OT3bIB OOPUIINAJTBHOT O OIIIIOHEHTA

Ha Jauccepranuio AjekceeBa Makcuma Bukroposuua Ha Temy «CTpyKTypa u
TEXHOJOIMYHOCTh, HHMOOMEBHIX cocTaBisommMX Nb3Sn  cBepXIIpOBOIHUKOBY,
MpeICTaBICHHYI0 Ha COHUCKAaHUE YYEHOW CTeleHU KaHAuZaTa TEXHUYECKUX HaykK
no crnenuanbHOocTH 05.16.01 — «MetamoBeeHne U TepMmudeckas oOpaboTKa

MECTaJIJIOB U CIIJIaBOB»

AKTYyaJIbHOCTb H30PAHHOH TeMBbI

B macrostmmee — Bpemss  HauOosiee  MPOMBILUIEHHO — OCBOEHHLIMU
HU3KOTEMIIEPATYPHBIMU CBEPXIPOBOAHUKAMHU SIBISIOTCS CBEPXIPOBOAHUKUA Ha
OCHOBE HHTepMeTainyeckoro coequHeHus Nbs;Sn u crutaBa NbTi. MaruutHsle
CHCTEMBI OOJTBITMHCTBA HAYUHBIX METalpPOEeKTOB, TAKUX Kak VMHTepHalnoHa bHbIM
Tepmosinepnsiit OkcnepuMeHTanbHbell Peaktop (MTOP), bonbmoit AnpoHHbIH
Komnatimep (BAK) wu napyrux, U3roToBA€HBI C I[PUMEHEHHEM JIaHHBIX
CBEpPXIIPOBOJSIIMX  MaTepHaloB, HCIIOIB30BAHHOE  KOJUYECTBO  KOTOPBIX
M3MepsieTCsl COTHSMH TOHH. B MarHUTHBIX cHCTeMaxX, B KOTOPBIX CO3IA0TCSI
MmarHutHele mons Oosee 10 Ti, Moryr ObITh NpUMEHEHBI TOJBKO NbsSn
CBEPXITPOBOJHUKU. B yCKOpHUTENSIX YacTHIl U TEPMOSIEPHBIX peakTopax HOBOI'O
TIOKOJICHUSI, KaK IIPaBUIIO, UCIIOIB3YIOTCS elle 0ojiee BEICOKME MarHUTHBIE T10J1st. B
CBSI3M C 3THM Bo3pacTaeT TpeOyemoe KoimdecTBO Nb3Sn CBEpXIIPOBOIHHUKOB ¢
BBICOKMMU  KPUTHYECKUMM  XapakTepucTUkamu. [lpm  mpombliiieHHOM
m3roroieHnd NbsSn  CBEepXIPOBOIHUKOB B  OOJbIIMX 00bEMAx MOMHMO
INOCTHKEHHUs TpeOyeMbIX KpUTHYECKUX XapaKTEePUCTHK BaXXHBIMH 3aladyaMu
SBIIAIOTCS,  BO-TIEPBBIX,  oOOecle4eHHe  CTAaOMIBHOCTH  XapaKTEPUCTHK
CBEpPXIIPOBOAILIETO IPOBOJA [0 JUIMHE, KOTOpass MOXeT Jocturath 30 KM, U, BO-
BTOPBIX, CHU)KEHHE ero cebecTonMocTH. [laHHBIE 3aJa4yd MOTYT ObITH pelleHbI
IIyTeM ONTHUMM3ALUN TEXHOJOTUH H3TOTOBICHUS HUOOHEBBIX IMONY()aGpUKaTOB
ans NbsSn cBepxnpoBonnukoB. [lostomy mucceprauus Asekceesa Makcuma

BukropoBnya Ha Temy «CTpyKTypa M TEXHOJOIMYHOCTHL  HHUOOUEBBIX



cocTaBisolx Nb3Sn  CBEpXIIPOBOAHUKOB»,  IOCBSILEHHAs HCCIIEIOBaHUIM
B3aUMOCBA3H CTPYKTYpPbl M CBOMCTB HHOOMEBBIX IONY(haOpUKaToOB (IIPYTKOB,
JINCTOB) C peXMMaMH Ae(GopMalud U TepMooOpabOTOK, SBISETCS aKTyaJbHOM.
Ha ocHOBe IOJy4eHHBIX B AUCCEPTALMOHHOM paboTe pe3yinbTaToB CleIaHbI
PEKOMEHIALMH JUTS IIPOMBIIITIEHHOTO U3TOTOBJICHUSI HUOOMEBBIX MOy (hadpUKaTOB

17151 Nb3Sn cBepXIIpOBOIHUKOB.

CreneHb 000CHOBAHHOCTH HAay4YHbIX HOJIO)KGHHﬁ, BbIBOJOB H

peKoMeHauui

['aBHBIE Hay4HBIE pe3yJbTaThl, IONIy4eHHble AJjekceeBelM M.B., MoxHO

cOpMyITUPOBATH CJIEIYIOIUM 00pa3oM:

UccnenoBanus HUoOUs BbICOKO# crernend yuctoThl (O < 0,01; N <0,01; C <
0,01; H < 0,001 wmacc.%) c¢ wucxomHou tBepaocTeto Menee 60 HB,
peaHa3HAuYeHHOTO s (OpMUPOBaHUs AU (OY3HOHHBIX OapbepoB, N0Ka3aly,
YTO €ro MOJIHOE pa3ylpovyHeHUe nocie nehopMaluu IMPOKATKON ¢ pa3IuuHOM
CTeNeHbl0 HCTHHHOW aepopmanuu £=0,81+4,70 ¢ mosrydeHHEM [OJIHOCTBIO
PEKPHUCTAUTM30BAaHHON CTPYKTYpsl M TBepAocTH Ha yposHe 50-70 HV

TIPOMCXOJHUT yIKe TI0CiIe OTKUra rpu Temreparype 1000 °C.

e Ha ocHoBe aHanM3a MOCTPOEHHON B paboTe AxarpaMMbl PEKPUCTAIIM3aLUN
HUOOMS  BBICOKOM CTENEHH YHUCTOTHl PEKOMEHJOBAHO  IPOBOJIUTH
PEKPUCTAIIM3ALMOHHBI OT)KUI HUOOMS, Ae(POPMUPOBAHHOIO IPOKATKOM
CO CTEeNmeHbI0 HWCTHHHOW Jedopmamuu e=2+4, NOpPUMEHIEMOro Ui
OJIy4eHHs 1Moy (habprKaToB HUOOUEBBIX JTUPPY3MOHHBIX OapbepoB, IpH
temneparype 1000 — 1100 °C ¢ BblgepkKoil B TeueHUe He MeHee | yaca.
[lpu pa3paboTKe pPEXUMOB H3rOTOBIEHHS  HHOOUEBBIX  IPYTKOB
IPUMEHHUTETHHO K MPOMBILIIICHHBIM YCIOBUAM YCTaHOBIIEHO, YTO, HAYHHAs
¢ temmeparypbl 900 °C, pekpucTaM3alys B HHUOOMEBBIX NPYTKaX,
[OJIyYEeHHBIX [0 YETHIPEM PpA3IMYHBIM TEXHOJOIHYECKHM CXEMaM U3
CIIMTKOB HMOOMs BBICOKOW CTEMEHH 4YHUCTOTBI ¢ TBepaocThio < 50 HB,

MMpOTCKAET IMPaKTU4YCCKU ITOJTHOCTBIO. OT0 COIIPOBOKAACTCA



Pa3yNpOYHEHHEM IIpH JTOW TeMIepaType HHUOOHEBBIX IPYTKOB JI0
3Ha4YeHu# TBepaocTu MeHee 60 HV.

YCTaHOBJIEHO, YTO IPU BBIOOpE peXkrMa PEKPUCTAIIN3ALUOHHOTO OT)KHUTra
HUOOWEBBIX IIPYTKOB KpYIJIOrO cedyeHus auameTpoM 4 — 10 MM u
IIECTUIPAHHOTO CEYEHMs pasMepoM oA Koy S = 4 — 8 wmwm,
NpeIHa3HA4YeHHbIX 11 (OPMUPOBAHHS CBEPXIIPOBOAAIIMX BOJOKOH B
IPOMBIIIIEHHBIX YCIOBHUSAX, T.€. OOJBIIMMU MApTHAMH B KPYIIHBIX CajKax,
BO3MOXXHO BapbUpOBaTh BpeMsl BBIIEPKKM B LIMPOKOM HHTepBaje oT 30
MUH 110 4 4. C Lenpio paBHOMEPHOTO IIPOrpeBa KPYMHBIX Cal0K HHOOHEBBIX
IPYTKOB PEKOMEH/IOBAHO IPOBOJWUTH BAKYYMHBIH PEKPUCTAIN3ALMOHHbIN
OT)KUT HHOOUEBBIX IPYTKOB CO BPEMEHEM BBIIEPIKKU 2 — 3 U,

Pa3paboTanbl pexUMbl M3TOTOBIEHHS HUOOUEBBIX NPYTKOB 7.4 MM ¢
II0OBEPXHOCTBIO 9-10 Kitacca YUCTOTHI, CpeJHUM pazmepoM 3epHa 20+4 MrM,
OTHOCHTEJIbHBIM yIIIMHEeHHEM Oosiee 42 % u 3HaueHueM mapamerpa RRR =
106.

C ucronp3oBaHMEM HUOOMEBBIX IPYTKOB, I[IONYYEHHBIX IO YETHIPEM
PasJIMYHBIM TEXHOJOTUYeCKUM cxeMaMm Ha AO UM3, 6blUId U3roTOBIEHBI
NPOMBIIIEHHBIE  IapTHH Nb3;Sn  CBepXIPOBOAHHKOB M HM3MEPEHBI HUX
KpUTHYECKME  XapaKTepuCTUKH. [lokasaHo, YTO Bce MOIyYeHHble
CBEPXNPOBOAHMKH HMEIOT BBICOKHE 3HAYEHHUs] KPUTHYECKOro Toka (216 —
232 A) u mapamerpa n (36 — 38), uTo 3aMeTHO IpeBbIIIAeT TpeOyeMbIii
ypoBeHb cBOUCTB 11t ITOP (I, > 190 A; n > 20).

ITokazano, uro xommosutel Cu/Nb/Ti u  Cu/Nb/criaBel CHCTEMBI Ti-Sn,
conepxxamue 1,82, 44 um 8,18 macc.%Sn obnamaror Xopoueil
CIIOCOOHOCTBIO K JieOpMAIMK C BeJUYUHAMY, OIM3KHUMH K TeM, KOTOpBbIE
WCIIOTB3YIOTCA TPU H3roToBiIeHMH Nb3;Sn cBepxmposoguukos. Orciona
CIIEYeT, 4YTO CIUIaBbl CHCTEMBI Ti-Sn MOryT GBITH MCIIONB30BaHbLl B
KauecTBe MaTepHajla BCTABOK B HUOOUEBBIE IIPYTKH.

BriepBrie mcclenmoBaHa MHKPOCTPYKTYpa ¥ MeXaHUUecKUe CROMCTEA

kommno3utos Cu/Nb/Ti u Cu/Nb/Ti-Sn B 3aBHCHMOCTH OT TemIeparypsl



OTXKWTa U CTeNeHU JedopMalii. ITO MO3BOJUIO ONTHMU3UPOBATL PEIKUM
pasynpouHSIOIIEro OTXKHUra crjaBa cucteMel T[i-Sn ¢ menpro  ero
JajlpHeHIIero InpuMeHeHHss B coctaBe Nb;Sn  cBepXIpoBoIHHKOB.
PekoMeHIOBaHO NPOBOAUTH Pa3yNpPOYHSIONIME OTXKHUI cIutaBa  Ti—
4,4macc.%Sn B auanazone temrmepatyp 550 - 750 °C.
PaboTa nmeer 4yeTkuil U HaNpaBIeHHBIM XapakTep, B HEHW YJAUYHO COYETAIOTCS
JaHHble OKCIIEDUMEHTOB, IIOCTAaBJICHHBIX aBTOPOM B JIa0OpaTOpud U B
NPOMBILUIIEHHBIX  YCJIIOBHSIX,  COIOCTaBJIEHWE  IIOJYYEHHBIX  JAHHBIX  C

JIATEPaTYPHBIMH U (POPMYTIUPOBKA KOHKPETHBIX PEKOMEHTAIlHi.

HOCTOBepHOCTb OCHOBHBIX HO.HO)KGHHIZ, pEe3yJIbTAaTOB 14 BBIBOJIOB,
COACPIKAMUXCS B AUCCEPTALH, [TOATBEPKAACTCS HUCIIOJIB30BAHUEM COBPEMEHHBIX

MCTOAOB HUCCIICOOBAaHMA.

Huccepranonnas pabora obnazaeT HAy4YHOH HOBH3HONM: B HEH M3yueHEI
nonypabpukaTel HUOOMS C paHee HEUCCIeOBAHHBIM YPOBHEM MCXOJHOM
TBepaocTd MeHee 60 HB BpICOKOH cTeneHHM YHCTOTBHI; MOCTPOEHA AMarpamma
PEKpUCTAIIIIN3aUU JaHHOTO HUOOMS U YCTAHOBIICHBI 3aBHCUMOCTH MEXaHUYECKUX
CBOMCTB OT CTENEHHM MPEABAPUTENBHON AedopMallly, TEeMIIEPaTypbl U
JUIUTEJIBHOCTH TMOCJIENYIOIIEro OT/KUIa; BIIEPBbIE MCCJIENI0BaHbl 3aKOHOMEPHOCTH
COBMECTHOU nedopMaruy KOHCTPYKTHUBHEIX 3JIEMEHTOB U3 CIJIaBa cucTeMbl Ti-Sn
B cocraBe Kommosura Cu/Nb/Ti-Sn B 3aBUCHMOCTH OT HCXOIHON CTPYKTYDHI,

TEMIIEPATyPbl OT)KUra U CTENEHU AePopMaliy.

PesynbraTel wuccrnenoBaHuM, HONydeHHble B pabore, 0071a1al0T BBICOKOI
NPaKTHYECKO 3HAYHMOCTBIO. B pesynbrare paboTs! cieiaHbl pEKOMEHJALIMHU 110
YCOBEPIIEHCTBOBAHHLIM PEXUMaM U3TOTOBIEHUS MONy(HaOpUKaTOB U3 HUOOUS B
IPOMBILIEHHBIX ~ YCIOBUAX.  YacTh  JKCNEPHMEHTOB  IMpOBeJeHa  Ha
IIPOM3BOACTBEHHOM  mpeanpustud  (AO  UM3). C  ucnonb3oBaHUEM
ONTUMHU3MPOBAHHEIX B paboTe pPEKUMOB M3IOTOBICHHUSI HHUOOMEBBIX MPYTKOB
M3rOTOBJIEHO OoJiee MOJOBHHBI BhIMycka Nb;Sn cBepxmpoBoguukos s MTIP.

Honyqu aKT [TPOMBIIIJICHHOI'O BHCAPCHUA. HpeI[CTaBJ'ICHHLIe ABTOPOM



pe3yNbTaThl U PEKOMEHJAIMM MOTYT OBITh HCIIOJNIB30BAHBl IPU U3TOTOBIECHUU
HHOOUEBBIX IIPYTKOB, TPy0 ¥ JHMCTOB [UIsl CBEPXIPOBOJHUKOB Ha OCHOBE

pa3nuuHbIX coequHeHui: NbsSn, NbTi, MgB, u ap.
Anpobauus padoTsl

OCHOBHBIE Hay4HbIE Pe3yJbTAThl JAUCCEPTALUOHHON PabOTHI AOKIIAAbIBATHUCDH

Ha 3-X MEeXKIYHapOIHBIX U 3-X POCCUHCKUX HAYYHO-TEXHUUYECKUX KOH(PEPEHIIUX.

OcHOBHBIE pe3ynbTaThl HUCCIEIOBAaHUN OMYOJHMKOBAHBI B § [EUYaTHBIX
paboTtax, BkJIIOYass 2 CTAaThd B peEIEH3UPYEeMbIX HAay4YHbIX u3maHusx BAK, 2
narenra P®, 1 nmyOGnukauuio B cOOpHUKE TPYI0B MEXKIYHAPOIHONW KOH(DEPEHIINN U

3 myOnukanuu B COOpPHUKAX TPYIOB POCCUACKUX KOH(PEpEeHINH.
B T0 e BpeMs 10 cofepKaHUI0 pabOThl UMEIOTCS CIIeIyIOIINe 3aMeUaHusl:

— B ['maBe 3 He mpHUBENEHO CpaBHEHHWE MHUKPOCTPYKTYPbI M TBEPIAOCTH
IIpPOKaTaHHbIX 00pa3noB U3 HUOOUS A Au(y3uOHHBIX 0apbepoB CO
CTPYKTYpOH W CBOWCTBAMHU APYIMX METAJIOB, KOTOPbIE TaK)Ke MOTYT
IpUMEHSTbCST B KadecTBe auddy3uoHHBIX OapbepoB B NbsSn
CBEPXITPOBOAHHKAX, HAIIPUMED, TAHTAIA,

— B paboTe He MPOBEICHbl MEXAaHUYECKUE WCIIBITAaHUs HUOOWS Ipu
MOBBIIIIEHHBIX ~ TEMIIEPATYpaX, UTO MPEJCTABISET UHTepec s
pa3paboTKH PeXUMOB ropsiueii ehopMalui JaHHOTO MaTepHasa.

BrickazaHHble MO AMCCEPTALlMOHHOH palboTe 3aMevyaHusi He BIMSIOT Ha ee

ITOJIOKHUTEJIBHYRO OLICHKY U HE OIIPOBEPTarOT €€ OCHOBHBIX IMOJIOKEHUH.

Cuuraro, 4YTO 1O CBOEH AaKTyaJbHOCTH, HAYYHOH HOBH3HE, OO0BEMY
BBITIOJTHEHHBIX HMCCIIEOBAHUNM M IPAKTUYECKOM 3HAUYUMOCTU TIOJYYEHHBIX
pe3ybTaToOB INpeiAcTaBleHHas paboTa COOTBETCTBYeT TpeOoBaHusM ILI. 9 — 14
«[lomoxxeHUs O  MNPUCYXKAECHUM  Y4YEHBIX  CTENEHEH»,  YTBEPKIAECHHOI'O
nocraHosienueM IIpasutensctBa PO (No 842, ot 24 centsabps 2013 r.),
NPEIbABISEMBIM K AUCCEPTALAsAM Ha COMCKaHUE Y4YEHON CTeleHW KaHIuaara

TeXHUYECKUX HayK, a e€ aBrTop, AunekceeB Makcum Bukroposuu, mocroun



NPUCYXKICHUSI ~ HMCKOMOM  cTemeHM 1o  cmenmansbHoct  05.16.01 —

((MeTaJIJIOBe,Z[eHI/Ie U TCpMHUYECKasd 06pa60TKa MECTAJIJIOB U CIIJIABOB».

AOLCHT, K.T.H., OOLIEHT

®I'bOY BO «MoCKOBCKHUH TEXHONOTHYECKUH YHUBEPCUTET
4 _—~ Tponza Enena MBanosna

[Toyroseit agpec:107996, Mockaa, yi1. CtpomslHKa, 1.20

Ten.: 8-903-015-77-29

e-mail: elena tronza@gmail.com
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