iiollanb, 3aHsaTas rpaduToM, cocrasiset 5,4 %
(puc. 5). MUKpoCTpyKTypa HaruiaBJI€HHOIO CJI0sI Mocie
OTKWTa U TpaBJIEHUS MpUBEIcHA Ha puc. 6.

CTpyKTypa, IpUBeAeHHAas1 Ha pUC. 6, UMEET CKeJIeT U3
MEPBUYHBIX KApOUI0B MPOTSLKEHHOCTHIO 120...150 MKM 1
IMPUHOI 4...13 MKM, BCTpeUyaroTCs 3JeMEHThl JJTUHOM
1o 300 mxM. KonmmyecTBO CTpYKTYpHO CBOOOTHOI Kap-
OoumHoI dasbl 23...25 %. AHU30TPOIKS CTPYKTYPHBIX CO-
CTaBJISIIOLIMX IMOCJIE OTXKMIa HECKOJIbKO YMEHBIIMIACD,
cpeaHuil 6ay1 3epHa nocie otxkura — 11.

MUuKpopeHTTeHOCTICKTPAJTIBEHBIM 1 pEHTTeHO()a30BbIM
aHaauzamu (puc. 7) yctraHoBiaeHo Hanuuue ¢das Fe,;C,
ZrC, Fe,ZrSi,.

Hns cpaBHUTEIRHOTO aHAJIN3a M3HOCOCTOMKOCTH TI0-
JIY4EHHOTO CIIaBa ObUT IIPUHST O€JIbIi YyTyH, UMEIOIINI
MoJ00HYIO JIeAeOYPUTHYIO CTPYKTYPY C CoAepKaHUEeM

202358

!

L
201337

d=

HWHTeHcHBHOCTL, HMTI/C
5]
3

=
(=]
'l

= 1,63876
1,58802

d

Puc. 6. MuKpoCTpPyKTypa HamjiaBjieH-
HOro MeTajuia mocje orxura, x280

cBOOOIHOM KapouaHoii da3el 50 %. AHU30TPO-
NS CTPYKTYPHBIX COCTABJISIIONINX HA TOM Ke
ypOBHe, cpenHuit 6ayut 3epHa — 10. Pe3ynprathl
HUCIIBITAHUI TTOKAa3aJ1, YTO OMBITHAs HaIlIaBKa
nMeeT KoahdUIMEHT U3HOCOCTOMKOCTU K\, =
=7,240,2, a Genblit uyryH K, = 6,3+0,2. A6co-
JIIOTHBIE TIOTEPHW MAcCHl Y 0eJIoT0 4yTyHa IOoCIIe
UCIIbITaHUS Ha 15 % Bbllle, YeM Y OIBITHOM
HaIJIaBKU.

BoiBoabl

1. DKcnepMMeHTalbHO TOKa3aHO, YTO Oaji-

JIEJICUTOBBIN KOHIICHTPAT MOXET OBITh MCITOJTb-

30BaH B Ka4eCTBE JICTUPYIOMIETO KOMITOHEHTA TS TTONTY-

YeHUS JCTUPOBAHHBIX ITOKPBITUN MIPU PYYHON TYTrOBOM

HarutaBke. [Ipy 3ToM KOHIIEHTpPAT MCIOIb3yeTCS KOM-

MJIEKCHO, 0€3 IOIIOJHUTEJbHOM TEXHOJOTNYEeCKO
nepepadoTKU.

2. YCTaHOBIIEHO, YTO KOJMYECTBO LIMPKOHMS, TTEPeX0-
IISIIETO B HU3KOYTJICPOIUCTYIO CTalb IIPU HaIIaBKe, 3a-
BUCUT OT COOTHOIIIEHUSI KOHIIEHTPAT/BOCCTAHOBUTEb.
[Ipu BoccTaHOBICHNY TPadUTOM MAaKCUMAJIbHBIN TIepe-
X0 HaOJogaeTcsl Mpu cooTHoIeHun 1,33 u gocTuraer
0,5 %.

3. BriepBble pa3zpaboTaHbl JEKTPObI IS PyYHOI oy~
TOBOIT HAITJIaBKM C OaIIeIeNTOBBIM KOHIICHTPATOM B TI0-
KPBITUH, TTO3BOJISIONINE (DOPMHUPOBATh HAIUIABICHHBIC
CJI0U C M3HOCOCTOMKOCTBIO, MPEBBLIIIAIOIIEN N3HOCO-
CTOMKOCTBH OeNbIX YyryHOB B 1,2 pasa.
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4. HoBas mapagurma pa3BUTHUs
Poccun. (KomriekcHble uccnenoBa-
HUSI TIPOOJIEM YCTOWYUBOTO DPa3BU-
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10 20 30 40 50 60
¥Yron nosopora 6, ©

Puc. 7. PentreHorpamma MeTtajljia, HaIJIABJEHHOTO ONMbITHBIM 3JIEKTPOAOM

marepuanos / B.M. Cepruenko, Pu
XoceH, B.B. T'octuies, 3.I'. baben-
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CpaBHuTe/IbHOE HCCJICI0BAHNE BIUSHUSA Ja3ePHOii 00padOTKH
HA CTPYKTYPY M TBEPAOCTb BbICOKOIHTponuiiHOro cmiasa TiZrHfVNbTa
¥ TEXHHYECKH YMCTOr0 TUTAHA

Hccnedosaro eausnue aazeproil 00padbomku 6 cpede apeoxa u a3oma Ha NPoyeccsl PoOPMUPOBanUs CMpyKmypsl U ee-
AUYUHY MUKPOMEepOoCmU NO8EPXHOCMHO20 CA05 8bICOKOIHMPONUIHBIX CNAAB08 8 CPABHEHUU ¢ MOOEAbHBIM 00pa3yoM
mexHuyecku uucmoeo mumana. lIposedenvl peHmeeHOCMpPYKMypHbvle UCCAed08aHUs ¢ onpedeneHuem (hazoeoeo cocmasa,
YPOo8HA MuKkpodeghopmayuil, pazmepa 610K08 K02epeHMH020 pAcCesHUs U NAOMHOCmU OucioKayuil. Boinoanena onmumu-
3aUUs pedcumMa Na3eprHoil 00pabomKU 8bICOKOIHMPONUUHBIX CHAABOB.

Karouesvte caosa: 6vicokoaHmponuiinbie cniagul, A1a3epHas 00pabomka, peHmeeHOCMpPYKmMypHolil AHAAU3, MUKDO-

meepdocms, cmpyKkmypa.

The effect of laser treatment in argon and nitrogen on the formation of the structure and the microhardness of the
surface layer high-entropy alloys in comparison with model samples of commercially pure titanium was investigated. X-ray
diffraction was carried out to determine the phase composition, the level of microstrains, the block size of the coherent
scattering and dislocation density. The optimization of laser treatment high-entropy alloys was done.

Keywords: high-entropy alloys, laser treatment, X-ray analysis, microhardness, structure.

BBenenne

Buvicokoanmponuiinvie cnaagsr (BOC) — 3170 MHOTO-
KOMITOHEHTHbIE CUCTEMBbI, MpPeaCTaBIsAoIIe cO00i HO-
BBIM KJIacC MEPCIEKTUBHBIX MaTepUaioB, 00Iagalommnx
BBICOKMMH ITPOYHOCTHIO, M3HOCOCTOMKOCTBIO, XKapo-
MIPOYHOCTHIO U YIOBICTBOPUTEIHLHON IIACTUIHOCTHIO.
DTO ogHO- Mau AByx(a3HbIe CIJIaBbl, 0Opa3yoolInecs Ha
OCHOBE TBEPAbIX PACTBOPOB 3aMEIeHUS U MMEIOIIHNE
T'K- nnu OLK-pemerky uian CTpyKTypbl B KOMOM-
HallMM C 3TUMU KpUCTAIMUeCKUMU perietkamu [1-3].

JIutere BOC mosnyJaioT 3 pacIiaBoB ¢ pa3InIHBIMU
CKOPOCTSIMU KPUCTAIM3AIIUN U B CIIY 3HAUYUTEIBHOTO
BIMSHUS KUHETUUECKOTO (paKTopa Ha CTPYKTYypHO-(da3o-
BBII COCTAB TAKMX CIUIABOB B HUX MOXHO M3MEHSITh CTe-
MeHb XMMWUYECKON HEOTHOPOMTHOCTH (MOIYIMPOBaH-
HOCTb), XapaKTep ICHIPUTHON CTPYKTYPHI, pa3Mep 3epeH
W XUMHMYECKHMI COCTaB TPaHMUII.

OIHMM U3 MEPCIEKTUBHBIX METOIOB YJIYUIICHMS
CTPYKTYPBI 1 MEXaHWIECKHNX CBOMCTB SIBJISICTCS JIa3epHast
obpaboTka. Tak, B pabote [4] B pe3yabTaTe moadopa orl-
TUMAJIBHBIX PEXUMOB JIa3epHOI 00pabOTKM IJIsT CTUIaBa
BT6 ymanoch mpegoTBpaTUuTh pacTpeCKUBaHUE MMOBEPX-
HOCTHOTO CJIOS 3a cueT (hMKCallui BBICOKOTEMIIepaTyp-
HOU KyOuyeckoil [-dazbl, obnagamileil BbICOKOU
TUTACTUYHOCTBIO.

B pab6ote [5] ns ynyqieHus CTpYKTYpPhl 1 MeXaHW4e-
ckux cBoiictB BOC AlFeCoNiCuCr 0bL1a UCIIOIb30BaHa
JlazepHasi 00paboTKa, B pe3y/IbTaTe Yero yaajaoch Imoja-
BUTH OCHAPUTHBIN XapaKTep KPUCTAJUIM3ALMUA W TTOBBI-

CUTh XWMUYECKYI0 OJHOPOJHOCThL CILJIaBa B 30HE
JIa3epHOTO BO3/IEWCTBUS, a B paboTe [6] 3a cueT JazepHoi
o06padotku craBa Aly,FeCoNiCuCr BeicokoTeMmepaTyp-
Has TBeprocTb pu 530 °C pocturna 3Hauenud 375 HV, ,
1 ocTaBajiach crabwibHOM 10 700 °C.

Hua nccnenosanus 6601 B3aT BOC TiZrHfVNDTa [7].
310 omHoda3HbIi cruiaB ¢ OLIK-pemreTkoit, nMeromnii B
CBOEM COCTaBe CWJIbHBIE HUTPUIO0OPA3YIOIINE COCTAB-
nsroniue (Ti, Zr, Hf).

Llenb paboThl — uccienoBaTh BIUSHUE Ja3epHOU 00-
paboTKM B MHEPTHOI cpene (Ar) U cpele a3oTa Ha Mpo-
1ecc GopMUPOBAHUST CTPYKTYPHI TIOBEPXHOCTHOTO CJIOST
matepuaia BOC B cpaBHEHUU ¢ MOIEIbHBIM 00pa3loM
YUCTOTO TUTaHa, 00PabOTAHHOTO MPU TEX XKe YCITOBUSIX.
JlazepHast 06paboTKa MO3BOJISIET OCYIIECTBIISTH CBEPXObI-
crpyto (~1000 °C/c) nepekpucTaiu3anuio MOBePXHOCTH
CIUIAaBOB, 3aKPUCTAJJIM30BAHHBIX CO CKOPOCTSIMU
10...100 °C/c.

MeTtoauka NpoBEACHUA UCCJICI0BAHUA

Hns vcceqoBaHus OBIIN B3SITHI 00Opa3Ibl TCXHUIECKHU
yuctoro Ti m BOC TiZrHfVNbTa. IToBepxHocTi o6pas-
LIOB TIepen JTa3epHOoil 00pabOoTKOM NUIM(OBaIN U 3JIeK-
TPOJIMTUYECKU TTOIMpoBaiu. JlazepHyto 00pabOTKy Mpo-
BOJMJIM B PEeXUMeE OTUIaBJIEHUs TIOBEPXHOCTU 00Opaslia.
st nazepHoit 06paboTKM 00pa3loB OblIa UCIOJb30BaHA
JazepHas yctaHoBka "KBaHT-15", paboratomas B UM-
MyJbCHOM pexXHMe C dHeprueit B ummyiabce 4,1 X, -
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TEeJbHOCTBIO UMITyJIbca 5-107° ¢, nuaMeTpom J1a3epHOro
naTtHa 0,1 cM 1 Ko3DDUIIMEHTOM MIEPEeKPHITUS TISITCH
0,75, yto obecrneunBaeT paBHOMEPHYIO 00pabOTKY MO-
BepxHocTU. OOpa3ibl MOMEIIAINCh B ClielIMalbHYI0 Ba-
KYYMHYI0O KaMepy ¢ MocCJeaylolleil mpokaykoil aproHa
oz gasienuem 0,15 MITa. @okycHoe paccTosTHUE OTTH -
YeCKOI cHCcTeMbI cocTaBisio 100 MM, IIMHA BOJTHBI M3-
ayuenust — 1,06 mxm. M3nyyenue, cokycupoBaHHOE
OINTUYECKOIM CHUCTEMOI1, MmoIaaaeT Ha obpa3el], Haxo/Is -
IIUICI B BAKYYMHOM KaMepe, pa3MEIIEHHON Ha KOOPIU-
HaTHOM cToJjie. Pa3Mep cBETOBOro NsTHA d,, peTyIMpPyeTCsT
B IIMPOKOM JWAaIa3oHe 3HAUeHU MmyTeM TepeMeleHus
(boxkaTbHOI TNIOCKOCTH OINTUYECKON CUCTeMBI. bbiia
MpoBeIeHA ONTUMM3AIINS PeXUMa Jla3epHO 00padOTKI
criaBa TiZrHfVNbDbTa.

MuKpocTpyKTypy Bcex 00pa3lioB UCCIeI0Balu ¢ MO-
MOIIIbIO ONTHUYECKOro Mukpockona "MUM-7". Mukpo-
TBEpAOCTh M3MepeHa Ha TBepmoMepe "TIMT-3". Jlins omn-
penesieHusl CpeHero 3Ha4eHUsT MUKPOTBEPIOCTH B Ceue-
HUUW 30HBI OIUIABJICHUS U KaxXaoro obpasla ObLIO
npoBeneHo 40 M3MepeHMit 0 BCeil TIIyOMHE 3TOTO CIIOS.
Kpome Toro, ObUIM MpoOBeAeHBI U3MEPEHNE 3aBUCUMOCTU
MUKPOTBEPAOCTU 30HbI OIUIABJICHUS MO TJYOMHE 3TOrO
CJI0S1 1O TTOBEPXHOCTU 00pa3lia U PEHTIeHOCTPYKTYPHBIN
aHaimu3 obpasnoB BOC u Ti Ha nudpaktomerpe
"TPOH-3M". PeHTreHOCTPYKTYPHBII aHATU3 TIPOBOINII-
cs Ha OTHMX M TeX K¢ o0pa3iiax 1o 1 IocJe Ja3epHOoit 00-
pabOTKM, YTOOBI M30eXKaTh 3aBUCUMOCTH OT (hJIYKTyalluu
XUMHUYECKOro coctaBa. sl XapakKTepUCTUKU CTPYKTYp-
HOTO COCTOSIHMSI 00pa3lioB U3 JaHHBIX PEHTTEHOCTPYK-
TYpHOTO aHaim3a ObUIM OTIpelesieHbl MUKPOHAIpS-
KeHUSI, pa3Mep OJIOKOB KOTePEHTHOTO paccesHUS U
TUTOTHOCTh TUCIOKAITUIA.

Pe3yabTaThl uccaeaoBanuii 1 00CyKIeHue

ITpu BEIOOPE ONTUMAJILHOTO peXXrMMa Jla3epHoi oOpa-
0OTKM ObLIO OOHAPYXKEHO, YTO TMocJe Ja3epHoit 06pabdoT-
k1 BOC B nuaraszoHe MIOTHOCTH MOIIHOCTH JIa3€PHOTO
usayueHus Ps = 6,9...9,7-10* Br/cM? Ha noBepxHOCTU
cruiaBa o0pasyloTcsl MUKpOTpelHbl. Kpurepuem onTu-
MU3alIN PEKNMOB 00paOOTKU SIBIISICTCST PEXXKHM, TIPU KO-
TOPOM TPOUMCXOAUT MUHUMAJbHOE TPEIIMHOOOpa3oBa-
HUE TTOBepXHOCTH. ONTUMAIBHBIM OKa3aliCs PeXXUM 00-
pabotku B aTMocdepe azora npu Ps = 8,3-10* Br/cm?, B
arMocgepe aprona — rpu Ps = 6,9-10* Br/cm?.

Ha puc. 1 nokasanbl ucxomHas cTpyktypa BOC
(puc. 1, a), cTpyKTypa TeXHIYECKHN YMCTOTO TUTAHA TTOCIIE
Jla3epHOM 00paboTKM B a30Te (puc. 1, 6), CTPYKTYPHI T10-
BepxHocTHoro ciiosg BOC mocie nasepHoii 00pabOTKU B
aprose u asore (puc. 1, 6, o).

W3 puc. 1, 6 BUIHO, YTO B BepXHei yacTu 0Opa3yrolie-
rocs rocje ja3epHoir 00paboTKu CJIOosT HUTPUAbI KpU-
CTAJIJTM3YIOTCSl HalpaBJIeHHO, YTO, TTO-BUIMMOMY, CBsI3a-

8)

Puc. 1. MuKpoCTpPYKTYpbl 00pa3ioB:
a — ucxonHas BOC; 6 — nonepeyHoe ceueHue cJios TUTaHa, 00-
pabotanHoro B aproHe; ¢ — BOC B azore; ¢ — BOC B aprone

HO C IpaJlEeHTOM TEIIOBOTO MOTOKAa OT MOBEPXHOCTU
BaHHBIL. B ncxomHoMm cocrossHnm BOC mmeet 3epHa pas-
MepoM 150...200 MKM U1 pa3BUTYIO CYyO3EPEHHYIO CTPYKTY-
py (cm. puc. 1, a). B oopasiie BOC nocite nma3zepHoii oopa-
OOTKM TTPOUCXOAUT PACTpeCKMBaHUE O0Opa30BaBIIErOCs
CJI0SI B T€X MECTax, TJ¢ Ha IIOBEPXHOCTH 00pa3iia MMEIT-
Cs1 UCXOJIHbIE I'paHULIbl 3epeH (cM. puc. 1, ). AHanu3s
CTPYKTYp TIOIIEPEYHOIO CEUCHUs CJIOSI, TIOJIyYeHHOTO 10~
cJie Ja3epHoi 00pabOTKM B aproHe, MOKa3bIBaeT OTCYTCT-
BHE TPEIINH, 3apOXIAIOIINXCS Ha UCXOMHBIX TPaHUIIAX
3epeH (cM. puc. 1, e). 15 BbISICHEHUS IPUYUH MOBbILIE-
HUS TpelInHocTolKocTH cjiosg BOC mocie nazepHoii 00-
paboOTKM B aproHe OBUIM MPOBEICHBI PEHTTEHOCTPYKTYP-
HbIe ucciaenoBaHus. Ha ocHoBaHMM aHanmM3a 00pa3oBaB-
IIKUXCS Mocje Ja3epHol oO0pabOTKM CTPYKTYp B
BBICOKOOHTPOTNMUHBIX CIIaBaX U TEXHUUYECKU YUCTOM
THUTaHE MOXHO TOBOPUTH 00 MICHTUYHOCTH ITPOLIECCOB
CTPYKTYpOoOOpa3oBaHUsI HUTPUAOB B XOHe Ja3epHOu
00pabOTKU B 9TUX MaTepuaiax.

PenTtrenocTpyKrypHBIit aHamm3 oopasiioB BOC B mc-
XOIHOM COCTOSIHUM M TIOCJIe Jla3epHOi 00pabOTKM B ap-
roHe 1 a3oTe (puc. 2) BEISIBUJI 00pa3oBaHWEe HUTPHUIOB C
eIMHON KpucTalInuyecKoi peiietkoi mo tumy TiN ¢ ma-

pameTpoMm 4,45 A, OJIM3KUM K MapaMeTpy HUTpUOA Hav-
oonee TyromnaBkoro komrnoHeHTa HfN. ITocne Boigene-
HUS HUTPUIOB MapaMeTp KPUCTAUIMUECKON pelIeTKu

matpuuHoit OLIK-da3bl meHsiercs ¢ 3,3012 A (B ucxon-

HOM cocTosiHum) 10 3,288 A (Tmocjie JiazepHoii 06paboT-
KU B a30Te) (CM. puc. 2). PEHTTeHOCTPYKTYPHBII aHAIN3
TeXHUYECKU YMCTOTO TUTaHa, 00pabOTaHHOIO J1a3epoM B
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Puc. 2. PentrenocrpykrypHsiii anam3 BOC ( O — nurpun, 00 —
BDC)

1 — MCXOaHBIN; 2 — Toce Jla3epHOil 00pabOTKM B aproHe; 3 —
rnocJie jja3epHoii 00paboTKU B a30Te

cpeac a3ora, ImokKkasaja HaJInu4ume KyﬁH‘IeCKOfI PCHICTKN

TiN ¢ mapamerpoM 4,2042 A n rekcoroHajabHoi Ti-mat-
putsl (puc. 3). Kak B Texanueckn yuctoM Ti, Tak 1 B
BOC HuTpuabl TEKCTypUPOBaHBI C TIPEUMYILECTBEHHOMI
opueHTauueit mo (200), 4To MOATBEPKIACTCS pacuyeToOM
TEOPEeTUYECKON PEeHTreHOrpaMMBbl C MCIIOJIb30BaHUEM
monenu march-dollase [8].

OmnpeneneHre MUKpoaedoOpMalii M OLCHKY pa3Me-
POB 0JIOKOB KOT€PEHTHOTO paccesiHus B 00pa3iiax mIpoBo-
UM 10 pe3yJibTaTaM PEHTIeHOCTPYKTYPHOTO aHajiu3a.
ITo mojsiyueHHBIM peHTreHorpaMMaM Ompeaeasiiu husn-
YecKoe YIIMpeHUe PeHTreHOBCKMX JmHuii (Meton llep-
pepa—Buibcona) [9]. C nmomoluublo rpaguka 3aBUCUMO-
et (Bcosd/ W2 or (sin6/A)* (puc. 4) ompenenaeHbI
YPOBHM MUKpoaedopMallnii 1 pa3Mephl OJIOKOB KOTe-

L/ T T T T T T T

1400 [~ 7]
O OO0 o oa
1200 [~
1000 [~ 7
800 [ 7

600 [~ 7

il : -
. W%

30 40 50 60 70 80 90 100 26

Puc. 3. PeHTreHOCTPYKTYPHBIiI aHAJIN3 TeXHUYECKH YUCTOTO THTA-
Ha (O — TiN; O — Ti):

1 — mocne ma3epHOi 0OpabOTKM B aproHe; 2 — 1ocie Ja3epHoi
00paboTKM B a30Te

(Beoso/a) 10°
T

16 |-

4 |

2 ! ! | | |
0,02 0,03 0,04 0,05 0,06 0,07

L
0,08 (sin®/LY

Puc. 4. Tpadux 3aBucumoctu (B cos 0 /1) or(sin 0 /1)% a1 06-

pasuoB BOC TiZrHfVNbTa B ucxomnom cocrosaun (1) u mocJe 06-
paGoTKH JazepoM B aprone (2)

peHTHOTO paccessHus Ajs obpasuoB BOC go u mocie
JlazepHOUl 00paboTKu. B MCXOMHOM COCTOSIHUU pa3Mep
0J10Ka KOTepeHTHOIo paccesiHus coctasisgeT 31,1 HM, a
ocJjie jga3epHoil 00paboTKU B aproHe — 316 HM. YBenu-
YyeHue pasMepa 0JIoKa KOTepeHTHOTO pacCesTHUSI Mocye
Jla3epHOM 00pPabOTKU MOXKXHO OOBSICHUTH T€M, UTO IMpPU
BBICOKHX CKOPOCTSX KPUCTA/UIM3AIMU, XapaKTePHBIX IS
JlazepHoii 00padboTku, popmupyetcst ogHopoaHass OLIK-
CTPYKTYypa ¢ paBHOMEPHBIM pacrpeaeicHueM COCTaB-
JISTIONIUX 3JIeMeHTOB. [Ipu 3TOM ypoBeHb MUKponedop-
Mauuii B o0pa3sile 1mocjie ja3epHoil o00pabOTKM paBeH
0,003357 (cM. puc. 4, nuHus 2), a sl UICXOAHOTO 00pa3-
1Ia BeandmHa Mukpoxaedopmanuii coctannset 0,002359
(cMm. puc. 4, nuausa I). Tem He MeHee, CpaBHEHHE BEJIU-
YUHBI TJIOTHOCTH IHMCIOKAIIMI TTOKA3bIBaeT, YTO Ja3ep-
Hass 00paboTKa B aproHe CHMXKAET TJIOTHOCTh JMCIOKa-
umit Ha aBa nopsaka, (p = 3,0-10" M~2) o cpaBHEHMIO €
UCXONHBLIM cocTossHueM (p = 3,1-10" m72) [10].

O6padotka BOC nazepoMm B Ar NpUBOIUT K YMEHbIIIE-
HUIO ITIMPUHBI IUHUU 1 YMEHBIIICHUIO pa3Mepa 010Ka Ko-
TePEHTHOI'0 PacCestHUsI, YTO CBUIETEILCTBYET O TOMOTEHU -
saumy BOC npu yBeTM4eHNM CKOPOCTU KPUCTAUIN3AINHN.

Takum oOGpa3zoM, MOXHO clejlaTh BBIBOJ, YTO, He-
CMOTPS Ha pocT MUKpoaedopmanuii B oopasnax BOC
TTocjIe Ja3epHOil 00pabOTKM B aproHe B CPAaBHEHUM C 00-
pasiom 10 06pabOoTKM, HAOMIOJAETCSI CHUKEHUE TIJIOTHO-
CTU IWUCIOKAIIMii, BRI3BAHHOE YBEIWYCHUEM pa3Mepa
0JI0Ka KOrepeHTHOTO pacCesiHus.

AHaJIu3 MUKPOTBEPAOCTU 00OpPa30BaBIIEroCs CJIOs Ha
00pasIax 1mocJe Jla3epHoi 00pabOTKM M MCXOTHOTO IS
TeXHUYECKM YMCTOTO TUTaHa MoKa3aj, UyTo JlazepHas 00-
paboTka B a30Te TMPUBOAUT K CYIIECTBEHHOMY yBeJIMYe-
HUIO 3HaYCHUS MUKPOTBEPAOCTH (TabJIMIIA), YTO CBSI3aHO
¢ obpazoBaHueM Hutpuaa TiN.
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MHuKpoTBepIOCTh 00PA3IOB UCXOIAHBIX
U TocJie JIa3epHoil 00padoTKH

Muxkpotseprocts HV, I'Tla
Bun nazepHoii
00paboTKU
P TiZrHfVNbTa | | CXHHUCCKH
YUCTBIN TUTAH
UcxonHblit (6e3 00paboTKM) 0,655 0,255
B aprone 0,505 0,230
B asore 1,560 1,600

AHaM3 MUKPOTBEPIOCTH O0OpPa30BaBIIETOCS CJIOS Ha
oOpa3suax 1ocjie Ja3epHoil 00pabOTKU M UCXOAHOTO ISt
BOC nokazan, yTto jna3epHasi o0paboTKa B a30Te MPUBO-
INAT K CYIIECTBEHHOMY YBEJIMYECHUIO 3HAUCHUS MUKPO-
TBEPAOCTHU (CM. TaOJIMILY), MOCKOJIbKY 00pa3yroTcsl Kyou-
YecKHWe HUTPUOLI TUTaHA, IUPKOHUS, TaHUS CO CTPYK-
typoit, mogooHoi TiN. JlazepHasa obpaborka BOC B
aproHe NMPUBOIUT K HE3HAYUTEIbHOMY CHUXKCHUIO TBEP-
JNOCTU, YTO MOXHO OOBSICHUTh CHUXXEHUEM ILJIOTHOCTU
JIUCIOKAIMii B 00pa30oBaHHOM MOCJe Ja3epHO oOpa-
0OTKM CJIoe 3a CUEeT YBeJIMUYeHUsT pa3Mepa Ooka Kore-
PEHTHOTO pacCesTHUs.

BriBoasl

1. Ananu3 ctpykryp cioeB BOC, nmomydeHHBIX TOcIe
Jla3epHOI 00pabOTKHU, MoKa3all, YTO MpU Jia3epHOI obpa-
0OTKE B a30Te MPOUCXOJUT PACTPECKMBAHUE HUTPUIOCO-
JIEP>KAILETO CJIOS IO CeTKE UCXOTHBIX TPAHULL 3epEeH, TOTAa
Kak TIpU JIa3epHOIl 00pabOTKe B aproHe pacTpecKUBAHUS
He HaOmoaaetcs. [Ipu 00paboTKe J1a3epoM oOpasyrolue-
cs Ha moBepxHocT BOC 1 TeXHUYECKM YMCTOTO TUTaHa
HUTPUIbBI KPUCTATU3YIOTCSI HAIPaBJIEHHO.

2. PEeHTreHOCTPYKTYPHBIA aHaInu3 00pa3loB TEXHUYE-
cku yucroro TutaHa 1 BOC mokasaj, 4To rnocie Ja3ep-
HOI 00paboTKU 00pa3yeTcss HUTPUA TUTAHA WA HUTPULL
CO CTPYKTypoil, nomoOHoi TiN, COOTBETCTBEHHO.

ITo pe3yiapTaTamM peHTIEeHOCTPYKTYPHOTO aHaI13a ObI-
JIU oIlpefesieHbl YPOBEHb MUKpoAedopMalinii, pazMep
0JIOKOB KOT€PEHTHOT'O PacCesIHUS U TJIOTHOCTh AMCIOKa-
uii. Paamep 0JI0KOB KOI€peHTHOIO paccesiHus 1Jisl 00-
pasuoB BOC ysenmumics ¢ 31,1 HM B UICXOTHOM COCTOSI-
HuK 10 316 HM mociie a3epHoil 00pabOTKM B aproHe, a
ypoBeHb MuKpoaedopmaiuii yeeauuuiacs ¢ 0,002359 no

0,003357 cootBeTcTBeHHO. JlazepHas 0b6paboTKa B apro-
HEe MO3BOJIMJIa CHU3UTh TUIOTHOCTD JUCIOKAIMIA Ha Ba
nopsanka: ¢ p = 3,1-10" M~ B MUCXOIHOM COCTOSIHUM 110
p = 3,0-10" M~? B 06paGOTaHHOM.

3. B pe3synabrare mpoBeAeHHOIO MCCIETOBAHUS ObLI
ONITUMU3NPOBAH PEXUM JIa3epHOI 00pabOTKM ITOBEPXHO-
ctu oopasuoB BOC: B atmMocdepe a3oTa — MIOTHOCTH
MOILIHOCTH JIa3epHOTo uanydeHus: Ps = 8,3-10* Br/cm?, B
arMocdepe aproHa — Ps = 6,9-10% Br/cM>.

4. O6paboTKa J1azepoM 00paslloB B cpele a30Ta IMpH-
BOIUT K YBEJMUEHUIO MUKpOoTBepmocTh 10 1,56 u 1,6 I'Tla
B oOpasmax BOC um TeXHMUYECKM 4YMCTOTO THUTaHa
COOTBETCTBEHHO.
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MyYKaMH HA MPOIeCC KPaTepooOpa3oBaHUs HA MOBEPXHOCTH MUIIIEHE
13 HUKEJIEBbIX CILJIABOB

Memodamu 31eKmpoHHOT MUKPOCKORUU U ONMUMECKOU Memaniocpaguu u3y4eHo seieHue Kpamepoobpazoeanus Ha
nogepxHocmu 10namok mypounst ¢ scapocmoikum nokpsimuem NiCrAlY, npomekarowee npu o6ayueruu cusbHOMOUHbIM
UMNYAbCHbIM INeKmpoHHbIM nyuKkom. Tlokazano, umo ucnons3oeanue cunbHOMOUHO20 UMNYALCHO2O INEKMPOHHO20 NYUKA
(CHUDII) muxpocekyHOHOU OnumenbHoCmu, KaxK u MouHo2o uonHo2o nyuka (MHUII), npusodum k ghopmuposanuio kpame-
D08 Ha hoepXHOCMU 8aKyyMHO-nAazMeHHbIX nokpoimuti NiCrAlY, odnako uz éceco mH0o2000pazus munoe Kkpamepos, @op-
MUupyemvix noo delicmeuem MOuHbIX UOHHbIX NYYKO08, 30ect Hadao0aemces o0pazoeanue moavko Kpamepos ¢ 602HYmo-
CMbl0 6 YeHmpe u MUKPOKanenb, co0epicauux AecKoiemyuue KOMHOHeHMbl NOKPbIMUL.

Karouesvte caoea: cunbHOMOUHbII UMRYAbCHbII 2ACKMPOHHBLI NYHOK, HUKeAesble CNAABbl, Kpamepbl, XUMUHEeCKULl
cocmas, @aszoeuiii cocmas, cCMpyKmypa.

Crater creation phenomenon on the surface of turbine blades with NiCrAlY resistant coating during irradiation with
intense pulsed electron beams was investigated with the use of scanning electron microscopy and optical metallography. It is
shown that the use of intense pulsed electron beam as well as high power pulsed ion beam leads to creation of craters on the
surface of vacuum-plasma NiCrAlY coatings but among numerous types of craters formed under the action of high power
pulsed ion beams here only round-shaped craters with the concavity in the centre and microdrops with light-vapor
components of coatings are created.

Keywords: intense pulsed electron beam, nickel alloys, craters, chemical composition, phase composition, structure.

BBenenne

HccnenoBanue sBICHUS KpaTepooOpa3oBaHMS, TIPO-
TEKaloIllero Ha MOBEPXHOCTH TBEPABIX TeJ MPU BO3IEii-
CTBMM HAa HMX KOHIIEHTPUPOBAHHBIX UMITYJIbCHBIX TTOTO-
KOB DHEPIMH, BBI3BIBACT B ITOCJICAHEE ACCSATUIICTAC OOIb-
IO MHTEPEC KaK C HAyYHOM TOYKU 3pEHUS, TaK U I10
YUCTO MPAKTUYECKUM COOOPAXKEHUSIM. DTO 00YCIOBIEHO
OYpPHBIM pa3BUTHEM MEPCIICKTUBHBIX METOIOB ITOBEPXHO-
CTHOI MHXXEHEPUHU, B OCHOBE KOTOPBIX JIEXKUT UCIIOIb30-
BaHWE MOIIHOTO UMITYJIbCHOTO JIa3epHOTO U3JTydYeHUs,
MOIIHBIX UMITYJIbCHBIX MOHHBIX W 3JIEKTPOHHBIX ITYIKOB,
MoOIIIHOTro uMnyjabcHoro CBY-uznyyeHus u ap. mjs mo-
BEPXHOCTHOW MOAMGbUKAIIMA METATTNIECKUX JeTaneit
MU POKO HOMEHKIATYphl. [IpruMeHeHne 3TUX KOHIICH-
TPUPOBAHHBIX UMITYJIbCHBIX TOTOKOB 3HEPTUHU MTO3BOJISIET
KapAMHaJbHBIM 00pa3oM M3MEHUTh CBOMCTBA MOAUDU-
HUPYEeMBIX IeTalieil, mpuyeM, KaK IMOKa3aHO BO MHOTHUX
paborax, o0JlyueHHe BCEraa COMpoBOXIAIOCh (POPMUPO-
BaHMEM Ha MOBEPXHOCTU MUKPOKPATEPOB, €CIU TIOT-
HOCTb ITOTOKAa SHEPTUM IIPEeBBINIaNa HEKOTOPYIO KPUTH-
YEeCKyl0 BeJIMUYMHY, KOTOpas onpenessiach MaTepruaaioM
MUIIEHU U €€ TIPeIBapUTEIbHOIH 00pabOTKOMA.

Haubonee nmoapobHo siBIeHUE KpaTepooOpa3oBaHUS
OBLTO UCCJIENOBAHO SKCIIEPUMEHTAIbHO B paboTax [1—4]

U TeOpeTuYecku — B [5—7], KOTopble OB MOCBSIIEHbI
00paboTKe METAJIJIOB M CIJIABOB MOIIHBIM MMITYJIbCHBIM
MOHHBIM ITy4KOM. B 3THX ITy0IMKaLMsIX MpuBeaeHa Kitac-
cuduKalums KpaTepoB MO0 BPEMEHHU UX MOSIBICHUS U T10
dbopme, onpeneseHbl UX KpUTUUYECKUE pa3Mepbl (aua-
METp W TIIyOMHA), o4epUeH KPYT BO3MOKHBIX TPUINH
bopMupoBaHUS U M3YYEHO BIMSHHUE TPEABaPUTEIBHOMN
00pabOTKU MOBEPXHOCTU Ha BEPOSITHOCTb KpaTepooodpa-
30BaHusl. Bce 2T0 mo3Bonwio aBTopam pabdoT [1—4]
chopMyIUpOBaTh OCHOBHBIE MPUIYMHBI 00pa30BaHUS
KpaTepoB U MPEeaoXUTh CIIOCOObI HUBEIMPOBAHUST UX
OTPUIIATEILHOTO BJIMSTHUSI HA CBOMCTBA 00JTydaeMbIX UM-
ITyJIbCHBIMA MOHHBIMU ITyYKaMM JeTaieii. B HacTosimem
HCClIeJOBaHUY B KauyeCTBE MHCTPYMEHTa 00paboTKU Mo-
BEPXHOCTH MCIOJB3YIOTCS HE MOIIHBIC MOHHBIC ITYUYKHU
HaHOCeKyHAHOM anutenbHocTu (T = 50...100 HC) ¢ aHEep-
rueit 250...300 kaB, kak B [1—4], a CMJIbHOTOYHbIE BJIeK-
TPOHHBIE TYYKM MUKPOCEKYHIHON JUIMTEIbHOCTU
(t = 20...50 mkc) ¢ aHeprueii 115...120 k3B, 115 KOTOpbIX
XapaKTepHa 3HAYNTEIbHO OOJNBIIAsA TONIIMHA MOAU(U-
LIMPOBAaHHBIX MOBEPXHOCTHHIX cjioeB (1...2 MKM — mocie
BozaerictBust MUII u 20...25 MkM — mocyie o0aydyeHus
CHUDII B yckopurensax "I'eza"). OmHako, KaK OBLIO TTOKa-
3aHO B [7], u nmocie oopadoTku CUIDII Ha MOBEpXHOCTHU
MUIICHEHN TTOSBISIOTCS KpaTephl.
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Lleas MccaenoBaHus — M3ydeHNWE MPUYNH ITPOTEeKa-
HUSI SIBJIEHUSI KpaTepooOpa3oBaHUs Ha TTOBEPXHOCTH JIO-
MaTOK TYPOWHBI M3 XapOIPOYHOTO HUKEJIECBOTO CIUIaBa
KC26HK ¢ mokpsituem CJII-2 npu ux obiyyeHUUn
CHUDII B cpaBHEHUU ¢ pe3yJbTaTaMU, 3a(pUKCUPOBaH-
HbIMU TIpu ucnonb3oBaHuu MUII [1—4]. DT maTepua-
JIbl HAITY IIMPOKOE MCMOJb30BaHUE B aBUALIMOHHOM
MPOMBILIJIEHHOCTHU, TO3TOMY OOCyXIaeMble 3[1eCh JaH-
HbIe UMEIOT He TOJIbKO HAyYHBIN, HO U MPaKTUYECKUIA
uHTepec. B 3Toil cBsA3M HaMu ObLIM HMCIOJIb30BaHbI
TEPMMHOJIOTUSI I METOJAMKA, OMIMCAaHHBIC B 3TUX ITyOJH-
Kalusix.

B [1—4] ObL10 BhICKA3aHO MPEATIONOXEHHUE O CIASAYIO-
IIMX HanboJiee BEpOSATHBIX MEXaHM3MaX KpaTepoodpas3o-
BaHUs Mpu 00ayyeHun MartepuanoB MUII: 1 — paccrnoe-
aue ("dbwrameHTanusg") HOHHOTO ITy4yKa; 2 — (puaaMeHTa-
LM SJIEKTPOHHOM COCTABIISIIONIEH MydYKa, BO3HUKAIOIIEH
MIpY HapyIIeHUHW pabOThl CMCTEMBI COTJIACOBAHUS TUOIA
yCKopHTeIIs (IMOI ¢ CaMOM30JIsIIueli); 3 — BBIXOX Ha I10-
BEPXHOCTH MY3bIPHKOB Ta30B, PACTBOPCHHBIX B IIPUIIO-
BEPXHOCTHBIX 00JIaCTSIX; 4 — SKpaHUPOBaHME HEKOTOPBIX
obJracTeil MOBEPXHOCTA Ha HAYaJIbHOI CTaIWU IEeCTBUS
WMITyJIbCa B pe3yibTaTe 00pa30BaHUSI HEOTHOPOTHOTO
MaporyIa3MeHHOTO 00Jlaka U3 JIETKOJIETYYUX BEIECTB,
aJIcOpOMPOBAHHBIX HA TTIOBEPXHOCTH, TIPEKJIE BCETO yTJie-
BOJIOPOJIOB, a Takke (Da30BbIX COCTABJISIIONINX CILJIaBa,
MMEIONINX BBICOKYIO YIIPYTOCTh IMapoB WJIM pasJjaraio-
LIUXCS TIOJ MYYKOM C BbIIEJIEHUEM Ta30B; 5 — u3bupa-
TEJBHOCTD IUIABJICHUS OTOEIBHBIX YJ4aCTKOB ITOBEPXHO-
CTH BCJIEICTBHE Pa3IWuMs B TeMIlepaTypax IJIaBIcHUS
(ba3zoBbIX cocTaBISIONIMX CIIaBa; 6 — HeCTallMOHApHOE U
pa3IMyHOE 10 TJIyOMHE TUIaBJIEHUE OTIEIbHBIX YIaCTKOB
MOBEPXHOCTU C Pa3IMYHOU OpUeHTalMel MO OTHOIIe-
HUIO K HampaBJIeHUIO paclpocTpaHeHus Tydka (e), o0y-
CJIOBJIEHHOE HEaleKBaTHOCTbIO BEJUYUH ILIOTHOCTU
MOHHOTO TOKa U MPOOEroB MOHOB Ha 00pa3yIOIIMX Bbl-
CTYIIOB 1 BITaIMH, a TaKXKe Ha COCETHMX IJIOCKUX ITOBEPX-
HOCTSIX, MEPIEHAUKYISIPHBIX BEKTOPY e; 7 — B3pbIBHAS
9MUCCHUS C OCTPBIX YIACTKOB IMOBEPXHOCTH, UX JIOKAJIb-
HBII TIeperpeB U M30MpaTeIbHOe MHTEHCUBHOE TLIa3MO-
obpa3oBaHue; & — U30UpaTesbHOE TJIaBJIeHUE U TJ1a3MO-
oOpa3oBaHMue, 00YCJIOBJIEHHbBIE BBICOKOI CTEINeHbIO He-
OIHOPOTHOCTH pacIpenesieHUs TIJIOTHOCTU JUCTOKAIIMI
B IIpeaesiax obyracTeil meiicTBUSI KOHIIEHTPHUPOBAHHOTO
MOTOKa 2Heprum; 9 — doMOapaupoBKa yKe pacIuiaB-
JICHHOH TTOBEPXHOCTH 3ama3IbIBAIOIINMUA MUKPOIACTH-
aM# WX TJIa3MEHHBIMU CTYCTKaMH, 00pa30BaHHBIMU
TIpY 3pO3UM MaTepuaja Karoja.

3acukcrupoBaHHBIE METOIOM CKAHUpYIOUiel 31eK-
mpounoii mukpockonuu (COM) pe3ynbTaThl aHaIu3a TO-
norpaun MOBEPXHOCTU 00pa3IloB M3 KapOIPOUYHEIX
CMJIaBOB MO3BOJIMIU aBTOpaM pabort [1—4] pa3nenuTs
(bopmupyembie KpaTephbl Ha ABE TPYMITBI B 3aBUCUMOCTH
OT CTaJUU MX MOSIBIICHUS: TIEPBUYHEIC KpaTephl (PEeTHUCT-

PUPYIOTCSI HETIOCPEACTBEHHO TTOCJIe OTHOTO UMITYJIbCa) U
BTOPUYHBIC KpaTephl (BBISIBISIIOTCSI WJIM TTOCTIE TTOBTOP-
HOTO O0JIydeHUs, WUIM Mocjiae GUHUITHOTO TU(dy3rnoH-
Horo orxxura). Jlanee B [1—4] mepBuYHBIE KpaTephl ObBLTN
KJacCupUIUPOBaHKI Mo (GopMme U peiabedy: Kpyribie
MHOTOKOJbLIEBbIE, KPYTJbIEe C BHIMYKJIOCTbIO B LIEHTPE,
KpYTJIbIE C BOTHYTOCTBIO B IIEHTpE, JJIIMIITUYECKUE,
CMEXHbIE€, OrpaHEeHHbIe U 3a00MHOOOpPa3HbIE.

MeToapl NpOBeIeHNs NCCIeI0BAHUI

B xauecTBe OOBEKTOB MCCIEIOBAHUS UCITOIb30BATICH
JIOTIaTKM TypOuHKI apuratenst PJ1-33 1 oOpasiibl U3 criia-
Ba 2KC26HK (Ni — ocHosa; Ti — 1,0; Cr — 5,6; Al — 6,2;
Mo —-1,4;,Co—10,0; V—-12; N—-14;, W—-12,5; C —
0,18; O, N<0,01; H<0,02; B<0,015 % mac.) ¢ 60-Muk-
poHHbIM TTokpbiTUeM CJIIT-2 (Ni — ocHoBa; Cr — 18...22;
Al — 11,0...13,5; Y — 0,3...0,6 % mac.), HaHECEHHbIM Ha
yctaHoBke MAII-1 o meroguke BUAM [8] mocie Tep-
Mo00paboTku: oTkur mpu 1250 °C B Bakyyme B TeueHUE
3 4, oxJaxaeHune co ckopocthio 50...60 °/MUH, CTaOWIN-
supytonuii oTkur mpu 1000 °C B Bakyyme B TeueHUe 2 4.

YacTp IomaToK 10 OOJIyYeHMS pa3pe3ajach Ha 3JICK-
TPO3PO3MOHHOM CTaHKE U HCCJea0oBaliach MeTOZaMU
COM wu ontuyeckoii Mmetamnorpadpunu. Kpome storo, us-
MEpPSAIUCH MUKPOTBEPIOCTh (H,) M 1epoxoBatocTh (Ra).
Oo6pabotka jormarok CUBIT mpoBonniach Ha yCKOpUTE-
nsx "Te3a-2" u "T'eza-MMIT" B pexxnmax kparepoodbpaszo-
BUs (9HEPrus 3JeKTpoHOB — 115...125 x3B; noutenn-
HocTh uMIynbca — 30...80 MKC; MIOTHOCTb SHEPTUU B
nyuke — 30...80 JIxx/cM%; mIomaas MornepevyHoro CeYeHus
nyuka — 30...80 cM?; HEOZHOPOJHOCTh IIOTHOCTH 10
ceyeHnio myuka — 5 %) [9].

Jlonmatku mocie obnydyeHUs Takxke pa3pe3aluch U
nojaBeprajauch ucciaegopaHuio merogaMu COM u ontu-
YecKoil Metajutorpadui.

PesyabraTel ucciaenoBanuii u ux odcyxneHue

MUKpPOCTPYKTYPHI, (POpMUPYEMBIEC B TTOBEPXHOCTHBIX
CIIOSIX CEpUMHBIX M OOJYYEHHBIX JIOITATOK M3 CIUIaBa
XKC26HK, npencrabieHbl Ha puc. 1, a Tonorpacdus mo-
BEPXHOCTU B 3aBUCHUMOCTU OT TMJIOTHOCTU DHEPIUU
MpUBeAeHa Ha puc. 2.

OCO0EHHOCTBHIO UCTOJIL30BAHHBIX B padOTe MMUIIIE-
Heil, Mo CpaBHEHUIO C MUIIEHSIMHU, 00Jy4aeMbIMU B
[1—4], 6bU10 TO, YTO OHM MPEACTABISIN U3 CeOs HE TUTOM
MaTepuajl, a MIOKPBITHE, TTOJYYeHHOEe METOJIOM BaKyyM-
HO-TUTa3MEHHOM TEXHOJIOTHY BBICOKUX SHEPTHI, KOTIa
dopMupyeTcs 00IbIIOe KOTUIECTBO MUKPOKATICIbHOM
dbpakum 1, Kak cieactsue, Mukporop. IllepoxoBaTocTb
TaKUX MUILIEHEN MHOTIO BbIIlIe U nocturaet 2...3 MkM. Ha
puc. 1, 6 OTYETIIMBO BUIHBI MHUKPOKAIIM B COCTaBe
TOKPBITUS Ha MOHOKPUCTAJITINICCKON ITOMTOXKKE.
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Puc. 1. MuxpocTpykrypa, (hopmMupyemasi B HIOBEPXHOCTHOM CJioe
BaKyyMHO-IyroBbIX MOKpbiThii CJIIT-2:

a — Ha CEepUIHBIX JIOMATKax rnocie AUG@Yy3nOHHOTO OTXUTra
npu 1050 °C; 6 — nocne obayyeHusi CUBIT npu nmiaoTHOCTU
oHepruu 42...45 Z[)K/CM2 YEThIPbMSI UMITyJIbCAMU U OUDDy3u-
oHHoro otrxwura npu 1050 °C

W3 mukpopenbeda, GopMUPYEMOTo Ha TTOBEPX-
HOCTHU JIoTiaToK ¢ mokpbiTuem CJ/II1-2, HaHeceH-
HBIM I10 CepUIHONM TeXHOJOTMU, BUAHO, UTO O0JIy-
YeHWe TIPU HHU3KHX IUIOTHOCTSIX DHEPIUU
20...36 JIxx/cM? conpoBoXaaeTcsd WHTEHCUBHBIM
pacTpecKruBaHUEeM U (POpMUPOBAHMEM Ha ITOBEPX-
HOCTHU KareJbHOI pakiuu guameTpom 1...20 MKM
(puc. 2, a, 6). BHyTpu Kamejnb OTYCTIUBO IIPOCMaT-
pUBaeTCs HaJIMYME OTACJbHBIX KPUCTAIMTOB Mpa-
BUJIbHOU opMbl. [Ipu Takux pexxumax ooaydeHus
HEe BCE KOMITOHEHTHI TTOKPBHITUS HAXOISITCS B pac-

Puc. 2. Tonorpadms moBepxHOCTH JOMATKM M3 CILIABa
KC26HK c¢ nokpsituem CIII-2 mocie o00aydeHus npu
mnotHoctd sHeprin (1 uwmm.), JIx/cm’:

a — 22..24, x500; 6 — 30...36; ¢ — 42...45; ¢ —
50...55

IUIABICHHOM COCTOSIHMU, TT03TOMY (hOPMHUPOBAHIE MUK~
POTpPEIIMH B IPOLIECCe BHICOKOCKOPOCTHOM KPUCTAILIU-
3allMd ~ BIOJHE  3akKoHoMepHo. Kpome  ToTO,
IIPUCYTCTBYIOT OTHOEIbHBIE KpaTephl C BOTHYTOCTHIO B
LIEHTpPE, IPyrue TUIThI KpaTepPOB OTCYTCTBYIOT.

OOnyyeHue e MNpU  TJOTHOCTU  DHEPTUU
42...45 JIx/cm? (puc. 2, ) mo3BodeT 3apUKCUPOBaTh
PaBHOMEPHO OIUIABJICHHYIO MOBEPXHOCTh, HA KOTOPOM
MPUCYTCTBYIOT TOHKOAWUCIIEPCHbIE KPUCTAJUTUTHI U BBITSI-
HYTbIC TUTACTUHBI AeHApuaHOro tuma. [locieqHee xopo-
III0 COTJIaCyeTCsI ¢ OOIIMMM TOJIOKECHUSIMU TEOPUHU KPH-
crammu3anun KanmmeBa—CTpaHCKOT0 00 0COOEHHOCTSIX
pocCTa KPUCTAVIOB B YCIOBUAX BBICOKMX ITePECHIIICHUI
[10].

DJIeKTPOHHO-Ty4YeBast 00padbOTKa IIPU OUCHB BHICOKIX
totHocTax 3Hepruu, 50...55 [Ix/cm? (puc. 2, 2) ctumy-
JINpYeT MHTEHCUBHOE MPOTEKaHME TIpoIiecca 3pO3un Ma-
TepHaja MTOBEPXHOCTHOIO CJIOSI, COMTPOBOXKIAIOIIETOCS
€ro BBIHOCOM B BaKyyM Ha MakpoypoBHe. [locienHee oT-
paxaeTcs B pOpMHUPOBaHMU Ha TTOBEPXHOCTU CETKU MUK-
porpeliH. Bonbloii HayYHbII MHTEPEC BBI3bIBAET U3Y-
yeHue mnpoiecca GopMUPOBAHUS KameJbHON (paKIun
Ha IMMOBEPXHOCTU 00JTyJaeMOM IeTajid. DTU TaHHBIC TIPEeI-
CTaBJIeHbl Ha puc. 3, 4.

CpaBHuBas 3a(UKCUPOBAHHBIE 3/1€Ch JAHHbIE C PE3YJib-
TaTaMM WCC/I€AOBaHMS Tororpaduu MOBEPXHOCTH JIOMATOK
Komrpeccopa I'TI 13 XXaponpoyHbIX CTajleid M TUTAHOBBIX
CIUIaBOB TIOC/IE OOJIyYEHUSI CUJTbHOTOYHBIMUA MMITYJTbCHBI-
MM 3JIEKTPOHHBIMU ITydykKamMu [1—4], MOXHO caenaThb Mpea-
TTOJIOXKEHUE O SIMHOU TIPUpoIe Tporiecca (popMUPOBAHUS
MUKPOHEOTHOPOTHOCTEH B TOM U IPYroM ciydasix. OmHaKko
st mokpbituii CITT-2 xapakrepHo (hopMUpOBaHUE HE YT-
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Puc. 3. Pacnpenenenue KanejabHOi (hPAKIUM MO0 MOBEPXHOCTH TO-
kpbiTist C/I11-2 na nonatke u3 ciuiasa 2KC26 HK mociie o0rydennst
npu wiotHocTH dHeprun 26...30 Jixk/cm?

JyOJIeHWIA, XOTsI OTAeIbHbIE KPaTepbl C BOTHYTOCTBIO B I1€H-
Tpe MPUCYTCTBYIOT, a BBIMYKJIOCTEH B hopMe Karesb Ha TMo-
BEPXHOCTU MUllIeHel. Pe3ynbratsl penmeernogckoeo mukpo-
ananuza (PMA) nipu cbeMKe U3 TaKoii Kariu (puc. 5) CBU-
JETEILCTBYIOT O TOM, YTO OCHOBHBIM 3JIEMEHTOM B €€

090 1,70 2,50 330 4,110 490 570 6,50

730 8,10 6,°

R

..- L S
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Puc. 4. COM u300paxkeHrne MUKPOKAILIA HA MOBEPXHOCTH MOKPBI-
tusa CIII-2:

a — ToC/Ie BAaBIMBAaHMS aIMAa3HON MTUPAMUIKK; O — U3 OKPECT-
HOCTU KOTOPO#i MPOBE/IeH PEHTTEHOBCKUIT MUKPOAHAIN3

OKPECTHOCTHU SIBJSIETCS allOMUHUU (CM. puc. 5, no
86 % at.). B 5TO# CBA3M MOXHO C€e/IaTh 3aKII0YEHUE O
TOM, YTO B MPOIIecCe OOTy4eHUsI TIPOTEKAET MPOIIECC adJIsi-
1LIMU HauboJiee JIETKOIEeTYYnX (PparMeHTOB
TMOKPBITHSI HA MaKpPOYPOBHE C ITOCHIe-
Nylolleli KOHACHCALMEN KaIlId Ha yXe
3aKPUCTAJUIM30BAHHOM  ITOBEPXHOCTH.
ITomo6HasT MUKPOHEOTHOPOIHOCTh 00JIa-
JAET HU3KOM aIre3uei, Jerko ynausieTcs ¢
TMOBEPXHOCTU MEXaHUYECKU U pa3pyllaeT-
csl IpU HEOOJIBIION HArpy3Ke Ha WHACH-
Tep (CcM. puc. 4, a) NpyU UBMEPEHUN MUK-
poteepnoctu (90+10) HV — BenunuuHa,
OmM3Kast K 3HAYCHUSIM MUKPOTBEPIOCTH,
XapaKTEePHOM UTSI YMCTOTO aJTFOMUHUS).

Kpowme Toro, Takme MukponedeKTh
HE BIMSIOT Ha YCTaJOCTHBIC CBOMCTBA,
TaK KaK He SIBJITIOTCSI KOHIIEHTPaTOpaMu
HaIpSIKEHUM M MOTYT OBITH JIETKO yaa-
JICHBI C TTIOBEPXHOCTH.

BriBog

1. TToka3aHO, 4YTO MCITOJIb30BaHUE

Puc. 5. Pesyasrarst PMA nokpeirmii CJITI-2 nocie siektponno-nydesoii oopadorkn CHUIIT MUKPOCEKYHIHOM MIUTENbHO-
(mroTHOCTD dHepru w = 22...26 JIx/cM%; dicao uMiyiscoB n = 1; perncTpanus ¢ moepx- CTH, Kak 1 MUTI, npuBoaut K dhopMu-

HOCTH KaIulM Ha puC. 2, a)

POBAaHUIO KpAaTCpoOB HAa MOBCPXHOCTU Ba-
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KyyMHO-TIJ1a3MeHHbIX MOKpbITUid NiCrAlY, onHako u3
BCEro MHOTO00pa3usi TUTIOB KpaTepoB, (hOPMUPYEMBIX
nop aevictBuemM MMUII, 3necy HabmMomaeTcst oOpazoBaHue
TOJBKO KPaTepoOB C BOTHYTOCTHIO B LIEHTPE M MUKpPOKa-
neab, COAEpXaIIUX JIeTKOJETy4rue KOMITOHEHTHI
TMOKPBITHS.

2. YcraHoBieHo, uto npu BosaeiictBun CUBII npo-
TEKaeT Mpoliecc adbysiuru Haubosiee JIeTKoJeTydux dbpar-
MCHTOB MOKPBITUS Ha MaKpOYPOBHE C MOCICAYIOMIEH
KOHJICHCAIIMEH Karid Ha yXe 3aKPUCTAIM30BAaHHOM IMO-
BepxHOoCTU. DOPMUPOBAHUE MUKPOKAIIEIb HE MPUBOIUT
K CHMXEHMIO YCTaJOCTHBIX CBOWCTB 00JydyaeMbIX
JleTaliei.
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H3zyuena dughghyzuonnas no0BUNCHOCHb AMOMO8 XPOMA, BAHAOUSL U MAP2AHUA NPU COBMECHHOM 08YXKOMNOHEHMHOM
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Studied diffusion mobility of atoms of chromium, vanadium and manganese in the joint a two-component feeding of
the gray and high-strength cast iron. Given the structure of formed surfaces with different percentages of reagents containing

diffusion elements, in powder environment.

Keywords: coating, carbide alloy with coatings, diffusion.

BBenenne

Pa3BuTue MHOTUX OoTpaciieili COBpeMeHHOM TeXHUKMU,
MOBBIIIEHNUE HAJIEXKHOCTU MallIMH U MEXaHU3MOB, YBEJIH -
YeHUE MPOU3BOAUTEIBHOCTU 00OPYIOBaHUS U TPyla B
3HAYUTEJbHOU MEpe 3aBUCAT OT Pa3pabOTKM U MpaKThye-
CKOTO WCITOJIb30BAaHMS PA3TMIHBIX TUTIOB 3aIIUTHBIX T10-
KpbITHii. HaHeceHune 3alIMTHBIX TOKPBITUI TTO3BOJISIET
YBEJIUYUTh TBEPAOCTb, U3HOCO- U OKAJIMHOCTONKOCTb,
YIAYUYLIUTh KOPPO3UOHHBIE CBOMCTBA, a TakXXe MPUAATh
crienrduYecKre 3KCIUTyaTallMOHHbIE XapaKTePUCTUKU
pabouyuM TOBEPXHOCTSIM JeTajieil MallluH, MPUOOpPOB,
MPOU3BOJCTBEHHOTO 000PYAOBAaHUSI U UHCTPYMEHTA. DTO
obecrieuynBaeT MOBBIIIEHUE CPOKA CITY>KOBI U HaJIeXKHOCTh
COOTBETCTBYIOIIUX JIETAJIEH U Y37I0B, CHUXKEHUE TPYIOEM -
KOCTU M METaJUIOEMKOCTH MPOU3BOJICTBA, JA€T BO3MOX-
HOCTb 3aMEHUTH AOPOTHE U NeDULIUTHBIE MaTepUabl
OoJiee ACIIEBBIMU U OOCTYMHbIMU [1].

B HacTos11ee BpeMst HAKOTUIEHBI OOIIIMPHBIE 9KCITEPU-
MEHTaJIbHbIE JaHHBIE IO CBOMCTBAM MaTepuasoB ¢ aud-
(by3MOHHBIMU 3aTIUTHBIMUA TIOKPBITUSIMA, B YaCTHOCTU
Mo BAUSIHUIO TU(()Y3MOHHBIX MOKPHITUI HAa KPAaTKOBpE-
MEHHYIO CTaTUYECKYIO M YCTAJIOCTHYIO MTPOYHOCTD 3allly-
LIEHHBIX U3JIENNI Ha BO3IyXE U B Pa3IMYHBIX cpenax [2].

M3yuyeHa poib OCTaTOUHBIX HAMIPSIKEHUI, BOZHUKAIO-
mux B mporecce b dy3MOHHOTO HACBIIEHUS, U TIPE-
JIOXeHa uX kjaccudukanus. PaboTsl B 3TO 00aacTu

UMEIOT BaxkHOE 3HAUeHUe ISl paCKpbITUSI MEXaHU3Ma Jie-
dopMau 1 pa3pylieHUsI METAIOB C TIOKPBITUSIMU, JIJISI
CO3IaHUs TEOPUH IPOYHOCTH TAKMX MaTCPHUAJIOB.

AHaIM3MPys BBHIIIEU3IIOKEHHOE, MOXKHO CKa3aTh, YTO
YCIEUIHOE PEelIeHUE BCEro KOMILIEKCa CIOXKHBIX MPAKTH -
YECKUX 3aay BO3MOXKHO JIMIIb HA OCHOBE JTOCTATOYHO
00OCHOBAHHBIX TEOPETUUYECKUX MPEANOCHUIOK U MOUCKO-
BbIX MCCJIEIOBAaHUIA.

Lens paboThl — U3YUYNTh KUHETUKY (POPMUPOBAHUS U
MOP®dOIOTHIO MOKPHITUI Ha CEPOM M BBICOKOIIPOUYHOM
YyryHax, MoJy4YeHHBIX PU OJHOBPEMEHHOM HACBIIIIEHUU
BaHaJAMEM U XpOMOM, XpPOMOM U MapraHiieM, BaHaJaueM U
MapraHleMm.

O0opynoBanne, MATEPHAJIBI
H METOJIbI NPOBEIEHUsI IKCIIEPUMEHTOB

JlaHHbBIE 3JIEeMEHTHI SIBISIOTCS KapOMI000pa3yrolm-
MU, CJIeA0oBaTebHO, UX AU(PPY3usl B UyTYH COMPOBOXKIA-
€TCsl CO3JaHUEM TBEPIbIX M3HOCOCTOMKMX ciioeB. Oco-
O6eHHOCTH TUMPPY3UN 3TUX 3JIEMEHTOB B OTACIBHOCTH U
(azoBrIit cocTaB (HOPMUPYIOIIUXCS TTOKPHITHI TOCTATOU-
HO XOPOIIIO U3yYeHBI, a COBMeCTHas Tuddy3us 3TuxX 3J1e-
MEHTOB TIPY Pa3INYHOIN MX KOHIICHTPAILIMU B TTOPOIITKO-
BOI cpefie MpeaCcTaB/sIeT oNpeneJeHHbI nHTepec. B ka-
yecTBe Hocurtelieil aud@dy3aHTOB UCIOIb30BaINCh
deppocmnasel: peppoBaHannit Mmapku ®BaS0Y03, dep-
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NS [P 1o]

Nrsrmrtomewmissen

Puc. 1. YcranoBka ais tepmonud@y3oHHOro HACBIIEHUS:

1 — xamepa HarpeBa; 2 — MWIMHAPUYECKU Mydelnb; 3 — aJIeK-
TpOHAarpeBatelib; 4 — JaTIYUK TeMIIepaTyphl; 5 — MEXaHU3M TO-
BOpOTa; 6 — peropra; 7 — MepemaHssl KpblKa;, & — 3aaHss
KpbIlKa; 9 — riyxonoHHast ruib3a; 10 — Ban; 11 u 12 — KaTKu;
13 — uzonsitopel; 14 — npuBoa; 15 — naTyuKuU TeMIIepaTyphl;
16 — BuGparop; 17 — mnojoxeHue Mydess st 3arpy3Ku—BbI-
rpy3ku; 18 — yrpouHsieMble netanu; 19 — TIpOMEXyTOUYHbIe
BCTaBKU

pomapranenr; @MuSE8 u deppoxpom PX8E00. MHSPTHEIM
HAIMOJHUTEIEM CJIyXWIa OKMCh aJlOMUHMSI, aKTUBa-
TOPOM IIpolLiecca — XJTOPUCTBI aMMOHUMA.

B ciygae omHOBpeMEeHHOTO HACHIIIEHUS YyTYHOB Ba-
HaaueM ¥ XpOMOM, BaHAJAMEM U MapraHieM COAepXKaHue
(deppoBaHanys B mUXTe cocTaBistiao 60 % mac., a 10J4
BTOPOTO (heppocIiliaBa MOBbIIIANIACh B PeaKIMOHHOM
IIMXTE 3a CYET COKPAIIECHUsST JOJM WHEPTHOTO HAITOJIHM-
tesst. [1pyr omHOBpeMEHHOM HACHIIIICHUN XPOMOM U Map-
raHiieM Ha ypoBHe 60 % Mac. ObII0 3a(DMKCUPOBAHO CO-
JepxXaHue XpoMma, a J0JIsl MapraHia rnpubaisijach 3a
CYET COKpAIlleHUsI COACPKaHUSI OKMCU aTIOMUHUS.

Tepmonuddy3noHHOE HACHIIIEHHUE ITPOBOAMIOCH P
temrieparypax 1000...1050 °C B TeueHue 5 4 B yCTaHOBKE,
cxeMa KOTOpOIi IpeacTaBieHa Ha puc. 1.

JlaHHas1 yCTaHOBKA IPEACTaBIIsIET OO0 MOIEPHU3U-
poBaHHYI0 MydenbHyIo TTeub Thuita CYOJI, npegHa3Ha-
YeHHYIO 11 TepMoau(dy3noOHHOTO HACHIIIEHUS aeTa-
Jieii B BUIE TeJl BpallleHMSI.

YrpouHeHHbIe TAKUM 00pa3oM 00pasLibl I1oABepra-
JIUCh UCCJIEAOBAHUSIM CTPYKTYPbI, CTPOCHUSI U CBOMCTB
c(hopMUPOBAHHBIX ITOKPBITUIA.

PCSyJIbTaTbI IMPOBEACHHBIX HCCJIeI0BAHMI

OJHOBpEMEHHOE HAaCBIIIEHUE CePOTO M BBICOKO-
IMPOYHOTO YYyTYHOB XpOMOM M BaHaguWeM MPUBOIUT K
CO3MaHUI0 00Jiee TOHKMX MOKPHITUI B CPABHEHUM C YHC-

——CY420
—8—BY 60 |

CJIOA, MKM
hJ
S

Tosmmuna udpy3suoHHOTrO

il T .
0 10 20 30

Conep:xanne (hpeppoxpoma B mmxre, % Mac.
I PPOX] )

Puc. 2. Biusinne KoHneHTpanuu peppoxpomMa Ha Toamuny auddy-
3MOHHOTO C€JI0S NPHU (PUKCUPOBAHHOM colepxaHuu ¢eppoBanagus
(60 % mac.)

TBIM XPOMHMPOBAaHHWEM WJIM BaHaAUpPOBaAHMEM, 4YTO,
MO-BUAUMOMY, CBSI3aHO C KOHKYpUpOBaHUeM Auddy3u-
OHHBIX TTOTOKOB XpOoMa U BaHaAMSI IPU OJHOBPEMEHHOM
HaCBIIICHUH.

MuHuMa bHasl TOJIIIMHA OOpa3ylUIMXcs BaHa-
JIMEeBO-XPOMOBBIX CJIOE€B HaOJIIOAaeTCsS TIPU COACPKaHUU
B PeaKIIMOHHOI mopoIikoBoii cpeae 60 % deppoBaHaaus
u 6...10 % deppoxpoma (puc. 2), 4TO CBSI3aHO C MaKCH-
MaJIbHBIM BJIMSIHUEM APYT Ha apyra Aud@y3noHHBIX MO-
TOKOB XpoMa M BaHaaMsl.

MUKpOCTPYKTYPhl BaHaIMEBO-XPOMOBOTO MOKPBITHS
Ha BBICOKOIIPOYHOM M CEpOM UYTyHax, MOJydeHHbIE Ha-
chiieHueM U3 cpeasl 60 % deppoBananus u 3 % deppo-
XpoMa ¢ yKa3aHWeM TOJIOXEHUsI JIMHUU CKaHWPOBaHUS,
npencraBieHa Ha puc. 3 (cM. cTp. 2 00oxku). KoHleH-
TpallMOHHOE paclpeieseHue 3JIEMEHTOB MO TOJIIUHE
c(OpMHUPOBAHHOTO TOKPBITUS TIPEACTABICHO Ha puc. 4.
CornacHo JaHHBIM puc. 4, 8, ¢ B TIOKPBITUN COIEPXKUTCS
80 % mac. BaHaaus u 20 % Mac. yriaepoa, 4To COOTBETCT-
BYET cTexruoMeTpum Kapbouga BaHaaus VC. Y caMoii 1o-
BEPXHOCTU KOHUEHTpALIUSI BaHAAUsI (IUIs1 Ciiydasi Hachl-
IIEHUs] Ceporo uyryHa, cM. puc. 4, ) MOXeT He3Hauu-
TEJIbHO  TIOHMXAThCS  TPOIOPLMOHAIBHO  POCTY
KOHIICHTpaLMKU XeJie3a.

Taxkoe pacnpeneicHre 31eMEHTOB OOBSICHSICTCS TEM,
YTO ¢ TeUYeHHEM BpeMeHM IHM(GY3MOHHBII ITOTOK BaHa-
IWS B YYyTYH OcjlabeBaeT M3-3a BEIpaBHUBAHUS KOHIICH-
TPaLIMOHHOTO TpamreHTa 1 XKexe30 u3 dheppociiaBa Ha-
yuHaeT AU GYHINPOBATh BrIIy0b Ha HE3HAYUTEIHHYIO
IyonHy B c(hOPMHUPOBAaHHOE KapOMIHOE ITOKPBHITHE IO
JIECTBMEM COOCTBEHHOIO TpaarieHTa KOHIICHTPAIINH.

Hobasnenue peppoxpoma B konudectse 6...10 % B
cpeny, comepxaiiyto 60 % dbeppoBaHaaus, MPUBOIUT K
(opMHpPOBaHNI0O MWHMMAJIBHOM  TOJIIMHBI  BaHAIU-
€BOI'0-XpOMOBOTO MOKPBITUS. DTO CBSI3aHO ¢ MaKCUMaJlb-
HBIM BJIMAHUEM IPYT Ha Apyra (B3aMHbBIM ITOJABJIEHUEM)
b dy3MOHHBIX TTOTOKOB XpoMa M BaHaaus. B pesynbrare
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Conepikanie 351eMeHTOB, % Mac.

TAaKOTo B3aMMOAEHCTBUS KOHLUEHTpaus Aud@y3aHTOB Ha
TIOBEPXHOCTU He TipeBbiiaet 4 % (puc. 5).

VBenuueHue coaepxxaHusl hpeppoxpomMa B peaKlIMOH-
Hoii cpene 10 10...25 % npu GUKCUPOBAHHOM COAEPKA-
HuK deppoBaHaaus Ha ypoBHe 60 % mac. MPUBOIUT K
CO3IaHUIO ABYXCIOMHBIX MOKPBITUI (pHC. 6, cM. cTp. 3
00JioXKM). BHyTpeHHUIT clioii oboralieH XpoMoM, a
BHEIIHUIT — BaHagueM (puc. 7). Beaymum audpy3noH-
HBIM 3JIEMEHTOM sIBJisseTCsT XpoM. C TeueHUEeM BpeMeHU
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Puc. 5. Conepxanue 31eMEHTOB B MOKPHITHH NMPU HACHIIAIOIIEM
cocrase 60 % deppoBanaaua u 5 % deppoxpoma

Paccrosuue ot MOBCPXHOCTH, MKM

6)

Puc. 4. ConepxaHue 3j1eMEHTOB B BaHAJNEBO-XPOMOBOM MOKPBITHH
Yyryna:
a, 8 — ceporo; 6, ¢ — BBICOKOTIPOYHOTO

IN(@Y3MOHHBINM TTOTOK XpoMa ocjlabeBaeT M CO3IaloTCs
0JarompUsITHBEIC YCIIOBUS IJIS XeMOCOPOIINY BaHAIMS.
Bananuii, obnagast 60JbIIMM CPOJICTBOM K YIJIEPOIY,
BOCCTaHABIMBACT XpOM M3 KapOMITHOM CBSI3U, CIIOCOOCT-
Bys1 IU(MDDY3MOHHONI MOABUKHOCTU mocaeaHero. Cueno-
BaTeJIbHO, BHYTPEHHUI CJIOM MPEICTaBIsIeT COOOM BBICO-
KOXPOMUCTBIIA UyTyH (pUcC. 7, 6) ¢ HEKOTOPBIM COAepXKa-
HUEM B HEM BaHaJusl, a BHELIHUI IIpeacTaBisieT coboit
MOKPbITUE Ha 0a3ze KapOuaoB BaHaaus (puc. 7, a).
OnHOBpeMeHHOE HACHIIIEHUE CEPOTO U BHICOKOTIPOY-
HOTO YYT'YHOB XPOMOM 1 MapraHIiieM, TaK e KaK 1 B CIIy-
yae (OpMUPOBAHUS XPOMOBAaHAINUEBBIX OKPBITUIA, ITPH-
BOIMT K CO3JaHUIO 00Jiee TOHKUX CJIO€B OTHOCHUTEIHLHO
OTHOKOMITOHEHTHOTO HACHIIIEHNS XPOMOM U MapraH-
eM. MakcuMalibHOE BIMSIHUE IPYyr Ha apyra nuddysu-
OHHBIX ITOTOKOB XpOMa M MapTaHIla HaOII0OAeTCsT TP MX
KOHIICHTpALIMIX B PEAKIIMOHHOM IMOPOIIKOBOM Cpelie B
Buge deppocmiaBoB 60 u 5...10 % cOOTBETCTBEHHO
(puc. 8). Takoe KOHLIEHTPaLlMOHHOE COOTHOIIIEHKE CITpa-
BEIVIMBO IUISI CEPOTO U BHICOKOIIPOUYHEIX YYTYHOB. Pac-
MpeaesieHre 3JIEMEHTOB B IIOKPHITUY Ha BEICOKOITPOYHOM
YyIyHe TIPU Pa3INIHBIX COAePXKaHMIX peppoMapraHiia B
muxre, 5...20 % Mac., npeacrabiaeHo Ha puc. 9—11.
IIpu comepxxaHusAX peppoMapraHiia B peaKIIMOHHOM
cpene mMeHee 10 % muddysust Xxpoma B 4yryH MpOTEKaeT
aKTWBHEE MapraHIla, IIpUA yBeJIWUeHNU (peppomMapraHiia
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Puc. 8. ViaMeHeHHe TOJIIMHBI NOKPHITHS OT KOHIEHTPAIUK heppo-
MapraHna B mmxre (mpu coxepxkanuu eppoxpoma 60 % mac.)
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Puc. 10. Pacnpenenenne 31eMEHTOB B XPOMOMAPTaHIIEBOM MOKPbI-
Tiu (60 % cdeppoxpoma u 10 % deppomapranua)

KoHUeHTpauuu deppomaprania a0 10...20 % BbI3bIBaeT
npeobaananve nugQGy3MoOHHOrO MOTOKAa MapraHila Hal
XpOMOBBIM (cM. puc. 11).

OnHOBpeMEHHOE HACHIIIEHNE CEPOT0 U BEICOKOIIPOY-
HOTO YyTYHOB BaHaJAMeM U MapraHIieM, KaK 1 B IBYX IIpe-
IOBIIYIIUX CIIydasiX, MPUBOAUT K KOHKYPHUPOBAHUIO AUd-
(y3MOHHBIX TTOTOKOB BaHaAWsl U MapraHiia, B3aUMHOE
ToJaBJIeHNE KOTOPBIX HAOIIOmaeTCs TIPU KOHLIEHTPAIISIX
deppomapranma B muxte 3...5 % (puc. 12).

C uenbio 00bsICHEHHUS TTOBEACHUST KOHILIEHTPAIIMOH-
HBIX TpaukoB (cM. puc. 2, 8, 12) ObLIU ONpeaeaeHbl KO-
apdpuumenTts nuddysnu Cr, V, Mn B BEICOKOITPOIHEIN
YYryH MOJ BIAUSIHUEM TMOTOKOB ApYT Apyra. Tak Kak pe-
3yJIbTaThl U3MEHEHMUST TOJIIMHBI ITTOKPBITUI OT JOJN TIPH-
GaBisIeMoTo (peppocIuaBa IJisg Ceporo YyTyHa OJIM3KH IT0
3HAYCHUSAM K BBICOKOIIPOYHOMY, TO JOCTaTOYHO OIpe/c-
JUTh NG dY3MOHHbIE TTOKa3aTead BhICOKOIIPOYHOIO 4y-
TyHa, KOTOpbIe OyIyT He3HAYUTEIbHO OTJIMYATHCS OT Ce-
poro. Pe3ynbrarel pacyeToB Koo duireHToB AudGy3nn
Cr, V, Mn niog B3aMHBIM BIMSIHUEM TTOTOKOB MpPeICTaB-
JIEHbl B TabJauLe.
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Puc. 11. PacnpeneieHue 371eMEeHTOB B XpOMOMAPTaHIIEBbIX MOKPbI-
Tusax (60 % deppoxpoma u 20 % deppomapranma)

100

90 P
80 /
&
= 70
E_
= 60 -
& / /
£ 50
: .4
= 40
. //
£ 30
= {
S 20 :
i ——C4 20
~&—BY 60
0 |
0 5 10 15 20 25

CO}.[C KAHHC OMdplaHia % Mac.
p ppomapratiia,

Puc. 12. 3aBucumocrtb TOJIIUHbI BAHAIUEBO-MAPraHUEBbIX IO~
KpbITHIi 0T cofepkanus eppomapranua B mmxre (60 % depposa-
Ha/IHA)
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Koaddunuentsr nuddy3un noa B3auMHbIM BJIMSHUEM NOTOKOB

Koadbdumnuent nuddysuu V, Cr, Mn noa B3auMHbBIM BIUsIHUEM TU(DEOY3MOHHBIX IIOTOKOB
Konnyectso CocTaB HIMXThI
MpuOaBISIEMOro
peareHTa, % Mac. DBas50Y03+dX900 ®Br50Y03+dMHSS DX900+DMuSS
Dy ¢ Dey,v Dy mn Dyin, v Dei, vin Dy, cr
3 6,944-107" 11,1.107" H 2,78-107" 6,25-107" 7.107"
5 4,27.107" 5,56-107" 1,11.107™7 2,25.107" 1,225-107" 5,625-107"
10 9-107" 2,5-107"7 1,85-107" 410" 6,94-107" 9,26-107"
20 H H - 6,25-107" - 3,4107"
25 - 4,44.107" - H - H
[IpuMevaHue: H— MapaMeTp He onpeaesisuics; "—" — OJU30K K HYJIIO.

CorniacHO MOJYYeHHBIM pe3ybTaTaM XpoM, Colepka-
IIUIACS B peaKlIMOHHOM cpelie, OTpULIATEIbHO BIMSET Ha
nuddysnro BaHagus (yMEHBIIaeT ee). B cBoro odepenb
BaHaIUM, ABISSICH OOJiee CPOTHBIM K YIJIEpOAY 3JIeMEH-
TOM, BOCCTaHaBIMBAECT XPOM, HAXOIASIIMIACS B MOKPHI-
TUU, U3 YIJIEPOIHOM CBSI3U U CIIOCOOCTBYET €ro MpoaBU-
JKEHMIO BIIyOb. AHAJIOTUYHAsI TEHAEHILMS TpocMaTpuBa-
eTCs IJIs TIPOIIECCOB OTHOBPEMEHHOTO HACHIIICHUS
YYI'YHOB BaHAIMEM M MapraHIeM, XpOMOM M MapTaHIIEM.

BriBog

OmHOBPEMEHHOE HACHIIIEHNE CEPOro M BHICOKOIIPOY-
HOTO YYTYHOB ABYMSI KapOUI000pa3yroluMy 3JI€MEHTA -

MM TIPUBOINUT K KOHKYPUPOBAHUIO TU(PDY3MOHHBIX TTI0-
TOKOB, UTO BJICUCT 32 COOOI YMEHBIIICHIE TOIIITNHBI CO3-
JMAHHOTO TTOKPHITHSI. MUHUMAaJbHAST TOJNIIMHA ITOKPBITUIA
COOTBETCTBYET MAaKCHUMaJbHOMY BIUSHUIO AUPDY-
3MOHHBIX IOTOKOB ApPYr Ha Apyra.
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Biusinne aauTHPOBaHUS KOHCTPYKIMOHHBIX CTaJIei
B PACILIaBJIEHHOM AJIIOMHUHUHU HA CTPYKTYPY M CBOICTBA M3/€IWIA U3 HUX

IIpedcmaenennvr pezyasbmamol UCCACO08AHUS NPOUECCO8 NOO20MOBKU nosepxHocmu cmaneti 20, 25, 12X18H9, 5SXHB
noo arumuposatue. YcmanoeaeHvl Yca08us NPogeoeHUst JHCUOKOCMHO20 AAUMUPOBAHUsL C PASAUMHBIMU AAUMUPYIOUUMU
cMecaMU, 6AUAIOULUE HA CIMPYKIMYPY U CEOLICMEA AAUMUPOBAHHO0 CAOS U IKCHAYAMAYUOHHYIO CHOUKOCHb AAUMUPOBAH-

HbIX U30enu.

Karouesvie croea: arumuposanue, oug@y3uonnslii omaicue, H#apocmoikocms, MUKpomeepoocms, coAsHAs BAHHA.

Results of research of processes of preparation of a surface staly 20, 25, 12HISNY9, SHNV are presented under
alitizing. Conditions of carrying out liquid alitizing with the various alitiruyushchy mixes, influencing structure and
properties of an alitirovanny layer and operational firmness of alitirovanny products are established.

Keywords: alitizing, diffusive annealing, heat resistance, microhardness, salina.

BBenenne

Hcronp3oBaHMe KOHCTPYKIIMOHHBIX MaTepPHUAIOB IS
WU3IENUii, pabOTalIIMX B BBICOKOTEMIIEPATYPHBIX XUMU-

YECKM arpeCcCUBHBIX Cpelax, HallpuMep OCHACTKU JJIs
TIOABECKM JIeTajieil O raJlbBaHOIIOKPHITHUS, XUMDpe3e-
pOBaHUeE, IJisl BEICOKOTEMIIepaTypHOI TepMUYECKOI 00-
paboTKU B 3JIEKTpoIieyax, B pacijiaBax cojeit u T.1., CBsI-
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XUMHUYECKAA, XUMUKO-TEPMUYECKASAd U 3JEKTPOXHUMUYECKAS OBPABOTEKA

3aHO ¢ HEOOXOJMMOCTBIO YBEIUUEHMST UX DKCILIyaTa-
IIMOHHOM HAaJeXHOCTU U MPeJOTBpAIeHUsT aBapUHBIX
CUTYyallui.

Xumuko-mepmuueckas oopabomka (XTO) sBusercs
OMHMM U3 HamboJsiee 3(PPEKTUBHBIX U IIMPOKO MPUME-
HSIEMBIX B TIPOMBILIJICHHOCTH METOJO0B IOBBIIICHUST Ha-
JEXHOCTH W JIOJITOBEYHOCTH JIeTajleil MallluH, WHCTPY-
MEHTa U TexHosiormyeckoit ocHactku [1—3]. M3BecTHO,
YTO aJTUTUPOBAHNE MOBHIIIACT CPOK IKCILTyaTalluU JeTa-
JIei B 3aBUCMMOCTH OT T€MIEPATypPHBIX YCJIOBUI MX
CIyXObI, HampuMmep: M3 YIIEPOOUCTON CTaau IIpu
800...1000 °C B 1,5—2 pa3za; u3 ceporo uyryHa rpu 920 °C
B 2—2,5 pasa; u3 xapocToiikoii cranmu mapku X23H13
npu 1150...1200 °C B 6—8 pa3s, TuraHoBoro cruiaBa BT 14
mpu 950 °C B 6 pas.

Haubosee a¢ppekTUBHBIM U HAUMEHEE pecypco3aT-
pPaTHBIM TEXHOJOTUUECKUM IIPOIECCOM SBIISICTCS KU/~
KOCTHO# 0e3anekTpoan3Hblii mpouecc XTO [4]. Llenb
paboThl — MCCenOBaHUE BAUSHUS XXUAKOCTHOIO aIUTH -
pOBaHMS CTajieil Ha CTPYKTYPY U CBOMCTBA MTOJIyYeHHOTO
CJI0ST M 9KCIUTyaTallMOHHYIO CTOMKOCTh MIPU Harpese B
BO3IYLIHOW CPEAE U COJISTHOU BAaHHE.

MerToapbl NpoBeeHUs1 UCCIIeI0BAHMIA

ANUTUPOBaHUIO TToABepraan oopasiusl (puc. 1) U3 cra-
neit 20, 25, 12X18H9, 5SXHB. UccnenoBaHue MUKpO-
CTPYKTYPHI aIATUPOBAHHOTO CJIOST IIPOBOAMIINA Ha OITHU-
yeckoM Mukpockorie "HEO®OT 21", MUKPOTBEPIOCTD
U3MepsUIM Ha MUKpoTBepaomepe TTMT-3.

ANUTHUPOBaHUE TPOBOIMIIM B IJIABWIBHBIX U 2JIEKTPO-
WHOYKIIMOHHBIX TTeYax B Pa3INYHBIX aIMTUPYIOLIAX CO-
craBax: amomuHuu A00, critaBe AMS (AJ119) u cmecu
A00 + Ni. MccaenoBany pa3iuyHbie METOIbI ITOATOTOBKU
TMOBEPXHOCTH TIOJ aJIUTUPOBAHME: 00C3KMPUBAHNUE XU~
MHUYECKOE U JICKTPOXMMHUECKOE, OIECKOCTPpYUBaHUE,
XUMUYECKoe 00e3KMPUBaHUE C MOCIEAYIOIIMM OMECKO-
CTpyUBaHUEM, TpeaBapuTesibHOe okuciaeHue ot 200 no
900 °C.

AnUTHpOBaHUWE TIPOBOAMIM IIpA  TeIeparype
(790£10) °C c pa3nuuyHOI BbIIEPXKKOM. 3aTeM 00pasLibl
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Puc. 1. Dckussl 00pa3nos

3arpyxajiu B ajieKTporieub ¢ Temrnepatypoii 850 °C, BbI-
gepxuBany 30 MUH U OXJIaXKIaayd Ha BO3IyXe.

JAnddy3noHHBII OTKUT IMPOBOAWIN IO YEThIPEM pa3-
JIMYHBIM pexumaM npu temreparype 920 °C:

I — Beimepxka 4 u;

IT — BoImep:kka 8 u;

III — npenBaputenbHasi odMazka oOpas3lLoB [cocTaB:
50 % cepebpuctoro rpaduta, 20 % OrHeyrnopHO IJIMHBI,
30 % xBaplieBoro mnecka (K Macce Cyxux KOMIIOHEHTOB)],
OTKUT C BBIIEPXKKOI 2 4, oxj1axaeHue ¢ neuynio 1o 600 °C
U IOC/IeAyIolIee OXIaXKIeHUe Ha BO3AyXeE;

IV — mpenBaputenpbHast ooMa3ka oOpa3IoB IIaAMOTHOM
[JIMHOM, OTXKUT C BBIAEPXKKON 2 4, OXJaxKAeHUE C MeUblo
10 600 °C, majnee Ha BO3IYyXe.

PesyabraTsl uccienoBanuii u ux odcyxueHue

W3 naHHbIX Taba. 1 BUOIHO, YTO BUJ MOATOTOBKU TO-
BEPXHOCTH AeTajeil, a TaKKe UX XUMUUYECKUIA COCTaB OKa-
3BIBAIOT CYIIIECTBEHHOE 3HAUEHUWE Ha CIUIOIIHOCTH (Pop-
MUPOBaHUS IMMOKPHITUA. J1JIsI meTaieit n3 BEICOKOIIIIACTY-
HBIX cTajeil (HU3KOyIJIepoaucTas CcTalb 25 U
JIeTUpOBaHHas aycTeHUTHas cTaub 12X18H9) moaroros-
Ka MOBEPXHOCTU MO pexxumam 3—7 (cM. Tabia. 1) nmpuBo-
IUT K yaoBieTBopuTeabHOM, 100%-i1 CIIJIOIIHOCTH TTO-
KpBITUS, TIO pexxumam 1, 2 (cMm. Taba. 1) — K HEYJI0B-
netBoputebHOM (10...15 %) CIIOMIHOCTA TTOKPBITHS.

Jnst peraneit u3 BeicokonpoyHoit ctanu SXHB Bce
BUJIbI MOJATOTOBKM MOBEPXHOCTU MOJ IMOKPHITHE MPUBO-
IIT K ymnoBiaeTBopuTedabHOM, 100%-i cIutomrHoCTH
TTOKPHITHS.

3aKOHOMEPHOCTU (DOPMUPOBAHUST CIUIOLITHOCTH TI0-
KPBITUS B 3aBUCAMOCTH OT METOJA MOATOTOBKM IOBEPX-
HOCTH U MapKHu MaTepHayia TOKPbhIBAaeMbIX AeTaIeil MOX-
HO OOBSICHUTH CIASAYIOIIUMHU TOJOXKeHUIMU. B padote
[5] moka3aHo, yTO MexaHuuyecKast oOpaboTKa aeTaneit
(opMuUpyeT MOBEPXHOCTh C Pa3IUYHON CTEMEHbIO IIEPO-
XOBaTOCTH U JIeTpalaliii TTIOBEPXHOCTHOTO U TIOATIOBEPX-
HOCTHOTO CJIOEB, ITO-Pa3HOMY aacOpOMPYIOIINX BIIary 1
3arpsisHeHus. [IpryeM cymecTByeT KakK ITOBepXHOCTHAS,
TaKk U TpynHOyJajasiemasl KanuuisipHasi KOHIEeHcalus
BJIarM W 3arpsi3HEHUIT Ha MOBEepXHOCTHU AeTaneil. Uem

IUIaCTUYHEee MaTepuas, TeM BEepOsIT-
Hee opMUpOBaHUE AeTrpaaupoOBaH-
HOI MOBEPXHOCTU, CITOCOOHOM K Ka-
NMWUISIPHOI KOHAEHCALIMY BIaru U 3a-
50- rps3HeHuii. B Hamem ciyuae
KanuJIJSIpHO-KOHICHCUPOBaHHAS
BJIara M 3arpsI3HEHUS MPaKTUICCKU
YIAISIIOTCS TTOJTHOCTBIO C TTOBEPXHO-

10 CTU AeTajeli 110 peXnumMamM MmoaroToB-

KU ITOBEPXHOCTHU OTMIECKOCTPYUBAHUEM
U B OCOOEHHOCTU TIPOTPEBOM [IJIsI
craseit 25 u 12X18H9 (cM. pexumbl
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XUMHUYECKAA, XUMUKO-TEPMUYECKASAd U 3JEKTPOXHUMUYECKAS OBPABOTEKA

Tabauya 1 3—7, Taba. 1) u He ymansoTcsId — pexumsbl 1, 2 (cM.
BimsiHUe MOATOTOBKYM MOBEPXHOCTH CTAJM HA CILIONIHOCTD 1abn. 1). Insa cranm SXHB Bce BuABI MOATOTOBKU
AJIMTUPOBAHHOI0 NMOKPBITHA IIPUEMJICMEI.

BnusiHue npenBapuTebHOTO OKUCICHUST MOBEPXHO-

Nem/m| TMToaroroBka moBepXHOCTU Cranp §:£;$‘3Z?; CTU AeTajlell Ha CIUIOIIHOCTh IIOKPBLITHUA MO2KHO 0o0BbsiCc-

HUTb HE TOJILKO yIaJeHHWeM C MOBEPXHOCTU KamuJUIsIp-

25 15 HO-KOHJIEHCMPOBAHHON BJIaru M 3arpsi3HEHU, a Takxke

{ OGe3xKNpuBaHNe GEH3M- (3X18H9 0 aKTUBALMEN TTOBEPXHOCTHU B MPOLIECCE ATUTUPOBAHUS 32

HOM/alIETOHOM CYET BOCCTAHOBJICHUSI OKMCIIOB, KaK 3TO OBLIO ITOKA3aHO
5XHB 100 B paborax [5, 6].

)5 0 W3 maHHBIX Taba. 2 U pUC. 2 BUAHO, YTO HAWIYYIIM

AU TAPYIOIINM COCTaBOM, 00JIaIafOIINM CaMOil BEICOKOM
DIIEKTPOXUMUYECKOE 00€e3-

2 12X18H9 10 ToJMHOM cnos, saBasiercss A00 + Ni.
KUPUBAHUEC
SXHB 100 N3MeHeHre MUKPOTBEPAOCTH aJIUTUPOBAHHOTO CJIOS
B 3aBUCHMOCTHU OT aJIUTUPYIOIIETO COCTaBa peXXMMa OT-
25 JKWMTa ¥ BpeMEHU BBIIEPXKKU MOKa3aHo Ha puc. 3, 4. Hau-
JIYYIITAM aJTATHPYIOIIAM COCTaBOM JUISI CTAJIA 25 SBJISET-
3 |Oneckoctpymsanie 12X18H9 100 cs crutaB AMS (AJ119) (em. puc. 3). HaumydimmmMu pexxu-
5XHB MaMM OTKUTra SBJsitoTcs aas ctanu 25 — Il u 1V, a nng
12X18H9 — II u III. MukpocTpyKTypa aluTUPOBAHHOIO
XHMUUECKOE 06E3KHPHBa- 25 cios riociie nuddy3MoHHOTO OTXKUTA TTIOKa3aHa Ha puc. S.
4 |uue u mocnenyiomiee onecko- | 12X18H9 100 Hcxonsa u3 Broporo sakona auddysun Puka [3]
CTpynBaHue d, /d,=Dgrad C, rne d, — xonudectBo audbyHnupyro-
SXHB 1LIeTO 3JIeMeHTa B JItoOOt MOMEHT BpeMeHU, D — Koad-
25 ¢unment nuddysun, grad C — rpadueHT KOHIICHTPaLNU
3JIEMEHTa, CJIeIyeT, YTO JIJIsT 60JIee TTOJIHOTO O0eCTIeUeHUS
5 1200 °C — okucneHune 12X18H9 100

I dy3moHHOro ITpolecca HeoOXOAUMMO ITOABOAUTH
5XHB TG OYHAMPYIOMINI 3JIEMEHT K TTOBEPXHOCTH B COOTBET-
ctBuu ¢ n3MeHeHueM grad C. CinemoBaTesIbHO, YeM 0O0JIb-
e OyaeTr noaBoauTbed AMGM@PYHIUPYIOLIETO JIEMEHTA C
6 1500 °C — oxmcnenue 12X18H9 100 NoCJIeIyIoNeit €ro ancopouueit, TeM GOJIBIINI TPaTueHT
KOHIIEHTpAIlUU OYAET CO3MaBaThCsl, TeM MHTCHCUBHEE
OyIeT MITU TIPOLIeCC HACHIIIEHUS.

25

5XHB

25 Kaxk nmoxkazaHo B pabdore [4], B )KUAKOCTHBIX Oe33J1eK-
TPOJM3HBIX Tpolieccax X TO mMaccomepeHoC BEIIeCTBa U3
HAaCHIIIAIONIe cpeabl K 00padaThIBacMOM ACTAIM OCYIIIC-
5XHB CTBJIsIeTCS 3a cueT Auddy3nu ero cybMoOHOB B pacIluIaBe.
JBuKylei cuioil mpouecca SBJAsieTCsl pa3HOCTb aKTUB-

7 900 °C — okucieHue 12X18H9 100

Puc. 2. MukpocTpykTypa
AJMTUPOBAHHOIO CJIOSI 00-
pasuoB, x200:

B pacruiaBe A00: / — cTtaib
25; 2 — 5XHB. B pacmuiase
A00+Ni: 3 — cranb 25; 4 —
12X18H9; 5 — 5SXHB
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Tabauya 2
BimnsiHie aJMTHPYIOLIEr0 COCTABA HA MUKPOTBEPAOCTb H TOJINMHY AJUTHPYEMOTrO CJIOS /sl PA3JMYHBIX CTAJIei
TonmuHa cios, HVO0.1 TonmumHa cios, HVO0,1
Ll OCHOBA CIIOA A OCHOBa CIIOiA
Mapka craim
AJIMTUPYIOIINI COCTaB
A00 A00 + Ni
25 0,22 228 824 0,22 191 824
12X18H9 0,12 285 824 0,18 312 824
SXHB 0,06 440 824 0,22 498 824
HV 0,1 HOCTell CyOMOHOB B paclljlaBe M Ha Hachlllalolleil mo-
600 BEpXHOCTU. JucnponopLOHUpOBaHNE MOHOB HAa HAChI-
8 1IaeMoil MOBEPXHOCTU obecreuyrBaeT HeMpPepPbIBHOCTD
500 Ipolecca MaccorepeHoca, YTo ooecneyrnBaeT BbICOKUI
7 rnokasaTesib rpagleHTa KOHUEHTpalu Ha TMOBEPXHOCTU
neranu. Kpome Toro, B pacruiaBe AOO+Ni BeICTyITaeT B
400 N pOJIM XUMUYECKU aKTUBHOTO BOCCTaHOBUTENS [4], KOTO-
1 pbIii BBOAWTCS B paciijiaB HEOOJIbIIUMHU 103aMU TIPU TEM-
300 \ rnepaType He HMXe TeMIepaTypbl HACHILLIEHMUSI.
2\ MUKpOCTPYKTypa aTUTUPOBAHHOTO CJIOST (CM. puc. 2)
Ha ctansix 25 u SXHB npeacrasisier coboii HETpaBsIILyIO-
200 =< cs CBETJIyIO 30HY, a Ha ctamu 12X18H9 — Gonee TeMHyI0
30HY 10 CPAaBHEHUIO CO CTPYKTYPOH OCHOBHOIO METaJLIA.
100 7151 Bcex MccaemoOBaHHBIX CTajIeil rpaHUIIa pasaena muc-
0,02 0,04 0,06 0,08 0,10

ToniuHa crios, MM

Puc. 3. I3MeHeHHe MHUKPOTBEPAOCTH AJTUTHPOBAHHOIO CJIOSI MO
TOJIIIMHE HA 00pa3nax u3 crajeii 25 u 12X18H9 B 3aBucuMocTH OT
AJIMTHPYIOIIETO COCTABA U BPEMEHH BbIIEPKKH B HEM MOCJIE OTKHUIA
no pexumy II:

A00 — 5 mun (1); 90 muH (7) — 12X18H9; A00 — 30 mun (2);
90 muH (6) — cranb 25; AMS (AJ119) — 60 muH (8)

(by3MOHHOTO CJI0S1 C OCHOBHBIM METAJIJIOM YETKO BbIpaxe-
Ha, noa 1ud@y3MOHHBIM CJI0eM HabJoaaeTcss odoraiieH-
Has YIJepoaoM MepexoaHas 30Ha, TakK KakK yIJiepos B Ipo-
1IeCCe HACBIIIEHMSI OTTECHSsIeTCd B MyOb MeTayuia. [locne
oTXura (CM. puc. 5) BUA MUKPOCTPYKTYPbI Tu(pDy3noHHO-
TO CJIOSI M TPaHUIIBI pa3desia IMPaKTUIECKN COXPaHSIOTCS,
rcye3aeT odoralieHHas YriaepoaoM MepexoaHasi 30Ha.

HV 0,1
HV 0,1 HV 0,1 700
500 600
L
600
‘! 500 1
10
400 'X 11 \ 16
500
*
400 L
300 3 N\ 13 \
) % 300 J 400
4 < \ o
200 N \1 2 \ 14
200 - 300 \
100 100 200
0,02 0,04 0,06 0,08 0,10 0,02 0,04 0,06 008 0,10 0,02 0,04 0,06 0,08 0,10
Tosmunaa cost, MM TomunuHa ciost, MM Tomuuna cnos, MM
a) 6) 8)

Puc. 4. VI3meHeHue MUKPOTBEPAOCTH MO TONIIMHE ATUTHPOBAHHOTO CJIOSI B 3AaBUCUMOCTH OT AJTUTHPYIOLIETO COCTABA M PEKUMOB OTXKHIa:
a — ctanb 25 — anutupoBaHue B A00, orxur no pexumam: IV (3); 111 (4); 1 (5); 6 — ctanb 25 — anutupoBaHue B A00+Ni, oTxur no
pexumam 1 (9); 11 (10); IV (11); 11T (12); ¢ — 12X18H9 — anutupoanue B AO0+Ni, orskxur mo pexxumam I (14), 11 (15), 1T (16)

28
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Puc. 5. MukpoctpykTypa (x200) aITMTHPOBAHHOIO B PA3JIMYHBIX CPeiaX CJI0S CTAJIBHBIX 00Pa3oB nocje Tu¢)(y3nOHHOTO OTKHUTA MO PEXKHU-

MaM:

1 — crainb 25: 90 mun, A00 orxur o pexumy II; 2 — cranb 25: 60 mun, AMS5, omxur mo pexumy 1I; 3 — cranb 25: 90 mun, A00+Ni,
orxur o pexumy [V; 4 — 12X18H9: 90 mun, A00 otxxur no pexxumy 1I; 5 — 12X18H9: 90 mun, A00+Ni, orxur mo pexumy 11

CpaBHUTEIbHAST OLIEHKA XKapOCTOMKOCTH aluTUPO-
BaHHBIX U HEATMTUPOBAHHBIX 00PA3II0B OCYIIECTBRIISIIACH
110 U3MEHEHUIO TOJIIIMHBI 00€3yTJIePOXKEHHOTO CJIOST, U3-
MEHEHUIO MUKPOTBEPIOCTU U MUKPOCTPYKTYPHI MOCIE
HarpeBa B BO3IYIIHOM cpefe mpu TemiiepaTtype 900 °C
196 4 (taba. 3, puc. 6, 7).

W3 060011eHMs JaHHBIX puc. 6, 7 1 TabGja1. 3 MOXHO
C/IeJIaTh BBIBO/, YTO BCE aJTUTUPOBAHHbIE 00pa3Ilbl MOKa-

3aJTi BBICOKYIO )KapOCTOMKOCTh B IIPOBEACHHBIX YCTOBUSIX
WCTIBITAHUS B BO3MYIIHOM cpeme. ATUTUPYIOIIAsi CMeCh
pacriaBa AMS (AJI19) okazanach Hauydleit, obecrie-
YMBalOIIel BRICOKYIO XXapOCTOMKOCTD IJIsI cTajeil 25 u
5XHB no BenuuuHe nuddy3uonHoro ciuos. s cranu
12X18H9 Bce cMecn ommHakoBO 3¢ deKTUBHBL. [Ipu
CpaBHEHUU CJIOEB Y pa3JWYHBIX CTajiell 10 TBEPIO-
cti, MakcuManbHast — y 12X18H9, a muHuManbHas —

Tabauua 3
M3meHeHue KapocTOKOCTH 00pa3LoB B 3aBUCMMOCTH OT AJUTHPYIOLIET0 COCTABA, BPeMEHH! BbIIEPKKH B HEM
¥ TOJIIMHBI 00€3yI/IEPOKEHHOrO CJIos
TosmHa aTMTUPOBAHHOTO/00€3YIJIEPOKEHHOTO CJI0sI, MM
AJUTUPYIONINI COCTAaB
CocrosiHUEe CTalln A00 AMS (AJ119) A00+Ni
TPY BPEMEHU BbIIEPKKU, MIUH
30 60 60 90
A 0,21/— 0,22/— 0,17/— 0,18/—
H —/1,26 —/1,26 —/1,26 —/1,26
Cranp 12X18H9
— — 0,06/— 0,07/—
H _ _ _ —
Cranb SXHB
A 0,18/— 0,21/— 0,09/— 0,18/—
H —/0,72 —/0,72 —/0,72 —/0,72
IIpumMevanue. A— amuTupoBaHHas cTalb; H — HeamuTUpOBaHHAS CTATb.
Yupounsiionue TexHoorud u mokpbiTus. 2013. Ne 11 29



XUMHUYECKAA, XUMUKO-TEPMUYECKASAd U 3JEKTPOXHUMUYECKAS OBPABOTEKA

HV 0,1 HV 0,1
600

HV 0,1

700

'\I 500 "\5

800 J

7

600

7
500

N
400 '\n\

700 g ]
A\
600

300 \

—A,
/
|
i

400 /

b-_..\‘.{

/ I/' d o 200

N

‘\“\ 400

ol N
A'Y

300

6

5T

A— 100

™

200

0,02 004 006 0,08

100 | ‘
002 004 006 0,08 0,10 0,12

a)

0,14 0,16 0,18 MM

0,10

6)

3
&I&_,i\‘
> —— 300 [ \L RN
B iy e
012 014 016 018mMm T e
200
002 004 006 008 010 012 014 016 0l8mm
6)

Puc. 6. 3amenenue MHUKPOTBEPAOCTH ATUTUPOBAHHOTIO CJI0A IO rnyﬁn}le B 3aBUCUMOCTH OT BUJA anuTnpy]omeﬁ CMECH M BDEMECHH BbIICP2KKHU B

Heii 00pa3noB:

a — 5XHB: I — aquruposanue 5 mud B A00; 2 — 30 mun B A00; 4 — 90 mun B AO0O+Ni; 5 — 60 mun B AMS (AJ119); 6 — cranb 25: 2 —
ammtupoBanue B A00 — 30 mun; 5 — B AMS (AJ119) — 90 muH; 6 — B AOO+Ni — 90 mun; 6 — 12X18H9: 1 — anmutupoBanue B A00 —
5 muH; 6, 7 — amutupoBanue B AO0+Ni — 60, 90 MUH COOTBETCTBEHHO

Oéesyon. 426w

v FRE B AN =
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Puc. 7. Mukpoctpykrypa (x200) aTHTHPOBAHHOTO U 00€3YIJIEPOKEHHOr0 CJO0EB MOC/e UCTIBITAHHS KAPOCTONKOCTH:
1 — cranp 25...30 muH B A00; 2 — cranb 25 HeanutupoBaHHas; 3 — SXHB — 5 mun B A00; 4 — SXHB HeanuTupoBaHHast; 5 —

12X18H9 — 90 mun B AOO+Ni

y 5XHB. Takoe paznuuue B TBEpAOCTU aJTUTUPOBAHHOIO
CJI0ST OOBSICHSICTCST B3aMOICHCTBIEM JICTUPYIOIINX 3JIe-
MEHTOB C aJlloMUHUEM B nuddy3uoHHOM cioe. Heobxo-
IMO OTMETHUTD UTO Y CTaJIM 25, aTUTUPOBAHHOM B CILJIaBe
AMS5 (AJ119), MUKpPOTBEepIOCTb COCTaBsIeT OoJjee
5000 MIla, yTo O0OBSICHSIETCSI, MO-BUAUMOMY, HATMYHUEM
BBICOKOT'O CO/Iep>KaHUsI MapraHiia B cruiae AMS (AJI19).

MuxkpocTtpykTypa aud¢Gy3MOHHOTO CJIOSI U TPaHULbI
pazaena (cM. puc. 7) MpakKTUYECKU COXPAHWINCH Y BCEX
ob6pasuos. [lepexogHas 30Ha pe3ko nusMmeHunachb B SXHB
¥ MUKPOTBEPIOCTb NMMDGDY3MOHHOM 30HBI YMEHBIINIACh
10 MUKPOTBEPIOCTH OCHOBHOTO MeTajia (cM. puc. 7 (5),
6, a).

Y cramm 12X18H9 HecKoNBbKO YBETUUWINCH TIyOMHA
mhGy3MOHHOTO CIIOS U MUKPOTBEPAOCTH (CM. puc. 7 (5),
6, ). I'nybuHa 06e3yraepoXeHHOIO Caos cranei 25,
5XHB — 1,26; 0,72 MM COOTBETCTBEHHO (CM. puc. 7).

HcnpiTaHne KapoCTOMKOCTU aTUTUPOBAHHBIX U HE-
aJIUTUPOBAHHBIX 00pa3loB B coyisiHbiX BaHHax KCl u
BaCl, npoBoaunu npu temieparypax 900 u 1260 °C. O6-
paslbl BbIAEPXKUBAIM OMpPeneIeHHOEe BpeMs IIpU yKa3aH-
HBIX TeMIIepaTypax ¥ IMOCJIe BEIIEPKKI UX TTEPUOINICCKI
B3BelMBaau ¢ TouHocThio 10 0,0001 r. CpaBHeHUE TIpO-
M3BOIMJIN I10 IIPUMBECY Ha €AMHMUILLY TuTolanu (tadi. 4—6,
puc. 8).

W3 nanHbix Taba. 4—6 u puc. 8 BUAHO, YTO HAMIYY-
1€l 3KapOCTOMKOCTBIO B pacIlIaBJAECHHOM COIu 00J1aJaioT
obpasubpl u3 12X18H9, anuTupoBaHHBIE B CMecCHU
A00 + Ni nmocne orkura no pexxumy IV, a cranu 25 — 1o
pexumy II.

Bun MukpocTpykTyphl 1udby3MOHHOTO CI0sI U rpa-
HUIIBI pa3aeia MPaKTHIeCKN COXpaHMICs (CM. puc. 8), HO
B 12X18H9 B nuddy3noHHOM ciioe MPOSBUINCH 3epHA
WTOJIBYATOTO CTPOESHUSI.

30
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Tabauya 4
KuHeTnka M3MeHeHHs1 Beca HA eIMHMILY IUIOMIATM Y AJMTHUPOBAHHBIX 00pa3uoB npu Temnepatype 900 °C
C pa3jMyHoi BbIIEPKKOW B cojisiHoii BanHe KCl
[Tpusec Ha 1 CMZ, r
CpaBHUTEIbHAS
CocrosiHue cTaau BpeMms BbIep kKM 00pa3ios, 4 .
CTOMKOCTb, pa3
2 3 4 5 15,5
Crainb 25
A —0,015 —0,019 —0,025 —0,0305 —0,0951 1,3
H —0,021 —0,023 —0,0297 —0,0416 —0,1203
12X18H9
A —0,0067 —0,0062 —0,0048 —0,0069 —0,0507 1,9
H —0,0078 —0,0085 —0,0068 —0,0088 —0,0947
[IpumMevyaHue. A— aluTUpoBaHHas CTalb, H — HeauTupoBaHHas CTalb.

Tabauya 5

W3MeHenns npuBeca HA €IMHMIYY IUIOINAAM 00pa3noB cTaam 25 mocie oTxura 920 °C
B 3aBHCHMOCTH OT AJHTHPYIOIIETr0 COCTABA M BPEMEHH BbIIEPKKH

[TpuBec Ha 1 CM2, T
Aﬂm(;?c’ i:;mnﬁ Cpena aTuTUPOBAHUS R ;i:ierKH’ Bpewms Beinepxkku o6pasiios ipu 900 °C B consHoit BanHe KCI, u
1 3 5
A00 CepebpucThlii rpacdut 30 —0,0008 —0,0024 —0,0255
LlamoTHas rHa 90 —0,00103 —0,00415 —0,0140
AMS (AJ119) CepebpucThIii rpaduK 60 —0,0044 —0,0161 —0,0064
90 —0,0009 —0,0032 —0,0170
A00 + Ni — 90 — —0,0027 —0,0170
—0,0004 —0,0020 —0,0127
CepebpucTbrii rpaduT —0,0022 —0,0055 —
IlIamoTHAas IMHAa —0,0072 —0,0061 —0,0066
Tabauua 6

V3MeHeHMe npHBeca HA €IMHMILY IJIOMIAAM 00PA3NOB U3 PA3IMYHBIX cTanei mocie orxura 920 °C
B 3aBHCHMOCTH OT BHJA AJMTHPYIOLIEr0 COCTABA M CPeIbl AJHTHPOBAHMUS

Ipusec Ha | cM’, T
AT O Cpore fmmnr- L Bpewmst Boinepkku o6pasios mpu 1260 °C B consiHoit BaHHe BaCly, T
coCTaB pOBaHUS BBIIEPKKM, MUH
1,5 1,5 1,5 1,5 CTOWKOCTb, pa3
Cranb 25
A00 + Ni — 90 —0,00148 —0,043 —0,053 —0,194 1,1
CepebOpucThlii —0,0125 —0,0160 —0,0308 —0,0962 2,2
rpaut
HeanutupoBaHHast — — —0,0181 —0,0538 —0,0643 —0,215 2,2
12X18H9
A00 + Ni — 90 —0,0075 —0,0127 —0,0181 —0,0298 1,6
CepeOpucThlii —0,0042 —0,019 —0,0288 —0,0383 1,2
rpacuT
— —0,0075 —0,0073 —0,0145 —0,0211 2,1
HeanutupoBaHHast — — —0,0094 —0,0087 —0,0103 —0,0473 2,1
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Puc. 8. Mukpoctpykrypsi (x200) aIHTHPOBAHHOIO U 00€3yIJIepO-
JKEHHOTO CJIOeB MOCJie MCIBITAHUA HA KAPOCTOMKOCTh B COJISAHBIX
BaHHAX:

I — cranb 25 B A00+Ni 90 muH + oTxur mo pexxumy 11, 20 4
mpu 1260 °C; 2 — cranp 12X18H9 B A00+Ni 90 MuH + oTXUT

o pexumy 1V 20 4 ipu 1260 °C

JI71s1 TEXHOJIOTUYECKOTO OMpOoOOBaHUS MCIOIb30BaIN
onvH KOMIUTeKT 13 CT3 1JIs1 MOABECKU NETalIM MOJ Tep-
MO00OpaboTKy B IIaXTHOM arperate. Kpiok nepen anutu-
poBaHWEM TIOABEPTJN TIIATEJIHLHOMY OIECKOCTPYHBA-
HU0. AnntupoBand B amomuaun AOO TIpu TeMIiepartype
800 °C 2 4, oxnaxnagalu Ha Bo3ayxe. Bmecte ¢ KprokoMm
AJTUTUPOBAIM KOHTPOJIbHBIE 00pa3iibl. AJIMTUPOBAHHBIN
KPIOK 3KCITTyaTUPOBAJICSI CEMb MECSIIEB, B TO BpeMsI Kak
HEAIMTUPOBAHHBIC KPIOKU 3aMEHSIICH KaxKIbIe TIOJITOpa
Mecsiua. TeMIepaTypa 9KCIUlyaTallMi KPIOKOB COCTaBJIsI-
et (900%£10) °C. BHemHuli Bua obpasnoB u3 craau 20,

Puc. 9. O6pa3upi u3 ctamm 20, UCTIBITHIBAEMBIE B IIEXOBBIX YCJIOBH-
sIX B mWaxTHOM arperare 15 cyr npu 900 °C:

a — obOpaszeu anutupoBaHHbIi B cruiaBe A00 nmpu 800 °C,
2 4; 6 — HeaTUTUPOBAHHBII

HarpeBaeMbIX HEMPEPLIBHO B TEUEHKE 15 CYTOK IpU TEM-
nepatype 900 °C, mpencraBiieH Ha puc. 9.

BoiBoapl

1. YcraHoBIeHBI 3aKOHOMEPHOCTH BIIUSTHUSI METOIOB
IMOATOTOBKY TTOBEPXHOCTH ACTalei IOI KXKUIKOCTHOE
aJTUTAPOBAHNE, BUIA aTUTHUPYIOIIETO COCTaBa, PEeKMMOB
OTXMIa Ha TOJILMHY M CBOMCTBA aJUTUPYEMOTO CIIOS Y
craneit 25, 12X18H9, 5XHB.

2. [lokazaHo, 4TO HaMIydlllee ATUTUPOBAHUE TTOBEPX-
HOCTHU MPOUCXOIUT IIPU 00pabOTKe MOBEPXHOCTU CILIA-
BoB AMS5 (AJ119). Amomunuii AOO u cmecb AOO+Ni sB-
JISIIOTCST Mao3(P(MEKTUBHBIMU U JOPOTOCTOSIIMMU; Hau-
Jy9muM AU(PEOY3UOHHBIM OTXKUTOM SIBJISICTCST OTKUT C
obMma3koii coctaBa 50 % cepebpucroro rpaduTta, 20 % or-
HeynopHou riuHbl, 30 % KBapleBoro rnecka (K Becy Cy-
XMX KOMITOHEHTOB) M0 pexxumy: oTxur 920 °C — 2 4, ox-
naxnaeHue ¢ neubto 10 600 °C, nanee Ha Bo3myxe (111 pe-
KUM); XXKapOCTOMKOCTh aIUTUPOBAHHBIX 00pa3oB M3
cranu 20 u cranu 12X18H9 B 2—2,5 pasa BwIIIe 10
CPaBHEHUIO C HEaJUTUPOBAHHBIM IIpU HarpeBe B
COJISIHBIX BaHHaXx.

3. TexHoaoruyeckoe onpobOBaHUE IOKA3aJl0 BO3-
MOXHOCTb YCIEIIHOIO MPUMEHEHUsI XKUIKOCTHOTO ajlu-
TUPOBAHUS IS OCHACTKM B TEPMHUYECKOM IIEXE.
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Bimsinue pe;xuMa HanbLIEHUS HA CTPYKTYPY M CBOMCTBA
MHOTOCJIOMHBIX HUTPUIHBIX MOKPbITHIA "

[Iposedeno uccaedosanue 6aUsHUS MEXHON0UYECKO20 PENCUMA HANbLAeHUS MH020CA0UH020 nokpuimus AIN/CrN na
€20 U3HOCOCMOUKOCMY U ckopocmb pocma. Onpedenersl payUoHANbHbLe NAPAMempPbl MEeXHOA0UECK020 PeXCUMA, 0OHO-
6peMerHO obecheuugaroujie 8biCoKue 3HaveHus OaHHbIX xapakmepucmuk. T1oKkazano éausHue KOHUEHMpayuy peaKmus-
H020 2a3a Ha cmMpyKmypy OaHHO20 NOKPbIMUS.

Karouesnie caosa: mHo2oc0liHble NOKPbIMUS, UBHOCOCMOUKOCMb, CKOPOCHb pocmd.

The study of the impact of technological modes deposition multilayer coating AIN/CrN on wear and speed of growth
had been performed. The rational process conditions, while ensuring high data value characteristics have been defined. The
effect of the concentration of reactive gas on the structure of the coating has been showed.

Keywords: multilayer coating, wear, speed of growth.

Brenenue CI BO3JCHCTBMIO BBICOKHMX TeMIIepaTyp, IOpsIKa

500...800 °C. JaHHOe 00OCTOSTENHLCTBO NMIPUBOAUT K B3a-

B nocnenHee Bpems ocoboe BHUMaHME yaesieTcs
MHOTOCJIOMHBIM TTOKPBITUSIM (TOJIIIMHA OJHOTO CJIOS T0-
psnka 5...20 HM) ¢ mepuoaUYeCcKOil HAaHOKOMITO3UTHOM
CTPYKTypoil. BenuunHa nepuoaa ciaoeB U ha3oBbIil CO-
CTaB TaKWUX MOKPBITUI OKa3bIBAIOT CUJIbHOE BIUSHUE Ha
HUX DKCIUIyaTallMOHHBIE CBOMCTBA U ONPEAEIISIOT MPOsIB-
JIeHNE HaHOCTPYKTYPHBIX 3((PEKTOB, 3aKITIOUYAIOIINXCS B
TMOBBIIIICHUN TBEPAOCTU M CHMXXEHUU Ko3dhduInmeHTa
TPEHUS.

Panee aBTOpamu ObLIM MPOBEJEHBI UCCIEI0BaAHUS,
HanpaBJeHHbIe Ha M3yYeHUE (PU3NKO-MEXaHUUYECKUX U
TPUOOJOTUYECKUX CBOWCTB MHOTOCTOWHBIX TOKPBITUIA
TiN/CrN, AIN/TiN u AIN/CrN. B pa6otax [1, 2] moka-
3aHO, YTO JaHHBIM MOKPBITUSIM COOTBETCTBYET BbICOKMIA
YPOBEHb YKa3aHHBIX CBOMCTB, IO3BOJISIOLINMI UCIOJIb30-
BaThb HUX UISI YINPOYHEHUsS pabouyux IOBEpXHOCTEH
PEXYLIETO U MPECCOBOr0 MHCTPYMEHTA.

OIHUM U3 BaXHBIX TPEOOBAHU, MPEIbIBISEMBIX K
MOKPBITUSAM, TIPUMEHSIEMbIM 151 YIIPOUHEHUS pabounx
MOBEPXHOCTEM UHCTPYMEHTA, SIBJISIETCS 00ECTIeYeHNE Bbl-
COKOI u3HococToiikocTh. OmHAaKO B Mpoliecce SKCILTya-
TalMu paboyre MOBEPXHOCTU MHCTPYMEHTA MOABepraoT-

* PaGora BBIMOJHEHA TPU YACTUYHOW (DUHAHCOBOM IOIICPKKE
POOU (rpant Ne 12-08-97556-p_uentp_a, 12-08-31140-mo1_a).

UMHOU muddy3un U OKHUCICHHUIO CJI0eB MHOTOCIOWHOTO
MOKPBITUS M, KaK CJIEACTBUE, YXYAIICHUIO CBOWCTB U
CHIKEHUIO 3(P(PEKTUBHOCTU €r0 MPUMEHEHMUSI.

B pa6orax [3—5] nmpoBeaeHO U3ydyeHUe BIUSHUST TEM-
nepaTypbl 3KCIUTyaTallud Ha TBEPAOCTbh U (a30BbIi CO-
ctaB MokpbITUst AIN/CrN. DKcrniepruMeHTalIbHO MoKa3a-
HO, 4TO JJaHHOE TOKPBITHE CITOCOOHO COXPAHSTH MCXOM-
HBbIe cBoIicTBa Ipu TemriepaTtype ~900°C.

B T0 ke BpeMst ocTaeTcst OTKPBIThIM BOIIPOC 00 oIpe-
JeJICHUW pallMOHAJIbHOTIO TEXHOJOTUUYECKOTO pexkuma
HanbUIeHUsT MHOTOCI0HOTrO MoKpbiTus AIN/CrN, obec-
TEYUBAIOIIET0 €r0 BHICOKUE XapaKTePUCTUKU.

K ocHOBHBIM mapamMeTpaM TE€XHOJOTMYECKOTO PeXU-
Ma Tpoliecca MarHeTpOHHO-MOHHOTO PEaKTUBHOTO pac-
MBUICHUST OTHOCST: JIaBJIEHUE ra3a B KaMepe Mpu MpoBe-
JIEHUU TeXHOJIOTMYecKux orepaunii p, [1a; Tok paspsina
Ha MepBOM U BTOPOM MarHeTpoHax /I, u I,, A, cooTBeT-
CTBEHHO; HamnpskeHue cmewmenns U, B; yctaHoBUB-
IIyIoCS KOHILIEHTPAIINIO PeaKTUBHOTO Ta3a B paboueil Ka-
mepe Cg, %; pacCTOsSTHUE MEXIYy MarHeTPOHOM U ITOMI-
JIOXKKOW n, MM; BpeMs (IIPOAOJKUTEIbHOCTb) MPOBE-
JIeHUs] HaIbUICHUS f, MUH.

M3 nepeuyrcieHHBIX MTapaMeTPOB TEXHOJIOTMYECKOTO
pexxrMa HauboJIblllee BIMSHUE Ha CKOPOCTh pocTa V U
AKCITTyaTallMOHHBIE CBOMCTBA TTOKPBITUI OKa3bIBaloT Cy
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u 1,. OnpeneneHue pauMOHaJIbHBIX COOTHOIICHUI AaH-
HBIX BEJIMYMH, OJHOBPEMEHHO 00ECTIeUMBAIOIINX BBICO-
K1e M3HOCOCTOMKOCTh M CKOPOCTh POCTA MOKPBITHS, a
TaKXKe TOJIydYeHUE OLEHOK MX BIUSHUS Ha (Da30BBIi CO-
CTaB MOKPBLITUI SIBISIIOTCS aKTyanabHOI 3amaueii. Pere-
HUE 3TOW 3aayd MO3BOJUT MOBBICUTH 3(PHEKTUBHOCTH
HaITbJICHWST M TIPOBOJIMTH CUHTE3 MOKPBITUI C 3a1aH-
HBIMM XapaKTepUCTUKAMU.

Ucxonss u3 aTO0TO 11€7b PabOTHI — YCTAaHOBJICHUE
B3aMMOCBSI3M KOHILIEHTPAIUM PEaKTUBHOTO ra3a u TOKOB
paspsiia Ha MarHeTpoHax ¢ U3HOCOCTONKOCThIO, CKOPO-
CThIO pocTa W (Ha30BBIM COCTABOM MHOTOCIOWHOTO
mokpbiTust AIN/CrN.

Onucanne 000pyI0BaHHSI H METO/IbI NIPOBEICHHUS
HCCJIeAOBAHUI

CuHTe3 pa3nuuIHbIX BapuaHTOB MOKpbITHst AIN/CrN
BBITIOJTHEH METOJIOM MarHETPOHHO-MOHHOTO PEaKTUBHO-
ro pacnbuieHus Ha ycraHoBke "UNICOAT 600 SL+".

[Ipu HambLIEHUU MOKPBITUI UCIIOJb30BaIN ABa Ija-
HapHBIX MPSIMOYTOJbHBIX MarHETPOHA Ha MOCTOSTHHBIX
marHutax ¢ muiieHsmu u3 Cr (9PX-1) u Al (An7) Ha
MepBOM U BTOPOM MarHeTpoOHax COOTBETCTBEHHO. B ka-
YeCcTBe peaKTHBHOTO Ta3a MCIIojb30oBanu a3oT (N,). Jdma
MOJIyYEHUSI MHOTOCJIOMHOM CTPYKTYPbl MAarHETPOHBI pac-
rnoJiarajrch B LIEHTpe paboueil KaMephbl CIIMHA K CIIMHE
TaK, 4YTOObI MOTOKM MOHOB MeTa/ljla MUILIEHEe ObLIM Ha-
MpaBieHbl B MPOTUBOMOJOXHYIO APYT OT Apyra CTOPOHY.
Bokpyr MarHeTpoHOB Ha CIelMajbHO OCHACTKE Bpalla-
JINCH TIOMIOKKHU, YTO TTO3BOJIMIIO ITOJIyIaTh MHOTOCIIOM -
HYIO CTPYKTYypY TOKpBITHS. B KadyecTBe MmOmMIOXKEK
HCITOIb30BAIM AUCKU 1MaMeTpoM 20 MM, U3TOTOBJICHHbIE
u3 crtanu X12M.

[ToaroToBKy MOBEPXHOCTU MOAIOXKEK, HATbIJIEHUE
aITe3MOHHBIX CJIOEB MOKPBITUS TPOBOIWIA B COOTBETCT-
BUM C METOJMKAMMU, ONKUCAHHBIMU B padote [1].

MccnepoBaHue M3HOCOCTOMKOCTU TOKPHITUI MPOBO-
JIWJTY TI0 METOJY 1IapOBOTO UCTUPAHUS C T0OABIEHUEM B

Ypos}m U UHTEPBAJIbl BAPDbUPOBAHUA

30HY KOHTaKTa abpa3uBHOU cycneH3uu. BenuuuHa vac-
TUILL qucnepcHoi ¢da3bl He mpesbimana 1 mMxm. IlyTh
TpeHUs BO Bcex dKcrepuMeHTax coctasui 4,7 m. [Tocne
OCTaHOBKM UCIIBITAHUM C TIOMOLBIO METOA ONITUYECKON
MUKPOCKOTUHU MPOBOAWIN U3MEPEHUST AMaMETpa JTYHKU
M3HOCa, 00pa3oBaBIIeiics HA TOBEPXHOCTU MOKPBITUIM, U
paccuuThiBaiu ee 00beM. BeauurHy MHTEHCUBHOCTHU
00beMHOro u3Hoca [, onpenensuiv Mo 3aBUCUMOCTH,
IpUBEIEHHONI B padore [6].

Nzyuenue $ha3zoBoro cocraBa MOKPHITUI MPOBOIUIU
Ha nudpaktomerpe "D8 ADVANCE", ocHalieHHOM
PEHTI€HOBCKOU TpyOKOW C MeOHbIM KaToaoM (A =
= (0,154 um). CkaHMpOBaHUE OCYIIECTBIISLIN 110 TOYKAM C
marom 0,02°, BpeMst Ha0Opa MHTEHCUBHOCTU B TOUKE 5 C.
CbeMKy NTpOBOAWIM B UHTepBasie yrioB 20 = 20...70°.

[Mpu mocTpoeHUM SMIUPUIECKUX MOJIENeil, ycTaHaB-
JINBAIONIMX B3aMMOCBSI3b TTapaMEeTPOB TEXHOJIIOTMUYECKOTO
pexuMa HambUIeHUSI MHOTOCIOWHOIO TMOKPBITUS
AIN/CrN cero I, u v (CKOPOCTb HaIlbIJICHUST), UCTIOIb30-
BaJIM METOJ, TUTAHUPOBAHUS TTOJTHOTO (DAaKTOPHOTO dKCIIe-
puMeHTa (TulaHupoBaHue 2°).

B cooTBeTCTBUYM C MaHHBIMU, MMOJYYEHHBIMU B XOJE
JINTEPATypHOTO 0030pa, B KAUE€CTBE BaPbUPYEeMbIX (haKTO-
poB nipuHuManu Cy, I, u I,,. [Ipu 3TOM B KauecTBe KOAM-
poBaHHoro (hakTopa X, ucnosnb3zoBaiu Cy, a B KayecTBe X,
uXy,— I, n I, COOTBETCTBEHHO. 3a(pUKCUPOBAHHBIE
(axTopsl npuHuManu 3Hauenus: p = 0,18 TIla, U, =
=70 B, n = 100 mM; ¢ = 110 MuH.

3HayeHUs] BapbUpPyeMbIX (PAKTOPOB U MHTEPBAJIbBI
BapbUPOBAaHUS TpeICTaBICHBI B TaOI. 1.

Matpuia riaHupoBaHus BKIoYaia 8 onbiToB. Cpel-
HUe 3HaueHus1 GyHKUMI OTKIMKA (I, ¥ V TOKPBITUIA) TO-
JIydasiy TO pe3yJibTaTaM MSITU UCIIbITAHUMA.

IMpu mocTpoeHUn Moaesell MPUMEHSJIM METOJI per-
PECCMOHHOTO aHau3a. YPaBHEHUS PETPECCUM C yIETOM
3¢ dexToB B3aMMONENCTBUSI ObLITN TIPECTaBICHBI MOJIHU-
HOMaMM MepBOTo MOpsiaKa.

OlLIeHKY 3HAYUMOCTU YJIEHOB PErpPeCCUOHHBIX 3aBU-
CUMOCTEN MPOoBOAWIN MO KpuTepuio CThio-
nenta. [IpoBepky ameKkBaTHOCTHU TOJTYyYEH-
HBIX MOJEJeil TMPOBOAUIU C TOMOIIBIO

Tabauya 1
kputepus Puinepa.

O603HaueHue Konosoe WHTtepBabl YpoBHH BapbUPOBAHUS Pe3yJIbTaTbl MCCIe/IOBAHHi
daktopa 0003HaYeHNe | BApbUPOBAHUS 1 0 +1 1 ux OGCWeHHe

Cr — KOHIIEHTpAIIsI X B xone naMepeHus TOMIUHBI TOKPBITUINA

peaKTHBHOTO Tasa, % 1 5 10 15 20 YCTAHOBJIEHO, YTO TOJIIIMHA IOJy4YeHHBIX
MOKPBLITUII Ha Bcex oOpa3lax cocTaBuia

I41 — TOK paspsiza Ha X, 4 10 14 18 2,6...5,5 MKM MpH TOJIIMHE aATe3MOHHOIO

IepBOM MarHeTpoHe, A crost 0,2...0,5 MKM.

1, — TOK paspsiia Ha X, A 0 1 8 B ta6n. 2 npnBeueHubI pe3yabTaThl U3Me-

BTOPOM MarHeTpoHe, A peHusi [, U V MOKPBITHIA, MOJYYEHHBIX B pe-

3yJbTaTC MPOBCACHUA MHO]"OCDaKTOpHO]"O
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Tabauya 2

3navenus v u I, MOKPBITHIA, MOJYYEHHBIX B Pe3yjbTaTe
HU3MEHEHUS TEXHOJIOTHYECKUX PEXUMOB HATBLIEHHUS

Nem/m | Cp, % | Iy, A Ip, A | v, MKM/9 IV~10_5, MM3/M
1 10 18 18 3,1 3,12
2 10 10 18 23 6,73
3 10 18 10 2,9 6,41
4 10 10 10 1.6 2,82
5 20 18 18 2,6 3,02
6 20 10 18 1,3 2,59
7 20 18 10 2,2 3,49
8 20 10 10 1,2 2,99

aKcrepuMeHTa. Takxke B TabauIle yKa3aHbI ITapaMeTphl
TEXHOJOTUYECKOTO pexXuMa Mpolecca HambUIeHUS, TIpU
KOTOPBIX JaHHbIE TTOKPHITUS OBLIU TIOJYyYeHBI.

N3 Tabn. 2 BUAHO, YTO U3BMEHEHUE TTapaMeTPOB TeX-
HOJIOTUYECKOTO peXrnMa MarHeTPOHHOTO HAITbUICHUS
MPUBEJIO K 3HAYNTEIbHOMY M3MEHEHUIO KakK [, TaK U V
TMOKPBITUMA.

Haubonbiive 3HaueHUs BeJIMYMHBI V HabJI0AAI0TCS
JUTSE IOKPBITUA N 1, 3 1 5 1 U3MEHSIIOTCS B TMAITa30He OT
2,6 1o 3,1 mkMm/4. HarMeHblIMe 3HAYEHUsI V MTOIyYeHbl
MpY HaIbUIEHUHU MOKPBITUL Ne 4, 6 1 8§ — B muama3oHe
1,2...1,6 Mkm/4. W3 moyydeHHbIX JaHHBIX CJIEIYET, YTO
Ha V TIOKPBHITUI 0Ka3bIBaeT BIUSHUE KakK [, TaK U BEJIM-
yuHa Cg. IlpuyemM u3MeHEeHHE TAHHBIX IMapaMeTpoB
MOXeT B 2 pa3a U3MEHSTh V ITOKPHITHI.

Ha ocHoBe aHanm3a pe3ysibraTa pacueToB, BHITIOJIHEH-
HBIX C TIOMOIIBIO PETPECCUOHHON MOIENH, TTOIYICHBI
OLICHKU BJIMSIHUSI M3MEHEHMST TEXHOJIOTUYECKOTO PEXKU-
Ma HaIlbLJICHUST Ha V TTOKPBITUIA.

YcraHoBiieHo, uto uaMmenenue Cy ¢ 10 mo 20 % mipu-
BOJIUT K CHUXKEHMIO V MOKpbITHit Ha 20 1 35 % npu Mak-
CUMaJIbHBIX U MUHUMAJIbHBIX  3HaUeHUsIX [, HAa 000UX
MarHeTpPOHaX COOTBETCTBEHHO. DTO OOBSICHSICTCS TEM,
YTO MPU HAIIbUICHWM PEaKTUBHBINA ra3 pearupyer ¢ MOHa-
MU MaTepuajia MUILIEHU, 00pa3ysl MJIEHKY XUMUIECKOIO
COeIMHEHUS KaK Ha MOJJOXKe (B OoJiblIell CTENeHM),
TaK ¥ Ha MUILIEHU (B MeHbllel crenieHn). [ToBbienue Cy
CIocoOCTBYeT 0oJiee MHTEHCUBHOMY 00pa30BaHUIO TIICH -
KM Ha MHIICHU, KOTOpasl CHUXacT KO3(pPHUIIMEeHT
pacmbUICHUsI, YTO HETATUBHO CKAa3bIBAETCS HA V ITOKPBI-
™ii [7].

*31ech M najgee TePMUHBI MAKCUMAJIbHbIA M MUHUMAJIbHBIA COOT-
BETCTBYIOT BEJIMIMHAM TEXHOJOTHUYECKHUX PEXMUMOB Ha +1 1 —1 ypoBHsIX
BapbupoBaHUs (CM. Tabu. 1).

VYBenuuenue I, Ha MarHeTpoHax ¢ 10 1o 18 A BeneT K
TTOBBIIIIEHUIO V TIOKPBITUI B CpeTHEM B 2 pa3a B HE3aBU-
CUMOCTH OT BelIMIUHHEI Cy. DTO MTO3BOJISIET TOBOPUTH O
TOM, UTO BeIMYMHA [, IBISIETCS JOMUHUPYIOIIUM (haKTO-
DPOM, OIPENEISIONIUM V TIOKPBITUIA.

HyXxHO oTMeTHTh 0G0Jice MHTEHCUBHBIN POCT MOKPBI-
TUU TIpU yBEIUYEHUMU [, IO CpaBHEHUIO C ;. DTO cBs3a-
HO ¢ OOJBIICH BEJIMYMHON pacHbLIIEMOCTH XpoMa 10
CPaBHEHMIO C aTIOMMHMEM, TaK KaK KO3 (GUIIMEeHT pac-
NbLJIEHUS XpoMa Oosiee yeM B 3,5 pasa IpeBbIIIAET
KO3(PULIMEHT paclblieHUus aatioMuHus [8].

Takum obpazom, HauOOJIbIIAsT V TTIOKPBITUST MOXET
OBITh JOCTUTHYTA IIPU MUHUMaIbHOU BeauumHe Cyp u
MaKCUMAaJIbHBIX 3HaUCHUsX [, HA MarHETPOHaX.

AHan3 U3MEeHEeHUSI U3HOCOCTOMKOCTHU MOKPHITHIA TT0-
Ka3blBaeT, YTO B CpPEJHEM 3HauyeHue [, COCTaBISIET
(340,5)-107° mm*/m, 3a uckmouyenuem onsitoB Ne 2 u 3,
/i€ JOCTUTHYTHI 3HaYeHus 6,4-107 u 6,7-107° MM*/M, uTo
Oosiee yeM B 2 pa3a MpeBbIlIaeT aHAJOTMYHbIE TTOKa3aTe-
JIA IS APYTUX BapUAHTOB MOKPBITHIA.

Ha puc. 1 ipencraBieHbl pe3yIbTaThl pacueToB, TTOIY-
YEHHBIE C TIOMOIIBIO PETPECCUOHHON MO

I, 107 =0,206C, +0,30751 ,, +0,327 1, —
—0,01501Cg 14, —0,01655C 1 4, — (1)
—0,0224117 5, 14, +0,001115C, I 5, T, —3,841.

Hanuble rpacduveckne 3aBUCUMOCTH TIPEACTABIISIOT
€000 M30JMHNU, XapaKTepu3ylole usMeHeHne GyHk-
uuu I, (4ucioBble 3HAYEHHUS yKa3aHbl Ha JUHUSIX) Ha
MJIOCKOCTH OT JBYX MepeMeHHbIX I, u I, pu 3apukcu-
poBaHHbBIX 3HaUYeHUSIX Cy.

AHaIN3 MOJYYeHHBIX TpahUIECKUX 3aBUCUMOCTEM
MOKa3bIBaeT, uTo npu usmeHeHuu Cy ¢ 10 go 20 % cHu-
>keHue [, TOKpHITUI He npeBbiliaeT 5 %, a usmeHexue 1,
¢ 10 mo 18 A BedeT K CHMXKEHUIO BeJIMUMHBI [, He Oojiee
yeMm Ha 10 %. Hanbostee 61aronpusiTHBIMKA € TOYKH T10JTY-
YEHUSI BICOKO M3HOCOCTOMKOCTH SIBJISIIOTCSI PEXKUMBI C
OJIM3KUMU TI0 BEJINYWHE 3HaYeHnsamu I, n I, cnomns-
30BaHUE TEXHOJIOTMYECKUX PEKMMOB C OOJBIIION pa3HO-
ctbto BenmuauH I, u 1, (Hanpumep I, = 10 A, I, = 18 A)
Y MUHUMaJIbHBIMU 3HaUeHUsIMU C, BEIeT K 00pa3oBaHUIO
MOKPBITUS, OJU3KOTO IO CBOEMY CTPOSHUIO K MOHOCJION -
HoMy. Mcue3HOoBeHME MOBEPXHOCTEN (rpaHMll) pasjaesa
COMPOBOXIAETCS CHUXEHUEM JKCIITyaTallMOHHBIX
XapaKTepUCTUK TIOKPBITUSI, B TOM UYMCIE U M3HOCO-
CTOMKOCTH.

Hns1 ornpenesieHs] pallMOHAIbHBIX ITapaMEeTPOB TeX-
HOJIOTMYECKOTO peXrMa HallbLIeHUSI, OJHOBPEMEHHO
o0ecrneynBarIInX BHICOKME U3HOCOCTOMKOCTh U POCT
TTOKPBITHUSI, TIPOBEJCH CYMMapHbIN aHAN3 U3MEHEHUS V
ul,.

[lepBoHavaybHO ycTaHOBJEHA 00JIaCTh 3HAYEHUIA,
MpU KOTOPBIX V MOKPHITUS Obl1a Haubosbliei. Tak Kak
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Puc. 1. Usmenenne I, -10~° nokpuitua AIN/CrN npu C, %:
a—10;6 —15; 6 — 20

HauOoJIbIIas TOJIIMHA MOKPBITUS JOCTUTACTCS MPU MaK-
CUMaJIbHBIX 3HaUeHUSX [, Ha KaXIOM M3 MarHeTpOHOB,
ObLIO pEelLIEHO OTPaHUYMTh BTOPOIl U TpeTuit hakTop (1,
u 1,) 3HauyeHusmu 17...18 A. [layiee mpolecc onpeaene-
HUS pallMOHAJIbHBIX MMapaMeTPOB pexXrMa CBOIUJICS K
onpeaeeHuIo objactu 3HaueHU Cp, 00eCTICUMBAIOIINX
BBICOKYIO M3HOCOCTOMKOCTD. JIJIsT 3TOTO OBUIM paccMOT-
peHbl Tpaduku [, Tpu MaKCUMAaJIbHBIX 3HAYEHUSIX [, Ha
MarHeTpoHax (cM. puc. 1).

Tak xak mpy MakKCUMaJIbHBIX 3HaUeHUsIX C HaOMI01a -
€TCsT BBICOKAsi MI3BHOCOCTOMKOCTh U HU3KUE V, a TIPU MU-
HUMaJTbHBIX 3HaUeHUSIX Cy BBICOKME V TIOKPBITUS, U HU3-
Kasi UBHOCOCTOMKOCTh, BEIOOP 00JIaCTU 3HAYCHUIA TIEPBO-
ro akropa (Cy) omnpeneieH uHrepBajioM 12...15 %.

Takum obGpa3zoM, pallMoOHaTbHbIE TTapaMeTPhl TEXHO-
JIOTUYECKOro pexuma HambuieHust mokpbiTus AIN/CrN
JUIST pACCMOTPEHHOTO IHMara3oHa X U3MEHEHUsI, COOT-
BETCTBYIOIIINE BBICOKUM [, M V TIOKPBITUS SBIISIFOTCS

CrN
1 (200)

-
hy
3

il

:

1
ko

I

(]
3
La [ 4 1

L

HHTEeHCHBHOCTS, YCII. efl.
o
s
1
z

400-

34 3
T / T 10
12 14

T T T

6) 16 fdpA 10 12 ;j 16 IdI’A

I, =17..18 A, I, = 17...18 A, Cr = 12...15 %. Ilpwu uc-
MOJb30BAaHUU JAHHBIX TTAPAMETPOB BO3MOXKHO TOJTyYe-
HUE TOKPBITUS CO CAEAYIOIIMMU XapaKTepUCTUKAMU:
1,=(3,04...3,08)-107° mm*/m, v = 2,8...3,0 MkM/4. OmibIT-
Hasi TpOBepKa pallOHAbHBIX TTAPAMETPOB TEXHOJIOTYE-
CKOTO pexXruMa Mokasajia Xopollee COOTBETCTBUE pacueT-
HBIX M 3KCIIEPUMEHTAJIBHBIX TaHHBIX. PacxoxneHne He
npeBbicuiio 8 %.

Hnst usydyenust Bnusinust C, Ha CTPYKTYPY MOKPBITHI
MpOBEIeHO MuccienoBaHue uUx ¢a3zoBoro cocrana. Ha
puc. 2 mpuBeneHsb! TuhpakIIMOHHbIE KAPTUHBI TOKPBITUM
Ne 1, 5.

Hst mokpeitust Ne 5 mipeoOanatonieit SiBsieTcst Kpu-
CTaJlTnyeckasi CTpyKTypa, B TO BpeMsl KaK JUIsl TOKPbITHS
Ne 1 oTMeueHO MPUMEPHO PaBHOE COOTHOIIEHUE aMOpd-
HOl W Kpucrajmnyeckoir ¢da3. Tak, Hampumep, mWIst
mokpbiThii Ne 5, 1 monst kpuctayumieckoit (a3bl cocTa-

CiN

Puc. 2. PentreHorpammsr:
1 — mokpeite Ne 1; 2 —
rmokpeiTrie No 5
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asiet 75 u 57 % cOOTBETCTBEHHO, a 10J1s1 aMOp(dHOit 25 u
43 %.

JAundpakunmoHHbIe MaKCUMYMbI TTOKpbITUS No 5 pac-
noJjioxeHsl Ha 37, 43,5 u 62,5°, uyto coorBerctByeT CrN ¢
tekctypoit (111), (200) u (220) cOOTBETCTBEHHO.

AHanmm3 T pPaKIIMOHHBIX MAKCUMYMOB ITOKPBITHUS
Ne 1, pacnioyoxkeHHBIX Ha 37,5, 43,7, 65°, TakKe moKasaj
Hanuuue CrN. Kpome Toro, Ha nudpakTorpamme mo-
KpeITHS Nol oTMeueHO M3MeHeHUe MHTCHCUBHOCTH Ha
42°, uyro o3Hauvaet npucyrctue Cr,N.

Heobxonumo oTMeTUTh cMellieHue TUdpakKiiMOHHBIX
MaKCHMYMOB TTOKPBITHS N2 1 OTHOCHTEITBHO MaKCHUMY-
MOB TTOKPBITHASI N2 5 B CTOpOHY OoJbIIMX YIJ10B. [10 MHe-
HUIO aBTOPOB pa0OTHI [4], 3TO MOXET CBUIETEILCTBOBATh
0 HAJWYUHU B TOKPBITUSX CXKUMAIOMIMX OCTATOYHBIX
HAaIIPSIKEHUM.

Kpowme Toro, 6osbiiasi MHTEHCUBHOCTbh IMTUKOB IO~
KpBITHS N2 5 TT0 cpaBHEHUIO ¢ TTOKpBITHEM Ne 1 MoxXeT
CBUIETEJILCTBOBATh O OOJIBIICH TONIIMHE CJIOEB ITOCTCI-
Hero [9].

TakuMm obpaszom, yBenmueHue Cp MPUBOIUT K ITOBBI-
LIEHUIO JOJIU KPUCTAINYECKON (ha3bl 1 YMEHBIICHUIO
TOJIIIMHBI CJIOE€B, YTO TMOJIOXKUTEJIbHO CKa3biBaeTCsl Ha
SKCIUTyaTallMOHHBIX CBOMCTBAX MTOKPBITHSI.

BoiBoabl

1. YcTaHoBIeHBI 3aKOHOMEPHOCTH BIIUSTHUS TTapaMeT-
poB TexHosornueckoro pexxuma (Cy 1 1,) Ha U3HOCOCTOM -
KOCTb U CKOPOCTb POCTa MHOTOCJIOWHOTO TMOKPBITUS
AIN/CrN. OnpenenieHbl pallMOHaIbHbIE TTApAMETPhI TEX-
HOJIOTUYECKOTO peXMMa MarHeTPOHHO-MOHHOTO peak-
TUBHOTO pacIblIEHUS, OMHOBPEMEHHO 00eCITeYnBaOIINe
BBICOKME M3HOCOCTOMKOCTh (I, (3,04...3,08)x
x10°  MM?/M) M  CKOpPOCTb pocCTa HOKDPBITHA
(v=128..3,0 Mmxm/u): I, = 17...18 A, I, = 17...18 A,
Cp = 12...15 %.

2. Iokazano BnustHue Cy HA CTPYKTYPY MHOTOCTOM-
Horo TokpeITusI AIN/CrN. YcTaHOBIEHO, YTO yBeJIMYE-
Hue Cp MPUBOJIUT K MOBBILIEHUIO JOJIU KPUCTATUIUYECKON

(asbl 1 yMEHBIIEHUIO TOJIIMHBI CJIOEB, YTO IMOJIOXM-
TEJbHO CKa3bIBAae€TCSl Ha DKCIUTyaTallMOHHBIX CBOMCTBAX
TTOKPBITHS.

3. IMonyuyeHHbIe pe3yJibTAaThl MO3BOJSIOT MTPOBOAUTH
Hay4yHO O0OOCHOBaHHBIM BLIOOP MapamMeTpoOB TEXHOJIOIM-
YEeCKOTO peXMMa MarHeTPOHHO-MOHHOIO PEaKTUBHOTO
pacHIbUICHHSI, 00eCTICYNBAIOIINX TTOTYyIYEeHNUE TTOKPBITHS
AIN/CrN c 3apaHee 3a1aHHbIMU CBOHCTBAMM.
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DopmupoBanue KoMno3umuoHHOro nokpeiTus NiCrBSi—TiC
C NOBbIIIEHHOI a0pa3uBHO H3HOCOCTOHKOCTHIO
METO/IOM ra30nopoIKOBOii J1a3epHOI HAIIABKH

Paccmomperslt 603M0oNCHOCMU YAPOUHEHUS. U ROBbIUEHUS AOPA3UBHOU UZHOCOCMOUKOCMU NPU USHAUWUBAHUU NO 3AKDe-
naeHHoMY abpasugy-KopyHOy XPOMOHUKENE8020 NOKPbIMUSL, (POPMUPYEMO20 MeMOOOM 2a30N0POUKOBOL 1A3EPHOL HANAAE -
Ku, 3a cuem 66edenus 6 Hanaasasemviit nopouwok mapxu II-CP2 vacmuy kapouda mumana TiC 6 koauuecmee

5...25 % mac.

Karouesvie caoea: razepuas nanaaexa, nokpsimus NiCrBSi, kapoud TiC, cmpykmypa, mukpomeepdocms, abpasue-

Hoe U3HauwiueaHue.

The possibilities of strengthening and increasing abrasive wear resistance upon wear over fixed corundum-abrasive of
Cr—Ni coating formed by gas powder laser cladding by means of 5...25 wt. % TiC titanium carbide particles addition in

PG-SR2 clad powder have been considered.

Keywords: laser cladding, NiCrBSi coatings, carbide TiC, structure, microhardness, abrasive wear.

BBenenne

D HeKTUBHBIM CPECTBOM MOBBIIIEHUS TOJTOBEYHO-
CTU 1 HANIEXKHOCTU U3ACIUI SIBIsieTCs (OpMUpPOBaHUE Ha
MX TTIOBEPXHOCTU BBICOKOIIPOUHBIX, TEIJIOCTOMKUX U U3-
HOCOCTOMKHUX 3alllUTHBIX MTOKPBITUI METOJOM Tra3ormo-
POIIKOBOX JTa3epHOU HAIlJIaBKU, B TIPOLIECCE KOTOPOW
MO/ BO3JAEMCTBUEM J1a3€PHOTO U3JIYYEHMST pacIlIaBIsieTCs
HE TOJIBKO ITOPOIIOK IPUCATOYHOTO MaTepuaja, HO 1
TOHKUIA CJIOM MOIJIOXKHU, B PE€3YJbTaTe NPU OXJIAXKIACHUU
opmupyeTcst MOKPhITUE, UMEIOLIEe TPOUYHOE CLEIIJICHUE
¢ ocHOBOI. CBepXBbICOKHME KOHLEHTPALIMU SHEPTUU TIPU
JlJa3epHOM BO3JeHCTBUU 00ecTeurBalOT BO3MOXHOCTD
(bopMmpoBaHUS Ha METAINIMICCKUX ITOBEPXHOCTSIX I10-
KPBITUI IMPAKTUYECKH JII0OO0TO COCTaBa C TTOBBIIICHHBIMU
XapaKTepUCTUKAMU MTPOYHOCTH M U3HOCOCTOMKOCTH MPU
COXpPaHEHUHU BSI3KOU cepllieBUHBI u3aenus. JlazepHyto
HarJjaBKy XapaKTepu3yeT BbICOKasi CKOPOCTb OXJaxJae-
HUS 3a CUeT JIOKAJIbHOCTU HarpeBa U UHTEHCHUBHOTO TeEIl-
JIOOTBOJIA BIIyOb AeTaiu, MUHMMAaJIbHAsl BEJIMUMHA 30HbI
TEPMHUYECKOTO BIUSHUS, BO3MOXHOCTb BBIOOPOYHOM
BBICOKOTOUHOI 00pabOTKM HEOOJBIINX YYaCTKOB
JeTajieil ¢ odbecrieueHMeM MX HU3KOro KopooueHus [1].

IIupokoe npuMeHeHUE ISl YIPOUHEHUST OBICTPOU3-
HallIMBAIOIIMXCS eTajeil 1 BOCCTAHOBJIEHUSI U3HOILLIEH-
HBIX TIOBEPXHOCTEH HAXOISAT MOKPBITAS Ha XpPOMOHHUKEIC-
BOM OCHOBE, B YACTHOCTU KOPPO3MOHHO-CTOMKUE JIa3ep-

* PaGoTa BBITIOJHEHA TIPK YACTUYHOM MOIEPKKE MPOrpaMMBbl (pyH-
naMeHTalnbHBIX uccaenoBanuii YpO PAH, mpoekt Ne 12-T-1-1010 o
nporpamme OOMMITY PAH. UccienoBaHus poBeeHbl Ha 000py10-
Banuu LIKIT "ITnacromerpus” UMAIL YpO PAH.

Hble HarulaBku cucteMbl JerupoBaHust NiCrSiB [2]. Uc-
MoJIb3yeMble /I HaTUIaBKU caMOMJIIOCYIOIIMECs TTOPOIII-
KM Ha XpOMOHUKeJIeBOil ocHoBe cocrtaBa 0,2...0,5 C;
12,0...15,0 Cr; 2,0...3,0 Si; 1,5...2,1 B; <5 Fe % wmac., oc-
tanbHOe — Ni (Mapku [1I'-CP2) o6iagatioT HU3KOM TemIe-
parypoii masiaeHus (1050...1100 °C), manbiM Koaphuum-
€HTOM ITOBEPXHOCTHOTO HATSDKEHUsI, YTO 00ecreyrBaeT B
KOHEYHOM UTOI¢ PaBHOMEPHOCTh XMMMYECKOTO COCTaBa
10 CCUYCHUIO HAIUIABIIIEMOTO CJI0sl. TBEepIOCTh TaKMX Ha-
I1aBoK He mnpesbiaeT 06bryHO 40 HRC u onpenensiercst
00pasyroIIMMcs TpY KpUCTaUTU3aLUM KOJTUYECTBOM Kap-
ouna xpoma Cr,;C¢ (HRC = 10...11 I'Tla). B padorax [3—5]
MOKa3aHa BO3MOXKHOCTb MOBBIIIEHUS TBEPAOCTU U U3HO-
COCTOMKOCTHU B YCJIOBUSIX aOpa3uMBHOTO BO3AEUCTBUS U
TPeHUSI CKOJIbXEHHUSI MOA00HOI0 MOKPHITUSI 3a cueT OoJiee
BBICOKOTO COMIEPXaHU B IMOPOILIKE YIIepoaa, Xxpoma v 00-
pa 1, COOTBETCTBEHHO, KOJnW4YecTBa (hOPMUPYEMBIX B TO-
KPBITUHM ynpouHsonux Kapounueix (Cr,C,), kKap60o6o-
punHbix 1 6opunHbix (CrB) das tBepmoctsio 16...20 I'Tla.
JanbHeiiee 3(HeKTUBHOE YIIPOUHEHUE U TTOBBIIIIE-
HUE U3HOCOCTOMKOCTHU MOKPBITUNA TOCTUTAETCS MyTeM
CO3/lIaHUsI Ha XpPOMOHUMKEJIEBOI OCHOBE KOMITO3UIIMOH-
HBIX TIOKPHITUN IIPW BBEACHUHM B COCTAaB IMOPOIIKOB pa3-
JIMYHBIX H00aBOK, Hampumep KapOuaoB BoJibhpama
WC [6—10], xpoma Cr;C, [11—13], kpemuus SiC [14],
tantana TaC [15], okcunoB amomunus Al,O, [16], xkee-
3a Fe,0, [17], Banamus V,0; [18] u ap. OnHako ucmnosb-
30BaHUE YKa3aHHbBIX YaCTUI[ MOXET COIMPOBOXKIATHCS
pPSIIOM HEAOCTaTKOB M OIpPaHMYEHUI MO MCMOJb30BaHUIO
nokpeitTuii. Tak, kapouag WC o00e3yriepoxXxnBaeTcs
W/UIA pearupyeT ¢ B3JIeMEeHTaMHu cIulaBa, o0pasys
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xpynkue ¢a3sbl, Takue kak W,C, M,C u M,,C [19]. Kpo-
Me Toro, npumeHneHue ¢az WC/ W,C orpaHndeHo Temrie-
partypoii 550 °C u3-3a HU3KOTO COMPOTUBIICHUST OKMCIIE-
HUIO TIpU Bbicokux Temmnepatypax [20]. Hactuusr Al,O,
M3-3a WX BBICOKOW XPYMKOCTH MOTYT BBI3BIBATh HU3KYIO
YIApHYIO BSI3KOCTb KOMITO3UIIMOHHBIX TTOKPBITUN [21].

[TepcrieKTMBHO MCTIOBL30BaHNWE B KAa4eCTBE yIpOY-
HSTFIOIINX (ha3 KOMITO3UIIMOHHBIX ITOKPBITUI YaCTUI Kap-
omnna tutana TiC Giarogapst HAIUYMIO Y HUX BBICOKUX
3HAYCHU YPOBHS TBEPAOCTHU, MOMIYJISI YIIPYTOCTH, TEMIIC-
paTyphbl IUIABJIIEHUS, TEPMUYECKON U XMMUYECKOMN CTa-
ounbHocTH [20, 22—24]. To6aBku kapouaa TiC obecrne-
YUBAIOT TOKPBITUSIM HAa HUKeEJNEeBOU [22, 25] u xeyne3HOM
[23] ocHOBax CHIKeHME MHTEHCHUBHOCTU M3HAIIMBAHMS
n Koa(puimeHTa TpeHUs B YCIOBHUAX CYXOTO TPCHUS
CKOJIBXKEHUSI, BBICOKYIO M3HOCOCTOMKOCTD TIpU abpa3uB-
HoM BozaeiictBun nokpeitust TiC (20 % mac.) — NiMo
[20]. OT™meyaeTcs cuiibHasi 3aBUCMMOCTb TpUOOJIOTHYE-
CKUX CBOMCTB ITOKPBITUIT OT KOJIMYECTBa KapOuia TUTaHa.
B wactHocTH, B padote [22] HabmM0maIM HETIPEPBHIBHBIN
pPOCT cpefHeil TBepAOCTH XPOMOHUMKEIEBOTO CIJIaBa Io
Mepe yBeandeHus KoandecTBa Kapouaos TiC B nuamaso-
He 10...40 % mac., oJHaKO IIpU CYXOM TPEHUU CKOJIbXE-
HUSI UHTEHCUBHOCTb M3HAIIMBAHUS M KO3GhGUIMEHT
TpeHMs CHIKaIUCh ¢ poctoM noau TiC b no 30 % u
pPe3KO BO3pacTaiy IIpU JaTbHEHUIIIeM ITOBBIIICHUN COICP-
kanust kapougos TiC mo 40 % BciaeacTBue oXpymn4uBa-
HUS OKpbITUs. [1pu abpa3zuBHOM BO3I€MCTBUU, HAIIPO-
TUB, U3HOCOCTOUKOCTh KOMMO3UIIMOHHOTO MTOKPHITUST Ha
ocHoBe NiCrSiB mocne no6aBok kapoumos TiC B
konuuectBe 30 % Obuta B IBa pasa 0oJiee HU3KOM, YeM
npu 50 % kap6uma TutaHa [26].

Ilenb padoThl — M3y4eHUE BO3MOXHOCTU YIIPOYHEHUSI
M TIOBBILICHUSI COMTPOTUBJICHUST adpa3MBHOMY M3HAIIIMBa-
HUIO HOPMUPYEMOTrO METOJOM Ta30MOPOLIKOBON Jla3ep-
HOI{ HarTaBK XPOMOHMKEJIEBOTO IMMOKPBITHS 32 CUET BBE-
JIeHWs1 B HaruiaBisieMblii TTopoiok Mapku I1I-CP2 mo-
poiika kapouaa tutada TiC B konmyecTse 5...25 % mac.

MeTtoapl NmpoBeACHUA UCCICI0OBAHUSA

BazoBeIM MaTepuraIoM IJIST TIOKPHITUI CIIYXKWI ITOPO-
mok Mapku III'-CP2 (0,48 C; 14,8 Cr; 2,6 Fe; 2,9 Si;
2,1 B; <5 Fe % wmac.; ocrtanpHoe — Ni). HamiaBky 1mo-
poikoB Ha TuiactuHbl 3 Ct3 pazmepom 100x100x18 Mm
MPOBOIMIIN C MCITOJb30BaHMeM HerpepbiBHOro CO,-ma-
3epa Npu MOIIHOCTH uanydenus 1,4...1,6 kBT, ckopoctu
160 mM/MuH, pacxoe nopoiika 2,9...3,8 r/MuH, pa3mepe
JIA3epHOTrO IIITHA Ha moBepxHocTH 6x1,5 MMm. CMech, MHo-
JlydeHHasl MepeMelIMBaHUEM [IBYX MOPOILIKOB T'PaHyJI0-
merprueckoro cocrasa (ITT'-CP2 pasmepom 10 160 MKM
n TiC — 50...100 mxm B KoamyectBe 5, 15 n 25 % mac.),
TPAaHCIIOPTHPOBAIACH B 30HY HAIJIABKM MHEPTHBIM Ta30M
aproHom 1ipu aasiaeHuu 0,5 atm. JI1s1 yMeHbILEHUs T0-

BEPXHOCTHBIX HaMpPsSDKEHUIA HAIIaBKY OCYILIECTBISUIM B
JIBa MpOXoAa MyTeM HaAJIOXKEHUSI OMHOTO CJIOSI Ha IPYTroii
(nByxcioiiHas JlazepHas HaraBka). st ycTpaHeHUs
BOJIHUCTOCTH HAILJIaBJIEHHAs MMOBEPXHOCTH MOJBEPrajlach
manGOoBaHUI0 Ha KPYrIonuMGOBaIbHOM CTaHKE C
MHTEHCUBHBIM OXJIAKICHUCM.

CTpyKTYypy, XMMHUCCKII 1 (Da30BBIi COCTAB TTOKPHITHIA
W3y4Jall ¢ TIPUMEHEHUEM CKAHUPYIOUe20 3NeKMPOHHO20 MUK -
pockona (CBM) "VEGAIIXMU", 0060pyIToBaHHOTO 3HEPIo-
mucnepcuoHHBIM (INCA Energy 450 XT) 1 BotHOmMCIIEpCH-
oHHbIM (Inca Wave 700) MuKpoaHaau3aTopamMu, U peHTTe-
HoBckoro audpakromerpa "SHIMADZU XRD-7000".
MuKpOoTBepIOCTh U3MEPSTIN Ha MUKpOTBepaoMepe "Leica
VMHT AUTO" npu Harpy3ke Ha uHaeHTop 0,98 H. Ilo-
IPEIIHOCTb U3MEPEHUSI MUKPOTBEPIOCTU OIPEAS/IsUTU C 10~
BEpUTESIbHOI BeposiTHOCThIO p = 0,95.

HcnbiTaHust Ha abpa3vMBHOE M3HAIIIMBAHWE MTPOBOAM-
JIU MIPU CKOJIbKEHUU TOPLIEBBIX MOBEPXHOCTEN (7x7 MM)
HaIUJIaBJICHHBIX 00pa3IoB I10 3aKpeIUICHHOMY a0pa3uBy
— KOPYHIY 3€pHUCTOCTBIO 160 MKM CO cpeiHeil CKOpo-
cteio 0,175 M/c, ipu Harpy3ke 49 H, nmuHe pabodero xo-
nma 100 MM, myti TpeHus 18,0 M, TTorepeqyHoM CMEIeHU N
obOpa3sua 3a oguH ABOIHOM xox 1,2 MM. 11 KaXmoro 1mo-
KPBITUS ITPOBOAMIIM T10 4 MapauIeIbHBIX UCITBITAHUS.
MHTEHCUBHOCTb M3HAIIMBAHUS PACCYUTHIBAIU MO (pop-
myne Ih=0/pS L, rne Q— norepu Macchl 0dopasia, T;
p — IUIOTHOCTb IOKPHITUSA, I/cM®; S — reomerpuyeckas
IUIOLIAAL KOHTAKTa, cM*; L — mmyTh TpeHus, cm. Koaddu-
LIMEHT TPEHUS OMpPenessiii Kak OTHOIIEHUE CUJIbl Tpe-
HUS K HOpMasbHOU Harpy3ke f=F / N, tne F — cuna
tpenusi, H; N — HopManbHas Harpy3ka, H. [{ns pacuera
YIETbHOM paboThl a0pa3UBHOTO M3HAIIMBAHMS IIPUMEHS -
mu dbopmyny W =f N Lp/Q, tne f — koadbuiiueHr tpe-
Hust; N — ynenbHast Harpy3ka, H; L — nyTb TpeHus, M.
[ToBepxHOCTH U MPOAYKTHI M3HAIIMBAHUS MU3yJaaud C
nomoipio COM "VEGA Il XMU" u onTuyeckoro
npoduiaomerpa "Wyko NT-1100".

Pe3yJIbTaTbl UCCJICIOBAHUIA U UX OGC)’)KIICHHC

Cmpyxkmypa, hazoenlii, xumuueckuii cocmaevl u MUKpo-
meepdocms nokpoimuil. B pesynbraTe OIBYXCIOWHOM Jia-
3epHOI HAIJIaBKU U MOCJIEAYIONIero Han¢oBaHus Ha MO~
BepxHocTU CT3 (OpMUPOBATUCH MOKPHITUST TOJIIUHOMN
0,8...0,9 MM co cTPYKTYypoOil, uMmerolleid AeHAPUTHOE
crpoeHue. B mokpeituu I1I'-CP2, no manHeiMm COM,
MUKPOPEHTTEHOCIIEKTPAIbHOIO U PEHTIEHOCTPYKTYPHO-
ro aHanu3a (puc. 1, a; 2, a), OCHOBY COCTaBIISIET Y-TBEP-
NI pacTBOp Ha ocHOBe HUKes (y—Ni) U 9BTeKTHKa, CO-
crostias u3 y—Ni u 6opuaoB Ni;B (MUKpoTBepaOCTh
~1190 HV), a kapbunHas ¢asza npeacrabjieHa AUCIEePC-
HbIMU Kapougamu xpoma Tura Cr,;C, (~1000...1100 HV).
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Puc. 1. Crpykrypa u da3zosbiii coctas nokpsitus I1T-CP2 (a) u mo-
KkpbiThii Ha ocHOBe III'-CP2 ¢ no6aBkamu TiC B kKommyecTBe 5 (0),
15 (6) u 25 (e) % mac.

IIpu moGasiaeHuu B cocTaB 5 % mac. HarUIaBISIEMOTO
nopoinka Kapouga TutaHa TiC rpaHyJoMeTpUYECKOTO
coctana 50...100 MKM B CTPYKType MOKPBITUS MOSBISIOT-
¢S TUCIIepCHBIE (pa3MepoOM HECKOJIbKO MUKPOH) YacTH-
sl TiC (puc. 1, 6; 2, 6), a UICXOMHBIX KPYITHBIX YaCTHIL
TiC B paccMaTpuBaeMOM TIOKPBITUM HE BBISIBIECHO
(puc. 3, a). D10 yKa3bpIBaeT Ha MPAKTUYECKHU MOJHOE pac-
TBOpeHME KPYMHBIX YacTull rmopoinka TiC 1mox geiicTBu-
€M HEIpPepbIBHOTO JIA3€PHOI0 U3JYYEeHUST U 00pa3oBaHue
MpU TTOCJIEenYIONIeM 3aTBEPAEBAHUN U YCKOPEHHOM OXJia-
SKACHUW TUCTIEPCHBIX YacTUll Kapouna tutana. Hamnuue
B TIOKpbITHU ¢ no6aBkoit 5 % TiC-daswr (Ti, Cr) (C, B)
(cm. puc. 1, 6; 2, 6) CBUAETENbCTBYET O XUMUUYECKOM
B3aMMOJICICTBUM TUTaHa B pacIulaBe C IPYTMMU 3JIeMeH-
Tamu TokpeiTUsA. Kpome toro, yactuusl TiC, nmeronive
BBICOKYIO TeMIteparypy masieHus (3140 °C), B mpouec-
ce OXJIaXIEHMs CIUIaBa MOTYT UTPATh POJIb IIEHTPOB KPH-

I, wv. - T 1, v, [ 1— y-Ni
T 2— (Cr,Ni), (C,B),
1 2 -Cr,C 140 | 1 . '
200 - noe 2 3—NiB
2 3-Ni,B 120 .
3 - 4— TiC
150 1 ol 5— (Ti,Cr) (C,B)
80 -
100 - 6o
50 or
20
oL . . ) L 40 60 80 100 120 140 2@°
40 60 80 100 120 140 2o
3
a) 6)
I, vy, 1 —yNi [, av. 1 —yNi
ol Pl 2~ (Cr.Ni)3(CB)g 180 1 2 = (CrNDy3(C.B)g
2 2 3 — Ni;B 2 3 — NizB
3 160 |- 3
100 |- 3 4 —TiC ol 4 — TiC
5 5 — (Ti,Cr) (C,B) - 5 — (Ti,Cr) (C,B)
sol 120
L 1 100 -
60 | j 80|
i 4§ 4 5 2 60 -
3 l 4 h S 40
i : : f ' . ' ' S 60 20 100 120 M40 o
40 60 80 100 120 140 20,° 26,

Puc. 2. Pentrenosckue audpakrorpammbl nokpbitus IIT-CP2 (a) u nokpsiTuii Ha oncose IIT'-CP2 ¢ nodaskamu TiC B kosmmuectse 5 (6),

6)

15 () u 25 (e) % mac.
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Puc. 3. Crpykrypa nokpbiThii Ha ocnHoBe nokpbituii [II'-CP2 ¢ no-
oaBkamu TiC B kosmuectse 5 (a) u 25 (6), % mac.

CTAJJIM3AlLIMK, CIIOCOOCTBYSI YCKOPEHHOMY BBIACICHUIO
TBEPIBIX KapOOOOPUIOB €Il A0 3aTBepAeBaHUS HUKEIC-
BOI MaTpuibl [22]. DTO MOXET SIBUThCS OJHON M3 TPU-
yuH (OPMUPOBAHUS B paccMaTpuBacMOM MOKPBHITUU
kap6o6opuaoB (Cr, Ni),;(C, B)¢ (cM. puc. 1, 6; 2, 0).

B nokpertuu ¢ 15 u 25 % mac. TiC Hapsay ¢ qucriepc-
HeiMu ¢azamu TiC, (Ti, Cr) (C, B), (Cr, Ni),5(C, B),
(cM. puc. 1, 6, ¢; 2, 8, &) UMEIOTCS TaKXe KPYIMHbIE BKJTIO-
yeHus Kapouna turtaHa TiC (cm. puc. 1, e; 3, 6; puc. 4,
CM. cTp. 3 00oxkM). [IpuBeneHHBIC HA pUC. 4 pe3yJibTa-
TBI TIORJIEMEHTHOTO KapTHUPOBaHMsI, BHITIOJTHEHHBIC Ha
9HEPTrOANCIIEPCMOHHOM MUKPOAHaIU3aTOpe, CBUACTEIIb-
CTBYIOT O PE3KOM M3MEHEHUM KOHIICHTpALlMii TUTaHA U
yraepona Ha MexdasHoii rpanmiie TiC — MeTammdeckas
OCHOBA M, COOTBETCTBEHHO, 00 OTCYTCTBUHM 3aMETHBIX ITe-
pexonmHbIX 30H. CiiemoBaTebHO, B IIpollecce Ja3epHOM
HaIJIaBKM TTopolnka ¢ gobaskamu 15 u 25 % TiC nponc-
XOIUT JIWIIIb YaCTUIHOE paCcTBOPEHMUE YACTHUIl KapOouma
TUTAaHA C COXPAaHEHWEM B MOKPHITUU 3HAYUTEIHHOTO KO-
JinyecTBa yKa3aHHbIX KpynHbix yactull TiC. O Bo3MOX-
HOCTHM YacTUYHOro pactBopeHus dyactuil TiC B ocHOBe
NiCrSiB cruaBa npu jla3epHOi HarIaBKe COOOIIAETCS B
paborax [25-27].

HY 0.1 ITokpbiTHE
600 -_'_ .

oy W : ..l 1
500 w1 H_g!ﬁ %

L ety
400 - ' CranbHas ocHOBA
300 .
200 - .
) oy
100 " 1 1 " 1 " 1 : 1 " L 1 ! " ]
0 02 04 06 08 1,0 12 14 /j,mm

HannaBnenHsiit u3 nmopomkos ¢ 15 u 25 % TiC no-
BEPXHOCTHBII CJION MPEICTaBIIsIET COO0 TUTTMIHOE KOM-
NO3UIIMOHHOEe TOKphITHE ("composite coating” [19,
22-26]), cocrosiiee U3 METAIMY€CKOM MaTPULIbI CUCTE-
Mol JlerupoBaHus NiCrSiB 1 KkpynHbIX (pa3MepoM JIecsiT-
KA MUKpOH) "BIuTaBiieHHBIX" BKIoueHui ¢das3bl TiC (cMm.
puc. 1, ¢; 3, 6; 4), KapIMHaAJIbLHO OTJIMYAIOLIEICS OT OCHO-
BBI IO (PUBMKO-MEXaHUIECKUM CBOICTBaM. MUKPOTBEp-
IocTh KpymHBIX yacTull TiC ycTaHOBIIeHa Ha ypPOBHE
HV 0,1 = 2500...2900. DaexTpoHHBIE MUKpO(dOTOTrpa-
¢uu, npeacTaBieHHbIe HA puc. 1, ¢; 3, 6; 4, CBUAETEIbCT-
BYIOT O JOCTaTOYHO XOPOIIeM CLEeTUIEHUU KPYIHBIX BbI-
cokornpouHbIX yactull TiC ¢ MeTa/uInuyeckoil OCHOBOA,
YIPOYHEHHOU MUCIIepCHBIMU (hazaMu.

AHaM3 peHTIeHOBCKUX TU(PPaKTOTpaMM MTOKa3bIBaeT
(cM. puc. 2), uto no mepe yBeaudeHus goau TiC B Ha-
IUIABJISIEMOM MOPOIIKE KOJIUIECTBO U MHTEHCUBHOCTh
MMMKOB PEHTICHOBCKUX JIMHUM, TIpUHALICKAIINX KapOr-
ny TiC, Bo3pacTaloT, oTpaxkasi 00Jiblliee colepKaHUe yKa-
3aHHOTO Kapbujaa B cchOpMUPOBAHHOM MOKPBITHH.

Pe3ynbraThl u3MepeHuss MUKPOTBEPIOCTU paccMaTpy-
BaeMbIX MOKPBITUM MPUBEACHBI HA PUC. 5 U B TaOJIUIIE.
U3 puc. 5, a cnenyet, uto mokpseitie ¢ 5 % NiC 1o Bceit
tonmuHe (A ~0,8 MM) XapaKTepu3yeTcsI OTHOCUTEIIHLHO
HEOOJIBIITM Pa30pOCOM 3HAYCHMIT MUKPOTBEPIAOCTH, M3~
MEepEeHHOI NMpH Harpyske Ha nHaeHTop Bukkepca 0,98 H.
DTO SABJISIETCS CIEICTBMEM BBICOKON TUCIEPCHOCTH YII-
poUHsIOIUX (a3 B CTPYKType MOKPbITUS (CM. puc. 1, 6)
W3 maHHBIX TaOIUIIBI, XapaKTEPU3YIOIINX CPETHIO MUK-
potBepaocts HV 0,1 moKpbITUIl B TOBEPXHOCTHOM CJIOE
TOIMHON 0,6 MM, CJIEAyeT, YTO CPEAHSISI MUKPOTBEP-
JIOCTh MOKphITUs ¢ po6aBkoit 5 % TiC (HV 0,1 = 530)
JIIITb HE3HAYMTEIBbHO MTPEBBIIAET CPEIHIOI0 MUKPOTBEP-
noctb 6a3zoBoro nokpeitus IMI-CP2 (HV 0,1 = 520).

I1Ipu yBeauueHUM KoiaumdecTBa KapOuaa TUTaHA B Ha-
IJIaBJIsIEMbIX TIOpomKax 10 15 u 25 % mac. mpoucXoauT
pPE3KUi POCT CpeaHeil MUKPOTBEPAOCTH MOKPBITUN 10

HV 0,1
[TokpbiTHe
2000 |- '
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u h
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Puc. 5. I3mMeHenne MUKPOTBEPIOCTH 1O TOJIIMHE NOKPbITHII HA 0ocHOBe [IT-CP2 ¢ nodaskamu TiC B kosmuectse 5 (a) u 25 (6) % mac.
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XapakTepuCTHKH MOKPBITHI PA3JHYHOTO COCTABA

CocTaB HAIUTABISEMOTo XapakTepuCTUKY TTOKPBITUIT
TOpOILIKa, % Mac. HVO,1 Ih, 10~ f W, kllx/cm> Ra, MKM
100 % T-CP2 52010 1,6 0,61 38,0 1,3
95 % MT-CP2 + 5 % TiC 53010 1,6 0,60 37,5 1,2
85 % MI-CP2 + 15 % TiC 720440 0,8 0,54 67,5 0,9
75 % TIT-CP2 + 25 % TiC 77060 0,4 0,46 115,0 0,6

HV 0,1=720 u HV 0,1=770 cooTBeTCTBEHHO (CM. TabJ.).
CyllecTBEHHO BO3pacTaeT Takxke pa3dpoc 3HAYeHUN
MUKPOTBEPAOCTU (PUC. 5, 6), CBSI3aHHBIN C HAJIUYKUEM B
KOMITO3UIIMOHHBIX

paccMaTpuBacMbIX IIOKPbLITUAX

Puc. 6. IToBepxHocTi adpa3suBHOTO H3HANIMBAHMUS MOCJIE UCTBITA-
Huii mo Kopynay nokpeitus [IT-CP2 (a) v NOKpbITHIT HA OCHOBE
III'-CP2 ¢ no6askamu 5 (6), 15 (8), 25 (e, 0), % mac. TiC

NiCrBSi—TiC kpymHbix yactuil TiC ¢ MUKPOTBEPIOCTHIO
HV 0,1 > 2500 (cm. puc. 1, ¢; 3, 6; 4). DTO oTpaxkaeTcs U B
pOCTe MOTPEIIHOCTU M3MEPEHUsI MUKPOTBEPAOCTU OT
+10 ex. HV 0,1 (y mokpeituit [II-CP2 u ¢ 5 % TiC) no
+40 u 60 ex. HV 0,1 (y KOMIIO3ULIMOHHBIX TTOKPBITUIA C
15 u 25 % TiC) cooTBeTCTBEHHO (CM. TabJ1.).

Crenyet TakXke yKa3zaTb Ha HaOJtomaeMoe ISl BCex
YEThIPEeX MCCJIETOBAHHBIX MOKPBITUII HEKOTOPOE TTOHU-
KEeHNEe YPOBHSI MUKPOTBEPAOCTH BOJIU3UW TPAHUIIBI TTO-
KPBITHSI CO CTATBHOU ITOUTOXKOM (CM. pHC. 5).

Abpasuenas uznococmoikocmo u 0cob6eHHOCmuU paspy-
WileHus1 NOKPbIMull npu U3HAWUGAHUU no Kopyndy. B skc-
MepUMEHTax Ha abpa3sMBHOE M3HAIIMBAaHUE MPU CKOJIb-
JKEHUU TTOKPBITUI IO 3aKpeIJIEeHHOMY a0pa3uBY-KOPYH-
Iy YCTAaHOBJIEHO, YTO BBEJCHWE B IMOPOLIOK ISt
HarutaBku 5 % TiC He okasblBaeT BIUSIHUSI HA YPOBHU
WHTCHCUBHOCTY U3HAIIWBAHUS, KO3 GUIIMEHTA TPSHUS
U yIeJAbHOUW paboThl a0pa3sMBHOTO M3HAIIMBAHUS IO
CPaBHEHUIO C COOTBETCTBYIOIIMMU TPUOOIOTUIECKUMU
xapaktepuctukamu 6azoBoro nmokpsitus I[I-CP2 (cMm.
Tabs1.).

HccnenoBanue Ha CHOM MOBEpXHOCTEN U MPOAYKTOB
M3HAILIMBAHUS MOKA3aJ10, YTO M3HAIIIMBAHUE KAaK MTOKPbI-
tus [1T'-CP2, tak u nokpeitus ¢ 5 % TiC npoucxomur mo
MeXaHM3My MUKpope3aHus. Ha 3To yka3piBaeT Hajqmame
Ha MOBEPXHOCTSIX M3HAIIMBAHUs 000MX MOKPHITUN Xa-
pPaKTEepHBIX CJAEAOB MUKPOpPE3aHus B BUIE OOPO31d, Opu-
SHTUPOBAHHBIX B HAIIPABIICHUM IBVKECHUS aOpa3WBHBIX
3epeH (puc. 6, a, 6), a TaKXe ColepKaHUe B MPOIYKTAX
W3HAIIMBAHUS OOJIBIIOTO KOJMYECTBA MUKPOCTPYKKHU
(puc. 7, a), obpasyrolieiics B Mpolecce OMHOAKTHOTO OT-
JleJIeHU ST MUKPOOoObeMa MeTajlia OT IMOBEPXHOCTH IMO-
KPBITHS TIOJT BO3MeliCTBMEM abpa3vMBHOIO 3epHa. Pa3Bu-
THE MeXaHW3Ma MUKPOpe3aHUs 00yCIIOBIEHO TeM, YTO
CpeIHsIsI MUKPOTBEPIOCTh 0bomx mokpeiTuit (HV 0,1 =
= 520...530%+10) 3amMeTHO HMXE, YeM TBEPIOCTb KOPYyHIA
(HV~2000), a KonM4ecTBO IUCIEPCHBIX, O0JIee MPOUHBIX,
yem KopyHa, kapounoB TiC u kapo6ob6opugos (Ti, Cr),
(C, B) B mokpbituu ¢ 5 % TiC (cm. puc. 1, 6) HeBeTUKO.
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Puc. 7. IIpoaykTsl a0pa3uBHOrO M3HAMMBAHMUS TOCJIEe UCTIBITAHMI
no kopyHny mokpeitusi [II-CP2 (4) W mOKpbITHS HA OCHOBE
IIT'-CP2 ¢ nobaskoii 15 % mac. TiC (6)

IToBepxHOCTM abpa3MBHOrO M3HAIIMBAHUS OOOUX TTO-
KPBITUI XapaKTepU3yIOTCsl OJIM3KUMU 3HAUYCHUSIMU CpelI-
Heapu(GMETUIECKOro OTKJIOHEHUS MPOMUIsS MTOBEPXHO-
cti Ra = 1,2...1,3 MKkM (cM. Ta0JI.) U XapaKTepPHbIM IJIsI
MUKpope3aHus "3youaTteiM” mipodunem (puc. 8, a, cM.
cTp. 3 0OJIOXKM).

W3 npuBeneHHBIX B TaOJUIIE JaHHBIX CAEIYEeT, YTO
MpY BBEIEHUM B HaIUIaBJIsSIeMbIE ITOPOIIKU YaCTHUIL Kap-
Ouma TMUTaHa B KojudecTBe 15 u 25 % mac. HabiomaeTcst
pe3Koe CHIXKEHME 3HaUeHUIT MHTEHCUBHOCTH U3HAIIIMBa-
Hus o Th=0,8-10" 1 0,4-10~° COOTBETCTBEHHO, YTO B 2 U
4 paza MeHbliie, yeM y okpbiTus [1I'-CP2 u nokpbiTus ¢
5 % TiC, y xotopsix Th = 1,6-107. Puc. 6, 6, ¢ TOKa3bI-
BaeT, YTO M3HALIMBaHUEe MOKpbITUii ¢ 15 1 25 % TiC B
3HAYUTEJbHOU Mepe TTPOUCXOIUT IO MEXaHU3MY TIACTH -
YecKOro ortecHeHus (uapamaHusi). O6 3TOM CBUIETENb-
CTBYET OTCYTCTBME Ha TOBEPXHOCTSIX PacCMaTPUBaEMbIX
TMOKPBITUI BEIpaXKeHHBIX OJHOHAIIPABICHHBIX BITAAWH U
BBICTYIIOB, CBSI3aHHBIX C OTJACJICHUEM MUKPOCTPYXKKHU,
HaJInuue cIenoB nepeneopMupoBaHus MeTaljia U ycTa-
JIOCTHBIX TpeIIVH (MaJoIMKII0Basi (hpUKIIMOHHAS yCTa-
JIOCTh), a TakXXe YellyeK B MPOAYKTaxX M3HAIIMBaHUS
(puc. 7, 6). PaccmaTpuBaemble MOBEPXHOCTU M3HAIIIMBA-
HUST OTJIMYAIOTCS BBITJIAXKEHHBIM TTpoduiieM (puc. 8, 6) u
TMMOHWXEHHBIMU 3HAYEHUSIMU TTapaMeTPOB IIEPOXOBATO-
ctu (Ra, Rq) o0 cpaBHEHUIO C XapaKTepUCTUKAMU TTO-
BEpPXHOCTU U3HaIIMBaHus 6a3zoBoro nokpsitus [MI-CP2
(cm. puc. 8, a) u okpweitus ¢ 5 % TiC (cM. Tadm.).

OTMedeHHbIe 0COOEHHOCTH M3HAIIUBAHUSI KOMITO3M-
muoHHbIX mokpbITuil NiCrSiB — (15...25) % TiC o0y-
CJIOBJIEHBI TIPUCYTCTBUEM B UX CTPYKTYPE 3HAYUTEIIBHOTO
KoJInyecTBa KpymHbIX yactull kapouga TiC, TBepaoCTb
kotoporo (2500...2900 HV 0,1) npeBbiiiaeT TBEpAOCTb
KopyHaa. HecMoTpst Ha BBICOKYIO XpYNIKOCTh Kapouma
TUTaHa, TIPU BO3ACMCTBUN KOPYHIOM HE TTPOUCXOIUIIO
MMOJTHOTO BBIKpAIMBaHUs KpynHbIX yactuil TiC u3 me-
TATUYECKOW MaTpHUIIBI (CM. puc. 6, d). BhICOKOTIpOUYHbIe
KpynHbie yacTulbl Kapouaa TiC co3natoT B KOMITO3UIIN-

OHHBIX MOKPBITUSIX BBICOKOTIPOYHBIN M3HOCOCTOMKUI
Kapkac (CM. puc. 3, 6), KOTOPBII MPEeTATCTBYET pean3a-
O MAKPOPE3aHUs TIPU BO3ICUCTBUN KOPYHIOM U TIPH-
BOOUT K CMEHE OCHOBHOIO MeXaHM3Ma M3HAIIMBaHUS
koMmo3uIMOHHBIX MOKPLITHIT NiCrSiB—TiC ot Mukpo-
pe3aHus K napanaHuto. [Ipu napanaHuv MHTEHCUBHOCTD
OT/IEIEHUs] MaTepuaia 3HAaYUTEJbHO HUXE, YeM TpHU
MUKPOpE3aHUU, YTO U OOYCIOBIMBAET TOBBIIIIEHHBIE
3HAYEHUSI U3HOCOCTOMKOCTU y MOKPLITUH ¢ 15 u 25 %
TiC (cM. Tabm.).

JlaHHbBIe TaOJUIIBI TOKA3BIBAIOT, YTO CMEHA OCHOBHO-
ro MeXaHu3Ma M3HAIMBaHUs CITIOCOOCTBYET HEKOTOPOMY
CHIDKEHUIO Koa(hbUILIMeHTa TPEeHUsT Y MOKPBITUH ¢ 15 u
25 % TiC, uT0, 0YEBUIHO, SIBJISIETCS CIEACTBUEM YMEHD-
IIeHNUST MEXaHNMIECKOM COCTaBIIsTIONIeH KoadhduImeHTa
TpeHus [28]. BugHo Takke (cMm. Tabj.), 4TO B YCIOBUSX
npeobsanaHus MexaHU3Ma llapanaHus Ha pa3pyllieHue
KOMITO3UIIMOHHBIX TTOKPBITHI JOJKHA OBITH 3aTpadycHa
Oosiee 3HaUUTENbHAS padoTa. MakcuMajbHOE 3HAYEHUE
yAEeNbHOI paboThl n3Hammsanug (W = 115 x[Ix/cm’),
oTMeuYeHHOe y TOKPbITHsI ¢ 25 % TiC npu UCIBbITAHUU 110
KOPYHIY, COOTHOCHUTCSI C €T0 HauMEHbIIIell MHTEeHCUBHO-
CTbI0 abpasuBHoro usHawmeanus (Ih = 0,4-107%).

BriBog

YcraHoBneHa BO3MOXKXHOCTb (DOPMUPOBAHUST KOMIIO-
3uMOHHBIX TOKPLITHIE NiCrBSi—TiC ¢ moBbIlIeHHO
TBEpPJOCThIO 1 a0pa3MBHOI U3HOCOCTOMKOCTBIO MPOBE/IE-
HHEM Ta30IMOpPOIIKOBOI JIa3epHOI HaIlJIaBKU ¢ J00aBJie-
HUEM B HaIlJaBJsieMblii TOPOIIIOK Ha XPOMOHUKEIEBOM
ocHoBe Mapku [IT-CP2 nopomka kapouaa tutaHa TiC
rpanyjioMetpuudeckoro coctaBa 50...100 MKM B KOJIU-
yectBe 15 u 25 % Mmac.

Poct conpotuBneHns abpa3suBHOMY M3HAIIMBAHUIO
nokpbiTuii ¢ 15 u 25 % TiC cooTBeTcTBEHHO B 2 1 4 pasa
10 CPaBHEHUIO C U3HOCOCTOMKOCThIO GA30BOTO XPOMOHM -
KEJIEBOTO MOKPHITUSI C OCHOBHOM ympovHsitoleil (azoii
Cr;C, (1000...1100 HV) 00ycoBieH TPUCYTCTBUEM B OC-
HOBE KOMITO3UIIMOHHBIX MOKPBHITUN KPYIMHBIX YaCTHII
TiC, ob6pasytomux BeicokompouyHbiii (2500...2900HV)
Kapkac, HaJludyle KOTOPOIo CIIOCOOCTBYET CMEHE OCHOB-
HOTO MeXaHW3Ma M3HAIINBAaHUS ITOKPHITUI OT MUKPOpEe-
3aHUS K 1apanaHuio (MJIacCTUYeCKOMY OTTECHEHUIO) B yC-
JIOBUSIX MCITBITAHUN TI0 3aKpeIIeHHOMY abpa3uBy (KO-
pyna, ~2000 HV).

BBeneHue B HamiaBasieMblil TIOPOIIOK KapOuaa TUTa-
Ha TiC B KonmnuectBe 5 % Mac. He obecrieunBaeT POCT
TBEPJOCTU U aOpa3MBHOIN M3HOCOCTOMKOCTA XPOMOHM-
KeJICBOTO MOKPBITHUS BCIIEACTBUE ITOJTHOTO PaCTBOPEHUS
UCXOMHBIX KPYMHBIX YacTull TiC 1 BBIOEICHUS TIPU OX-
JIaXKIEHUW JIUIITb OTHOCUTEIBHO HEOOJIBIIIOTO KOJTUYECT-
Ba AUCIIEPCHBIX (pa3MepoM HECKOJIbKO MUKPOH) BBICO-
konpouHbix kKapoungos TiC u kap6o6opunos (Ti, Cr)
(C, B).
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The review of problems and perspectives of Cold Spray method for details repair of machines. The possibility for use

this method in mobile repair of agricultural machinery.
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MamuHbl, padoTalonye B CeIbCKOX03SIHCTBEHHOM
TIPOU3BOJCTBE, YACTO BBIXOAAT U3 CTPOS B TIEPUOILI HAK-
0oJiee MHTEHCUBHON 3KCILIyaTaluuu (IIOCeBHBIE U yOO-
pOYHEBIC PabOTHI), M BaXKHOU 3amaucii IBIISIETCST YCKOPEH-
HOE TIPOBEACHNE PEMOHTHIX PadOT IJISI BOCCTAHOBICHMS
paboTOCIOCOOHOCTU TeXHUKU. PEeMOHT Takux nedeKToB,
KaK 3aJelIka Te9r paguaToOpPOB ITPOU3BOIUTCS ITANKOIA.
IIpu aTOM TpedyeTcsl crieLManbHasi ITOATOTOBKA BOCCTa-
HaBJIMBAEMBIX TTOBEPXHOCTEH, UTO SIBIISICTCST JOCTATOYHO
TPYIOEMKUM, CIIOKHBIM M TPEOYIOIIUM BBICOKOM KBaJIM-
¢ukauuu padouux npoueccom. IToaTomy He0OXOAUMBI
YHUBepcaJlbHbIe 1 MOOMJIbHBIE CITIOCOObI pEMOHTA AeTa-
JIel MallliH, TTO3BOJISTIOIIME TTPOM3BOANTL PEMOHT OIlepa-
TUBHO, B YCIIOBUSX CEIbCKOXO3SIMICTBEHHOTO ITPOM3BO/I-
ctBa. TakuMU SIBASIIOTCSI HEKOTOPbIE CIOCOOBI raso-
IMHAMWYECKOTO HAITBUICHUSI, B YaCTHOCTU X0.100HO€
eazodunamuueckoe Hanvinenue (XITIH).

XT'IH — npouecc popmupoBaHus TOKPHITHUIT U3 Me-
TaJIJIOB 3a CUET aAre3ur MPU COYIapeHUN U 1eOopMUPO-
BaHUM 4YacTull (TIpM TeMIepaTypax HUXKe TeMIIepaTyphbl
TUTaBJICHUS TIPUCATOYHOIO MeTajlia), YCKOPEHHBIX Ta30-
BBIM ITOTOKOM 10 CBEPX3BYKOBOM CKOpOCTH. B KadecTBe
pabouero raza MCMoJIb3yeTCsl CXKaThlil BO3AyX MOJ JaBje-
unem 0,5...1,0 MITa (pacxon 0,5 M*/MWH, MOIIIHOCTB TTO-
nporpesa 3...5 kBr). JIyst HaHeceHUsI TOKPBITUI UCTONb3Y-
FOTCST mopoIKy "MATKuX" MeTtawioB (Al, Cu, Zn, Ni) u
0ao6buToB. PexkomMeHayemass (¢pakuus MOpoIIKa
< 100 Mxwm [1].

Ycranoska mis HambuieHus "[Iumer-402" nmeet rada-
puTHBIe pa3mepbl 560x260x420 MM, maccy 14 kr, TpeOye-
Moe naBiieHue norpedssieMoro Bosayxa 0,6...1,0 MIla
npu pacxone Bosayxa 0,3 M°/MMH, 4TO MTO3BOJSET UC-
MOJIb30BaTh €€ B MOJIEBBIX YCIOBUSIX OT ITHEBMOCUCTEMBI
ABTOMOOWUJIS.

XI'’IH npumensieTcst aisi:

— BOCCTAHOBJICHUs] YTpauyeHHBIX 00HEMOB MeTaslia,
ycTpaHeHUs neeKToB (TpelIuH, KaBepH, CBUINEH) CUITY-
MUWHOBBIX, YYTYHHBIX 1 CTaJbHBIX ACTaJICi;

— 3alIUTHl JIeTajlell OT KOPpPO3WM, KOTopasi obecrie-
YUBAeTCs TOKPBITUSIMM Ha OCHOBE allOMUHUS U
LIMHKA;

— HaHECEHUs TTIOKPHITUI ¢ BEICOKOI 3JIEKTPOIIPOBO/I-
HOCTbIO (aJIIOMUHUEBbIC, MEIHbIC) Ha JIIOOYI0 METalIu-
YECKYI0 WJIM KepaMUIECKYI0 OCHOBY;

— HaHEeCEHUS MOJCI0eB IS Maiiky Ha JIF00YI0 MeTa-
JINYECKYIO OCHOBY (B YACTHOCTU, YYTYH U JIIOMUHUIA), a
TakKe Ha CTEKJIO U KepaMUKY; MaeT BO3MOXKXHOCTb MeI-
HUTh 3TH TTOIJIOKKHU, YTOOBI 3aTeM, 3aJIyIUB UX JIIOOBIMU
TIPUITIOSIMU, CO3IaBaTh MasHbBIC COCIMHEHMS JTI000T0 Ha-
3HAYCHUS;

— TepMeTU3alUM TeYell XKUIKOCTEU U Ta30B JIJIST COCY-
OB, paboTaloIIMX IO AaBJICHUEM WJIM MPU HU3KUX U
BBICOKMX TEMIIepaTypax: 3JIeMEHThI KPUOTEHHBIX CUCTEM,
CHCTEM OXJIaXXKIEHUSI, eMKOCTH, TPYOOIIPOBOIbI, TEILIO-
00MeHHUKM U T.1. (puc. 1) [2];
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Puc.1. BoccranoBiieHue repMeTHYHOCTH PAIMATOPA OXJIAKIEHHUS
BO31yXxa aBToMoOMIA Audi

— CO3JaHUsl JEKOPATUBHBIX MOKPHITUI, OMMETANJIOB,
HaHEeCEeHUsl TEIIONMPOBOIHBIX MOKPBITUIA, TPOMEKYTOU-
HBIX CJIOEB MPU IPYTUX CIIOCO0aX BOCCTAHOBICHUS (TIpU
3JIEKTPOKOHTAKTHOI TIpuBapke) [3];

— HaHeCeHUsI UBHOCOCTOMKUX MOKPBITUIL Ha pabouune
OpraHbl ceJbX03MallliH, HaHEeCEHUsI aHTUMPUKIIMOHHBIX
MOKPHITUI Ha pAeTanu, paboTaiolue MOpu TPEeHUU
cKoJIbXeHus [4].

I pereHnsI pooIieM BOCCTaHOBJICHUS AeTalleid Ma-
IIWH OMPEACISIONINMU SIBJISIOTCS XapaKTePUCTUKHU T10-
JIydaeMBIX MOKPBITUI U UX 3aBUCUMOCTH OT YCIOBMII U
PEXMMOB HaIbLICHUS.

bl mpoBeneHbl MccaenoBaHUsl U3HOCOCTOMKOCTH
MOKpPBITUIA, mosiydeHHbIX XTI ITH, npu abpa3suBHOM U3HO-
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Puc. 2. U3menenune maccel (@) u 00bemMa (6) 00pa3ioB npu adpa3us-
HOM M3HALIMBAHUM B €JMHUILY BPEMEHU

ce (puc. 2, a, 6) Ha yctaHoBke UM-01 (moajoxka —
craib 081C, cpeaHee KOHTAKTHOE JaBJICHWE B 30HE Tpe-
Hug 0,33 MIla, pacxonm aOpa3uBHOro MaTepua-
na 7,0 r/muH) [4]. AIUTeIbHOCTh UCTTBITAHUIA COCTaBUJIa
30 MUH, YTO IIPY CKOPOCTH BpalleHus poauka 115 mun™
u ero nuaMmeTpe 50 MM COOTBETCTBOBAJIO IMYTH TPEHUS
540 M. Tpubonoruyeckue MccaeaOBaHUS MO CXEMe PO-
JIMK — KOJIOAKA IIPOBOIMJIM Ha MAaIIWHE TPeHUSI
"MW 5018" (marepman komomku — CY 21
I'OCT 1412—85, cma3zka — macino M-8B2, yacrora Bpa-
IIEHM Bajla yCTaHOBKM /1 = 500 MuH ', cuia HarpyxeHus
P = 1000 H).

W3 pe3ynpraToB, MOIyYeHHBIX TIPY UCCIIEA0BAHUT a0-
DPa3MBHOIO U3HAIIMBAHUS, BUAHO, YTO U3HOC MOKPBITUIA,
nonyuyeHHbIXx XI'ITH mnopomikoB mapok C-01-11 wu
N3-00-02, 6omee yeM B 2 paza HIKe 00pa3loB U3 CTaIU
45. Pe3ynbTaThl U3HOCOCTOMKOCTU Ha MalllMHE TPEHUS
"MN-5018" (puc. 3, a) moKa3ajiu, 4TO HANOOJBIIYIO W3-
HOCOCTOMKOCTb MMEIOT TTOKPBITHS, TTOTyIeHHBIC Ta30I1-
HaMU4YEeCKMM HamblIeHrneM mnopoinka Mapku N3-00-02,
1py 3ToM KoadduimeHt TpeHus: cocraBui 0,26.

HccnenoBanust [5 — 6] mokaseiBaioT (puc. 3, 6), 4TO
HanOOJIbIIAS TIPOYHOCTh CIEIUICHUS TTOKPBITHS, TTOJTY-
yeHHoro XI'JIH nopomka mapku A-80-13 Ha OCHOBY M3
cranu 12X18HI10T u amomunHueBoro cmiaaBa AK74
(AJ19), Obl1a Mpu AaBjJeHUU BO3JAyXa B HaMbUIUTEIbHOM
osmoke 0,9 MIla u cocrapisiia 58 u 67 MIla coorBerct-
BeHHO (TemmnepaTypa HarpeBa T, = 400 °C, dpakuus no-
pomka d = 40 MKM).

[Tpu 3TOM onTMMasbHAsSI TEMIIepaTypa HarpeBa cocTa-
Buna 200 °C (puc. 3, ), a ¢dpakiiusi HambUISIEMOTO T0-
pomka 40 MrMm (puc. 3, ). JucTaHIOUS HAITBUICHUS
(puc. 3, d) He noykHa npesBbiaTh 10...16 mM. Mccneno-
BaHUSI TMPOBOAMJIMCH Ha MOKPBITUIX TOJIIMHON
0,7...1,0 MM, MOJIydYeHHBIX HamNbIJIEHWEM MOPOIIKOB Ma-
pok C-01-01 n A-80-13. IToBepxHOCTU IITUMPTOB MOCTE
OTpPbIBa CBUAETEJbCTBYIOT O TOM, YTO Pa3pyllIEHUs UMEIOT
afTe3MOHHEBIN XapaKTep.

B cBoto ouepeab aBTOpbl [7] yCTaHOBWIN 3aBUCUMOCTD
MEXIY ITPOYHOCTHIO Ha OTPHIB TTOKPHITUI U3 TIOPOIITKOB
mapok A-80-13 u C-01-01, HaHeCceHHBIX Ha OCHOBY U3
cTtaiu 45 B 3aBUCUMOCTU OT TOJILLMHBI MOKPBITUSI. Bbuiu
TOJTyYeHBI YPaBHECHUS TUHUU TPEHIOB 1 ITOCTPOCHBI Tpa-
duxu (puc. 3, d). Taxxe ObLIa OrpeaeseHa MPOYHOCTh
Ha cpe3 (T) MOKPHITUI, MOTydeHHBIX crtocodom XI'ITH
nmopomikoB Mapok A-80-13 m C-01-01, xkortopas
coctaBwia 22 u 24 MIla coOTBETCTBEHHO.

ITepcnexTuBHBIM siBAsIeTCa Mcnojb3oBaHue XI'JTH
ITOBEPXHOCTU METAJUIOB BEHTUJIBHOM TPYIIIIBI, B TOM YHC-
e Al, ¢ TTOCIEeaYIOIINM MUKPOOY208bIM OKCUOUPOBAHUEM
(MJO) nnst moay4yeHust TOKPBITUI U3 OKCUJA aTIOMUHUS
(kopyHma) (puc. 4) [8].
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