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ouIIMaTBFHOrO OMIIOHEHTa Ha 1ucceprauuio AsekceeBa Makcuma Buktoposuya
Ha TeMy «CTPYKTypa U TEXHOJOTHIHOCTH HUOOMEBBIX cOCTaBIsIOINX NbsSn
CBEPXIIPOBOIHUKOBY, IIPEICTABICHHYIO Ha COMCKaHUe YUeHON CTeleH! KaHauaTa
TEXHUYECKUX HayK 1o crienranbHocT 05.16.01 — «Metamiosenenue u
TepMHYecKast 00paboTka MeTassIOB U CILIIaBOBY

HecMmoTpsi Ha JOCTUTHYTBIM B MOCIEIHUE TOJIbl 3HAUYUTENIBHBIM MPOrpecc B
CO3/IaHUU TOKOHECYILIUX 3JIEMEHTOB Ha OCHOBE KyTpaTHBIX
BBICOKOTEMITEPATYPHBIX CBEPXIPOBOJHUKOB, CPAaBHUTEIBHO HEJaBHEE OTKPBITHE
Kelle30CoIepIKaIUX CBEPXITPOBOJIHUKOB, MEPCHEKTUBHBIX ISl UCIOIb30BAHUS B
CHJIBHBIX MAarHUTHBIX Mojsgx Oojee 20 T, Ha CeromHAIIHUNA JeHbL HUOOWM-
OJIOBSIHHBIE  CBEpPXIPOBOJHMUKM  SIBISOTCS ~ Haubosnee  BOCTPeOOBAHHBIM
CBEPXIIPOBOISIIIIMM MaTepUaioM sl pa3HOOOpa3HbIX IPUMEHEHHUH.

[TpoBona Ha ocHOBe Nb;Sn cBepXIIPOBOJIHUKOB, KaK MPaBUIO, AUAMETPOM OT
0,5 1o 3 MM u mmHON H0 30 KM, B KOTOPBIX B OIpEIeIeHHONH KOH(Urypaluu
pactpenenenbl Nbs;Sn BOJIOKHa B KOJMYECTBE JI0 HECKOJIBKMX JECSITKOB ThICSU,
UCTIOJIB3YIOT B OOMOTKax MAarHUTHBIX CHUCTEM TEPMOSIIEPHBIX PEaKTOPOB,
yckoputesied yactuil, SIMP-crieKTpockonoB W JApyrux ycTpoucTB. OIHUM U3
OCHOBHBIX JJIEMEHTOB KOHCTPYKIMU TaKUX CBEPXITPOBOJIHUKOB  SIBIISIFOTCS
HUOOHMEBBIE BOJIOKHA, KOTOpbIE B Ipollecce 3aKIOUUTEIBHOrO AU(GPY3MOHHOTO
oTKUra TpaHcHOpPMUPYIOTCST B cBepxmpoBosiue NbiSn BojgokHa U HHOOHEBBIE
I dy3noHHbIe Oapbepbl, MpeJHa3HaYeHHbIe IS TpeaoTBparieHus: auddy3un
0JI0Ba U3 OPOH30BON MaTPHULIBI B MEAHYIO CTAOMITU3UPYIONIYIO O00JIOUKY.

ITpu npowussBoacTBe MIHMHHOMEPHBIX Nb3Sn CBEpXMIPOBOJHHUKOB OJHOW U3
BROKHEHWIIMX 3a7ad  sBISETCs obOecriedeHWe OMHOPOTHOCTH  KPUTHUYECKUX
XapakTepUCTUK IO JUIMHE mpoBoaa. Takke, B clydae M3rOTOBJIEHHS HaHHBIX
CBEPXIIPOBOJHUKOB B IIPOMBILUIEHHBIX MacIliTadax sl TaKuX MPOEKTOB Kak
TepMosiiepHblid  peakTtop MTOP, MoaepHU3MpOBAaHHBINA OONBIIONW aJPOHHBIN
KOJLTaIep, LUPKYJISPHBIM KOJUlalaep OyayIiero moMUMO JTOCTHKEHUS TpedyeMoi
TOKOHECYIIEN CIIOCOOHOCTH Ba)XKHOW 3a/1a4yell SBISETCS CHIKEHHE ce0eCTOMMOCTH
CBEpPXIPOBOJHUKOB.  PelmleHwe  JaHHBIX — 3a7ad  BO3MOJKHO  3a  CYeT
COBEPILICHCTBOBAHMS TEXHOJIOTMM HW3TOTOBJIEHUS HUOOMEBBIX I0Jy(hadpHKaToOB
(mpyTkW, JMCTBI, TpyObl). IlepedncrieHHbie 0GCTOATENBCTBA — ONpPENEINSIOT
aKTyaJabHOCTH aucceprauun M. B. AsekceeBa, TOCBSINEHHOM HCCIEI0BAHUIO
BITMSTHUST Pa3JIMYHbBIX PEKMMOB M BHJIOB J1Ie(OpMAllUUA Ha CTPYKTYPY M CBOHCTBa
HMOOMEBBIX  MMONy(GaOpUKATOB,  MMOJYYEHHIO  HUOOMEBLIX  MPYTKOB B



MPOMBIIIJICHHBIX YCIOBHSIX, M3YUEHHMIO CBOMCTB CIUIABOB ISl HMCKYCCTBEHHOI'O
JIETUPOBAHUSI HUOOHUEBBIX BOJOKOH.

B rimaBe 1 mpoBeneH nuTepaTypHbId 0030p, MOCBSILUEHHBIM MPUMEHEHHIO
Nb3;Sn cBepXIIPOBOJHMKOB, METOJaM HX IONYyYCHHs, XapaKTepPUCTUKaM HUOOUI,
MCKYCCTBEHHOMY JIETUPOBAHUIO TAHHBIX CBEPXIIPOBOJIHUKOB.

B rmaBe 2 omucaHpl HccleIOBaHHbIE MaTepHallbl, METOIbl HCCIIEI0BAHUSA U
UCIIOJIb30BaHHOE B paboTe 000py10BaHHUE.

['maBa 3 mOCBsIIEHA U3YYEHUIO BIMSIHUS CTEIEHU Ae(pOopMalUy IPOKATKON U
TEMITepaTyphl IMMOCIEIYIONIEr0 PEKPUCTATUIN3ALUOHHOIO OTXKUra Ha CBOMCTBA U
CTPYKTYPY HHOOMS, TPUMEHSIEMOT0 JJIsl U3rOTOBJIEHUs AU(PPY3NOHHBIX OapbepoB
B Nbs3Sn cBepxmpoBogHukax. JlaHHble WHCCleOBaHUST Ha IpUMepe HUOOUs
BeIcOKOM cTenenu yuctothl (O < 0,01; N <0,01; C <0,01; H <0,001 macc.%) ¢
HUCXOJHOW TBepaocThio MeHee 60 HB, nmokazanu, 4To €ro nojiHoe paszynpoyHeHUe
nocie aehopMaluy MPOKATKOW C pa3MUYHOM CTENeHbI0 MCTUHHOW Jedopmanun
£=0,81+4,70 mpoucxomutr nocne omkura npu temreparype 1000 °C. Tlpu srom
OOHApy»KEHO TIOJy4YeHHE TIOJHOCTBIO PEKPUCTAINIU30BAHHONW CTPYKTYpbl U
TBepnoctd Ha ypoBHe 50-70 HV. Ha ocHoBe aHanu3a NOCTpOeHHOW B padote
JUarpaMMbl  PEKPUCTA/UIM3allMM  HUOOWST  BBICOKOM  CTEMEHHM  YHUCTOTHI
PEKOMEHJIOBAaHO TIPOBOAUTH PEKPUCTAUIM3ALMOHHBIA OTKUI HHUOOHUS TOCIe
nedhopmalui MpOKaTKOW B MHTepBalle £€=2+4, NIPUMEHSAEMbIX B TEXHOJIOTUYECKUX
cxemax IMoJiydeHus 1moJyhadpukaToB HHOOMEBBIX TUPDY3UOHHBIX 0aphepoB, Mpu
temneparype 1000 — 1100 °C ¢ BbIIep)KKOH B TeueHue He MeHee | daca.

B rnaBe 4 paspaboraHbl M M3y4YEHbl paA3IUYHbIE PEXKUMbl H3TOTOBJICHHUS
HUOOMEBBIX NMPYTKOB C BBICOKMM KOMILIEKCOM CBONCTB. Pa3pabGoTaHbl pexuMbl
HU3TOTOBJICHHSI HHOOHEBBIX NpyTKoB J7,4 MM ¢ moBepxHocThio 9-10 kiracca
YUCTOTBI, CpPEIHUM pa3mepoM 3epHa 20+4 MKM, OTHOCHUTEIBHBIM Y/UIMHEHHUEM
Oonee 42 % u 3nHayeHuem napamerpa RRR = 106. YcranosieHo, 4to npu BeiOOpe
pEeXKUMA PEKPUCTAIIM3ALMOHHOIO OT)KUIa HUOOMEBBIX MPYTKOB KPYTJIOTO CEUEHHUS
auaMeTpoM 4 — 10 MM M LIECTUIPAaHHOIO CEYEHUs pa3MepoM IoJ Kiou S = 4 — 8
MM, [peJHa3HAYeHHBIX [UIsI (OPMUPOBAHUS CBEPXIPOBO/ISAIIMX BOJOKOH, B
IIPOMBIIIJIEHHBIX YCIOBUSIX OOJBIIMMU MAPTHUSIMU B KPYITHBIX CaKaX, BO3ZMOKHO
BapbUPOBATH BPEMsI BBIIEPIKKH B LIMPOKOM HHTepBase oT 30 MuH 10 4 4. C 1essio
PaBHOMEPHOI'O IIPOrpeBa KPYIHBIX CaJ0K HHOOMEBBIX MPYTKOB PEKOMEH0BAHO
IIPOBOJUTH BAaKyyMHBIM PEKPUCTAUIM3ALMOHHBIA OT)KUI HUOOUEBBIX NMPYTKOB CO
BPEMEHEM BBIIEPKKHU 2 — 3 4.

B riiaBe 5 npoBe/ieHb! HcCIeI0BAaHUS XapaKTEPUCTUK B CTPYKTYPHI HUOOUEBBIX
NMPYTKOB, MU3TOTOBJIEHHBIX B IMPOMBIIIIEHHBIX YCIIOBHUSX. C UX HCIIOIB30BAHUEM

HU3TOTOBJIEHBI NPOMBIIIIEHHbIe apTuu Nb;Sn cBepxmpoBogaHukoB ais UTOP u



W3MepeHbl UX JJEKTPOdU3HYecKre XapakTepucTuku. Ilpu paspaboTke pexHMOB
WU3TOTOBJIEHUS] HUOOUEBBIX MPYTKOB MPUMEHUTEIILHO K IIPOMBIIILIEHHBIM YCIOBUSIM
YCTAaHOBIEHO, 4TO, HauumHas ¢ Temmeparypsl 900 °C, pekpucramnusauus B
HUOOMEBBIX IPYTKaX, MOJYYEHHBIX 10 YETBIPEM PaA3IUYHBIM TEXHOJIOTHYECKUM
cxeMaM M3 CJIMTKOB HHOOMS BBICOKOM CTENEeHM YUCTOTHI ¢ TBepaocTeio < 50 HB,
IPOTEKAET MPAKTUYECKH TTOJIHOCTBIO. DTO CONMPOBOXKIAETCS Pa3ylnpoOvYHEHUEM TIPH
JIaHHO} TeMmIiepaType HHOOMEBBIX MPYTKOB 0 3Ha4eHUH TBepaoctu meHee 60 HV.
C ucnonp3oBaHHEM HHOOUEBBIX MPYTKOB, MOJYUYEHHBIX I10 YEThIPEM DPa3IHYHBIM
TexHosioruueckum cxemaM Ha AO UM3, OblIM HW3rOTOBJIEHBEI INTPOMBILITIEHHBIC
napTid Nb3Sn cBepXIpOBOIHUKOB U U3MEPEHBI X KPUTHUECKUEC XapPAKTEPUCTHKH.
[ToxazaHo, 4TO BCe IOJIyYeHHBIC CBEPXIPOBOJHUKH MMEIOT BLICOKHE 3HAYEHHUS
Kputhyeckoro Toka (216 — 232 A) u mapamerpa n (36 — 38), 4TO 3aMETHO
npeBbIaeT TpedyeMprii ypoBeHb cBorcTB st UTOP (I, > 190 A; n > 20).

['1aBa 6 mocBsileHa M3YYEHHIO XapaKTepUCTHK crulaBa Ti-Sn ¢ TOUKH 3peHMs!
BO3MOYKHOCTH €0 MCIIOJIL30BaHUSI B KaueCTBE MaTepuana BCTaBKM B HHOOMEBOE
BolokHO. IlokazaHo, yrto komno3uTel Cu/Nb/Ti; Cu/Nb/(Ti—1,82 wmacc.%Sn);
Cu/Nb/(Ti—4,4 macc.%Sn) u Cu/Nb/(Ti—8,18 macc.%Sn) obnanaror xopouiei
CIIOCOOHOCTBIO K JedopManvi C BEJIMYMHAMH, OJM3KMMHU K TE€M, KOTOpbIe
HCIIONB3YIOTCS TIPH M3TOTOBIEHUU Nb3;Sn CBEpXIpOBOAHUKOB, B KOTOPLIX CILIAB
Ti-Sn Moxer OBITh HCIIOIB30BAaH B KauecTBe MaTepuaja BCTAaBOK B HHUOOMEBBIE
npyTKd. BriepBble HccienoBaHa MUKPOCTPYKTYpa M MEXaHHWYECKHe CBOMCTBA
komio3utoB Cu/Nb/Ti u Cu/Nb/TiSn B 3aBUCHMOCTH OT TeMIIEpaTypbl OTXKHUra U
cTeneHd nedopMaliuy i BbIOOpa ONTUMAJIBHOIO PEXUMa paszylpOUHSIOIErO
omkura crutaBa Ti-Sn ¢ LeIbi0 ero JanbHeHIero mpuMeHeHus: B coctaBe NbsSn
CBEPXIIPOBOHHUKOB. PeKOMEH10BaHO MPOBOAUTH Pa3yNpOYHAIONIHNN OTKHUI CIljIaBa
Ti—4,4macc.%Sn B nuanasone remmnepatyp 550 - 750 °C.

PaboTa BbICTpOEHA rpaMOTHO U IIeJIeHaNpPaBIeHHO, XOPOILIO WILTIOCTPUPOBAHA
JAHHBIMU MUKPOCTPYKTYPHOTO aHajiu3a, O3KCIEPUMEHTBl IPOBEJEHBI, KAaK B
7a00paTOPHBIX, TAK U B IIPOU3BOJCTBEHHBIX yCIOBUsIX. Ha ocHOBe mosy4deHHBIX
pe3ybTaTOB BbIIaHBl PEKOMEHIALMH AJIs1 pa3pabdOTKU TEXHOJOTHUECKUX PEKUMOB
U3TOTOBJIEHUSI HUOOMEBBIX 10J1y(aOpuUKaToB ¢ TpeOyeMbIMU XapaKTepUCTUKAMHU
st Nb3Sn cBepxrnipoBoiHUKOB. HayuHble M0JI0KeHHUsI, BBIBOJIBI M PEKOMEHIalHH,
NPUBE/ICHHBIE B TUCCEPTALUH, SIBISIOTCS NOJHOCTHIO 0OOCHOBAHHBIMH.

Jucceprammonnasi pabora 00J1aaeT HEOOXOIMMONW HOBU3HOM, B HEH M3YyUCHBI
CBOMCTBa HMOOMSI C paHEe HEUCCIIEJOBAaHHBIM YPOBHEM MCXOJHOU TBEPJAOCTH
mMeHee 60 HB Beicokoil creneHu 4ucTOThl. [locTpoeHa  auarpamma
PEeKpucTajiiin3alnm HUOOUS C TAaKMMHM CBONMCTBAMU U YCTAHOBJIEHBI 3aBUCUMOCTH

€r0 MEXaHWYEeCKHUX CBOHCTB OT CTENEHU MpeABapUTeIbHON JedopMaliui,



TEMIIEpPAaTyphbl U JUTATEIIBHOCTH MMOCIEIYIOUIero OTKUra. BriepsBble Uccie10BaHbI
3aKOHOMEPHOCTH COBMECTHOU jedopManvd KOHCTPYKTHUBHBIX 3JEMEHTOB U3
crutaBa Ti-Sn B cocrase xommosuta Cu/Nb/Ti-Sn B 3aBUCHMOCTH OT HCXOIHOMU
CTPYKTYpPBI, TEMIIEPATYPhI OT)KUTA U CTENIEHH Je(OopMallnu.

Mcnonp3oBaHue COBPEMEHHBIX METOJOB MCCIIEIOBAaHUN, COIMOCTaBJICHHE
pe3yabTaToB C  HMMEIOIIMMMCS  JIUTEPATypPHBIMU  JIaHHBIMM  MOJTBEpIkKIaeT
JOCTOBEPHOCTH HAYYHBIX IMOJIOKEHUH, BEIBOJIOB M PEKOMEHIallui, H30)KEHHBIX B

AUCCEpTallU.

I[HCCCpTaI_[I/ISI HMCCT BBICOKYIO IIPAKTHYCCKYIO 3HAYUMOCTBH, I[MOCKOJIBKY C
HCIIOJIb30BAHUEM ONITUMU3HUPOBAHHBIX B HHCCepTaHHOHHOﬁ pa60Te
TEXHOJIOTHYECKUX PEXUMOB MOJTYy4EHHUA HUOOUEBBIX [IPYTKOB B

pou3BOACTBEHHBIX ycIoBUsAX AO UM3 BeimytieHs! SO0 MpOMBIIITIEHHBIX TapTHH

Nb;Sn cBepxnpoBoasux crpeHioB auamerpom 0,82 MM u o0uIell Maccoil 0KoJIo

66 TtonH g npoekra WTDOP ¢ TpeOyembiMH  3I€KTpOPU3UYECKUMU

xapakrepuctukamu. Takxke paszpabotaHHble B paloTe CXeMbl [OJYYEHHs

HUOOMEBBIX MPYTKOB C YMEHBUIEHHOW [0 CpPaBHEHHUIO CO MITAaTHOH CXeMOHn

cebecTOMMOCTBIO OBUTM  OMPOOOBaHBl B TPOMBIIIICHHBIX YCIOBHSX, U C WX

UCIIOJb30BaHUEM YCIICIIIHO HM3IOTOBJIEHBI JBE MPOMBIILICHHBIe maptuu NbsSn

ctpeHnoB misi  mpoekta HMTDP ¢ TpeOyeMbiMu  351eKTPODUINUCCKUMHU

XapaKTepUCTHUKAMH.

OcHoBHBIE pe3ynbTaThl IUCCEPTALUU OIMYOJIMKOBAHBI B 8 MeYaTHBIX padoTax,
BKJIFOYasi 2 CTaThbU B peLEeH3UpyeMbIX HayuHbIX n3ganusix BAK, 1 marent P® nHa
IOJIE3HYI0 MoJenb, 1 mareHT PD Ha uzobperenue, 1 mybiukaiuioo B cOOpHHUKE
TPYZOB MEXIYyHAPOAHONH KOH(epeHIUH U 3 myOnukanuu B COOpPHUKAX TPYIOB
POCCUNHCKUX KOH(MECPCHIIHH.

1o paboTe ecTb HECKOJBKO 3aMEUYaHUM
1. I'maBy 3 xopomio Obl JOMOTHWJIA CHUMKH ITOIIEPEYHOrO CEUEHHs TOTOBOI'O

Nb3;Sn cBepXmpoBoaHHKa, Ha KOTOPBIX MOXHO OBLIO Obl OLUEHHUTH (OpMY

Huoduesoro auddy3noHHOro Oapbepa, KOTOPBIA ObLT MOABEPTHYT IMepejl

COOpPKOM pEeKpHCTaIM3aLUOHHOMY OTKUTY 0 PEKOMEH/IOBAHHOMY B pabore

peXUMY.

2. B rnaBe 4 pa3paboTaHbl peKUMBI OTYyUEHHS] HIOOUEBBIX MPYTKOB ¢ BBICOKHAM
Ka4eCTBOM ITOBEPXHOCTH, HO OTCYTCTBYET CpPaBHEHHE I'€OMETPHH BOJOKOH B
Nb3;Sn mpoBose KOHEYHOro pasmepa B Cilydae HCIIOJIL30BAHUS MPYTKOB C
BBICOKMM M HH3KHM KayeCTBOM IIOBEPXHOCTH, a TaKkKe CpaBHEHHE HX
BIIEKTPODU3UYECKUX XaPAKTEPUCTHUK.

JlaHHBIEe 3aMeYaHUs He CHIDKAIOT 00IIel [IEHHOCTH ¥ KauecTBa paGoThL.



[Io akTyallbHOCTH, HAYYHON HOBHU3HE, OOBEMY BBIMOJIHEHHBIX UCCIIEIOBAHUN U
[IPAaKTUYECKOM 3HAYMMOCTH II0JIy4eHHBIX pe3yJIbTaTOB IpeJicTaBlieHHas pabora
COOTBETCTBYeT TpeOoBaHMSIM ILI. 9 — 14 «[lomoskeHUsT 0 MPUCYKAEHUH YUEHBIX
CTENeHEeN», YTBEeP)KAEHHOro nocranosnenueM IIpasutenscta PO (Ne 842, ot 24
ceHTsA0pst 2013 r.), mpenbsABASEMBbIM K JMCCEPTAMSIM Ha COMCKAHHWE YYEHOU
CTENEHM KaHAuJaTa TEeXHUYeCKMX Hayk, a e€ aBtop, AuekceeB Maxkcum
BukropoBuu, 3acimyXuBaeT NMPUCYKIEHUsI UCKOMOW CTETNEeHU IO CIEeLHalbHOCTH
05.16.01 — «MeTannoBenenne U TepMuUIecKkast 00padOTKa METAJIOB M CIIJIABOBY.
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