OT3bIB

Ha gucceprauyuio LLlykuHa AnekcaHgpa CepreeBuva,
«UccneposaHue B3auMmogencTBUA NPoAYyKToB ropeHus cuctemel Ni-Al ¢
Tyronnaskumu metannamu W, Mo u Ta,
npeacTaBfieHHYIO Ha COMCKaHue Y4eHOM CTeneHu KaHanaara TeXHM4eCcKUX Hayk no
cneyunansbHocTu 01.04.17 — xumuyeckas uaunka, ropeHue u B3pbis, husmka

JKCTpeMalNbHbIX COCTOSIHUN BellecTBa

AKTyanbHOCTb TEMbI AUCCEepTauumn

Bonblune pesepsbl B NOBbILLEHUW CBONCTB KOHCTPYKLIMIA OTKPbIBAKOTCS MpWU 3amMmeHe
TPAAMLMOHHBIX MEeTansioB HOBbIMW Marepuanamuv — WHTepmeTannuaamum (XuMmuyeckue
COoefMHEeHUA TUTaHa — anioMUHUIA, HAKENb — anioMUHUA U Ap.). 3T maTtepuansl obnagawT
BbICOKOW XapOMnpOYHOCTbID, BbICOKUMU XapakTeEPUCTUKaMW KOPPO3NOHHOW CTOMKOCTW,
XapoCTOMKOCTU M W3HOCOCTOMKOCTU. WHTepMeTannugHbie CcnnaBbl Ha OCHOBE TUTaHa
mMoryT pabotatb o Temneparypbl +850°C 6e3 3alMTHBIX NOKPbLITUIA, CnnaBbl HA OCHOBE
Hukena — go temneparypbl +1500°C. HecMoTpsi Ha TO 4TO MO CBOEW CTPYKType 3TU
marepuarnbl XOPOLUO W3BECTHbI, CMnaBbl Ha OCHOBE WHTEPMETANMUAHbLIX COEAUHEHUN
(TisAl, TiAl, NiAl) He Haxogunu NPakTUYecKoro NPUMEHEHUA U3-3a CBOE XPYMKOCTU npu
HopmMmanbHOM Temnepartype. Tonbko Gnarogaps nporpeccy B obnactu TeXHOMOrmYeckux
npoueccos nNPou3BOACTBA  CTAHOBUTCH  BO3MOXHbIM B Brnivxkanwem  Byayuiem
npakTU4ecKkoe UCnonb3oBaHne 3ITUX MaTepuanoB B KOHCTPyKUusX. K HuM oTHOcsTCA
TEXHONMOrMs  NMPOW3BOACTBA MOPOLUKOBBIX ~ MaTepuanioB  C  UCMofb3oBaHWEM
BbICOKOCKOPOCTHOW KpucTannu3auuu, guddysvoHHas n nasepHas cesapka, gecopmaums
B M30TEPMUYECKNX YCIOBUSX.

Pabora nocesiLleHa uccrnegoBaHUI0 —npouecca caMopacnpoCcTpaHsHoLLerocs
BblcokoTeMnepatypHoro cuHTtesa (CBC) B cucteme Ni-Al ¢ pasnuyHbIMW TyronnasKumm
MeTannamu, YTo HECOMHEHHO aKTyarnbHO C TOYKM 3peHus pa3paboTku Hay4yHbIX OCHOB
co3faHua Matepuarnos C NoBbILLUEHHbBIMW AKCMyaTauMOHHbIMKN XapakTepuctukamu. Kpome
TOrO, NPaKTUYeCKUn nHTepec K uccrnenosaHuto TponHbix cuctem Ni-Al-W, Ni-Al-Mo n Ni-Al-
Ta Take CBsi3aH C MOMyYeHUMEM HaNMNaBoOK W 3aLUWTHLIX MOKPbLITUA U3 YCTOWMYMBOTO K
okucnexuio uHtepmetannuaa NiAl Ha NOBEPXHOCTM TYronsiaBkUX MeTannos, KOTOpble
obnagaioT HU3KOW YCTONYUBOCTBLIO K OKUCIIEHUIO MPU BLICOKOW TeMnepaType Ha BO3ayxe.

Takxe B paboTe uccnegoBaHa BO3MOXHOCTb MOMyYeHUss HAHOPa3MepPHbIX BOINOKOH

u3 Tyronnaskux metannos (W, Mo v Ap.) C MCNONb3oBaHWeM MceBAOGMHAPHBIX



9BTEKTUYECKUX CTPYKTYp Ha ocHoBe wuHTepmetannuaa NiAl. HaHopasmepHble HUTU Ha
OcHoBe Tyronnaskux metannos W n Mo umeroT LWnpokui cnexkTp NPUMEHeHuiA: B Ka4ecTse
rasoBblX CEHCOPOB, B Ka4yecTBe 3MEeKTPoAoB, YyBCTBUTENbHbIX K pH, B
BblCOKOTEMMNEPaTYPHOW HaHOTEXHOMOIMMU B KavyecTBe WCTOYHUKOB MONSPU30BAHHOIO
UHpakpacHoro ceeTta U A.p. [Ans co3gaHus 3BTEKTUYECKUX cnnasoB Ha ocHose NiAl,
NPUMEHAETCA METOA CamMopacrnpoCTPaHSKLIErocss BbICOKOTEMNEPATYPHOro CuHTe3a
(CBC). MNpoueccsl, npoucxoaswmne Ha rpaHvue pasgena cas mMexay pacrinaaom Ni-Al n
Tyronnaekumu mMmetannamu B rnpouecce CBC Tawke npeacrtaBnswT wuHTEpec AN
noaApobHOro nayyeHus.

HoBu3Ha npoBefeHHbLIX UCCNefOBaHUMI U NOSNYy4YeHHbIX pe3ynLTaToB

HayyHass HOBuU3Ha AuccepTauMoHHOMW paboTbl COCTOMT B TOM, YTO BbIMOSHEHbI
nccneaoBaHWA No B3aMMOLENCTBUIO UHTepMeTannuaoB Ha ocHose Ni-Al ¢ W, Mo 1 Ta B
npouecce CBC, a Tawke C npuUMEHEHMEM MeToAa MEeXaHUYecKoW akTuBauum w
TepMoobpaboTkn, Ha CNoeBblX U MNepemellaHHbIX (MOPOLLKOBLIX) CUCTEMax, NoapoBHO
U3y4yeHa MUKPOCTPYKTYpa rnepexofHoOn 30Hbl, POpMUPYIOLLERCS MEXAY MHTEPMETannaom
NiAl u meTannamu W, Mo, Ta.

[MonyyeHbl HOBbIE 3KCMepUMeHTarnbHble AaHHble Npu uccnegosaHum npouecca CBC
obpasuos coctaBos ((Ni+Al) + 5 at. % W + 1+5 aT. % NiO), 4to nokasano Hanuyue AByx
nocneaoBaTenbHbIX BOSTH rOPEHUs.

O6HapyXeHbl CXOoHble CTPYKTYPHbIE KOMMOHEHTbI B CTPYKTYpax nepexofHbiX 30H,
(bopmMUpytoLLIMXCA NMpY B3aumogencTeuu Tyronnaekux metannos (W u Mo) ¢ npogykramu
Gesrazosoro ropeHuns B cucteme Ni-Al — 3épHa u geHapuTel W n Mo, ncesgobuHapHbie
astekTukn NIAI-W u NiAl-Mo, HaHopa3amepHble npeuunutatel W v Mo B 3épHax u
aeHgputax NiAl. ObHapyxeHo rnobynspHoe paekopupoBaHue Ha noBepxHocTn W
NOANOXKM, Ha rnosepxHoCcT Mo MoanoXku AekopupoBaHue OTCyTCTBYeT. W3 npoaykTos
B3aumopencteusi cuctem Ni-Al-W 1 Ni-Al-Mo  xumuuecku BbigeneHbl TOHKME HUTU
Tyronnaskux metannos W 1 Mo TonwmwmHon 25+100 M 1 anuHoin ao 300 Mkm.

O6GHapyxeHo, 4YTO Npu B3auUMOAEUCTBUM Ta MOAMOXKW C MNPOAYKTAMU TOpPEeHUst
cuctembl Ni-Al  chopmMupyeTcss nepexogHbii CNow TOMNWMHOW coAaepKalliuit TPOoWHble
uHtepmetannuabl TaNiAl (dasa Ilaseca), TaNi2Al (dhaza Mecnepa), asTekTuky NiAl-TaNiAl.
B nepexogHon 3oHe mexay Ta u dpasoit TaNiAl oBHapyxeH crioi Cy6GMUKPOHHOMR TOMLLMHBI
13 UHTEpMeTannNuMaHou hasbl ¢ coctaBoM, Brnmnskum kK coeauHeHunto TasNizAls.

HlocToBepHOCTL NONYYeHHbLIX pe3ynLTaToB

JocTtoBepHOCTL 1 OBOCHOBAHHOCTb  pesynbTaToB W BbIBOAOB  paboTsi

nogrBepXOaeTcs 3Ha4YNUTEINbHbLIM KOInn4ecTBoM aKcnepMmeHTanbHbIX OaHHBbIX,



MOMy4YeHHbIMU C MCMOSb30BaHNUEM KOMMIIEKCa COBPEMEHHbLIX anpobupoBaHHbLIX METOAMK
aHanu3a CUHTE3WPOBaHHbIX Marepuanos, BbICOKOTOYHOW annapaTtypbl W CpeacTs
namepexus napametpoe CBC npoueccos, a Takke afgekBaTHOW NMOCTAHOBKOW 3adayv u
CNocoboB MX pelleHns ¢ NpuMeHeHneM anpobupoBaHHOrO NporpamMMHoro obecneyeHus
ANs TepMOAUHAMUYECKOro aHanuaa.

HayuyHas u npakTudeckas 3Ha4MMOCTb

MonyyeHHble pe3ynbTaThl paclUMpsiOT NPEACTaBNeHWs o npmpd,qe npoLleccos,
npoucxoaawmx -npu s3aumogencTsun nHtepmetannuaa NiAl ¢ Tyronnaekumy metannamm
W, Mo n Ta. MokazaHa BO3MOXHOCTb CO3[aHUA HEPasbEMHOrO COEAMHEHUS TYronnaBKux
metannos W, Mo u Ta ¢ wuntepmertannugom NiAl ¢ nomouwisto metoga CBC nipu
Temnepartypax HWXe Temnepartypbl NnaeneHus MetannuMyeckux noanoxek. B npouecce
UCCnefoBaHUA  BbiABMEHbl 3aKOHOMEPHOCTU, XapakTepuaylolue BhUsiHUE COCTaBOB
MOPOLUKOBLIX CMECEeN Ha napameTpbl ropeHus (CKOPOCTb pacnpocTpaHeHus poHTa U
Temnepartypy) U MUKPOCTPYKTYPY NONYHYEHHbIX KOMMO3UTHBLIX MaTepuarnos.

lNpoaeMoHCTpupoBaHa BO3MOXHOCTL nonyyeHusi metogom CBC HaHopasmepHbIx
HUTE-BOMOKOH pa3BeTBNéHHoW opMbl U3 Tyronnaskux metannos (W, Mo), koTopble
MOryT  ObiTb  UCMONb30BaHbl  MNPU  CO34aHUM  KOMMOHEHTOB  COBPEMEHHbIX
BbICOKOTEXHOMOMMYHbLIX YCTPOWCTB, B TOM YMCNE KaTOAOB MOMEBOW 3MWUCCUMU, ra3oBbiX
CEHCOpOB, 3NMeKTPOAOB, B pa3nunyHbix 0611acTax HAaHOTEXHOMOMMMU.

lNokasaHa BO3MOXHOCTb MoOAUUKaLMM NOBEPXHOCTU noanoxek ua W, kotopas
MOXeT ObiTb UCMONb3oBaHa ANS MOBbILLEHUA LWEePOX0BaTOCTU W YAEenbHOW nnoLaam
nosepxHoctn nagenuin 3 W. lNpeacrasneH cnocob cosgaHusi NOPUCTOrO MOKPBLITUA Ha
ocHose ¢hasbl Jlaseca TaNiAl Ha noeepxHocTu Ta noanoxku metogqom CBC B coyeTaHuu C
CeNneKkTUBHbIM ~ XMMUYECKUM TpasneHuem. [logobHble NOKPLITUS Ha MOBEPXHOCTU
TaHTanoBbIX W3OENUA MOryT HaluTW MPUMEHEHUE B XUMUYECKOW MPOMBILLIIEHHOCTU U
MeauLuHe.

B AO «HMO T[puGop» n OrBYH WCMAH cuHTeauposaH u wuchbiTaH
BbiCOKONNOTHLIN cnnas (15,7 ricm3) coctasa 90 macc. % W + 10 macc. % (Ni+Al),
obnajaroLnii BbICOKMMU MEXaHUYECKUMU CBOWCTBaMWU. ITOT maTepuan MOXeT ObiTb
MCNonb3oBaH A5 U3rOTOBMEHUA PasfUYHLIX AeTanen cneuuansHoro HasHavyeHus.

Obwan xapakrepuMcTvMKa AUCCEePTaLUOHHOMU paboThl

Aucceptauma UWykuHa A.C. o6bémom 170 cTpaHuL, COCTOUT U3 BBEAEHUS, NSTU
rnas, BbIBOAOB U CrUCKa UCMNOMb3yeMOon NuTepaTypsbi.

Bo BBegeHuu pgucceprauuoHHoi paboTbl 0BOCHOBaHa aKTyanbHOCTb TEMb

uccriepoBaHui, CopmynupoBaHbl Lenu M 3agadu paboTel, NpeacTaBneHbl HayyHas



HOBM3HA M MpakTUyecKkasa 3Ha4YMMOCTb pe3ynbTaToB, ChOpMynMpoBaHbl 3aliyllaemble
nonoxeHus. B rmase 1 npeacrasneH nuTepaTypHblit 0630p, B KOTOPOM PacCMOTPEHb!
CBOWCTBA CMMaBoB Ha ocHosBe wHTepMeTannuaa NiAl, cnocobbl ux nonyyYeHus wu
npuMeHeHWe, paccMoTpeHbl ocHoBbl Metoda CBC # ucnonb3oBaHue ero Ans CUHTEes3a
NHTEPMETaNMUAHbLIX COEAUHEHUI, NPpOoaHanu3MpoBaHbl guarpaMMbl COCTOSAHUSA U ha3osble
npespaiieHns B TporHbix cuctemax Ni-Al-W, Ni-Al-Mo u Ni-Al-Ta. B rnase 2 npusegéH
nepeyeHb UCMONb3yeMblX MaTepunanos, onMcaHbl UCNONb30BaHHbIE SKCI'IepM-MeHTaHbeIe 7
ucecnenosatenbckMe metoguku. B rmaeBe 3 npedcTtasneHbl pesynbraTbl UCCRenoBaHWiA
B3aumopencTens nHtepmetannmgos Ha ocHose Ni-Al ¢ W B npouecce CBC. OnucaHbl
nccrnegoBaHusi ropeHust NopoLUKOBbLIX U crnoesbix cuctem coctasoB Ni-Al-W u Ni-Al-W-
NiO, a TaKe  MWKPOCTPYKTYPHble  WCCNEAOBaHUS  MOMYYeHHbIX  0BpasLoB.
lNpoaemoHCTpUpoBaHa BO3MOXHOCTb MOMYyYEeHUsi HAHOPa3MEPHbIX BONbMPaMOBbLIX HUTEN
13 NPOAYKTOB rOpeHusi Npu NoMoLM XumMuyeckoro TpasneHus. [MokasaH cnocob cuHTesa
KOMMO3ULIMOHHOIO Matepuarna BbICOKOW MIOTHOCTU Ha ocHoBe cuctemMbl Ni-Al-W metogom
anekTpoTennosoro B3pbisa (OTB). B rnaee 4 npefcraeneHbl pesynbTaTtsl UCCRenoBaHui
B3aMmoaencTens nHTepmerannuagoB Ha ocHoBe Ni-Al ¢ Mo B npouecce CBC. MNMokasaHbl
pesyneTaTbl UCCreaoBaHU No HaHeCeHUIo NokpbiTUst 3 cmecku Ni u Al Ha Mo noanoXku
MeTogaMu mexaHudeckon aktueaumu. OnucaHbl pesynbTaTbl UCCNeAoBaHWiA CroeBbiX
cuctem  NiAl-Mo. TlMokasaHbl 0COBEHHOCTU CTPYKTYpbl B nepexoaHbix obnacTsx,
thopmupyioLmxcsa npu B3anmoaencTanm Mo noanoXku ¢ MHTepMeTannMaHbLIM MOKPLITUEM.
B rnase 5 npeacrasneHbl pesynbraTthbl UCCNeaoBaHWUin B3aMMOAENCTBUS MHTEPMETaNNUA0B
Ha ocHose Ni-Al ¢ Ta B npouecce CBC. MNokasaH cnocob HaHeceHusi nokpbitusi u3 Ni-Al Ha
TaAHTanoByl0 MOANOXKY METOAOM MEXaHW4YEeCKOW akTuBauuu. [lokasaHbl pesynsraTbl
nuccnegosaHui No B3anmoaencTento B cnoesbix cuctemax NiAl-Ta, npogeMoHCTpUpoBaHbI
OTNU4UTENbHbIE OCOBEHHOCTU B CTPYKTYPE MEPEeXOfHbIX 30H MeXAy WHTepMeTannuaom
NiAl n Ta nognoxkon. B 3aknyeHUM npuBEAEHbI OCHOBHbIE BbIBOALI MO
avccepraunoHHon pabote. Cnnucok nutepaTypbl COAEPXUT 192 UCTOYHUKAE.

3ameyaHus no gucceprauMoHHou paboTte

HecMoTps Ha BLICOKWIN YypOBEHb NPOBEAEHHbIX UCCNeA0BaHNI No AUCCEPTaLMOHHON
paboTe umeroTca criegyrolne HegocTaTKu:

1. He npuBegeHbl TepmoaMHamuyeckue pacyétbl AnNs cUCTeM C MONuUBOeHOM wu
TaHTanom.

2. He ykasaHbl pa3mepbl YacTuL NOPOLLKOBbIX KOMMOHEHTOB U HE MCCMNenoBanoch
BMUAHWE 3TUX pasmepos.

3. OrcytcTBYlOT AaHHble O BnusiHUM cogepxaHua W, Mo, Ta Ha dusuko-
MeXaHU4YecKue XapakTepuCcTUKM KOMMO3UTOB MNMpu BbICOKMX Temnepatypax (~1600°C).



3aknioueHue

YKasaHHble 3amevaHus He CHWXKaloT LUEHHOCTb U 3HaYMMOCTb AUcCepTaLuMOHHON
pabotel UyknHa A.C. OHa sBRAsieTCS 3aKOHYEHHbIM WCCredoBaHUMEM, BbINONHeHa Ha
BbICOKOM Hay4HOM ypOBHE, BblBOAbl NO pabote o60OCHOBaHbI U ApPryMeHTUpOBaHbI,
aBTopedeparT NONHOCTLIO OTPaXaeT coAep}aHue guccepTauuu,

AucceprauuoHHan paborta LWykuHa A.C. aBnsieTcs Hay4yHO-KBanUUKaLMOHHOM
paboTon U CoaepXWUT HOBble HayyHble 3HaHWA. o 0BBEMY NOMYyYEeHHbIX -peayanaTos 7]
Hay4yHOW 3Ha4YMMOCTW Auccepraumsi cooTBeTcTByeT TpeGoBaHusM n. 9 «[lMonoxeHus o
nopsake npucyxaeHuu yveHbix cteneden» BAK Poccunckon ®egepaunn (MoctaHoBneHue
Mpasutensctea Poccuiickot Pepgepaumn Ne 842 or 24 cewtabps 2013 r),
npeabsiBNgeMbiM K KaHaupgaTckum  gucceprauusm, a eé astop UlykuH AnekcaHpap
CepreeBuy 3acnyXuBaeT NpUCYXOEHUS YYEHOWN CTerneHn KaHauaaTa TeXHUYECKMX HayK o
cneunanoHoctn 01.04.17 — xumudeckas usanka, ropeHue U B3pbIB, U3MKa

9KCTpeManbHbIX COCTOSSHUI BellecTBa.

WHosemueB AnekcaHap AnekcaHapoBuy
A4.T.H., npodheccop,
YneH-koppecnoHaeHT PAH
Ynpasnsaowui AMpeKTop -reHeparn
KOHCTPYKTOP
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