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BJIUSTHUE TEPMUYECKOI OFPABOTKH HA OM3UKO-MEXAHUYECKUE XAPAKTEPCTUKY
[IOPUCTOI'O HUKEJIMJIA TUTAHA, IIOJTYYEHHOI'O METOZIOM CBC

Xonopenko B.H., I'ontep B.J., Scenuyk 10.0.

W3BectHO, 4TO TepMOMeXaHUUYeCKast 00padOTKa CILIABOB NPUBOAUT K M3MEHEHHIO X CTPYKTYPBI H (PU3HKO-Me-
XaHMYECKUX CBOMCTB. B pesynbrare Tepmuueckoli 00pabOTKM MOHOMMTHOTO HUKEJU/A THTaHa IPOUCXOIAT N3MEHe-
HHE €ro CTPYKTYpHO-()a30BOr0 COCTOSHHUS M, KaK CIIeICTBUE, CMEILEHHE HHTepBaja (a3oBbIX MPEBpaLIeHUH, CMEHA
HOCJIEI0BaTeIbHOCTH MapPTEHCHTHBIX MIEPEX0A0B U M3MeHeHue 3p¢dekToB GpopMoBoccTaHOBIeHUS [ 1, 2].

B cuny ocobeHHOCTE# CTPYKTYpHI IOPHCTOTO HUKEIUIa TUTaHa, monydeHHoro meronoM CBC, BnusHue TEpMo-
00paboTKy Ha (PU3UKO-MEXaHUUECKIE XapaKTEPUCTUKU UMEET ellle OolbLIee 3HaUYeHHe, YeM /111 MOHOJIMTHOTO HHKe-
nmuja TuTana [3].

BaxHoi#1 0COOEHHOCTBIO TIOPUCTOTO HUKENMA THTaHA II0 CPABHEHHIO C JIUTHIM CILIABOM TOTO )K€ COCTaBa SIBJIsI-
eTcs INMPOKUI TeMIepaTypHbIi HHTepBaJ (a30BbIX MPEBPALICHUH, KOTOPBIX onpezensercs Ga3oBoil 1 XUMUYECKOH
HEOIHOPOAHOCTHIO CIUIaBa M pearnpyeT Ha BO3ZeHCTBUs TepMuueckoi oOpaborku. Kak mokazanmu wmccienoBaHus,
TepMuuecKkas 00padoTKa IIOPUCTOrO HUKENNIa TUTaHa B uHTepBaie temieparyp 300+ 1000 °C npuBoaut K cymect-
BEHHBIM N3MEHEHUSAM €10 MUKPOCTPYKTYpBI. YCTAHOBJIEHO, YTO, KaK B UCXOTHOM COCTOSTHUH TIOPHUCTBIX CILIABOB, MO-
ay4yenHbIx nocie CBC, Tak u mocne ux tepmoodpabotku, odpasytores ¢assl TiNi (B2), TiNi(B19” ), Ti,Ni, TiNi;.
ITpu sToM 0OpazoBanuio passl TiNi; npenmecTByer psia MeractadunbHbIX ¢a3 Ti,Nis, TisNiy, Tij;Nij4. B o6pazosa-
Huu ¢assl Ti,Ni cymectBenHyro ponb urpatot O u apyrue npumecu Baenpenus - C, H u N, kotopsle Bceraa conep-
JKaTCs B PEILIETKE CIUIABOB HUKENIMIA TUTaHA, MoydeHHbIX MeTogoM CBC. M3-3a Ham4umst BAKAHTHBIX MECT B pPeILeT-
Ke oHa obnagaeT crocoOHocThI0 pacTBopATh O, C u N, 4T0 NpUBOAUT K 00pa30BaHHIO OKCHKaPOOHUTPHAOB, UMEIO-
ux coctas TiyNi, (O, C, N). O1u BbiaeneHus ManoonduMbl oT Ti,Ni u3-3a 60/1b1IOr0 CXOACTBA X KPUCTAILINYE-
CKHX peretok. Kpome Toro, B HUKeNHAE TUTaHA YCTAaHOBJICHA CKIOHHOCTD TUTAHA K CErperanuy Ha cBOOOIHBIX I10-
BEPXHOCTSIX IPH TEPMUUECKUX 00pabOTKaxX, 4TO IPUBOAUT K OOPa30BAHUIO OKUCIIOB U CYIIECTBEHHOMY N3MEHEHHUIO
KOHIIEHTPALIMOHHOTO COCTaBa MaTPHIIBI U €€ TepMOYIpyroro noseaeHus [4]. B atoi cBs3u TepmoobpaboTKa mopuc-
TOTO HUKENUA TUTaHa UMEET OONbLIOE 3HAYCHHE.

JlaHHOe ¥ccieoBaHMe MOCBSIICHO H3yYeHUIO 3aKOHOMEPHOCTEH N3MEHEHHUs HHTEPBAJIOB (ha30BbIX MpeBpalle-
HUI, UX MOCIIEA0BATENILHOCTH M XapaKTEPUCTHUECKUX TEMIIEPATyp MapTEHCHTHBIX MPEBPALICHUH B TIOPUCTOM HHKe-
Juje TUTaHa, momy4eHHoM MetogoM CBC, B 3aBUCHMOCTH OT TepMUYECKOH 00pabOTKH.

Jlist uccnenoBaHus KCTIONB30BaIM MpUTroToBieHHbBIE MeTonoM CBC MenkonopucThie 00pasIbl CIijlaBa HUKEIU A
tutaHa. Cpennuii pasmep mop coctapisit 150 mxm. Tepmudeckyto 06paboTKy MPOBOMMIIH B TIe4H ¢ Bakyymom 10-4
ITa, B unTepBane temneparyp 200+1000 °C B TeueHue yaca ¢ HOCIEAYIOINM OXJIaXKIEHHEM C Teublo. Du3KKo-Mexa-
HHUYECKHE CBOMCTBA M3Yy4ald, UCIONB3Ysl METOJ MHOTOKPAaTHOTO (hOpMOU3MEHEHHS.

AHanu3 KpUBBIX 3aBHCHMOCTEH HAKOILIEHHOH Je(opMaliii OT TeMIIepaTyphl HCTIBITAHHS [IOKA3aJl, YTO B UHTEP-
Basie Temmeparyp +50+196 °C 1114 Bcex uccie0BaHHBIX 00pa3LoB U BceX TeMIIepaTypax OTKUTa peausyercs ¢a-
30BBI TIEpexos 13 BeIcOKoTeMIeparypHoit B2 ¢asbl B Hu3kotemneparypayto B19' . Ilpu nporekanuy npsiMoro npe-
BpallIeHNs B HHTepBaje TeMneparyp -25 +25 °C Habmtomany OTKIOHEHHE B HAKJIOHE KPHBOH, BBIpakaroleecs B Ha-
ymuny "ctynenbku'. [1o aHanorum ¢ MOHOIUTHBIM HUKENIUIOM THTaHa TIEpeXo]] U3 BeICOKoTeMIIepaTypHoi B2 dazb
B HI3KOTeMIieparypHyto B19’ npoxoxut dyepes R ¢asy, u peanusyercs ciemyronas IocieqoBaTeIbHOCTh IEPEX0I0B:
B2 - R-R+B19' - B19; B2 - R+B19’ — B19". [Ipu makcumanbHbIx Temmeparypax orxura (800, 1000 °C) nabmro-
Jany pasMbITie R nepexona. HakaoH KpUBBIX IPSIMOTO U 00PaTHOTO NPEBPAICHUH Pa3IMIeH, YTO CBUACTEIBCTBYET
0 PasHBIX MEXaHM3Max ero peaiu3anuu. [Ipsmoe mpeBpalieHne NpoTeKaeT N0 aTepPMUIECKOMY THILY, IPH 00pPaTHOM
NpEeBpaIleHN THII KHHETUKH OTM30K K B3PHIBHOMY, PEAKIUsI IPOUCXOAUT NPAKTHIECKH MTHOBEHHO BO BCeM 00beMe
Marepuaia. YBENMYEHHE TEMIIEpaTypbl OT)KHUIa MPUBOAUT K Pa3MBITHIO HMHTEPBAJOB (ha30BBIX IMpEeBpaILCHHUH,
IpY STOM TeMIlepaTypa Hayana (pa3oBbIX npeBpaieHnii M,' B uatepsaie temmeparyp 1o 600 °C MOHOTOHHO Bo3pac-
TaeT, Ipy AAbHEHIIEM YBEIMYCHNN TEMIepaTyphl OT)KUIa - MIIABHO YMEHbIIaeTcs. TeMnepaTypbl KOHLa HaKoIwIe-
Hud gedopMmarun My 1 Hayana oOpaTHOTO mpeBpareHnst As’ cIBUTAIOTCS B 001acTh MOHMKEHHBIX TeMIleparyp. Yc-
TaHOBJIEHHBIE 3aBUCHMOCTH 00YCIIOBJIEHBI CTPYKTYPHBIMU 0COOSHHOCTSMH UCCIIEAYEMOr0 MaTepHaa.

CrpyKTypa NOPHCTOTO HUKENUIA TUTaHa, oydeHHoro nocie npouecca CBC (icxomHoe cocTosHUE), XapaKTe-
pu3yercs PKO BHIPKEHHON HEOMHOPOAHOCTHIO B pacmpereneHny (a3oBbIX BEIIENCHHH M0 BceMy 00beMy oOpasla,
4TO SABJACTCS OJHOM M3 NPHYMH "pasMBITHA" HHTEpBaia (Ha30BbIX MPEBPALICHUH.

[Mocne orxura 0Opa3uoB B uHTEpBaje a0 Temmeparypsl 600 °C nmpoucxoaut "BelpaBHUBaHUE" CTPYKTYpBI, OHA
CTaHOBHTCS OoJiee OTHOPOAHOM, HAOMIONAeTCS OUMILIEHIE 00beMa MaTPHIIBI OT MEJIKHX BblieNieHni (asbl, oboramieH-
Hoii o Tutany — Ti,Ni. [losBnstorcst cBOOOAHBIE OT YacTUIl 0ONACTH, IPH ITOM OoJee YeTKO 0003HaYaI0TCs TPaHu-
bl 3epeH U3-3a YBENMYEeHHs IJIOTHOCTU BbIAeNeHnd Ha Hux (puc. 1). B aToM TemmepaTypHOM MHTEpBaje OTKUTOB
TPOMCXOIUT yBeInueHue koinuectsa (aspl TiNi, KoTopas oTBe4aeT 3a MapTeHCUTHBIE peBpatieHus. JaHHbli (akT
O0DBSCHSIET M yBEIMUCHHE HAKOTUICHHON AeopMaliui pu 00paTuMoM (opMOU3MEHEHHH B 3aBUCMMOCTH OT TeMIIe-
parypsl oTxura. M3 puc. 2 BugHo, yto g0 Temmeparypsl 7=300 °C BeInunHa HaKOIUIEHHOH Je(opMaliyl yBeIHIu-
BaeTcs, B MHTepBaje Temneparyp 7=300+600 °C - nmeer MakcuManbHble 3HaueHud, a HaunHas ¢ 7=600 °C, — ymeHb-
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Puc. 1. MuKpOCTpYKTypa MOPHUCTOTO HUKENH/IA THTAHa TIOCye oTkura Puc. 2. 3aBUCMMOCTE 00IIeH HAKOIUICHHOH TeopMaluy OT TemIie-
npu T=400 °C, t=119. OTMEYaroTCst CBOOOIHBIE OT BHIAEICHHI 30HbBI patypsl 06paboTKI

maercsa. MakcuManbHble 3Ha4YeHHs] BEJMINHBI HAKOTUIEHHO nedopmaru B nHTepBasie Temmneparyp 7=300+600 °C
OOBSICHSIOTCS 00JIee OIHOPOIHBIM pacpenacicHueM (a3 B 00beMe o0pasiia U TOMONHUTEILHBIM 00pa30BaHHEM 32
CYET OYHUIICHHUSI TIOBEPXHOCTH OT MEJIKHX BbIIeNIeHHH KomdecTBa (has3bl TiNi, OTBETCTBEHHOM 32 MapTEHCHTHBIE Ipe-
BpaIICHS.

HeoOxomimMo 0TMETHTD, 9TO B THTAHOBEIX CIDTaBax, HaunHas ¢ 7=100 °C, ycTaHOBJIeHa CKJIOHHOCTh TUTaHA K Ce-
rperamyy Ha CBOOOITHBIX MOBEPXHOCTSX U TPAHUIAX pasziena. Takol polece MPUBOIUT K U3MEHEHHIO KOHIICHTPAIIi-
OHHOTO COCTaBa MaTPHIIbI HUKEJN/IA TUTaHA, O0CIHSIS ee 110 TUTAaHy 1 o0oraiias, COOTBETCTBEHHO, 110 HuKelo. C 1mo-
BBIIEHHEM TeMIeparypsl (6onee 600 °C) B mporiecce OTKUra TPOMCXOIUT JOTIOTHUTEIBHOE BBIACICHHE METKO/HC-
IIEPCHOM KorepeHTHOH (ha3bl, 00orameHHoH no Hukemo - TiNi;, coxpaHseTcs HEOTHOPOJHOCTH B INIOTHOCTH €€ pac-
npejiesieHust B 00beMe 00pasiia. B oKkanbHBIX MecTax MaTpHIlbl, BEPOSATHO B MECTaX HAHOOJNBIIEH XUMIIECKOH He-
OJTHOPOJHOCTH, 00OTAIEHHBIX 10 HUKENI0, 00Hapy:keHs! BeiaeneHns TiNi; B hopme cetok. KorepentHast dasa TiNi,
€CTEeCTBEHHO CO3/[aCT HAIPSHKEHUS B MaTPHIIE, KOTOPbIE PEIATCTBYIOT IBIKEHHIO MEK(A3HBIX TPAHUI] IPH MaPTCH-
CHTHBIX MpeBpaiieHusx. Kak ciencrsue, BeNMYiHa HAKOIUICHHO! Je(hopMaIy PH TeMIeparypax OTKHra Oombliie
600 °C napgaer, Temneparypa M;' caBuraercs B 001acTb OTPULATENbHBIX TEMIIEPATyp U MPOLECC NPEBPAILCHUS 10
KOHIIA HE peanusyercs (B MpoIecc BCTYMAIOT HEOIHOPOIHBIE BHYTPCHHIE HANPSKEHHS, CO3IAIONING TIACTHIHbIN
CIIBUT, U MaTepua TpedyeT Oonblero nepeoxnaxaeHus). TemMneparypa Hadana o0paTHOTO IpeBpaieHus A, cmela-
eTCs TAKKe B 00J1aCcTh HU3KUX TEMITEpAaTyp.

Taxum 00pa3zoM, TepMudeckas 00paboTka IOPUCTOTO HUKEH/Ia THTaHA CYIIECTBEHHBIM 00pa30M BIHSIECT KaK Ha
€ro CTPYKTYDY, Tak U (hr3uKo-MexaHmdecKre cBoiictea. Omxur B mHTEpBaje temmeparyp 300+600 °C cmocobeTByeT
YITYYIICHHIO (PU3UKO-MEXaHUUECKUX XapaKTEPHUCTHK, JalbHENIIee MOBBIIICHIE TEMIIEPaTyphl IPUBOINUT K YXY/IIIe-
HHIO CBOWCTB TIOPUCTOTO MPOHHUIAEMOTO HUKeNH/Ia THTaHa. ONTHMAaIbHAs PEKOMEHIyeMasi TeMIreparypa 00paboTKu
M3IENNil U3 TOPUCTOTO HUKeNMaa TuTaHa - 31o 400+450 °C B TeyeHne qaca B BaKyyMe.
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V3YYEHHE KOHTAKTHOT'O JEKTPOXUMIYECKOTO B3AUMOJIECTBHS
TUTAHCOJAEPKAIIMX CIUIABOB

Mo3nees A.U., 3yokoBa fA.10., Onecosa B.H., ®uionos M.P., Mymees W.Y.

Hanbomnee onTnmanbHBIM KOHCTPYKIMOHHBIM MaTeprajoM OPTOINEUIECKUX KOHCTPYKIMN C OMOpOW Ha JIeH-
TaJbHBIE UMILIAHTATHI SBISETCS ONHOMMEHHBIN JTUTHEBOM CIUIAB; MPH 3TOM peau3yeTcs "MPHHIUIT MOHOMeTaa".
OnHaxo B ciTy4ae HCIOIb30BaHMS JEHTAIBHBIX HMIUIAHTATOB U3 HUKENHA THTaHa TPUMEHEHHE OJJHOMMEHHOTO CILIa-
BA MPH W3TOTOBICHUH KapPKAaCOB METAJUIOKEPAMUYECKUX MPOTE30B 3aTPYTHUTENBHO, TOCKOIBKY 0 HACTOSIIETO Bpe-





