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OT3bIB

Beyllel opraHu3anuu o aucceprannoHHoil pabore IIIEPEMETBEBA
Bamuma AnexceeBnya «CTaOHIBHOCTh CTPYKTYPBI M (yHKIMOHAIBHBIX
CBOMCTB TEPMOMEXaHHUYECKH 00pabOoTaHHBIX OMOCOBMECTHMBIX CILIABOB
Ti-Nb-Zr u Ti-Nb-Ta ¢ mnamsTte0o (GopMbI», IIpeACTaBICHHOW Ha
COMCKAaHHE YYCHON CTeNeHH KaHJuJaTa TEXHUYECKHX HayK IIo
cnemmanibHocT  05.16.01 — «MeraioBeneHHe U TepMHYECKas
00paboTKa METAJLJIOB U CIIJIAaBOB»

AKTYyaJIbHOCTH PabdoThI

OCHOBHOM HEIOCTATOK METAUIMYECKUX HMIUIAHTATOB, IPUMEHSIEMBIX B OPTOIIEIHH,
YEIIOCTHO-JIUIEBONH XUPYPIMU M CTOMATOJIOTUH, — 3HAUYUTEIBHOE OTJIMYME MX MEXaHUYECKOTO
IIOBEJCHUSI OT KOCTHOW TKaHU. [IpM H3rOTOBIEHHWH COBPEMEHHBIX HMMILJIAHTATOB IPUMEHSIOT
MeTaJNInYecKue MaTepualbl, HIMEroIIue ropa3ao 6osee Beicokuit Moyis FOHra (6omee 100 I'TIa)
II0 CPaBHEHHIO C KOCTHOH TkaHbio (1-27 ITla). DT0 mpPUBOAMT K HAPYIICHHIO MEXaHHUKO-
OMOIOTUYECKOTO PaBHOBECHs B opraHu3me uenoBeka. Huskue 3HaueHus moxyns HOwnra (50-80
[Tla) u cBepxynpyroe (CVY) mnoBeneHue, OJHM3KOE K TOBEICHHIO KOCTHOH TKaHH,
JEMOHCTPHUPYIOT cmiaBbl ¢ namateio ¢opmel (CII®), ocobenno, cmiaBel Ti-Ni. Opnako
TOKCHYHOCTh OJHOIO U3 JIByX OCHOBHBIX KOMIIOHEHTOB — HHKEJSl OTPAaHHYMBACT Pa3BUTHE HX
MEIULUHCKOr0 NpuMeHeHus. Heo6XoauMoCTh B METALIMYECKUX HMILIAHTATaX, COYETAFOLIHX

6I/IOMeX3HI/IqCCKyIO COBMECTHMOCTH C 6HOXHMHHCCKOﬁ, IIpUBEJIa K PA3BUTHIO HUCCJIEIOBAaHUN B



00J1aCTH MHOTOKOMIIOHEHTHBIX Oe¢3HHKeIeBbIX CVY THTAHOBBIX CIUIABOB, B YaCTHOCTH, CHCTEM
Ti-Nb-Ta u Ti-Nb-Zr.

ITapamerpbl  QQEeKTOB  CBEpPXYHPYroCTH M  HaMiaTd  (GOPMBI  ONPEICIIAIOT
¢byskuuonanpHble cBoiictBa CII®D. BoNBIIMHCTBO COBPEMEHHBIX METOIOB YIPABICHUS
OKCILIyaTalldOHHBIMH XapakrepucTukamu CIIO® 6azupyercs Ha 1eIeHaNpaBIeHHOM H3MEHEHUH
HX CTPYKTYDBI, CyOCTPYKTYpHsI U (a3oBoro cocraBa. Hanbonee 3¢)(eKTHBHBIM HHCTPYMEHTOM
yupasienus QyHKIMOHAIbHBIMU cBoiicTBamu CII® sBnsieTcss TepMoMexaHudeckas o0paboTKa
(TMO). Cxema TMO CII®, Bxmovaromas XojoaHyio mnpokarky (XII) umnm BonodeHue u
nocnenedopmanuonusiit oTxur (I1710), onpenenena kak HanboIee ONTUMANILHAS U IS CIIIABOB
Ti-Nb-Zr u Ti-Nb-Ta. Omnpenenensl Taxke pexxumsl TMO, mnosBossomue cHOpPMHPOBATH
NIOJIUTOHU30BaHHYIO TUCIOKAIIMOHHYIO CYOCTPYKTYpy [-0a3bl ¢ pa3MepaMu CTPYKTYPHBIX
DJIEMEHTOB B HaHO- M CYOMHMKDOHHOM JHana3oHax, KOTopas o0eCHeyYrBaeT HaWTydIIui
KOMILIEKC (DYHKIMOHANBHBIX 1 MEXaHHIECKHX CBOWCTB, B T.4. HA3KOE 3Ha4YeHHe Moy FOHra
(30-40 T'TIa) u CY noBezneHue IIpH TEMIIEPATYPE YETOBEYECKOTO TEJA.

VBenuyeHue cpoka CIyxKObl MaTepHAIOB UL MMILIAHTATOB, 3aMENIAIOMIUX KOCTHYIO
TKaHb, IIOBBIIEHUE CTa0MJIBHOCTH HUX (YHKIHOHAIBHBIX CBOMCTB SABISETCA OIHOM U3
BOKHEHINMX 3a7a4 COBPEMEHHOIO MEMIIMHCKOro MertaioBeneHus. O6nacts aedopmanuii, B
KOTOpPO Ha MaxkpoypoBHE (BH3yalbHO) IposBiIseTcs 3()(HEKT CBEPXYIPYrOCTH, JEKHUT BHE
obmactu nedopmanuii, KOTOPEIM PEalbHO PEryISIPHO IOABEPraeTcs KOCTHAs TKAHb: BEPXHMI
npefen 9Tod obmactu cocraBnsger okono 0,2 %, T.e. ONM3KO K HOPMANBHOM YIIPYroi
medopmanmu  MeTamna. IIo3ToMy BaXKHO COIOCTaBHTH pPE3yJIbTaThl  (PyHKIMOHATIBHBIX
YCTaJIOCTHBIX HCIBITAHHA B CBEPXYIPYrod M YCIOBHO YNPYro# 007acTsX, a TakKe MPOBEPHUTH
3QPeKTUBHOCTh Pa3HBIX PexUMOB TMO 10 OTHOILIEHHIO K (QYHKIMOHAIBHOMN JOITOBEYHOCTH H
CTaOUIBHOCTH MeXaHH4YecKHX XapakTepucTHK CIIQ B pasiMuHBIX yCIOBHMSX MHOTOLHKIOBOM
nedopmanuu. GOpMHUPOBAHUE «IPYKECTBEHHOW» OPraHM3My IOBEPXHOCTH MMILTAHTATA TAKIKE
ABJISIETCSL OJIHUM M3 BaXXHEHIIHX (DAKTOPOB, OOYCIOBIHBAIOLIMX €ro OHOCOBMECTHMOCTH. B
pesynsrare I1J1O, cinyxamiero 3akiroduTensHOM omepanneii B cxeme TMO, Ha MOBEPXHOCTH
criaBa (OPMHUpPYETCs OKCHAHBIN CJIOH, BIMSHHE KOTOPOrO HA MPOIECC OCTEOMHTETPAIMH He
U3YUYEHO.

Hostomy mucceprammio B.A  IllepemerheBa, MOCBAIIEHHYIO —CHCTEMATHIECKOMY
M3YYEHHIO CTaOUIBHOCTH CTPYKTYPhl M (D)YHKIIMOHAIBHBIX CBOHCTB OCHOBBI M IIOBEPXHOCTH
TEPMOMEXAaHUYECKH 00pab0TaHHBIX OGHOCOBMECTHMBIX cILIaBoB Ti-Nb-Zr u Ti-Nb-Ta ¢ naMsaThio

(GopMBI, CllelyeT CUNTaTh BeChMa aKTyalbHOH.



Hayunasi HoBU3Ha pa6oThl.

AHanu3 auccepTanoHHOM paboTel B.A. IllepemeTneBa moka3bIBaeT, YTO UM IOJIyUEH
OobIION 00BbEM OPHTHHATIBHBIX Pe3yJbTaToB. B pabore 3¢)(eKTHBHO HCIOIB30BaHBI METOJIBI
CTPYKTYPHBIX HCCII€ZIOBaHUH (PEHTI€HOCTPYKTYPHBIN aHATIH3, MPOCBEYMBAIOINIAS 3JIEKTPOHHAS
MHKPOCKOIHA), a TaKkKe HCCIeoBaHusA (YHKIMOHAIBHBIX XapaKTePUCTHK OCHOBBI U
MOBEPXHOCTH.

HanGonee BaXHBIMH M OpHUIMHAIBHBIMH pe3yJbTaTaMH AHUCCEPTAHOHHOW pPabOTHI
ABJIAIOTCS CIIEAYIOLIHE:

e VCTaHOBJIEHBl  3aKOHOMEPHOCTH  HM3MEHEHHS  CTPYKTYPBl  TE€PMOMEXaHHUYECKH
obpaboTtanHblXx 1Mo pasHeM pexuMam CII® cucrem Ti-Nb-Zr u Ti-Nb-Ta B xozme
IIOBTOPHBIX MEXAHHYECKHX LUKIMYECKUX HCIBITAHUNA W IPOMEKYTOUHBIX IHTEIBHBIX
BBIJIEP)KEK.

e VYCTaHOBJICHBl 3aKOHOMEPHOCTH H3MEHEHHS XapaKTEePHCTHK CBEPXYIPYIOro MOBEIECHHS
TEPMOMEXaHUYECKH 00paboTaHHBIX IO pasHbM pexumam CIIO cucrem Ti-Nb-Zr u Ti-
Nb-Ta B Xozme MOBTOPHBIX (QYHKIIHOHATBHBIX MEXAHHUYECKUX IIMKIMYECKUX UCIBITAHUH U
POMEXYTOYHBIX JJIMTENBHBIX BBIIEPXKEK. YCTAHOBIEHO CTPYKTYPHOE COCTOSIHHE,
dopmupyemoe B pesymbrare TMO (HaHOCYO3epeHHass CTPyKTypa), oOecleddBaromiee
HauOOJIBINYI0 CTaOMIBHOCTh (YHKIHOHATBHBIX XapaKTEPHCTHK H (YHKIHOHAIBHYIO
nonrosedHocts CI1® Ti-Nb-Zr.

e DKCIEepUMEHTaJIbHO MOKa3aHo, 4To coxpadenue mnpu TMO CII® Ti-Nb-Zr cuibHOro
NehOPMAalMOHHOrO  HakjJIema  obecledrBaeT  HAWOOJBIIYI  (DYHKIHOHAILHYIO
JOJICOBEYHOCTh IIPU  YCTAJIOCTHBIX MCIHBITAHHAX B  YCJIOBHO-YIPYIo#  067acTu
(MaxcumanbHas aedopmanus B nukie 0,2 %). IIpu mepexozne B 061acTh CBEPXYIPYTHX
nedopmanuii HauGOIBIIYIO TOITOBEYHOCTD, HAPALY ¢ HAMMEHBIIHM MOMYJIEM YIIPYTOCTH,
obecrievrBaeT NMOJUIOHM30BaHHAs (HAHOCYO3epeHHasl) AMCIIOKAMORHAs CyOCTpyKTypa f-
daser u Tem B Gombmmed Mepe, yem OGOJbLIE BKIA[ CBEPXYNPYroi medopMamun. ITo
CIIOCOOCTBYET MOBBIEHUIO SKCILTYaTAlMOHHON HAIE)KHOCTH HMMIUIAHTATA B YCIOBHSX
IIOBTOPSIFOIIMXCS TIEPETPY3OK.

® VYCTAaHOBICHBI 3aKOHOMEPHOCTH H3MEHEHHS (DU3UKO-MEXAHUYECKMX XAPAKTEPUCTHK
nosepxHocTHOro cnos CII® na ochoBe Ti-Nb ¢ u3MeHenwem Temmeparypsl

HOCJICIIC(bOpMaIII/IOHHOFO OTXHTra.



IIpakTH4Yeckas 3HAYHUMOCTH pabdOTHI.

COBOKYITHOCTh HOBBIX pE3yJIbTAaTOB, IIOJIyYCHHBIX B IHCCEPTALlMOHHOM pabore,
IPEICTABIISET HECOMHEHHBIA UHTEPEC € MO3UIMI UX UCIIOIB30BAHUS B MEIUIIMHCKOM M JAPYTHX
o0macTaX TEeXHHKH. B  4YacTHOCTH, MPEICTAaBISETCS  MEPCHEKTHBHBIM  IPHMMEHEHHE
npeanoxeHHon cxeMbl TMO, BKIIIOUArOIIEH XOJOJHYIO MPOKATKY ¢ YMEPEHHBIMH CTEIEHSIMU
nepopmamuit u I1J10 mpu 600 °C, 30 MHH. W TO3BOJSIOIIEH MONYYHTh CIUIABHI HA OCHOBE
cucrembl Ti-Nb ¢ monmronmsoBanHod cyOcTpykTypoit [-dassl, B HauGonslled Mepe
COYCTAIOIINE BBICOKHM KOMILIEKC (YHKIMOHATBHBIX CBOHCTB OCHOBBI M IIOBEPXHOCTH.
YCTaHOB/IEHBI TEPMOMEXaHHYECKHE YCIIOBHS CTaOHIM3allMid XapaKTEPHCTHK CBEPXYIPYIOro
noenienrs CIID Ti-Nb-Zr u Ti-Nb-Ta. IlpemnoxeHHble onTuMmaibHble pexuMbl TMO

HCIIOJIE30BAHBI ITPU U3TOTOBJICHUH IIPYTKOBBIX 3arOTOBOK IJIS A€HTAJIBHBIX UMILJIAHTATOB.

JlocToBEepHOCTH H 000CHOBAHHOCTD PE3y/JIbTATOB

JloctoBepHOCTh moONydeHHBIX B auccepraumu B.A. IllepemerneBa pe3ynbTaToB
obecrieunBaeTcs GONBIIMM OOBEMOM JAaHHEIX, IOJYYCHHBIX COBPEMEHHBIMH CTPYKTYPHO-
(usMuecKMMH METOJAMH HCCICIOBaHHH M HMCHBITaHMH (YHKIHMOHAMBHBIX cBoiictB CIID, ux
KOPPEKTHOM CTaTHCTHYECKOH 0OpabOTKOH, COOTBETCTBHEM YCTAHOBIIEHHBIX 3aKOHOMEPHOCTEH
JlaHHBIM, HIMEIOLIMMCS B HAYYHOH JIMTEPATYype, a TAK)KE HENPOTHBOPEUHEM SKCIIEPUMEHTAIBHBIX
pe3yJIbTaTOB COBPCMEHHBIM TEOPETHYECKHM INPEJICTABICHUSAM. Bce HayuHble MOJI0KEHUS,
BBIBOJIBI ¥ 3aK/IFOYEHHS], BBIIIOJIHEHHBIE B IUCCEPTAIMOHHOMN paboTe, SBIISIOTCS 000CHOBAHHBIMHU
1 JOCTOBEPHBIMH.

Hucceprant B.A. IllepemMeTeB YCICIIHO BBICTYNMI B Hamedl OpraHM3aldd W al

HCYCPIBIBAIOIKUE OTBETHI Ha BCE 3aJaHHBIC BOIIPOCHI.

Pexomenanuu no Heno/Ib30BaHMIO Pe3yJILTATOB AHCCEPTALHH.

Hay4Hble pe3ynbTaTel, IIONyYeHHbIE B [HCCEPTALMH, H OCHOBHBIC IOJOXKEHHS,
BBIHOCHMBIE HA 3aIUUTY, MOTYT OBITh MCIIOJIL30BAaHbI B IPAKTHKE HAy4YHBIX HcciaenoBanuii CIID,
A pa3BUTHS (DyHIaMEHTAIBHBIX OCHOB YIpaBiieHHs (GYHKIMOHAIBHBIME cBoiicTBamu CIID
nyTeM (OPMUPOBAHHS HAHOCTPYKTYPHBIX COCTOSHMH, IPAKTHYECKOTO IIPUMEHEHHS, & TAKKE B
KayecTBe y4eOHOro Marepuana B Kypcax JEKIHMi II0 METAIUIOBEACHHIO M TEPMHYECKOM

00paboTKe META/UIOB U CILIABOB.



3amMeuyaHus Mo JHCCEPTANHOHHOM padoTe:

Tepmun «HaHOCYO3€peHHas CTPYKTypa» HE BIIOJHE OTpaXkaeT peabHbIE OCOOCHHOCTH
OIIUCHIBAEMOM CTPYKTYpHI. Bo-nIepBBIX, HAp4oy ¢ HAHOpa3MEPHBIMU CyO3epHAMH B 3TOMH
CTPYKTYpe HalOJtojaeTcsl BEICOKas INIOTHOCTH CBOOO/THBIX (HE CBSI3aHHBIX B CyOTrpaHMIIbI)
Juciaokanuid. Bo-BTOpeIX, caMo ompezeneHue «cy03epeHHas» MOXKeT HUMETh JIBOSKOe
TOJIKOBaHHME: (1) 3TO CTPyKTypa, cocrosimas u3 cyosepeH; ((2) ato mobas cyOCcTpyKTypa

BHYTPH 3€pHa.

ABTOp NpaBUIbHO OTMEYaeT HECOOTBETCTBHE M3MEHEHHH TapaMeTpOB KPHBBIX
nAedopMaluu-pasrpy3kl M OTCYTCTBHS CTPYKTYPHBIX HM3MEHEHHM B pe3yjbTare

JJIUTCIIBHBIX BBIACPIKCK, OJJHAKO KaKoro-iubo PEIICHUA 3TOM HpO6JICMBI HE npe€jiaracr.

beuio Obl mONE3HO B JHMCCEpTAllMM MPOBECTH CPAaBHHUTEIBHBIA aHAIN3 OCOOEHHOCTEM
OOBIYHOrO ¥ (PYHKIMOHAIBHOTO (IICEBIOYIIPYTOro) YCTAIOCTHOIO IOBEACHMS METALIOB.
Bo3MOXHO, 3TO mO3BONMMIO OBl  BBIIBHTH JOMOJHHUTEIBHEIE IIOJE3HBIE  €ro

3aKOHOMEPHOCTH.

W3 oOcCyxneHus HEICHO MHEHHE aBTOpa O IpaHMIax o0JacTedl ympyroro, ycJIOBHO-
ynpyroro u cBepxynpyroro noseaenus CII® Ti-Nb-Zr. MoxHO 11 UX yKasaTb TOYHO,

HJIIM 3TO IIOCTCIEHHBIC NMEPEXOAbl OT MPEUMYIIECCTBEHHO OIHOI'0 K MPEUMYIICCTBCHHO

Ipyromy?

Jist GOpMHUpOBaHMA OKCHIHOTO CJIOS Ha IOBEPXHOCTH KOHTPOJIBHOTO MaTepHasa
(4UCTOrO THTaHA) MPOBOIAMIM OTKHUI IIO PEeXHMMY, ONTHMAIBHOMY JISI OCHOBHBIX
CIIJIAaBOB HA OCHOBE THUTaH-HHOOHH. Hackoibko 3TOT BBIOOpP 0GOCHOBAH B OTHOIICHUHU

YHUCTOr0 TUTAHA?

HOBerHOCTHBIe CJIOH OCHOBHBIX CIUIABOB M KOHTPOJIBHBIX MAaT€PHATIOB UMEIOT pasHyro
mepoOXoBaTOCTh. B xakoi MEpPEC 5TO MOIJIO IIOBJIMATH HA PE3YJIbTAThI U3MCPHUTECIIBHOI'O

HapamnaHus, HCTIBITAHUH Ha U3HOCOCTOMKOCTh U CMAUUBAEMOCTH?

O0masi XxapaKTepHCTHKA AHCCEPTALMOHHOM padoThl.

AHaimu3 paboThl TOKa3bIBAaeT, YTO HECMOTPsI HA yKa3aHHBIE 3aMEYaHHMS, IUCCEPTALHS

B.A. IllepemerbeBa MO CBOMM IENAM, COAEPKAHHIO, KBAIM(DHIMPOBAHHOCTH IIPUMEHEHHS

COBPEMEHHBIX OKCIICPUMEHTAJIBHBIX METOI0B, 3HAYUMOCTH PE3yJIbTaTOB H YPOBHIO HX

00CYXIIEHHsI 3aCTyXKHBAeT BBICOKOM oueHKH. OHa COOTBETCTBYeT creruatbHoctd 05.16.01 —

METAJNIOBEICHHE U TepMUYecKasi o0paboTKa METa/UlOB M CIUIaBoB. J[MccepranuoHHas paboTa
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HAllHCaHa B XOpOIIeM CTWiIe W OQGOpMIIEHa B IIOJIHOM COOTBETCTBHH C YCTAHOBJIEHHBIMHU
TpeboBaHusaMH. Pe3ynbTaThl paboThl B.A. IllepemerneBa OmyOIMKOBaHBI B POCCHMCKHX H
3apyOeXHBIX PelleH3UPyeMbIX HAyUHbIX JKypHalaX, B TOM 4YMCI€ peKoMeHI0BaHHbIX BAK PO
JUIS  3allUThl KaHIUAATCKHX JAWUCCepTaluii, U O0OCYKIOCHBI Ha paae BcepoccHiCKuX W
MEXAYHAPOAHBIX KOH(pepeHuil. ABTopedepaT u MyOIUKAMK IIPABIIBHO U JOCTATOYHO IIOJTHO
OTPAXKAIOT COJEPKaHUE JUCCEPTAUOHHON PaOOTHI.

B memom, nmuccepraums B.A. IllepemerpeBa sABIAETCA CEPBE3HOM  HAY4YHO-
KBaTU(UKAIMOHHON paboToi. PaboTa siBseTcs 3aKOHUYEHHBIM UCCIIeIOBAHUEM, BBHITIOJTHEHHBIM
Ha aKTyaJbHYIO T€MY, U COOTBETCTBYeT IYHKTYy 7 «IloOXeHHS O MOpsAKe NPHCYKICHHS
yU€HBIX CTETeHe». 3aJauu, pelIeHHBIE TUCCEPTAHTOM, UMEIOT CYIISCTBCHHOE 3HAYCHHE IS
OTpacid 3HaHHWH, CBSI3aHHOH C HCIOJB30BAaHHEM IIEPCIEKTHBHBIX (DYHKIIHOHAIBHBIX
MaTepHAJIOB.

Jluccepramus oTBeyaeT TpeOOBAHUSAM, IPEABSIBISIEMbIM K KaHIUIATCKUM JTHCCEPTAILIHSM,
a nuccepradT B.A. IllepemeTneB 3aciiyXKUBaeT MPUCYKACHUS €My YYEHOW CTEICHH KaHAuaara
TEXHMYECKUX HayK 10 crenuanbHocTH 05.16.01 — «MertannoBenenue u tepmudeckas o0paboTka
METAJUIOB H CILUTABOBY.

Hacrosmmii oT3bIB 0OCy’J€H M YTBEpP)KAEH Ha COBMECTHOM 3acelaHuH JabopaTophu
MeTaJlJIOBeIeHUsT UBETHBIX U Jerkux MerawioB UMET PAH u nmaGoparopuu miacTHYecKoOim
nepopmanuu Metamdeckux MarepuantoB UMET PAH «27» wmas 2015 roma. IIporoxon

3acemanus Ne 28.

3aB. n1aboparopueil MeTaIOBEICHHS

LBETHBIX U JIETKUX METAJIOB,
I.T.H., Ipodeccop

C.B. Jlo6aTkuu
3aB. 1abopaTopueil IIacTUIeCKol aehopMariuu
METAUIMYECKUX MaTepUasoB, 1.T.H. “% B.C. FOcynor

DeznepanbHOE  TOCYIApCTBEHHOE  OIOUKETHOE  YYpeXIEHHEe Hayku  MHCTHTYT
METaNIypriuH U MarepranoBeneHus uM.A.A. baiikoBa Poccuiickoit akageMuu Hayk

119991, r. MockBa, JIenunckuit npocrmexT, 49 / ten.: +7 (499) 1352060.

dobatkin@imet.ac.ru — Jlobarkun Cepreii Bragumuposuy (+7 (499) 1357743)
yusupov(@aport2000.ru — FOcynoB Bnagumup CaburoBuu (+7 (499) 1358651)
barinov@imet.ac.ru — bapusos Cepreit Muponosuu (+7 (499) 1358510)
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