OT3bIB

oduIManbHOrO ONMnoHeHTa Ha aucceptauuto [llepemetreBa Baguma AsekceeBrua
«CTabUIbHOCTD CTPYKTYPBI U (YHKLMOHAIBHBIX CBOWCTB TEPMOMEXaHUYECKH
00paboTaHHBIX OMOCOBMECTUMBIX cI1aBoB Ti-Nb-Zr u Ti-Nb-Ta ¢ mamsTeio
(GopMBbD», IpeCTaBICHHOIN Ha COUCKAHUE YUEHOU CTeNeH! KaHauaTa
TEXHUYECKUX HayK o crenuanbHocTh 05.16.01 — MeTtannosenenue u
TepMHueckast 00paboTka MeTalIOB U CIIaBOB.

AKTYya/lbHOCTh JUCCEPTALHOHHONH PadoOThI.

B nmnocnegnue rogel oco0oe BHUMaHME HccieAoBaTelled B 00JacTH
MaTepUAIOBEACHHs] ~ IPUBJIEYEHO K  pELIeHUIO  MpoOJeMbl  IMOBBILIEHHUS
SKCIUTyaTallMOHHBIX CBOWCTB OMOCOBMECTUMBIX METATMYECKMX MaTepHaa IJis
UMIUIAaHTAaTOB, KOTOPbI€ aKTUBHO HCIIOJIB3YIOTCS, HallpuMep, B CTOMATOJIOTUU H
opronenuu. IloTeHnManbHBIE BO3MOYKHOCTH HCIIOJNB30BaHUS JaHHOTO Kjacca
MaTepUaJIOB B HACTOSIIEE BpeMs 1O KOHLIA HE peajn30BaHbl U3-3a CIIOKHOCTEH
CBSI3aHHBIX ¢ OMOMEXaHUYEeCKOW COBMECTUMOCTBHIO METATMUECKUX MMILIAHTATOB
U KOCTHOM TKaHH, a TaK)Ke U3-32 TOKCUYECKOr0 BIMSIHUS HEKOTOPBIX XUMHUECKUX
JJIEMEHTOB Ha OPTaHMU3M 4YeJIOBEKa, HalpyuMep, HUKes. BO3MOXXHBIM BBIXOJIOM U3
JAaHHOM CHUTyallUH SBJISE€TCS HCIOJb30BaHME B KadecTBe MaTepHalloB IS
MMIUIaHTATOB CIUIaBoB Oe3HuKeneBbX cucteM Ti-Nb-Ta u Ti-Nb-Zr ¢ addexrom
namaTd ¢GopMbl. B cBA3M ¢ BbIIlIECKa3aHHBIM JUCCEpTalMOHHas pabora B.A.
[IlepemeTseBa, MOCBSLICHHAs CHUCTEMaTHUYECKUM  MCCIEAOBAaHUS  BIUSHUS
tepMoMexanudecku obpabotkun (TMO) Ha cTpykTypHO-(a30BBIi cOCTaB U
(GHU3MKO-MeXaHNUYEeCKHe XapaKTepUCTUKHU criaBoB Ti-Nb-Zr u Ti-Nb-Ta, o6nanaer

HOBH3HOH U AKTYaJIbHOCTBIO.

CTpykTypa B OCHOBHOE cOJep:KaHHe AUCCePTANHOHHON paboThl.

HHCCGpTaHHOHHaH pa60Ta COCTOUT M3 BBCACHUA, IIATU IJIaB, BBIBOIOB U

CIIMCKA LUTUPYEMOU JIMTEepaTyphl, BKIrOUaromero 122 ucToYyHUKa.



Bo BBeneHnn 00OCHOBaHa aKTyaJllbHOCTh T€Mbl IUCCEPTAllMOHHOW paboThI,
chopMyIHpOBaHBI 1IeNb U 3aa41 HCCeIoBaHus, 000CHOBaHa Hay4Hass HOBU3HA U
IIPaKTUYEeCKass 3HAYUMOCTDH IIOJYYEHHBIX pPe3yJbTaTOB, MPUBEACHBI IMOJOKEHHS,
BBIHOCHMBIE Ha 3aILUTY.

B nmepBoil rimaBe auccepTalUM IpeJCTaBlIeH JIMTEPAaTypHBIA 0030p, B
KOTOPOM MOAPOOHO pPacCMOTPEHbl COBPEMEHHBbIC METAJNTMYECKHE WMILIAHTATEI,
OIlpeZIeNIeHbl UX JOCTOMHCTBA M HENOCTAaTKHM U yKa3zaHbl NMPEeAbSBISEMble K HUM
TpeboBanus. Ha ocHOBaHMM JIUTEpaTYpHBIX JAHHBIX IPEIIOKEHBI ONTHMAJIbHbIE
pexumbl TMO cmnaBoB Ti-Nb-Zr u Ti-Nb-Ta s nocTwkeHus HaWITydIIero
KOMIUIeKCa (PyHKIIMOHATBHBIX CBOUCTB.

Bo BTOpoii TrnaBe gucceprauuMu  MOAPOOHO  OMHCAHBl  MaTepUabl
UCCTIEOBAHMUS, TEXHOJIOTUS MX OOpabOTKH, a TaKKe METOAUKH CTPYKTYPHOIO
aHaM3a ¥ W3y4eHUs pAga (QU3MKO-MeXaHMYECKUX XapaKTepPUCTHK. BakHO
OTMETUTH, YTO B pabOTe€ OYEHb YJNAYHO BBIOpPAHBI CIUIABBI IJIS HCCIIEIOBAHUS.
beun BeiOpansl aBa cmaBa Ti-Nb-Ta (TNT) u Ti-Nb-Zr (TNZ) ¢ sddextom
namaTi Gopmbl 0e3 HMKelss, T.K. HUKEIh OKa3bIBaeT TOKCHYECKOE NEHCTBHE Ha
OpraHusM 4ejoBeka. J[1s8 cpaBHEHUS (yHKIHOHAJIBHBIX CBOWCTB, KOTOPELIE ObLIN
nomy4yens! B cruiaBax TNT u TNZ B pesynsrare TMO, 6511 BoiOpan crnas Ti-Ni
(TN) u Texnudecku unctbidl THTaH Ti-Grade 4, KOTOpBIE IHUPOKO UCIIONL3YIOTCS B
Ka4eCTBE HMIUIAHTATOB B MEIUIMHE. BaKHBIM JOCTOMHCTBOM paboOThI ClEdyeT
IPU3HATL BHICOKOKBATHU(DULIUPOBAHHOE HCIIOJIb30BAHUE COBPEMEHHBIX METOIOB
CTPYKTYPHOTO aHaiu3a (IpocBeuMBarollas M CKaHUPYIOIIAs 3JIeKTPOHHAs
MHUKPOCKOIHS, PEHTTC€HOCTPYKTYPHBIM aHalIu3) U LIMPOKOTO CIIEKTpa METOLOB
U3yYEHUSI (GU3MKO-MeXaHUYECKUX XapaKTEPUCTUK (ycTasmocTHbIE U
(QYHKUMOHANLHEIE LMKIMYECKHe WCIBITAHHs, IWHAMHMYECKOe HHJIEHTHpPOBAHHUE,
CKpeY-TECTHHI, TPUOOJIOrMYECKHE HCIIBITAHUS, OIIpe/elieHHe KpaeBoro yria
CMa4yMBaHUs, METOA «map MuIMp» U ONpeNeNIeHUs] TONIIUHEI IOKPBITUS U
npouIoMeTpus).

B Tperheil IiaBe muccepralMy OMMCAaHBI OCHOBHBIE JKCIIEpMMEHTAbHBIE

pe3yJIbTaTbl 1O  BJUSAHHUIO IIOBTOPHBIX q)yHKI_II/IOHaJ'IBHLIX MEXaHHUYCCKUX



[MKIAYECKUX  UCIBITAaHUM MO  cXeMe  «JedopManus-pasrpykeHue» ¢
TPOMEXYTOYHBIMU BbliepXKKaMu 40 1 365 nHeH Ha CTaOWIBHOCTH CTPYKTYPHI M
XapaKTePUCTHK CBEPXynpyroro nosejeHus criasoB TNT u TNZ, o6paboTaHHbIX
10 pasnu4HbIM pexxumaMm TMO. Tlpu 1-o#t cepum HUKINYECKHX MeXaHUYECKUX
UCTIBITAHUK BeNM4YMHbI Monyns KOura y crnmaBoB TNT u TNZ YMEHbIIIAeTCs,
NpUOIKasch K Momyiro KOHra nioTHOH KOCTHOM TKaHH (25-30 I'Tla); y cruiaBa
TNT on cucremarudecku Huxke, uyeM y crasa TNZ. Hocturuyras B 1-o cepun
MCTIBITAHUE M TIpH BbAepkKH 40 nued Benmuuna moxyist FOmra y cmaBa TNZ
CTa0MIIbHA TP MOCTEYIOUIMX MEXAHWYECKHX UMKINYECKHX WCIBITAHMH C
IIPOMEXYTOYHOM BBIIEPIKKOM 365 nHell B oTninume ot crtaBa TNT., ITokazano, uro
noctaepopmammonnoit omkur (IMAO) mpu 600 °C, 30 wmun IIPUBOJUT K
(bopMupoBaHHIO ONITHMAaJIbHOM HaHOCYO3epeHHOM JMUCITOKAlIUOHHOM
cyocTpykTypsI B-tassl B crmapax TNT i TNZ, uTo oGecreunpaer CTaOUIM3ALIHIO
CTPYKTYPHOTO COCTOSHMS W HaMMEHbIIIee CTaOWIbHOE 3HaueHne Moayst FOura B
crtase TNZ.

B derBeprodf  rmaBe  auccepranmm  npencTaBieHbl pe3yJIbTaThI
IKCICPUMEHTAILHBIX  UCCIENIOBAHUN [0 BIMSAHMIO MEXaHOLHUKIMPOBAHUS B
YCIIOBHO-YNIPYTOM OOIAaCTM Ha yCTaJlOCTHOE MOBENCHHWE M CTAGMIBHOCTE ero
XapakTEpUCTUK, a TaKXkKe Ha CTPYKTypHble M3MEHEHHss B crmiaBe TNZ.
OOGHapyKeHO, YTO MaKCUMaJbHas OJTOBEYHOCTD IIPH YCTaJIOCTHBIX HMCITBITAHUSIX
B YCJIOBHO-yIIpyro# obnactu (£,~0,2 %) HaOmoMaeTCs IIPU COXPAHEHHH B CIIJIaBe
TNZ cunproro nedopmammonsoro Hakmerma. Haw6osmas (QyHKIMOHANbHAS
AONITOBEYHOCTE NPH MEPEXOAe B 00JIaCTh CBEPXYNpYyrux AedopMaiuii BOZHUKAET
npu popmuposanuy B B-pase HaHOCYG3epeHHAs CYyOCTPYKTYpBI. ABTOP pe3oHHO
CBSA3BIBAIOT HAO/II0IaeMOe MOBbIIIEHHE (YHKIIMOHANBHBIX CBONCTE C YBEIUYEHHEM
BKJIala MexXaHH3Ma CBEPXYNPYTOCTH B TpoLece AehopMariui.

B 1sATOl rnaBe cucTeMaTHuecKH wccienoBaH (basoBbIi cocTaB u usMKo-
MEXaHWYECKUEe CBOMCTBA IMOBEPXHOCTHOIO OKCHAHOTO ciosi B crasax TNT u
TINZ, copmupoBaHHOrO mpu pasinuuHbIX pexumax [110. ABrop mucceprarmu

OOHapy»HJ, YTO KOTe3MOHHAs IPOYHOCTE OKCHAHOTO CJI0S Ha MOBEPXHOCTH



crinaBoB TNT u TNZ pacrer ¢ yBenuueHHeM TeMIepaTypbl OT)KUTa B HHTEpBae
Temmepatyp 500-900 °C., Cdopmuposannslii B criaBax TNT u TNZ B xone TMO
MIOBEPXHOCTHBIM CIIOK sBIIseTcs Haubojiee THAPOGUIBLHBIM U obJiamzaeT Golee
BBICOKOH H3HOCOCTOWKOCTBIO B CPaBHEHHH C XapaKTEPUCTHUKAMHU IIOBEPXHOCTH
TEXHUYECKH YUCTOrO TUTaHA U criaBa Ti-Ni.

B KoHIe paGoThl MpeacTaBIeHbl OCHOBHBIE BBIBOBI, KOTOPBIE JOCTATOYHO
00OCHOBAaHBI U HETOCPEJCTBEHHO BBITEKAIOT U3 IIPHBEAEHHBIX B JccepTalnun

pe3yJIbTaTOB UCCJICIOBAHUI U UX KOPPEKTHOTO aHaJIn34a.

HamuGoJiee 3HaunMbIe pe3yabTaThl paGoThl.

/11 IOCTIKEHNUs IOCTaBICHHBIX B paboTe Ielel IUCCepTaHTOM Gbi pelieH
LeJIBIH PN OKCTIEPUMEHTAIBHBIX 3a/1a4 C [PHUBIEYEHHEM COBDEMEHHBIX METONOB
SKCNICPUMEHTANIBHBIX HCCeoBaHui. K Hambosnee BaKHBIM M OPUTHMHAIBHBIM
pe3yJibTaTaM, a TaKkXKe IPAKTHYECKU 3HAYMMBIM NOCTIKEHHSAM, IOJy4eHHBIM B

I[HCCCpTaHHOHHOﬁ pa60Te, Ha MOH B3I, CIIEAYET OTHECTH ClIeayroiiee:

1. Tlokazano, B cmmaBe Ti-Nb-Zr (bopmupoBaHHe  HaHOCYO3epeHHOM
AMCIIOKAlIMOHHOH  CyOCTpPYKTypsl  B-assl  obecreunBaer HauOOJIBIIYIO
CTa0HMIBHOCTB CTPYKTYPHOIO COCTAaBA M (DH3HKO-MeXaHHYCCKHX XapaKTEePUCTHK
ITPU pa3INYHBIX peXxumax MexaHOI_II/IKJ'IHpOBaHI/IH.

2. VYcraHOBIEHO, YTO co3maHue Ha MNOBEPXHOCTH criaBoB Ti-Nb-Zr u Ti-Nb-Ta
OKCHIIHOTO  CJIOSt  TIO3BOJISIET 3HAYMTENBHO IMOBBICUTH HM3HOCOCTOMKOCTE U
THAPOQHUIBHOCT MOBEPXHOCTH IO CPABHEHHIO C MOBEPXHOCTBIO TEXHUYECKU
YUCTOIO THTaHa U crutasa Ti-Ni.

3. Bsuerneno, uro B CII® ma ocHose cuctem Ti-Ni u Ti-Nb CYILECTBYET
3aBHCHMOCTE  KPUCTaJIOrpapuveckoro pecypca ob6paTHMON nedopmanuu ot

Ne(eKTHOCTH peleTKH BBICOKOTEMIIEPATYpPHOU (hasbl.



HOCTOBepHOCTb NOJY4YE€HHBIX pe3yJbTaToB,

JlocTOBEpHOCTh pe3yJIbTaTOB, IMOMY4YeHHBIX B JAMCCEPTALIMOHHOM paboTe,
00OCHOBAHHOCTh BBIBOJIOB M HAYYHBIX IOJIO)KCHUH, BEIHOCHMMBIX Ha 3alUTy, HE
BBI3bIBAET COMHEHMM, TaK KaK OHU obecrieyeHb! KOPPEKTHOW MOCTAaHOBKOM 3a/1auH,
MCIIOJB30BAaHUEM KOMIUIEKCA COBPEMEHHBIX BBICOKOA((MEKTUBHBIX METOI0B
CTPYKTYPHBIX UcCCleJOBaHUN U U3YUYEHUS (bU3UKO-MeXaHUYECKUX
XapakTepucTHK. [lomydeHHble pe3yapTaThl IPAMOTHO CTATUCTHYECKH 00paboTaHbI
M HAlIM CBOK TPAaKTOBKY B paMKaxX COBPEMEHHBIX  JOCTHIKEHHSIX
METAJIJIOBEICHUsSI M TEOPHHM TepMHUYecKold o00paboTku. HaydHble pesynbTarhl
paboThl HAIIIK CBOE NMPAaKTUYECKOe NPUMEHEHHE MPU M3TOTOBIEHHH IPYTKOBBIX

3arOTOBOK Ul AEHTalbHbIX HMMILIaHTaToB B OOO «IIpoMbliieHHbIH HEeHTp

MATDK-CI1®y.
3ameyaHHus IO AUCCEPTALHOHHOI paGoTe.

B kavecTBe 3aMeuaHuii 0 AUCCEPTALMY MOYXKHO OTMETHTH ClIEYIOLIEE:

1. B rmmaBe 5 aBTOp METOZOM pEHTI€HOCTPYKTYPHOIO AQHAHU3 C
ucronp3oBanneM CuK, u3mydenus uccienyer (a3oBblil COCTaB MOBEPXHOCTHOTO
OKcHAHOro cinosi. Ilpw osTOM aBTOp He yKasplBaeT 3HAYeHHE IJyOWHBI
IIPOHUKHOBEHHUSI PEHTI€HOBCKOIO0 M3/Iy4eHUs B oOpasel. B urToru Bo3HWKaeT
BOIIPOC, TIPHU H3YYEHHWH (Ha30BOrO COCTaBa IOBEPXHOCTH BHJ PEHTT€HOBCKHX
CIIEKTPOB, ONpeAeseTcs NU(PPaKLIHOHHBIMHU JTHHHUSIMH TOJIBKO OT OKCHIHOIO CIIOS
WM €Il€ U OT METAJUTMYECKOW OCHOBEI.

2. K coxarnenuto, B paboTe He M3ydeHa MHKPOCTPYKTYpa MOBEPXHOCTHOTO
OKCHJIHOTO CJIOS, YTO MOIJIO OBl TaKKe MPONHUTh CBET HA NPUYMHBI W3MEHEHHSI
MEXaHNYECKUX XapaKTePUCTHK IIOBEPXHOCTU UCCIIEYEMBIX CIIJIABOB.

3. B pabore aBTop mHcclemyeT SBONIOLMIO CTPYKTYPhl PB-hasbl MeTomoM
PEHTI€HOCTPYKTYPHOI'O aHAJIM3 U ONpPEAEsSeT LIUPUHY PEHTIEHOBCKUX JIMHHM,
IIpu 3TOM ymMpeHHe PeHTI€HOBCKOW JIMHUM aBTOP CBS3bIBAET MCKIOYUTEIHHO C
YBEIIMYEHUEM IUIOTHOCTH JMCJIOKAIMU, HE YyYUThIBAas BKJIAI B yIIMpPEHUE JTUHUH

CBA3AHHOC C M3MEHEHMEM pasMepa 3epHa. Bmecte ¢ Tem, mpu obcykaeHHH



pe3yabTaTOB HEOOXOAMMO HMETh B BHIY, 4YTO, [0 KpaiHed Mepe, o0a 3TuX
(baxTopa MOryT Oka3plBaTh BIWSIHME Ha HM3MEHEHWE LIMPUHBI PEHTIeHOBCKOM
JIMHUH.

4. B pabote umeeTcs psj OIIMOOK IPpU OQOPMIICHHH TIOANUCEH K PHCYHKAM,
HalpyMep, JBa Pa3sHbIX PUCYHKA UMEOT OJMH M TOT K€ MOPSIKOBBIA HOMEp Ha
ctp. 76 u 77 (puc. 36), a Taxxe Ha ctp. 33 u 80 (puc. 10). B criiucke nurepaTypsl y
cceutok 14, 27, 67 68, 104 u 121 He yka3aHbl CTpPaHMIBL, a y CCBHUIKH 36
OTCYTCTBYET I'OJl ITyOJIUKAI|H.

Crenannple 3aMe4aHUs He CHIDKAIOT OOLIEH JOCTATOYHO BBICOKOM OIEHKH
JIACCEPTALMOHHON  pabOTBI, KOTOpas BBINOJHEHA HA BBICOKOM  HAYYHO-

METOANYECKOM YPOBHE.

OG6mas oneHka quccepTaHOHHON PaboThI.

IIo 06beMy, OPUIHHANBHOCTH TIOyYEHHBIX PEe3yNbTATOB, HX JOCTOBEPHOCTH,
HayYyHOM HOBH3HE U TIPAaKTUYECKOH 3HAYUMOCTH JHMCCEPTAlMOHHAs paboTa
«CTa0WIBHOCTE CTPYKTYPHl M (YHKLMOHANBHBIX CBOHCTB TePMOMEXaHUYECKH
00paboTaHHbEIX OHOcOBMecTHMBIX cr1aBoB Ti-Nb-Zr u Ti-Nb-Ta ¢ mnamsTbio
¢opMe» ynoBnerBopsier BceM TpeGosaHusaM BAK PO, NPEABSABISIEMBIM K
AUCCEPTAlMAM Ha COMCKAaHUC y4YEHOW CTeNeHU KaHIUIaTa TEXHHYECKMX HAyK I10
cnenranbHocTd 05.16.01 — Metannosenenye u TepMudeckas 06paboTKa METAILIOB
U CIIaBOB. Jluccepranust HamMcaHa YeTKUM, IPAMOTHBIM, (U3UIECKH KOPPEKTHBIM
A3BIKOM, O(OPMIIEHA B MOJHOM COOTBETCTBUHU C yCTAHOBIEHHBIMU TPeGOBaHHUAMH.
ConepxaHue puccepTalli¥i OTPaXKEHO B MHOTOYHCIEHHBIX IyONMKAIMAX B
PCLCH3UPYEMBIX OTEYECTBEHHBIX U 3apyOeKHBIX NEePUOJUYECKHX H3JaHHsX,
MaTepuaax u Tpynax KoHdepeHuui. ABTopedepaT MOIHO U IPABUIBLHO OTPasKaeT
COJIEp)KaHUE AUCCEPTAIIHH.

Huccepraunonnas pabora B.A. Illepemersera COOTBETCTBYET MACIOPTY
crenranbHocTy 05.16.01 — mMerannosenenue u TepmMudeckas o6paboTKa METAIIOB
M CIaBoB M B IHeloM «IlonoxeHHIO O TNOpsAAKE NPUCYKAEHHS YYEHbIX

CTEIIEHEN.



Cyuraro, uyto Bagum  AnexkceeBuu

MMPpUCYXXIACHUSA EMY yquOﬁ CTCIICHU KaHAuJaTa TEXHHUYECKHX HayK II0

cnenuanbHocTH 05.16.01 — MeTamioBeieHre U TepMUUecKas 00paboTka METALIOB

" CIIJIaBOB.

Crapiuuii Hay4HBIA COTPYIHHK

OI'VII « [ ITHuepmet um. N.I1. bapaunay,
KaHAUJIAT PU3UKO-MaTeMaTHYECKUX HAYK

“Ilogmucs P.B. CyHneesa 3aBepsito”

VYyenslii cekpeTapb

OI'VII « HH1Wuepmer um. U.I1. Bapaunay,
KaHIUAAT TEXHUYECKUX HAyK

Mocksa 105005, yi1. Paguo 2319, e1p. 2
(495) 777-93-50
sundeev55@yandex.ru
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