OT13bIB 0QHIIHAIBHOIO ONIIOHEHTA
Ha auccepranuio [losskoBa Anekcanapa Bagumosuya « DBOJIOLMS MEKPOCTPYKTYPbI 1
MEeXaHUYECKHUX CBOMCTB TEXHHYECKH YACTOrO TUTAHA IIPH PaBHOKAaHAJIBHOM yITI0BOM
npeccoBanuu 1o cxeme «Korpopm»», IPECTABICHHOH HA COUCKAHHIE YICHOH CTENCHH
KaHIUaTa TEXHUYECKHMX HayK 1o crerpanbHocTH 05.16.01 — MeTamioBeieHue U TepMHUIECKAs

00paboTKa METAIOB U CILJIABOB.

AKTYaJIbHOCTH T€MBbI JHCCEPTALMH

Juccepranuonnas pabora IlomskoBa A. B. mocssmieHa IeTalbHBIM HCCICIOBAHHAM
SBOJIIOIIMA  MHKPOCTPYKTYpPHI M  MEXaHHYECKMX CBOMCTB THUTAHOBBIX TPYTKOB IIPU
bopMHpOBaHUH YIIbTpaMeNKo3epHUCTOH (YM3) CTpyKTyphl HOBBIM METOIOM HENPEPLIBHOIO
PaBHOKAaHAJILHOTO yrijoBoro mpeccoBanus mo cxeme «Konpopm» (PKVYII-K) ¢ mocnemyrommm
BOJIOUEHHEM. Y CTAaHOBIEHO BIIMSHME PEXHMOB 00pabOTKH TEXHHUYECKH ynucToro TuTana Grade 4
Ha €ro KpaTKOBPEMEHHBIE H yCTaJIOCTHBIC CBOWCTBA, Ha 3TOH OCHOBE MOIEPHU3HMPOBaHA
TEXHOJIOTHS TIOJTY4YEeHHUSI JTTMHHOMEPHBIX prTKOB npnronHLIx JUTSL U3TOTOBJICHUS MEIUITMHCKHUX
UMIUIAHTATOB B IPOMBIILIEHHBIX ycioBusx. Meron PKVII-K, xak Goisiee mpou3BOOUTENBLHAS
monuduxanus Merona PKYTI, B coueTanuu ¢ BOJIOYEHHEM ITO3BOJISET NOTyYaTh [JUIMNHHOMEPHBIE
IPYTKH, BOCTPEOOBAHHBIE IPOMBINUICHHOCTHIO. B CBsSI3M ¢ 3TUM Hay4dHas W IpUKIAJHAs
AKTYaJIbHOCTDH TEMBI JUCCEPTALIUU HE BHI3bIBAET COMHEHUIA.

O00CcHOBAHHOCTB H JOCTOBEPHOCTH HAYYHBIX IOJI0KeHN i, BLIBOJOB U
peKoMeHJanuii, ¢cpopMyJTHPOBAHHBIX B IHCCEPTALMU

Bo BBermeHHMM IIOKa3aHa ~ aKTyalbHOCTh  TEMbl  JHCCEPTAIlMOHHON  paboTHl,
chopMynupoBaHa Ieb M OCHOBHBIC 3aJ@4d WCCJIENOBAHMs, HOBH3HA M IPAKTHYECKAs
3HAYUMOCTH PabOTHI, TAKXKE NPECTABIICHbI OJIOKEHHUS, BHIHOCHMBIE Ha 3allUTYy.

B mepBoii riase auccepTanMOHHOM paGOTHI MPEJCTAaBIEH IMTEPATypHBIH 0030p, Te
00OCHOBBEIBAETCS BBIOOP MaTepHana HCCICJOBAHHS. PacCMOTPEHBI METO[bl HHTEHCHBHOM
IJIACTUYECKOH nedopmanuu Ui HoinydeHust YM3 CTpYKTyphl B TEXHHYECKH YHCTOM THTAHE,
BiusHiHe YM3 CTpYKTyphl Ha MEXaHHYECKHe CBOMCTBA THTaHa. OTpaXKeHbI [IPEUMYIIECTBA
merona PKYII-K mst momyuenus npyrkos-nonyhabpuxaro YMS3 Turana.

Bropas riasa nocpsineHa OnMCaHuIo HCCIeTyeMOro Marepnana METOJIOB €r0 00paboTKu
U METOJUK HCCIENOBAaHUH CTPYKTYPEI, Mexhamnqqecxnx XapaKTEPUCTHK U (QYHKIHOHAIBHBIX
CBOHCTB.

B tperbeidl TnmaBe mpeiCTAaBIEHBI pPe3yNTBTATHI WCCIENOBAHHS BIHMSHHS yCIOBUHN

nepopmanuy  (Temmeparypsl M cremeHn) Meromom PKVYIT-K  Ha MHKDPOCTPYKTYpY H



MeXaHHYECKIe CBOMCTBA THTAaHA. PacCMOTPEHO BIHSHHE CYOCTPYKTYPHOTO M 3€PHOTPAHHIHOTO

ynpouHeHus Tutana B xone PKVYII-K.

B ueTBepTOif INIaBe MCCIIEIOBaHa 3aBUCHMOCTh MEXAHUYECKHX CBOMCTB MPYTKOB THTaHA
Grade 4 mpu pacTsiKeHHH OT MHKPOCTPYKTYpHI TUTaHa, monydeHHOd meromom PKVII-K u
nocieaymoomemM BosodyeHud npu temmeparype 200 °C Ha Bcex craausx. [lokasaHo BIHsHHE
yuca npoxonoB nmpu PKYTI-K Ha MEUKpOCTPYKTYpy ¥ MEXaHHYECKHE CBOMCTBA NMPYTKOB TUTaHA
Grade 4 mocne BoyovyeHus. [IpencraBlieHBl pe3ynbTaThl HCHBITAHUH 10 OXHOPOJHOCTH
pacmpeseNieH|s] MEXaHHYECKHX - CBOWCTB B IONEPEYHOM H IIPOJOJBHOM CEYECHHSAX MpYyTKa.
[Mokazano BiusHue Y M3 CTPYKTYpPHI Ha yCTAIOCTHBIE CBoMcTBa THTaHA Grade 4 U 0COOEHHOCTH
paspyllieHus NpH HUKIHYecKuX Harpyskax. O6ocHoBanbl pexumsl PKVYII-K ¢ mocnenyromum
BOJIOYCHHEM JUIsl TIOJIyYCHHUS MPYTKOB M mpoBosiokn YM3 turana Grade 4 ¢ BBICOKMMHU
cBoiictBamu: o, = 1290 Mlla, & = 14 %, npenen BeiHOCIUBOCTH 620 MIla Ha Gaze 107 wuxioB
IIPU CUMMETPUYHOM IHKJIC HATPYKESHHSL.

B nsroii riaBe wccienoBaHsl OmoMemunuHCKHe cBoiicTBa YM3 Turana Grade 4 u
ONMCAHbI OIBITHBIE U3JAETUS U3 nonyqééMi,& ‘prTKOB, NPENICTaBICHBl PE3yIbTaThl HX
aTTeCTallUH.

boJibI10€ KOJIMYECTBO SKCIEPUMEHTABHBIX PE3YJIbTATOB U UCIIOJIb30BAHUE TUCCEPTAHTOM
B3aUMHO  JIONOJHSEMBIX  OKCIIEPUMEHTAIBHBIX  METOJOB  HCCIENOBaHMS  (ONTHYECKas
MeTaiorpadus, IpOCBEYNBAIOIIAs dJIEKTPOHHAsE MUKPOCKOIIHS, PEHTIT€HOCTPYKTYPHBIH aHAIN3,
pacTpoBast 3JIEKTPOHHAs MHKPOCKONHMS, KPAaTKOBPEMEHHBIE M IUKINYECKHE WCIBITaHUs) C
IPUMCHEHHEM COBPEMEHHOIO OOOpYJOBAaHUS M IPOTPAMMHOIO OOECIEUEHHUs OIpPEeIsieT
AOCTOBEPHOCTL H HAJAEKHOCTDL IOJYYEHHBIX pe3yJbTAaTOB, & TAKXKE apryMEHTHPOBAHHOCTb
chopMyIMPOBAHHBIX 3aKIIOYEHHN U BHIBOJIOB JUCCEPTALIUH.

PesynbraTel MOJHO TPENCTAaBIEHBI HA POCCHUCKHX M 3apyOEeKHBIX KOH(pEPEHIHSX,
OTPXEHBI B JOCTATOYHOM KOJIMYECTBE IMyONMKalMii B JXypHajlaX BBICOKOTO YpOBHS. J[pyrum
HOATBEPIKIACHUEM OOOCHOBAHHOCTH M JIOCTOBEPHOCTH HAYYHBIX BBIBOJIOB SIBISETCS YCIIEIIHOE
NPUMCHCHUE TIPEJUIOKEHHBIX B paboTe pexMMOB 00pabOTKHM B MPOU3BOICTBE MPYTKOB YM3
THTala U U3JAEIUN U3 HUX.

OueHka HOBH3HBI IOJIy4Y€HHBIX PE3yJIbLTATOB H BHIBOIOB

HoBu3sHa pe3ynbTaToB onpeaeneHa TeM, uTo:

1. BrisiBieHBI 3aKOHOMEPHOCTH q)OpMI/IpOBaHI/.IVSI:S’.M-?ﬁ éprKTypbl B TEXHUYECKU YHUCTOM TUTAHE
Grade 4 B 3aBHCHMOCTH OT ycnoBui  1epOpMUPOBaHHS (TEMIEPaTypsl H CTEHEHH
nedopmanun) B nponecce PKYII mo cxeme «Konpopm».

2. Onpenenensl pexumsl nepopmaruu turtana Grade 4, obecHeuMBalONIHe MOTYUCHHE

M30TPONHOW YM3 CTPYKTyphl M IIOBBIIICHHBIX MEXaHHUECKHX CBOMCTB Ipu 06paboTKe,



sronovaronei PKYTI-K u nmocnenyroiee BotodeHne, a Takxke MPEICTABICHO HX (QH3UIECKOe
000CHOBaHHE.

3. Buepsble ycTaHOBJIEHBI OCOOEHHOCTH 9BOMIOLMHE Y M3 CTPYKTYphl H MEXaHUYECKUX CBOUCTB
B TturTane Grade 4, MoABEprHyTOM BOJIOUEHHIO, B 3aBUCUMOCTH OT CTEIEHH HAKOIJIEHHOM
nedopmaruu B mpouecce npensaputensoro PKYII-K.

4. BriepBrle mosydeHa HAaHOKpHCTAJUTHYECKask CTPyKTypa (cpenHuii pasmep 3epeH MeHee 80 HM)
B 1pyrkax TuraHa Grade 4, obOecneuuBarom@as peKOpPAHbIE 3HAYEHUS IIPOYHOCTH H

w1acTHIHOCTH (0 = 1365 MIla u 6 = 15 %) 11 TeXHHYECKH YUCTOrO TUTAHA.

IipakTHYeckasi 3HAYMMOCTH PabdOTHI 3aKIFOYAETCs B OOOCHOBAHHMM IIPEIaraeMoro
meto/1t PKYIT-K u mocnenyromero Bomouenuss npu 200°C mis moxydeHHs MJIMHHOMEPHBIX
npyTkos u3 YM3 tutana Grade 4 ¢ BBICOKOH NMPOYHOCTHIO U IIPENENIOM BBIHOCIMBOCTH. Ha
OCHOBE BbINOJHEHHBIX HccnenoBanuii B OO0 «HanoMeT» co3maHa TEXHOIOTHs, IpUMEHsIEMast
IIPU T1IPOM3BOZCTBE NMPYTKOB Y M3 THTaHa JUIsi POCCHICKIX U 3apyOEIKHBIX 3aKa34HKOB.

K pabore nmeroTcs cienyromue 3aMedaHisi © KOMMEHTapUu:
I'nasa 1.
- Jlis OOBEKTHBHOCTH OLIEHKHM pa3HBIX METOJOB HoinyueHHss YM3 CTpyKTypbl B THTaHE,
HeoOX0IMMO  OBUIO  CpaBHHTH 3P (PEKTHBHOCTH (IIPOU3BOJUTEIBHOCTE U CTOHMMOCTB)
albTCPHATUBHBIX TeXHoJoruih 0Oe3 mnpensapurensHoro PKVII-K, nanpumep, momnepedHo-
BHHTOBOU IIPOKATKH.
Taana 2.
- Cyng o puc.2.1.1 B ucxogaom Grade-4 B OONBIIOM KOJHYECTBE MMEFOTCS YACTHIIBI BTOPOU
da3i1, xaxoii? [Touemy onu oTcyTeTBYIOT mociie PKYII-K u BomoueHus?
- Ilo pmamHeM TaGm.2.1.1 WCXOmHBI MarepHan HMeN MPOYHOCTHBIE XApaKTEPUCTHUKH HHKE
TpeCOBaHMI cepTH]HKATA, C YEM ITO CBA3aHO W IOYEMY TaKOHW MaTepHall UCIOJIB30BAJICS B
pabore? |
- Ecom pasmep u dopma kananoB (kBampar, 11x11) B ycranoBke PKVYII-K ornuuanuce ot
TaKOBBIX UL MCXOJHOrO IpyTKa (Kpyrias, J12mMm), To mouyeMy He yKa3aHa JOIOJHHTEIbHAs
omepanusi 00pabOTKH, MO-BUIUMOMY, 3a0CTpeHHs KoHIa? Takas jke omepanusi JOJDKHA OBITH
yKa“1Ha U [IPU HOJArOTOBKE K BOJIOUEHHUIO. B CBSI3M ¢ 3TUM, HE paccMaTpUBAETCS JIK CO3JaHHE
PKY'I1-K nu1st kpyriioro cedeHust 3aroTOBKH.
- Yiazano, uro B nnpouecce PKYII-K u Boso4YeHHs 3arOTOBKH MOKPHIBAIA CMa3KOM, a B IJiase 4,

CTp. 81 YHIOMHHAETCA, YTO «KIIPOU3BOAHIIOCH MHOTOKPATHOC CYX0€ BOJIOYCHHUEL) .



I'maBa 4. HeoObluHBIM sIBISIETCS BHIMMBIA W3 pacnpeneneHuii Ha puc.4.2.3 Qakr, 410 B
IPOJOJIBHOM CEYEHHHU BEITSHYTOCTH W HamOoJiee BEPOSTHBINM pa3Mep 3epeH/Cy03epeH MEHBIIE,

YEM B IIOIICPEIHOM. C geM 310 cBsI3aHO?

- Ocraercst He SICHBIM OCHOBHOH QITOPHUTM, II0 KOTOPOMY BBIOpPaHBI METOABI U ONTHMAaJIbHbIE
PEXHUMBI ITOy4YeHUsI NMPYTKOB. BBUI JIM 3apaHee ompeneneH HEOOXOMUMBIH (PEKOpPAHBIN) I
NPaKTUKA YpPOBEHb (DYHKIMOHAJIBHBIX CBOHCTB WM aBTOP CTPEMHJICS K IIOJIYYEHHIO
ONTHMAIBHOIO  COYETAaHUS  pa3IMYHbIX  XapakTepucTHK?  MHOrOYMCIEHHOCTH U
Pa3HOHANPABICHHOCTh TEXHHYECKHX XapaKTepHUCTHK B IpPYTKaX TpeOyeT OIpeIeIeHHOro
KpHTEpHs BEIOOpa PEeXKUMOB, Ha YeM OH OBLII OCHOBaH?

- Y4uThIBas HEPABHOBECHOCTH HAHOCTPYKTYDHI, XKEJIATEJIbHO OBUIO BBIIOJIHUTH MCCJIEI0BAHHE
TEPMOCTa0MIBHOCTH MaTepHaiga NpyTkoB. Kpome Toro, B ae(OpMalMOHHBIX TEXHOJIOTHIX
UCIIOJIB3YETCs OTXKUI Ul CHSTHS HAIpPsDKEHUH W IepeBofa mMarepuaia B 0ojiee PaBHOBECHOE
cocrosiHue. C 4eM CBSI3aHO OTCYTCTBUE TaKO# oneparuu?

- JIia CTaTHCTHYECKOH OIEHKH OTCYTCTBHSI B Marepuajle MHKPOTPELIHH IIOCIIE BOJIOYECHHS
H0JIE3HO OBUIO OBl BBINOJIHUTH HCCIIEIOBaHHE METOIOM YJIBTPa3ByKOBOTO KOHTpous. Takas
onepanus SABJIAETCS TPAJAULMOHHOM IS M3AENHi OTBETCTBEHHOI'O HAa3HAYEHHs, IOJYYEHHBIX C

IpUMEHEeHUEM JiehOpMaIi.

B nenoM, oTMe4YeHHBIE 3aMEYaHUS HE CHIDKAIOT IOJIOKUTEIBHOM OIEHKH IHUCCEPTALlUH.
Cunraro, 4TOo mpenacTaBleHHAs paboTa OTBeyaeT VTpeGOBaHI/ISIM «ITomoxxenuss 0 MOpsIKE
OpUCYXAeHus cTeneHed», u aBtop IlomskoB Anekcanap BamumoBuy 3acimyuBaeT
IPHUCBOEHHUS YYEHOM CTENEHH KaHIuJaTa TEeXHHYECKUX HayK mo coeruanbHocTH 05.16.01-—

MeraioBegeHue u TepMuuecKast 00padoTKa METAJUIOB U CILIABOB.

OduuanbHbIA ONMIIOHEHT,
IJIaBHBIM Hay4HbIHA coTpyaHuK OI'BYH
«MHCTUTYT MalIMHOBEICHUS HM. A.A. /
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