OT3bIB OPUIINAJIBHOI'O OIIIIOHEHTA
HA JHCCEPTALHIO
IHoaskoBa Anekcanapa BagumoBu4a
«DBOIOLMSI MUKPOCTPYKTYPbI ¥ MEXaHMYECKHX CBOHWCTB TEXHUIECKH
YHCTOI'0 THTAHA IIPHU PaBHOKAHAIBHOM YIJIOBOM MPECCOBAHUH IO CXEME
«KoHdpopm», IpeICTaBICHHON Ha COMCKaHUE YYEHOM CTeIIeH! KaHAu1aTa
TEXHUYECKUX HayK 1o crenuansaoctu 05.16.01 — Merannosenenue u

TepMHYecKas 00paboTKa METAJIJIOB ¥ CIIJIABOB.

AKTYyaJIbHOCTH TE€MBI.

COCTOSIHIE MUKPOCTPYKTYPBI TEXHHUECKH YUCTOTO THTAHA B 3HAYUTEILHOM
CTEIIeHH OIpeJieNsieT yPOBEeHb €0 MEXaHHYECKUX M JKCIUIyaTallMOHHBIX CBOUCTB.
VMeHBIIEHHE CpeIHEero pasMepa 3€pHa OT KPYIHOKPUCTAJNIMYECKOro 10
CYOMHKpO- M HAHOCTPYKTYPHOIO pasMepOB IIO3BOJISICT YBEJIMYUTH IIPOYHOCTD
MaTepuana B 2-2.5 pa3a, yCTaIOCTHYIO IoirosedHocts B 1.2-1.5 pasa mpu
OJTHOBPEMEHHOM CHMKEHMH IUIACTHYHOCTH M TPEIIMHOCTOMKOCTH. JlocTHraeMbId
ypOBEeHb CBOMCTB 3arOTOBOK TEXHHYECKM YHCTOrO THTaHA O0YyCIIaBlIUBAET €ro
IPaKTUYECKYIO BOCTPEOOBAHHOCTD I M3TOTOBIEHMS HW3IENUM MEIHIMHCKOro
Ha3HA4YE€HMs, B KOTOPBIX IOBBIIICHHOE COAEP)KAHHWE TOKCHYHBIX Ul YE€IOBEKa
anemenToB(V, Sn, Al, Mo u 1p), NpUMEHSEMBIX Ui YIPOYHEHHs THTaHa,
orpaHuuuBaercs. OTrpaHUYEHHOCTh BO3MOXHOCTH YBEJIMYEHHS MacCOBOU JIONIM
JIETHPYIOIIMX ~ 3JIEMEHTOB B 3arOTOBKax  MEAMIMHCKOIO  Ha3sHAYCHWS,
HaNpaBJIEHHBIX Ha TOBBIIIEHHE 3KCILTyaTallMOHHBIX XapaKTepUCTHK MaTepuana,
TpebyeT TMpUMEHEHWE albTEPHATHBHLIX IIyT€Hd TMOBBIIICHUS IPOYHOCTH WU
YCTaJIOCTHOM JOJNTOBEYHOCTH TEXHMYECKU YHCTOro THTaHa. K Takum Meroaam
OTHOCHTBCS TepMOMexaHudeckasi o0paboTka ¢ IpUMeHEeHHueM Ne(pOopMaliOHHbIX
METOJIOB, BKJIFOYasi cxeMsl aedopmaruu mpocroro casura (PKY mpeccosanue).
CymecTBeHHBIM ~ HefmocTaTkoM Iponecca PKY  mpeccoBanus — ABIACTCS
OrpaHHYEHUs 1O JUIMHe o00pabaTbiBaeMOM  3aroTOBKHU. ITonyuenue PKVY

IIpeCCOBaHUEM 3aroTOBOK HpOMBIHIJ'[CHHOfI JUIAHBI 3aTPYAHUTEJIBHO, C IICJIbIO




pacIIMpEeHHUsT TEXHOJOTMYECKUX BO3MOXHOCTEM CXEMBI IIPOCTOrO  CABUrA
Astopamu(B.M. Ceran, B.U. Pe3nnkos, B.J. KomnbuioB u np) 6buta npeaioxeHa
Monubukanus Merona - PKVYII-Koundopm. JlaHHBIN MeTO] MO3BOJIET MOJIYyYUThH
HeoOXOoIMMBIe A7l IPOMBIIIIEHHOCTH JIMHHOMEpPHBIE 3arOTOBKM U3 TEXHUYECKU
gyrcroro turaHa. IIpaktudeckoe ocBoeHne Mmertoma PKVYII-Kondopm BersiBUIIO
HEOOXOMMOCTh B IIPOBEJECHUHM CHCTEMATHYECKUX HCCIEeIOBAHUMA ITOCBSIIEHHBIX
U3y4YEHHUIO 3aKOHOMEpPHOCTeH ¢GopMupoBaHusi YM3 CTPYKTYphl B TEXHUYECKH
yuctoM tuTaHe Grade 4 B 3aBUCHMOCTH OT TeMIIEpAaTyphl U CTENEHH AehopMaluH,
JIaHHBIX 00 OCOOEHHOCTSIX BOJIIOIMH MUKPOCTPYKTYPBI B MEXaHUYECKUX CBOMCTB
nocjie Bojo4yeHus. Takum obpasom, nucceprauunoHHast pabora Ilonskosa A. B.,
HaIpaBJICHHAs Ha PElIEHHE BBILLIE IPUBEIEHHBIX 3a/a4, SBJISIETCS aKTyaIbHOU.

Crenenp  OOOCHOBAaHHOCTM  HAyYHBIX  IIOJIOXKEHWH,  BBIBOJOB U
PEKOMEHJAIU.

OOOCHOBaHHOCTh HAy4yHBIX IIOJIOXXEHWH U BBIBOJOB HAdyMHAeTCs C
IIOCTAaHOBKM 1LIeJIM M 3aJad MHCCIeOBaHUs, KOTOpble CQOpMYIHpOBaHBl Ha
OCHOBaHMH KPUTHYECKOI0 0030pa HayuyHO-TeXHUUYECKOH auTepaTypsl (r1asa 1). B
rnmaBe 1 obOocHOBaH BBIOOp MaTepuana MCCIEOBaHUS, IpeicTaBleH 0030p
METOJI0OB MHTEHCHUBHOW IUIaCTUYECKON JHedopMmaliii, pacCMOTPEHO BIMSIHHE
pexxumoB HMIIJI Ha JBOMIOLMIO CTPYKTYphl B  YHMCTOM THUTAHE, OTPAXEHBI
pe3yapTaTel pabOT MO BIUSHUIO CTPYKTYphl Ha MEXaHWYECKHWE CBOMCTBA TUTAHA,
NPEJCTaBIE€Hbl OCOOEHHOCTH IIPUMEHEHUS TEXHUYECKHM YHCTOr0 THUTAaHA [UIs
U3JIeJIUI MEUIIMHCKOTO Ha3HAYeHUS.

Bo Bropoii rmaBe omucaH Matepuan s I[POBEACHUS HCCIIEIOBaHUM,
ONMCaHbl METOJUKA U o0OpylOBaHHME, WCIOJIb3yeMble IIpH  pEIICHUH
IIOCTABJIEHHBIX 3a7ja4, B TOM 4YHcIie sl 00paboTKH U HCCIeNOBaHUS CTPYKTYpHI,
MEXaHWYECKMX M Jpyrux cBodcTB. CopepxaHue 53TON IJIaBbl IOATBEPXKIAET
BBICOKYIO CT€IleHb 0OOCHOBAHHOCTH M JIOCTOBEPHOCTH ITOJTYYEeHHBIX Pe3yIbTaToB,
IIOCKOJIBKY IIPUMEHSIOTCS anpoOuWpoBaHHBbIE METOAMKH, peallu3yeMble Ha
cepTUGUUHMPOBAaHHOM oOopynoBaHMu. K HHUM, B YacTHOCTH,  OTHOCSTCS:

UcIbITaTeNbHas MamuHa Instron; ontuueckuit mukpockon "OLYMPUS GX51",




pacTpoBbId  3JEKTPOHHBIA  MHKpockon — «JSM-6390»,  mpocBeunBarOIIuUiA

3IIeKTPOHHBIA MuKpockoI “ JEOL JEM-2100" u ap.

OcHoBHBIE Hay4yHbBIe IIOJIOXKEHHS, CHOPMYIMPOBaHHBIE B IHCCEPTALWH,
0DOCHOBaHbl KOHKPETHBIMH pe3yJbTaTaMd aHallh3a, MCCIeNOBAaHUM M pacyeTos,
U3JIOKCHHBIMU B MOCIIEAYIOIIMX IJlaBaX. B TpeTbell IflaBe U3y4eHO BIIUSHHE
TEMIIEPATypbl HarpeBa 3arOTOBKM MOJ JeGOpMaluid U HHTEHCHBHOCTH
HaKOIUICHHOM IUTacTH4ecKon nedopmariiu ¢ npumenenrneMm PKYTI-Kondopm Ha
CTPYKTypy U MexaHudeckue cBoiictBa Ti Grade 4. [IpennoskeHa 3aKOHOMEPHOCTH
OIIpENeNsIIoNIasl BEeJIMYUHY YCIIOBHOIO IIpefiesia TEeKYy4eCTH OT CTPYKTYPHOIO
COCTOSIHUSI MaTepHala Iocje IpoBeIeHHOH ne(opMaIiuoOHHOM 00paboOTKH.

I'71aBa deThIpe MOCBSIIEHA W3YYEHUIO BIMSHUS IIpEIBAPUTEIILHOU
nepopmanu PKYII-Koudopm Ha crpykrypy u cBoiicta mpyTkoB Ti Grade 4
II0CJI€ BOJIOYEHHUS C PA3IMYHBIM CYMMapPHBIM KO3(h(DHUIIUEHTOM BBITSKKH.

B namoii 2nase npencraBiieHbl pe3ybTaThl HCCIIENOBAaHMS OMOMEIUIITHCKUX
cBorcTB TuTaHa Grade 4 ¢ YM3 CTpyKTYpoii ¥ ONBITHBIX U3/IENUHA U3 ITOTy4aeMbIX
IPYTKOB.

Hay4Hble IONIOXKEHHS U BBIBOJBI, CHAENIAHHBIE 110 JUCCEPTALMOHHOM paboTe

A. B. TlonsixoBa, 060CHOBaHBI U OIIMPAIOTCS Ha JOCTOBEPHBIE SKCIIEPUMEHTABHEIE

pesynbTathl. Bce momydeHHblE pe3ysbTaThl  COOTBETCTBYIOT — IIOJIOKEHHSIM

auccepTanuu. PesynpraTel Takke ObUIM anpoOMpOBaHBl HAa POCCHMCKHX H

3apyOeKHBIX KOH(EPEeHIMIX M OmyOJIMKOBaHBI B 16 cTaThsax KypHanoB, 10 u3

KOTOPBIX SIBJISIOTCS pereH3upyembiMu BAK.

K naubonmee  3HaumMbIM  pe3ynbTaraM  JIMCCEPTALMOHHOM paboTHI,

COCTaBJIAIOIIMM €€ HayYHYI0 HOBU3HY OTHOCSTCS:

1. IlpencraBnennsle pe3yIbTaTHI UCCJIeJOBaHUU u 3aKOHOMEPHOCTH
popmupoBarust YM3 cTpyKTypsl B TexHWYeckd umcToM TuTane Grade 4 B
3aBHCHUMOCTH OT TeMIlepaTypsl U crenenu aepopMmaruu npu PKYII-Kordopm.

2. OBocHOBaHHBIE pPEXUMBI 06pPaGOTKH, ObGecIeuMBalOlMe MomydeHHe YM3
CTPYKTYPBI U TIOBBIIIEHHBIX MEXaHUYECKUX CBOMCTB B MPYTKaX, MOJTYYEHHBIX

meTonoM PKVII-Kondopm ¢ mocneayromumm BonoyeHreM.




3. Ocobennocty 3BoMmOIMA YM3 CTPYKTYphI B MEXaHUYECKUX CBOMCTB B IPYTKAX
tiuraHa Grade 4 mociie BOJOYEHHUS, B 3aBUCHMOCTH OT CTEIIEHH HAKOILIEHHON
nedopmanum B poriecce npensapurensHoro PKYII- Koudopm.

IIpakTueckas 3Ha4YUMOCTh pabOTHl TOATBEP)KIEHA AKTOM BHEIPEHUS
pe3yapTaTOB  OHMCCEPTAlMOHHOM  paboTbl B  TEXHOJOTMYECKHH  Ipolecce
U3TrOTOBJICHMS] HAHOCTPYKTYPHBIX MNpPyTKOB-noidydabpukaroB u3 tutaHa Grade 4
Ha npenanpusata OO0 «HanoMeT».

HecMoTpst Ha 10CTaTOYHO BBICOKHIA YPOBEHD PabOTHI, CIELYET OTMETHTE
ps 3aMEYaHU:

1. B mucceprauuu Ha ctpanuiie 41, 103 momyieHsl oneyaTku (JBOWHOM COX0O3
«¥» ¥ JIOTIOJTHUTENILHBIN CUMBOJI B OIUCAHUU (DOPMYJIBI).

2. BenW4MHBl IUTOTHOCTH IHWCJIOKAIMH IIPEACTAaBJI€Hbl B BHIE CPEIHErO
3HAYeHusl, 6e3 yKazaHus pa3dpoca BeTUUUH.

3. Ha crpanune 81 ykaszaHo, uto Temmeparypa aepopmarnuu 200 °C ogHako mo
TEKCTY ClielyeT, 4To (aKkTHYeCKH YyKa3aHa TeMIlepaTypa HarpeBa IO
nedopmanuio, a TeMreparypa aedopManiy He U3MePSIach.

4. BeIBOJBI O D3BOJIIOIMH MHUKPOCTPYKTYpBl B JMCCEPTAI[MOHHON pabore
CHCNIaHbl 10 OTHOLIEHUIO K TeMIlepaType HarpeBa IoJ nedopmaliuio, 0e3
ydeTa e(OpMaIlMOHHOTO pa3orpesa.

5. B pabore npezcraBieHbl pe3ysbTaThl IO TEXHOJOTMYECKON IIACTUYHOCTH
tiuTaHa Grade 4, oHAKO HET AMarpaMMbl TEXHOJIOTMYECKON IIACTUYHOCTH,
KOTOpasi NMPUMEHsIETCS Ul aHalv3a W BBIOOpA PEXMMOB ILTACTHYECKOM
neopMaIu Ha IIPaKTHKE.

6. ABTOp A€naeT BBIBOJ O JUHAMHYECKOM PEKPUCTAIIM3AIMN [IPU BOJOYEHHUH,
OJTHAKO MPHU 3TOM HE YYUTBIBAET JOJIO TUHAMUYECKH PEKPHUCTANIN30BAHHOM
crpykTypsl npu PKVII-K. IIpeacraBnennsie ¢poTorpaduu roBopst o ciabom
Pa3BUTUH AUHAMHYECKOW PEKPUCTAIUIM3ALMKU IIPU BOJIOYEHUH U O BBHICOKOM

Jl0jle TUHaMH4YeCKo# pekpuctaiuzanuu npu PKVYII-K.




7. ABTOp BBOAWMT TEPMHUH KOI(D(PHUIIMEHT BBITIHYTOCTHU, KOTOPBIA HE SBIIAETCS
oOlIenpu3HaHHbIM. [IpaBUiibHEE WCIONB30BaTh TEPMUH - KOIDOHUIMEHT
BBITSIKKH.

OTMeueHHBIE OTIEIbHBIE 3aMEUaHMs He U3MEHSIOT O0IIel MOJIOKUTEIbHOU
OLIEHKH JTUCCEepPTAIlIOHHOM pabOThl U He CHIDKAIOT €€ HAaydyHOH M IIPaKTHYECKOH
neHHoctu. [IpencraBienHas paboTta, MO MOEMY MHEHMIO, OTBEYAET KPUTEPHUSIM,
ycraHoBlieHHBIM B «llookeHUM O TIOpsiAKE MPHUCYXKICHUS CTEIEeHEeW» I
KaHIUIATCKUX TUCcepTaiii, a ee aBTop [lomskoB A. B. 3acimyxuBaeT IpUCBOCHHUS
yU4EHOHW CTeleHHW KaHAHWJaTa TeXHUYeCKuX HayK 1o crnenuanbHocTd 05.16.01 -

MertamioBeneHue U TepMuUecKas 00padoTKa METaJJIOB U CILJIaBOB.

OdurranbHbIN OMITOHEHT,

HauaJbHUK OTHeNla IPOEKTUPOBAHUS
TEXHOJIOTUYECKUX IIPOLIECCOB
Ky3HEYHO-IIITAMIIOBYHOTO
IIPOM3BOJICTBA U rpaHyJIbHOM
Metamutyprun OAO «CtynuHckas

METaJIIypruyecKkas KOMIaHusa», K.T.H. M Jlonmatun H.B.

142800, MockoBckas 061, T CtynuHo, yi [IpucraniinonHas, BiajgeHue 2

lopatinnv(@yandex.ru, tein.: +7 916 7625100

IToamuce Jlomatuna H.B. 3aBepsto:

U. 0
O. TTMPEKTOP no MEPCOHANY 0BWUM BONPOCAM -
HAYATTbHUK 0T JENA YNPABNEHNA NEPCOHANOM




