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OT3bIB BEJAYIIEN OPTAHU3AIIUU

Ha nuccepranuo AnekceeBa MakcuMa BukTopoBuya Ha TeMy
«CTpyKTypa U TEXHOJIOTMYHOCTh HUOOUEBBIX COCTaBISIOMUX Nb;Sn
CBEPXIIPOBOIHUKOBY, IIPEICTABICHHYIO Ha COUCKAaHHWE YYEHOU CTENeHN KaHIU1aTa
TEXHUYECKUX HayK M0 crienranbHoCcTH 05.16.01 — «MeTtannoBenenue u TepMudeckas

00paboTKa METAJIIOB U CILIABOBY

Ha ceromHsamHWil [eHb NpPU COOPYXKEHHHM MAarHUTHBIX CHUCTEM TEPMOSIEPHBIX
pPEaKTOpOB, YCTPOMCTB (PU3UKK BBICOKUX dHepruit, SIMP-creKTpoCcKONoB M APYTUX
YCTPOMCTB, B KOTOPBIX CO3JAIOTCS MarHUTHbBIE MMOJSA ¢ UHAyKuwed 10 Txa u BeImre, B
KayecTBe OOMOTOYHOro MaTepuana npuMeHstoTcss NbsSn cBepxmpoBomuuku. Kaxk
NpPaBUJIO, eAWHHYHble Nb;Sn CBEpXIpPOBOAHMKM IPEACTABISIOT COOOH MpoBona
muamerpom 0,5 — 1,5 MM, JIMHOH OT HECKONTBKAX COTEH METPOB JIO [ECSTKOB
KHJIOMETPOB, UMEIOLIME CIOXKHYI0 KOMIIO3ULUOHHYIO CTPYKTYpY. Ha TeXHOJIOrHYHOCTE
U JUIMHY €IWHUYHBIX KyCKOB Nb3Sn CBepXNpOBOIHWKOB 3HAYUTEIBHOE BIIHMSHHE
OKa3bIBAIOT XapaKTEPUCTHUKH HCIOJIB3YEMBIX IIPU UX HU3TOTOBJICHUH MOIY(HaOpHKAaTOB.
B nepByto odepens 370 HUOOHEBBIE IPYTKH A1 (GOPMHUPOBAHHUS BOJIOKOH U HUOOUEBLIE
TpyOBl WMIM JHMCTHl Ui GopMHUpoBaHHS AUGPy3noHHOro 6Gapbepa. Ilpm maccoBoM
nnpou3BoAcTBE Nb3;Sn cBEpXIIPOBOIHMKOB B KOJHYECTBE HECKOIBKHMX COTEH TOHH VIS
TaKWX IPMMEHEHWH, KaK MarHuTHas cucrema MHTepHanmonampHOro TepmosimepHOro
OxcnepuMeHTanpHoro Peaktopa (MTOP), ¢ wenbio TMOBBIMIEHHS XapaKTEPUCTHK
CBEPXIIPOBOAHUKOB U CHW)KEHUS U3EPKEK INPHU UX U3TOTOBIEHUM BO3HUKAET OOJIbIIAs
IOTPEOHOCTh B ONTUMU3AIMH TEXHOJIOTHH MOIyYeHus oryhadbprkaros. Juccepranus
AnexceeBa Makcuma BuxropoBnua Ha Temy «CTpyKTypa H TEXHOIOTHYHOCTH

HHOOUEBBIX COCTABILIONINX Nb3Sn CBEpXIIPOBOIHHUKOBY» ABJISETCS OYEHb aKTya bHOI,



IIOCKOIBKY B HEW M3y4YeHO U3MEHEHHEe CTPYKTYphl U CBOWCTB HHOOHEBBIX
1101y habprKaToOB B 3aBUCHUMOCTH OT Pa3IMYHBIX PEKUMOB Ie(OpMaliK U TEPMHUECKOM
00paboTKH, KOTOpBIE B OCHOBHOM HCITOJB3YIOTCS B TEXHOJOIMH CBEPXIIPOBOISAIINX
MaTepUaIoB. JHAHHE 3TUX 3aBUCHUMOCTEH MO3BOJIMIO pa3padoTaTh M ONTHMH3HPOBATH
PEKUMBI TToTy4deHus oy hadpukaTtoB At Nb;Sn cBepXIIpOBOJHHUKOB C YIIyUIIIEHHBIMH
XapaKTEePUCTUKAaMU U CHUKEHHOM ceOecTomMocThio. Takke B paboTe OBLIM HM3ydYeHBI
CBOMCTBa MaTepHaIOB, KOTOpPhIE MOTYT OBITh HCIIOJB30BaHBI [JISl JIETHPOBAHUS
HUOOMEBBIX BOJOKOH C  IIeJIBI0  TIOBBIIICHHWS  TOKOHECYyIIEHd  CIIOCOOHOCTH
CBEPXIPOBOIHUKOB.

Hay4yHast HOBH3HA JucCepTallM COCTOUT B TOM, YTO B Hel ObLT M3ydeH HUOOUU
C paHee HEHUCCIIEJOBAaHHBIM YPOBHEM HCXOOHOM TBeppoctd MeHee 60 HB Bwicokoit
CTEIIeHU 4YUCTOTHl. llocTpoeHa [uMarpaMma peKpUCTAUIM3ALMA W YCTAHOBJICHBI
3aBUCHMOCTH MEXaHMYECKUX CBOWCTB OT CTENEeHU MpedBapUTEIbHOU Iedopmalu,
TeMIIepaTypbl U JUIUTEIbHOCTU MOCIEAYIOLIEro OTKUra. BriepBele ObLIN UCCIIeIOBaHbI
3aKOHOMEPHOCTH COBMECTHOM JehopMaliii KOHCTPYKTUBHBIX 3JIEMEHTOB U3 cIutaBa Ti-
Sn B cocraBe kommno3uta Cu/Nb/Ti-Sn B 3aBUCHMOCTH OT HCXOAHOU CTPYKTYpHI,
TEeMIIEPaTyphl OTXKHUTa U CTeTIeHH JehOopMalliy.

3HaunMoOCTh AJI1 HAaYKHM M MNPOM3BOACTBA 3aKIIOYAETCS B TOM, YTO OBLIH
pa3paboTaHbl TEXHOJOTHYECKHE PEeKUMbI U3TOTOBIEHHUS HUOOWEBEHIX TOIY(HaOpHKaTOB
Cc TpeOyeMbIMU XapaKTepucTHKaMu I Nb;Sn CBEpXIpPOBOIHHKOB, IMTOJNy4aeMBIX H3
KpYIIHBIX ~ COCTaBHBIX  3arotoBok. (C  HCHONB30BaHUEM  ONTUMH3UPOBAHHBIX
TE€XHOJOTHYECKNX PEXUMOB IOJIyYeHHUS] HHUOOHEBBIX MPYTKOB B IPOW3BOACTBEHHBIX
ycaoBusx AO UM3 Bemmymensl 500 mpoMmbilnmieHHBIX — mapTHd  NbsSn
CBEpXIIPOBOASIIUX CTpeHI0B nuameTpoM 0,82 MM U ob1ieit Maccoit 0ko10 66 TOHH s
npoekta WMTOP ¢ tpebyeMbiMH 31€KTPOPHU3NISCKUMH XapaKTepUCTHKAMHU. bbuin
pa3paboTaHbl ¥ ONpoOOBaHBI B MPOMBINUICHHBIX YCIOBHUSX CXEMBI IOJIYYEHUS
HUOOMEBBIX IIPYTKOB C YMEHBIIEHHOH I10 CPaBHEHHIO CO IITATHOM CXeMOM
ce0eCTOMMOCTEIO U C UX HCIIOIB30BaHUEM YCIIEIIHO H3TOTOBJIEHBI ABE IPOMEIIIIEHHEIE
naptud Nbs;Sn crpernoB mis mpoekta UTOP ¢ TpeOyemMbIMU 31eKTPOGU3UIECKUMU

XapaKTepUCTUKAMU.



OcHoBHbIE pe3y IbTaThl JHCCEPTALHH OITYOJIMKOBAHBI B 8 MEYaTHEIX paboTax,
BKIIIOYas 2 CTaTbU B peLEH3UpyeMbIX HayuHbiX u3nanusx BAK, 1 matent P® Ha
IIOJIE3HYIO0 MoJenb, 1 nmateHT P® Ha nzobpereHue, 1 myOmuKaIuio B COOPHHUKE TPYIOB
MEXIyHapOJHONH KOH(epeHUUH U 3 MyONUKauuud B COOPHHKAX TPYAOB POCCHHUCKUX
KOH(epeHIIHH.

Juccepranys COCTOUT U3 BBEAEHHUS, 6 I71aB, 3aKITIOYCHHS U CITUCKA JTHUTEPATYPEI
u3 65 HaMMeHOBaHMM; wu3nokeHa Ha 141 cTpaHWIle MAaIIXHOIKMCHOIO TEKCTA,
BKJIFOYAroUero 59 pucyHkos, 20 tabnui 1 | mpuiioxeHue.

Bo BBeneHNM aBTOp OOOCHOBBIBAET aKTyaJIbHOCTH TEMBI, GOPMYIUPYET LEIH U
3a7la4d HCCIENOBaHUs, ONpelelsseT HAyYHYI0 HOBU3HY M NPAKTUYECKYH0 3HAYUMOCTH
paboTEL, IEPEYUCIISIET TTOJIOKEHHS, BRIHOCUMEIE Ha 3alllUTYy.

B nmepmoii rnmaBe (0030p JMUTEpaTyphl) XOpPOWIO OOOOIINEHBI OCHOBHEIE
XapaKTepUCTUKU TeXHU4YecKuX Nb3;Sn CBepXIpOBOAHHKOB H WX IPUMEHEHHE.
JlocTaTo4HO TMOMHO pPacCMOTPEHBl OCHOBHBIE METOIObl U3TOTOBJIEHHS NbsSn
CBEpXIPOBOAHUKOB. [loapoOHO OmHcCaHBl XapaKTEPUCTHKH METaUITMYECKOI0 HHOOWMS.
PaccMmoTtpens! criocobbl MCKYCCTBEHHOT'O JIETHPOBAaHMS HHMOOWEBBIX BOJOKOH B Nb3;Sn
cBepxnpoBogHukax. [IokazaHo, 4To Ha MOMEHT Hadaja paboThl B TUTEpaType He OBLIO
IIOJIHBIX JAaHHBIX N0 CTPYKType M CBOMCTBaM HHUOOUEBBIX IMONTY(HaOPUKATOB BBICOKOM
CTEIIEHU YUCTOTHI C YPOBHEM UCXONHOU TBepaoctu MeHee 60 HB.

Bo Bropoil riaBe mNogpoOHO OMHMCAaHBI XApPaKTEPUCTHKH OOOPYHOBAHHS M
HCXOIHBIX MaTepUalioB, MCIOJB30BAHHBIX I MOJXy4YeHHs 00pas3uoB. IIpenacraBieHsl
METO/BI UCCIIeI0BaHMM 00pa3i0B HUOOUS U CIIlIaBa TUTAH-0JIOBO.

B Tperbell rmaBe mpencTaBiseT NPaKTUYECKUH HHTEpPEC M3YYeHHE H3MEHEHUS
TBEPAOCTH U 3€PEHHOU CTPYKTYphl 00pa3lioB HHOOWS, NMEIOIIHUX Pa3IMYHYIO CTEIEHb
nedopMaly POKATKOM, ociie TepMooOpabOTOK B IMIMPOKOM HHTEPBAjIe TEMIIEPATYD.
Bnepsrle nocTpoeHa [uarpaMma pPEeKpPUCTAUIM3AIAA HHOOHS BBICOKOM CTEIEHHU
YUCTOTHI ¢ UCXOAHOM TBeprocThio MeHee 60 HB. Ha ocHOBe aHanu3a MOCTPOEHHOH B
paboTe [uarpaMMbl PEKPHCTAUIM3AalUM HHOOWS BBICOKOH CTEIEHH YHCTOTEI
PEKOMEHIIOBAHO  IIPOBOAWTH  PEKPUCTAIUIM3AIMOHHBIA  OTXKUT  HHOOHS  IIOCIIE

nepopmanrii IPOKATKOM B HHTepBale €=2+4, MPHUMEHSEMBIX B TEXHOJIOTHUECKHX



cxeMax IONy4eHHs MoTy(GabpHKaToB HHOOHMEBBIX MH(MGY3HOHHBIX GapbepoB, NpPH
temreparype 1000 — 1100 °C ¢ BELIep KO B TedeHHe He MeHee | Jaca.

B uyerBeprol riaBe mpexncTaBiasieT OOJBLION MPAKTHUECKUM HWHTEpeC U3ydeHHe
BIIMSIHUSL Pa3IMYHBIX PEXUMOB JeDOpMalli¥ M TepMOOOpPabOTKH Ha CTPYKTypy H
CBOMCTBA HMOOHMEBBIX IPYTKOB, IOJTYyYEHHBIX B IKCIIEPUMEHTATBHBIX YCIOBUSAX, IS
TIOCIIEAYIOMIErO M3TOTOBIEHUS C HX HCIOJIb30BaHHEeM Nb3;Sn CBepXIPOBOIHHKOB C
BBICOKOM IIJIOTHOCTBIO TOKA. Pa3paboTaHbl pe:KUMBI U3TOTOBIICHUS HHOOUEBBIX IIPYTKOB
7,4 MM ¢ TTOBEepXHOCTBIO 9-10 KiTacca YUCTOTHI, CpeJHUM pa3sMepoM 3epHa 20+4 MKM,
OTHOCHUTEILHEIM yIIuHeHHeM Oosee 42 % u 3HadeHweMm mapametpa RRR = 106. C
L[€JIbI0 PABHOMEPHOIO IIPOrpeBa KPYMHBIX CaJl0K HUOOMEBBIX MPYTKOB PEKOMEHIOBAHO
IIPOBOAMTE BaKyyMHBIA PEKPUCTAIU3ALUOHHBIA OTXXHUI HHOOMEBBIX IPYTKOB CO
BPEMEHEM BBIICPKKA 2 — 3 4, YTO SABIAETCS OYEHb AaKTyaJTbHBIM DPe3yJIbTaTOM
IIPUMEHUTEIHHO K TIPOMBIIIIEHHOMY TIPOU3BOJICTRY.

IIaras rnaBa obsagaeT OOIBIION MPAKTUYECKOM 3HAYMMOCTEIO, TIOCKOJIBKY B HEM
pa3paboTaHbl peXUMBl JAedopMali U TepMOOOPaOOTKH HHOOHMEBBIX IPYTKOB B
IIPOMBIIIIEHHBIX YCIOBUAX, UCCIIEI0BAHbI UX CTPYKTypa U CBOWCTBA, U3TOTOBJIEHBI C UX
MCIIOJIb30BAHUEM IPOMBILUIEHHble MapTud Nb;Sn CcBepXNPOBOJHUKOB, BBIOPAHBEI
ONTHMAJIBHBIE PEXUMBl H3rOTOBICHHS HUOOWEBBIX NpPYyTKOB. C HCIIONB30BaHHEM
HUOOMEBBIX NPYTKOB, MOTYYSHHBIX 10 YETHIPEM Pa3IHYHBIM TEXHOIOTHYECKMM CXEMaM
Ha AO YM3, 6BIIH U3rOTOBJIEHBI IPOMBILIUICHHEIE TApTHU Nb3;Sn CBepXIIPOBOIHHUKOB U
U3MEpEeHBbl MX KpPUTHUYECKHE XapakTepucTUKU. [loka3aHO, 4YTO BCe TMONydYEHHBIE
CBEPXIIPOBOAHUKH HMMEIOT BBICOKHME 3HAUEHUS KPUTHYECKOro Toka (216 — 232 A) u
napameTpa n (36 — 38), 4TO 3aMeTHO TpeBHIIAeT TpeOyeMbIif YPOBEHDL CBOMCTB IS
HUTOP (I, > 190 A; n > 20).

Ilectas rmaBa IpencTaBisieT HAyYHBIM MHTEpPEC C TOYKH 3PEHHUS NaabHEHIIero
TIOBBIIIEHMS. TOKOHECYIIEH CIIocOOHOCTH NbsSn cBepXIpOBOAHUKOB, TTOCKOJIBKY B Hel
UCCIIEOBaHbl IPOYHOCTHBIE XapaKTEPUCTUKH CIIaBOB T[i-Sn ¢ pa3nuyHbBIM
COZIEpXKaHUEM OJIOBA U NMOAOOPaHBI PEKUMBI UX TEPMOOOPAOOTKH C IENBI0 OLIEHKH UX
BO3MOXHOTO OPMMEHEHHs I  HUCKYCCTBEHHOro  JlerMpoBaHusi  NbsSn
CBEPXIIPOBOJHUKOB, KOTOPOE PEATU3YETCs IIYTEM IIOMCILUCHHS BCTaBOK H3 JAHHBIX

CIUIABOB B HMOOMEBBIE MPYTKH. BrepBble HcCleIoBaHa MHUKPOCTPYKTYpa M



MexaHuyeckue cBoicTBa koMmo3uToB Cu/Nb/Ti u Cu/Nb/TiSn B 3aBHCHMOCTH OT
TEMIIEPATypbl OTXKHra U CTENeHH AedopMalud A BbIOOpa ONTHMAIBHOTO PEXKHMA
pasynpoYHSAIOIIEro OTXKHUra ciulaBa Ti-Sn ¢ Lenplo ero JalbHeHWIIero MpUMEHEHHs B
cocraBe Nb;Sn cBepXmpoBOZHHKOB. PeKOMEHIOBaHO MPOBOAWTE Pa3yIPOUHSFOIIMMA
oTxur criaBa Ti—4,4macc.%Sn B quamnazone temmeparyp 550 - 750 °C.

B 3aBepienue npencraBieHo 3aKiI04YeHHe MO paboTe, CIIUCOK MCIOJIb30BAHHBIX
HCTOYHHMKOB U MPUJIOKEHHE C aKTOM IPOMBIIIIEHHOTO BHEAPEHUS Pe3yIbTaTOB PabOThI
Ha AO YM3.

Huccepransi UM aBTOpedeparT HamKWCaHbl TPaMOTHBIM SI3BIKOM B XOpOIIEM
Hay4YHOM CTHJIE.

Pesynprarel nuccepTallMOHHOM paboOTbl MOTYT MPEACTaBISATh HWHTEPEC IS
Hay4YHO-UCCJIeI0BaTeIbCKUX, MPOU3BOACTBEHHBIX OPraHM3alluil U psia TEXHUYECKUX
By30B. B mepByro ouepens Marepuansl auccepranuu Asekceea M.B. MoryTt OBITH
IIOJIE3HBl HAyYHBIM U  MPOM3BOJACTBEHHBIM MPEANPUITHIM, 3aHUMAIOIIUMCS
UCCIIEJOBAaHUSIMH, pa3pabOTKOH U MPOU3BOJACTBOM TEXHUYECKHX CBEPXIPOBOIHUKOB
Pa3IMYHOTO THUIA, B KOTOPBIX IPUMEHSIOTCS 3JIEMEHTHI U3 HuooOus, Hampumep, AO
YM3 (r. I'mazoB), uMerolee OeHCTBYIOMUN 11X O IIPOU3BOACTBY CBEPXITPOBOIHHUKOB.
Pesynbratel M BBIBOABl JHCCEPTAllMM MOTYT OBITh TIOJE3HBI MJI HAYYHBIX U
IIPOU3BOACTBEHHBIX TPEINPHUATHH, 3aHUMAIOIIUXCS BOIMPOCAMH TEPMOOOPAOOTKH H
nedopMaIii TYTOIIaBKUX METAIIOB.

Ilo conepxxaHuio [OUCCEPTAlMOHHOW pPabOTBI MOXHO CHENaTh CleIyIoIIne
HeOOoJIbIIIe 3aMeYaHuS:

— B I'maBe 1 «JlureparypHsiii 0630p» LesnecooOpa3Ho ObLIO ObI JOOABUTH, YTO
3aa4yM, peliaeMble B paboTe ¢ pexxuMamu AedopMaldid U TepMooOpabOTKH
HUOOMeBbIX  monydabpukaroB, momuMO Nb3Sn  CBepXIPOBOIHHUKOB,
aKTyalbHBl TaKXXe [JJs CBEPXIPOBOJHUKOB Ha ocHoBe MgB,, NbTI,
IHUKTHUIOB U Op.;

— B ImaBe 3 He TmpuBeIeHO CpaBHEHHE MHUKPOCTPYKTYPHI  IIOCIE
PEKpUCTAIUIM3ALUN MTPOKATAHHBIX C Pa3IMYHOMN CTENEHBI0 00pa3lioB HUOOUS,
HCCISAOBAaHHBEIX B paboTe, ¢ MHKPOCTPYKTYpOoHl HHOOHEBBIX OapbepoB,

U3TOTOBJIEHHBIX B ITPOMBIIIJIEHHBIX YCIIOBHAX,



— He J[OBENeHO [0 IIOJy4YeHHs TOTOBOIO CBEPXIIPOBOMSIIETO IIPOBOIA
IpUMEHEHHE CIIJIaBa TUTAHA C OJIOBOM KaK MaTepHajia BCTaBKU B HHOOHMEBOE
BOJIOKHO.

BrickazaHHbIe 3aMeyaHUsl He 3aTpardBarOT CYIIECTBa pabOThl W He BIMSIOT Ha ee
OOIIYIO BBICOKYIO OIIEHKY.

OcHOBHBIE BBIBO/IBI IUCCEepTaHTa yOenuTensHo MOATBEPKICHBI
SKCIIEPUMEHTAJIBHBIMU DPE3yJIbTaTaMU, MX [TOCTOBEPHOCTh COMHEHHH HE BBI3LIBAET.
ABTopedepart U IyOIMKaiK MOJTHOCTHIO OTPAKAIOT COAEPIKaHUE THCCEPTALIMH.

ITo cBoel akTyalabHOCTH, HAYYHOU HOBH3HE, 00BEMY BBHINOTHEHHEBIX HCCIIEN0BAHHUMA
U IIPaKTUYECKOM 3HAYMMOCTU IIOIyYEHHBIX pPE3yJlbTaTOB MpeACTaBleHHas padoTa
COOTBETCTBYeT TpeboBaHUAM ILIN. 9 — 14 «lloJoXeHHS O MPHUCYKIEHHH YUEHBIX
CTEIIEHEN», YTBEP)KACHHOro IMocTaHoBieHUeM IIpaButensctBa P® (Ne 842, or 24
ceHTsa0ps 2013 r.), npeapsSBIsSeMBIM K JUCCEPTAIMSIM Ha COMCKAHHE YUYEHOM CTEIeHH
KaHIUJaTa TEXHUYECKUX HayK, a e€ aBTop, AnexceeB MakcuMm BUKTOpOBHY, TOCTOMH
IIPUCYKIEHUA UCKOMOU cTerneHu no cnenuanbHocTH 05.16.01 — «MeTannoBenenue u
TepMudeckas 00paboTKa METaIOB U CILJIaBOBY.

Huccepramus obcyxpaanach B OTIENEHHHM CBepXIpoBoAuMOCTH KypuaToBCcKOro
kommiekca HbHMKC-rexnonoruit HULL «KypuaToBckuii uHCTHTYT» 2 HOs0ps 2016
roja.

PyxoBogutens OTaeneHus cBEpXIPOBOIUMOCTH
Kypuarosckoro komruiekca HBUKC-TexHomoruii
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