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BINUAHWE UHTEHCUBHOW NNACTUYECKOW OEDOPMALIMM HA
CTAPEHME o +3-TUTAHOBOI'O CIJTABA

Hceneoosano enusanue uHmMeHCUHON NAACMUYECKoli Oehopmayiil Memooom @UHMOBO dKCMpPY3uY Ha cmapeHue
COJICHONE2UPOBAHHO20 Mumanogozo cniaea BT25Y. llokazano, umo pacnao memacmabunviuvix ¢pas cnaraea BT25Y
npomexaem HenocpeOCMEeHHo Npu UHMeEHCUGHOM Oedhopmayuy npu bofee HUSKUX MeMNepamypax, yemM npu
CHIAHOAPWIHOM CIMPYKIMYPHOM COCHIOAHUY CHIA8A, ¢ 00PA308aHUEeM OUCNEPCHOIl ot - cpYKIMYpbl ¢ NOGbIULEHHOT

MeepoOCmbIO.

Knrouesnie cniosa: mumanogulil cniag, gUHMO8Asa IKCMpY3us, CYOMUKPOKPUCAIIUYECKAs CHPYKMYpa, cmapenie,

MemacmabuneHas gasa, pacnao.

Benenmne i et padoTb1

Ha mporspxermm Oosee ueM S0-TH JIET THTAHOBBIC CIUIA-
BbI YCIICITHO MPUMCHSFOTCS I OTBETCTBCHHBIX JICTaJICH
ra3orypounnbIx apurareicH (['T/T). 3a 3T rop! HAKOIIICH
3HAYUTEIIHHBIHN OIBIT B OONIACTH METAJIOBEACHHS H TEXHO-
JIOTHH M3TOTOBJICHI MOy (pabpHUKATOB M eTaNCH U3 THTA-
HOBBIX CIUIABOB. MEXaHMUYECKUE CBOMCTBA CYLIECTBYFOLIMX
THUTAHOBBIX CIDIABOB HMEFOT JOCTATOYHO IIMPOKUH HHTEP-
Bal pa3zdpoca W B OTACIBHBIX CIYYAsX VKE HE OTBEYAIOT
HOBBIM TPEOOBAHUAM, HIPEIBSIBISICMBIM K IIPEACIHHO Ha-
TPY;KEHHBIM JCTAILIM Fa30TYPOMHHBIX IBUTATEICH HOBOTO
TIOKONICHUS (MOHOKOIIECA, KOMIIPECCOPHbIC Padodune JIo-
TIATKA U JUCKH).

AHamm3 myOTUKAIHEN TIO3BOJIAI CACTATH BEIBOJ O TOM,
4TO HAOOP JICTUPYIOIIHX 3ICMECHTOB B THTAHOBBIX CIIJIABAX
OCTAaeTCsl OJMHAKOBBIM B TCUCHHC MHOTHUX JICT, HEAOCTA-
TOYHO CBEICHHH O pa3padOTKAX HOBBIX PEKUMOB HX TEP-
Moo0padorku. Kak nokazano B padore H.A. HouosHo#
[1], mpoOIeMBI THTAHOBBIX CILIABOB MOTYT OBITH PCIICHBI
HA OCHOBC CO3/IaHMS CIUIABOB C HECTAHIAPTHOHW KPUCTAI-
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IMIEeCKOR CTPYKTYpol. K TakuM TEXHOIOTHAM, MO3BOLAIO-
MM TOJIYYHTH MPHHIHIHATEHO HOBOE CTPYKTYPHOE CO-
CTOSIHUC C MTOBBIMCHHBIMY MEXaHUUCCKUMH CBOMCTBAMH,
MOYKHO OTHECTH TEXHOIOTHEO HHTCHCHBHOH MIACTHYCCKON
ngedopmanmu (UI1]1), TO3BOISTOMIYIO H3MEIBIHTH CTPYK-
TYpy A0 cyomukpoxpucraumiacckux (CMK) u Hanopas-
MEPOB.

B panee mpoBeACHHBIX HCCIEAOBAHIAX [2—4] mokaszaHa
a¢¢pexrusrocTs U] A1 THTAHOBBIX CILIABOB, OIPCACTIC-
HBI TEMIIEPATYPBI CTPYKTYPHBIX H (Pa30BBIX MPEBPALICHAH
CMK TturaHa, TEMIEPaTYphl PEKPHCTAILIH3ANNH U OJIH-
mopduroro npeppamennst CMK THTaHOBBIX CIIaBOB. Yc-
TAHOBJICHHBIC OCOOCHHOCTH MO3BOIMIH IPEATIOIOKHUTS,
YTO KMHETHKA CTAPCHUSI CYOMHUKPOKPHUCTALTMICCKUX TH-
TAHOBBIX CIUIABOB TAKXKE MOYKET H3MCHATH CBOH XapaKTep
niox siwstareM UI1J1, 4To 0COOEHHO aKTYaIbHO B YCIOBH-
sax (popmuposarnss CMK cTpyKTypsl B IpeIBapUTEIEHO
3aKaieHHbIX crriasax tuna BT25Y [5]. Kpome Toro, 0 Bo3-
MOKHOM M3MCHCHHH MEXaHU3MOB (Da30BO-CTPYKTYPHBIX
npespawmeHuii noa ausiauem UI /] HEOTHOKpaTHO OTME-
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4aJ0Ch B HY6J'II/II(aI.[I/I}IX, OTHOCAINHUXCA K AJJFOMHHHCBBIM
cmuiasaM [6, 7]. B Toke BpeMs A7 CIOKHOJICTHPOBAHHBIX
THTAHOBBLBIX CIINIABOB TAKHUX CBGZ[GHI/II\/II HCT, UTO 3aTPYAHACT
BBIOOP ONTHUMANIBHBIX PEKHMOB TEPMOOOPAOOTKH 115 CTa-
6mmmanmu CMK cTpyKTypBI IPH COXPAHEHHUH ITOBbIIICH-
HOTO KOMILIICKCA CBOMCTB.

[Mo3ToMy TETBIO HACTOAICH PAOOTHI ABIISLIOCH OMPe-
JICTICHUC BIIMSTHIS MHTCHCUBHOM IIacTHIECKOI Acpopma-
uuu Ha crapeHue cmiasa BT25Y i BbIABICHUA CBSI3H
MCKAY IOJIYyIaCMBIMHA CBOWMCTBAMH H 3aKOHOMCPHOCTSI-
MH CTpyKTYpooOpasosanus B xoae UITJ u mociemyrome-
TO HAarpesa.

MeTtommka, 060pYIOBAHITE

HCXOI[HI)IG 34roTOBKH BBIPC3A/IM U3 MMOKOBKH IITAMIIO-
BaHHOH crriaa BT25Y (OCT190197). MHTCHCHBHYFO TIIAC-
THYECKYO Je(hOpMALIHEO OCYIIECTBILIIN METOIOM BHHTO-
BOH dKCcTpy3uH (BD) 1o TexHOMOTHH, pazpadoTaHHOH Jl0H-
OTU nm. A.A. lankuna. [Tponecc BO peanu3opbiBamm HA
KPHBOIIHMITHO-IIATYHHOM Iipecce ¢ yemmmeM 150 1. Oco-
OCHHOCTH TCOMETPHH KaHAJTAa MATPHIBI OOCCICYHBAIN
COXPAHCHUE MPHU HKCTPY3HHU HACHTHYHOCTU HAYATBHON 1
KOHCUHOH (opM m pa3MepoB 00padaThIBACMON 3aT0TOB-
KH (puc. 1), YTO MO3BOIUIO OCYIIECTBIATH €€ MHOTOKpaT-
HYFO 3KCTPY3HIO C LIETbFO HAKOIUTCHIS e popMarim. Max-
CHMAaJIbHAS BEIMIMHA Ac(HOPMALIK 3a OAHMH MPOXO IPH
B3 cocrasmina e = 2 [8]. Kommuecrso npoxonos mpu B3
H3MEHANOCH 0T 1 10 5. MccneqoBaHUuEe MHKPOCTPYKTYPBI
MPOBEACHO C IMPUMCHECHHEM MHKPOCKOIIA OTPAKCHHOTO
ceera «Observer.D1m» («Carl Zeiss») 1 BO BTOPHIHBIX
3MEKTPOHAX C IMOMOMIIBIO 3ICKTPOHHOTO MHUKPOCKOIA
JSM-6360LA. Teepmocts onpenesmsum o FOCT 9450-76.

Puc. 1. Baemnnii Buj 3arotoBky u3 ciaBa BT25Y 1o (a) n
nociie UL/ (6) MeToioM BUHTOBOH 3KeTpy3uu (BD)

Pe3yabTarhl HCC/Ie10B aHMid, X 00CYKAeHHe

HcxomHBIC 3aTOTOBKH TIS MTOBBIICHAS 1C(hOPMAITHOH-
HOU CTIOCOOHOCTH TICPSA BUHTOBOH SKCTPY3HCH MOABEP-
TAJIH 3aKAJTIKE C TeMIeparypsl Ha 5 °C HIOKE HAYAJIa MOJTH-
Mop(Horo npespameHwst ciasa BT25Y [5]. Muxpocrpyxk-
Typa 3aroToBOK ITOCJE 3aKAJIKH COCTOSMJIA W3 3€pPCH
TIEPBHHOM Ot~ (h)a3bI 1 MAPTCHCHTHOM o’ - ()a3Bbl, pa3Mephl
KOTOPBIX HAXOAWIUCH B ripeaenax 5... 10 mxu (puc. 2). bo-
Jiee BBICOKAs IUIACTUYHOCTh THTAHOBBIX CILIABOB C O.'-
CTPYKTYPOH 0OYCIIOBJICHA HEMIOTHBIM CMCIIICHHEM aTOMOB
B mponecce nepectpoiiku OLIK- pemerkn B [TIY - pemer-
Ky U pPeTakcanieii BOZHUKIINX PH 3TOM HANPSLKCHHUH ITy-

TeM aBoitHuKoBaHuA [9]. O0 oOpazoBaHmy o' - (ha3hl TAKKS
CBHZCTEIIHCTBOBAJIO CHIDKCHHCE TBEPIOCTH CIUIABA IOCIE 3a-
kanku ¢ 34 HRC mo 27HRC.

Puc. 2. Muxpoctpykrypa ucxoguoit jst MIIJ[ 3arotoBku us
criaBa BT25Y, x1000

H3BecrHO, uT0 pacmaa MeractaOUIbHON o’ - a3l pu
CTAHJAPTHOM MHKPOCTPYKTYPHOM COCTOSHHH CILIABA
BT25Y npoucxomut mpu remmeparype 60 °C 1o Tuy mpo-
ME)KYTOUHOTO HPEBPAILCHHAS IyTEM PACCIOCHH, ¢ 00pa-
30BAHUEM YIACTKOB OOCAHCHHOH [3- CTAOMIIMB3HPYIOMIIMHI
3neMeHTaMu o' - (ha3bl, KOTOpBIC MPEBPANIAOTCS B O~ (pasy
¢ (popMupoBaHHEM CTAOWIBHOM o+[3- cTpyKTYpHI [9]. Uc-
clea0BaHKE CTPYKTYpHI ciutaga BT25Y nocne AByx mpoxo-
1o BD moka3zano, 4To Ha CBETIIOM (DOHE CTPYKTYPHI 3a-
KaJK| U3 o- ¥ o' - (ha3 MpoCcMaTPHUBAJINCh OTACIbHBIC Y4a-
CTKH ¢ 00716 TEMHBIM OTTCHKOM TPABHMOCTH (PHC. 3, 4, 0).
AHamm3 MEKPOCTPYKTYPHI IIPH 00JIee BEICOKUX pa3pere-
HUSIX TTIO3BOJIAIT YCTAHOBUTD, YTO B TEMHBIX YIACTKAX CTPYK-
Typa CILIaBa MPEACTABIILIA COO0H ou- | 3- (passl (puc. 3, 8),
YTO CBHACTEIHCTBOBAJIO O MPOTCKAHUH ITPOLIECCOB PacIa-
1a HenocpeacreeHHo npu UIJI — nedopMamnoHHOM CTa-
permm. Kak mokasasno nccie10BaHue, Ha IEPBBIX IPOX0Iax
B3 crapeHmne mpoTekano B OTACIBHBIX MHKPOOOBEMAX
CIUTaBa, B PE3YIBTATS MOCICAYIOMCH 00paO0TKH METOAOM
B2 u Hakomnennu neopmanyu B criase BT25Y dopymu-
PpOBaIach CTPYKTYpa U3 oi- | - (ha3 CYOMHUKPOKPHUCTAIITH-
yecKuX pa3Mepos (puc. 4). Takum o0pa3om, acdopmarm-
OHHOE CTAPCHHE MPUBOAMJIO K YIPOUHEHHUIO CIutaBa BT25Y
KaK 3a CUCeT JUCTICPCHBIX YACTHIl BTOPHIHON Ot~ (Da3Bbl, BbI-
I[GJ'II/IBI.HGﬁC)I TpH CTAPCHHUH, TAK U 34 CUCT JOMOJHUTCIIb-
HOT0 U3MCJIBICHUA 3CPpHA, UTO MPOABLLIOCH B ITOBBIIIC-
Hi TBepaocTa 10 38...40 HRC.

B TO BpeMs Kak CTaHZApTHASA TEMIIEPATYPa CTAPCHUS
cmaBa BT25Y maxomumacs B ipeaenax 600 °C, uccmeaosa-
HHEM YCTAHOBJICHO, 4TO NoJ BimssHueM HITJ sTa temne-
parypa camkanacek Ha 70... 100 °C. TTo-pumumomy, UTTJT
HHTCHCU(DHIMPOBAIa MPOIECC CTAPESHIS H YCKOPsLIa pac-
max MeracrabunbHOH [-(as3sr 3a cuer (HopMHPOBAHUS
CYOMHUKPOKPHCTAIIHYECKOH CTPYKTYPBI M IOBBINICHHS
TUTOTHOCTH JJUCIIOKAIUH, YTO CHHOCOOCTBOBAJIO BBIJICIICHHIO
mucnepcHsIX (pas yxke B xozxe aedopmammu. Kpome Toro,
HCCTICIOBAHNEM CTPYKTYPBI C IPUMEHEHHUEM JICKTPOHHO-
IO MHUKPOCKOIIA YCTAHOBICHO, YTO mocire BD B crmmase
BT25Y mpoaykTsl pacnaga 3HAYUTCIBHO AHCHEPCHEE
(1...2 MKM), 4eM B CTAHAAPTHOM CTPYKTYPHOM COCTOSTHUH
ctasa (3...5 mxMm). O popMupoBaHIH TPYOBIX BEIICTIC-

ISSN 1607-6885  Hoei mamepianu i mexnonozii ¢ memanypeii ma mawuno6yoysanni Ne2, 2013 111



a

8

Puc. 3. Muxpoctpykrypa crinasa BT25Y nocie UITJ[ MeTojoM BUHTOBOH 5KCTpy3uu (2 MPoxXosa): @ — yUacTKu ¢ (ool')- CTPyKTY-
poii, x1000; 6 — MEKPOHEOTHOPOAHAS CTPYKTYpa, X 500; ¢ — yuacTku ¢ otP- cTpykTypoit, x1000

HUHW BTOPHIHON o~ (Da3bl, C HEPABHOMEPHBIM PACIa0OM
MOCJIC CTAHJAPTHOH TCPMOMCXAaHHICCKOH 00paboTKH
o[- crnasa, Taxke ormedeHo B padore MLU. Hnmkwaa
[10].

Taxum 00pa3oM, mMOCIe KAKIOTo Mpoxoaa B3 B mpen-
BAPUTEIBHO 3aKaICHHOM c1iiase BT25Y peamm3oBano ym-
POYHEHHE KaK 3a CUCT HHTCHCHBHON Je()OpMALHH, TAK U
3a cYer pacmaja MeractadmibHOM o'~ (assl. [Ipuuem, B
npouecce U npoucxoauno (o' —o')- MpeBpallcHUE, KO-
TOpPOE Ha MEPBHIX TPEX MpoxoAax B BBI3BIBATIO HEKOTOPOE
TOBBIMICHHE IUTACTHYHOCTH. C YBETHUYCHHEM KOJIUYECTBA
IPOX0A0B U COOTBETCTBCHHO IMOBBIMICHUCM CTCIICHH AC-
(hopMarH MPOMCXOAMIA CABHTOBASA Acopmamusd o'’ U
o - (pa3, pacmax MAPTEHCHTHOM CTPYKTYPHI Ha ot~ U [3- a3,
YTO BBI3BIBAJIO CHHOKCHUC NMJIACTHYIHOCTH U 3ATPYAHAIO
peamuzaumro nocaeayromux mpoxonos UITJ. TToatomy,
HEOOX0AMMO HA3HAYATH TEMIICPATYPy KAKIOTO MPOX0oma
B9 i cinasa BT25Y nHAMBHAYaIbHO U OTIBITHBIM ITYTEM
OIIPEACIATH TEMIIEPATYPY MOCIECTHETO Ae(opMATHOHHO-
IO BO3JCHCTBHS, KOTOPOE OKOHYATECIBHO (POPMHUPYET
CTPYKTYDY.
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Koranenko T.O. Brume iHTeHCHBHOT IIACTHYHOI JedopManii Ha crapinHst o+H3- THTAHOBOTO CILIABY

JlocnioxcenHo enaug iHmeHcUgHoOi niacmuyrol oeopmayii Memooom 28UHMOGOI excmpy3ii Ha cmapinHi
CKIIa0HONe208aH020 mumanosozo cniagy BT25V. [lokaszano, wo posnao memacmabinenux paz cniagy BT25Y
8i00y6agcs 6e3nocepednvo npu iHmencueHit depopmayii npu OibUl HUZLKUX MeMRepamypax, Hijc 3a ymos
CMAaHOApNHO20 CIPYKIMYPHO20 CIMAHY CHIIA8Y, 3 YMBOPEHHAM OUCNePCHOT ot [ cmpykmypu i3 nioguujeHoro meepoicmio.

Knwuogi cnosea: mumanosuil cnias, 26UHmMosa excmpysia, cyOMiKpOKpUCMANivHa cCmpyKmypa, cmapinus,
Memacmabinena gasa, posnao.

Kovalenko T. Influence of the intensive plastic strain on the (o+f)-titanium alloy ageing process

The influence of intensive plastic strain by screw extrusion method on doped titanium alloy BT25V ageing
processes has been researched. It is shown than metastable phases of VT25U alloy decay progresses directly in
intensive plastic strain process with lower temperatures, than with standard structural state of an alloy, and with
Jormation of disperse o+ - structure that has higher strength.

Key words: titanium alloy, screw extrusion, submicrocrystalline structure, ageing, metastable phase, decay.
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