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Hccneoosano nogedenue cnnasa HUOOUL—NUMan, UsMeHeHUe e20 CMpyKmypHo2o, ¢aszo-
6020 COCMOSIHULL U C8OUCME NPU 0OPAOOMKE PABHOKAHANLHBIM MHO20Y2NI08bIM NPECCO8A-
nuem (PKMVYII). ITokazana 603MOMCHOCHb (hOPMUPOBAHUA 6 CNIA8E CIPYKIYPbL, O1d20-
NPUAMHOU OJi NOBbIUEHUS. MOKOHeCYWeld CHOCOOHOCMU.

BBenenne

CormacHo nuTepaTypHbIM JaHHBIM [1-4] W3MEHEeHHE KPUTHYECKOTO TOKa
CBEPXIPOBOJHUKOB Ha ocHOBe ciiaBa Nb—Ti mocie nedopmanuu U TepMoodpa-
OOTKH CBS3aHO C U3MEHEHHEM BHYTPEHHErO CTPOEHUSI CBEPXIIPOBOISAIIETO MaTe-
puana, pa3MepoB CyOCTPYKTYPHBIX JIEMEHTOB U TUIOTHOCTHU JAedekToB. [Ipu aTom
HauOoJbIlee BIMSHUE HA YBEJIMYEHHE KPUTHUECKOTO TOKA OKa3bIBaeT pacmaj
[-TBepOro pacTBOpa C BhIIEICHUEM O-(a3bl.

Hacrosmas pabota nocssieHa U3y4eHHIO MOBEACHHS MaTepHala, NU3MEHEHUN
€ro CTpYKTypHOTO U (a30BOro cocTosiHuid U cBorictB mpu PKMVTI, korna 60:16-
mas IriacTudeckas jaegopManusi MPUBOIUT K (HOpMUpOBaHUIO CHElUbUUECKON
cyomukpokpucramtnueckoit (CMK) cTpykTypbl.

Ilens manHO¥M pabOTHl — BBIACHEHHE ycioBui nonydeHus: CMK-cTpykTypsl u
UCCIICIOBAHKME €¢ BIUSHUS Ha CTeneHb —a-mnpeBparnienus criaBa ND-Ti u ero
(bu3MYecKue CBOMCTBRA.

Martepuajabl 1 METObI HCCIETOBAHNUS

B kadecTBe 00BEKTOB MCCIICIOBAHUI UCIIOIB30BAH OUMETATMICCKUE TIPYTKH
crutaBa Huoouii—tutan (Nb—60 at.% Ti) B mennoit (MOO) matpuiie. Boibop mare-
puaga o0yCIOBJIEH IIMPOTON €ro MPUMEHEHHUS U TeM, 4TO jJedopMaIus TIPH KOM-
HATHO# TeMIiepaType He BBI3BIBACT B HEM PElIAKCAIMIO 10 MEXaHU3MaM JHHAMU-
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YECKOM pEeKpUCTAIIM3ALUH, T0ATOMY OOeCleueHbl YCIOBUS Ui HENPEPHIBHOTO
HAKOTUICHHUS Je(PEKTOB ¥ COOTBETCTBYIOIIETO H3MEHEHHS CTPYKTYPBHI.

[Ipytkn u3 crmaBa 60T, momydeHHble ropstamM npeccoBanueMm mnpu 7950°C,
muametpom 15 mm moasepraiu PKMVII 6e3 usMeHeHus: ce4eHus 3aroTOBKU Ha
1abopaTopHOIl ycTaHOBKE, CMOHTHUPOBAaHHOW Ha 0a3e TUApPABIMYECKOro Ipecca
yeumrem 250 tf (puc. 1).

Puc. 1. Ycranoska ans PKMVII u ee yr-
noBasi cxema: 1 — KoHTelHep, 2 — myaH-
coH, 3 — pabod4asi BTyJIKa C HAKIOHHBIM
KaHasioM, 4 — pa0ouasi BTyJIKa C BEpTHU-
KaJbHBIM KaHAJIOM, 5 — kanmuOpyromas
BTyJKa, 6 — oboiimMa, 7 — IINOHKA, 8 —
noncraBka, 9 — dnanen, 10 — mmuibka,
11 —3aroToBka. ©; = ®3 = 80°, ®, = 70°

O6pa3sibl aist nedopmaruu Beipe3anu BeicoToit ot 45 1o 80 mm. Mccnenosanu
CXEeMy MPECCOBAHUS C YETHIPhMS KaHAIAMH C CIUHUYHONW HMHTEHCHUBHOCTHIO Jie-
dbopmarnu 3a oguH Uk Al = 1.42 1 5KBUBaJICHTHOM CTENEHBIO JedhopMaliu e =
= 0.82. CreneHp eAMHUYHON UCTHHHOUN JeOpMAIUH e OTPEIECIISsTU COTTIacHO pe-
KoMeHAausIM padoTsl [5]. Hakorenne nedopmanmu npy yKa3aHHBIX BBIIIE YCIIO-
BUSIX OCYIIECTBIISUTH TIOBTOPEHUEM ITUKIIOB MpeccoBanus B uHTepBaiue ot 1 go 20.

Jns neneHanpaBieHHOro (OPMUPOBAHMSI CTPYKTYPHI CILIaBa B Ka)XJAOM IIO-
CIIEAYIOIIEM IMKJIE IPECCOBAaHUS IMPYTKOBYIO 3arOTOBKY II€peBOpAuyMBaIM Ha
180° Bokpyr OCH MOMEpPEYHOTO HampaBjeHUs U moBopaunBaau Ha 90° BOKpyr ee
npoosibHOM ocH. [laBnenue npeccoBanus coctasisuio 600-800 MPa. Ctpyktypy
00pa310B Hccae10BaIM METOJIOM ONTHYECKONH MUKPOCKONMHUH C TIOMOIIBIO METal-
Jorpagudeckoro Mukpockomna «Heodot». MUKpOTBEpAOCTh U3MEPSIIH HA TPHOO-
pe I[IMT-3 npu narpyske 50 g.

O crenenu —o-TIpeBpalieHUs CyAUIN M0 0ObEMHOM [oJie TeKcaroHaIbHOU
o-¢asbl, oOpazoBaBieiics mpu aedopmaly, Ha OCHOBAaHWU PE3yJIbTAaTOB H3MeE-
PEHUN MUKPOTBEPAOCTH U PEHTTEHOCTPYKTYPHBIX UCCIIEN0BaHUN. PEHTTeHOBCKUI
(ba30BbIil aHAIM3 U U3yYEHUE apaMeTPOB TOHKOM CTPYKTYPHI (Dokr, Aala) mpoBo-
munu Ha nudpakromerpe JJPOH-YM1 ¢ npuMeHeHHeM METOA0B KaueCTBEHHOTO
U KOJINYECTBEHHOT'O aHAJIU30B.

TokoHecymyro crnocoOHOCTh UcxoaHoro U nedopmupoBanHoro PKMVII criinasa
OLIEHMBAJIM TIEPECYETOM KPUBBIX HaMarHMYMBAHUSI 0Opas3loB, BHIPE3aHHBIX U3 3aro-
TOBOK B BHJIE Ky0a co CTOpOHOM 5 MM, cHAThIX npu 4.2 K BO BHEIITHEM MAarHUTHOM
nosie 10 15 T u opuenTanmeii oOpasiia B HEM 10 TPEM TJTABHBIM HaIPABJICHUSIM.
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Pe3yabTarhl 3KCIIEpUMEHTA U UX 00CYKIeHUe

B ucxomHom ropsiuenpeccoBanHoM coctosianu criaBa 60T nabnronaercs (puc.
2,a,0) THNIMYHAs TEKCTYpUPOBAHHAS TOJIOCYaTasi CTPYKTypa C MOMEPEYHbIM pa3-
mepoM 3epeH 1.1 um, B monepeyHoM cedeHur oOpasiia BUHA BUXPEBasi CTPYKTypa
nuHui TedeHus. CriaB uMmeetr ofgHo(a3HbIH COCTaB, MPEACTABIIONINN -TBep-
nbiit pactBop ¢ OLIK-pemieTkoit, XOTs COTIacHO paBHOBECHOM (ha30BOM Iuarpam-
Me MpHU JAOCTATOYHO MEAJIEHHOM OXJIQXK/IEHUU COCTaB CIJIaBa MOKET OBITh JBYX-
¢azubiM. [lo pesynbraTaM M3MEpeHUH MUKPOTBEPIOCTH CILJIaBa B UCXOJHOM CO-
crosaun H, = 1400 MPa mMoxHO HpennonaokuTh O HAJIUYUM Majloid 0OBEMHOU
nonu (ciaenoB) BTOpOW TeKcaroHanbHOW o-(asbl. PeHTreHorpaduyeckum MeTo-
JIOM TIpH CheMKe oOpasma oOHapyKMBaeTCsl TONbKO [-¢aza, BeImeIcHUs o-(ha3bl
HE BBISBJISAIOTCS BBUAY Majoro (< 1%) oO0beMHOTO COAep)KaHUs MPH BHIOPAHHOM
YYBCTBUTEILHOCTU U3MEPEHUI.

6 2

Puc. 2. Mukpoctpykrypa ciasa 60T mociae PKMVII (x 500): a, 6 — ucxomuslii obpaserr,
COOTBETCTBEHHO TIOTIEPEYHOE M TIPOIOJILHOE CEUSHHUE; 8, 2 — MeopMupoBaHHbii (e = 16.4),
COOTBETCTBEHHO MOIEPEYHOE U MPOAOIBHOE CEUCHNE

97



Pdusuka ¥ TeXHUKa BeIcoKkux aasjenunii 2005, tom 15, Ne 1

Uccnenyemas cxema PKMVYII u mapmpyt 06paboTku 3aroTOBOK (hOPMHUPYIOT
B cmaBe 60T CMK-cTpykTypy, KOTOpasi XapaKTepH3yeTCsl CHUJIBHO Pa3MBITOM
TEKCTYPOH WJIH MPAKTHUECKUM €€ OTCYTCTBHEM (pHC. 2,8,2).

Crenenb nepopmanyu e = 3.28 (4 nukIiia NpeccoBaHus) COOTBETCTBYET HAYAIly
dopmupoBanusi CMK-cTpykTyphl. JIeHTOUHBIE 3€pHA CTAHOBATCS HAMHOTO YK€,
BBITSIHYTOCTh MEHEE BBIPA)KEHHOMW; CKOIUICHHS JUCIOKAlMKA Kak Obl pa3OMBaroT
JUIMHHBIE 3epHa Ha KOpoTkue yyacTku. [lo Mepe yBenndeHusi cymmapHoil aedop-
MallMy pa3MepHasi CTPYKTypHasi OTHOPOIHOCTh noBbimaercs. [Ipu e > 10 popmu-
pyetcs ctabunbHas ogHopoaHas CMK-cTpykTypa npu pa3MbITON TEKCTYpE.

B nedpopmupoBannom PKMVII o6pasne ypoenb Hanpsbkenuit || pona moBsi-
maercs u cocrapisger 1.18:107 JUTst ctenenu aedopmanmu e = 3.28 u 1.22.107° -
st e = 16.4 (puc. 3). U3 aToro cienyer, 4To ¢ yBETHUCHHEM CTENeHH aedopma-
uu B uHTEpBaie ¢ = 3.28-16.4 ypoBeHb MUKpOHANpsDKeHUN Aala W3MeHseTCs
HECYILECTBEHHO. J[pyroii mapamerp TOHKOW CTPYKTYpbl — BelTHMurHa 0JI0KOB Doy, —
B MHTEpBaJIe cTeneHu Aedopmanuu 10 e = 3.28 pe3ko ymenbmaercs ¢ 1088 no
162 nm, 3aTem cTaOmIM3MUpyeTCs, BBIXOJA HA HachlmeHue 10 151 nm BuoTh 10
crenenu aedopmaruu e = 16.4. AHaTOTHYHBIN XapaKTep BIUSHUS HAKOTUICHHOU
nepopmanmu PKMVYII nabmrogaercst v Juis U3MEHEHHsI MUKPOTBEPIOCTH CIUIaBa
(puc. 4). Ilpu pedopmannu e = 3.28 3HaYCHHE MHUKPOTBEPJOCTH BO3PACTaCT C
1400 no 1700 MPa, npu Hakomnenuu aepopmanun e = 16.4 BenuunHa MUKPOTBEp-
JOCTH Majlo U3MEHSIETCS, UTO OTpa)kaeT OCOOCHHOCTU BIIMSIHUS 3HAKOIEPEMEHHOM
HEMOHOTOHHOM AiehopMaliiy Ha MEXaHU3Mbl 1 MHTEHCUBHOCTh YIIPOYHEHHUS.
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Puc. 3. I3meHeHne napamMeTpoB TOHKO# CTpYKTYphI Doy, Ad/a npu nedopmaryu cruraBa

Puc. 4. U3menenue MHUKPOTBCPAOCTH B IIPOLECCC ,Z[C(l)OpMaLII/II/I CIllTaBa

Jns MOHOTOHHOM edopMaLiuy, HAIPUMEP TPATUIIMOHHOTO TUAPOIIPECCOBAHMUS
110 JJTaHHBIM paboT [6,7], xapakTepHa nHast (C MOHOTOHHBIM POCTOM) 3aBUCHMOCTb
MHUKPOTBEPJOCTH OT cTeneHu aedopmanuu. s rupponpeccoBanus ¢ e = 3.28
MUKpOHANpsDKeHns Aala nocrurator 3Hageruit ~ 4.3-10. TIpu PKMVYII B 1po6-
HOM pPEXHME MHTCHCHBHOCTH YBEIWYCHHS] MUKPOUCKKEHUN KPUCTAILTUYECKOU
peIIeTKA MEHbIIIE BBHY HEKOTOPOU pelaKcallii MUKPOHAIPSDKEHUH B pe3yiibTaTe
Kak 0ojiee MHTEHCHUBHOT'O JIPOOJICHUS CTPYKTYPBI, TaK M MPEPBHIBUCTOTO 3HAKOIIE-
PEMEHHOT0 MPOTEeKaHus nporiecca nepopmupoBanus [8].
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MeHbIIyI0 BEIMYUHY OCTATOUYHBIX MHUKPOHAINPSHKEHUH MOKHO OOBSICHUTH
MHOTOKpPATHBIM TE€PEPACTIPEICTICHUEM MUKPOUCKAKEHUM KPUCTALNTMYECKON pe-
IIETKH U OCTATOYHBIX HampspkeHuil || poxa mpu kakaoMm mocienyolleM odare u
uKIe aedopMaIui B pe3yabTaTe MOSBICHUs OOJBIIOTO YUCIIa HAPABICHHM, TI0
KOTOPBIM MOKET MPOU30UTU 3JIEMEHTApHBIM CABUT B MUKpOOObeMax Aepopmu-
pyemoro cruiaBa. OJTHOBPEMEHHO C 3TUM IE€PEPACIIPENEICHINE MUKPOUCKAKEHUIN
MEXy OTACIbHBIMH MUKPOOOBEMaMH CIIIaBa, IJIACTHYECKU JehOpMUPYEMOTO 11O
npooHoMy pexumy PKMVII, cmocoOCTByeT HHTEHCUBHOMY TMPOLIECCY APOOTICHUS
0JIOKOB MO3auKH, UHTEHCUBHOMY J1€()OPMHPOBAHUIO OTAEIbHBIX KPUCTAJUIUTOB, B
pe3yabTare uero u Habmogaercs menkoaucnepcHas CMK-ctpykrypa.

OddexruBHOCTs Tpanuy CMK-CTpyKTYpbl Kak IIEHTPOB MUHHHHIA MarHUTHOTO
MOTOKAa MOXKET OBITh 3HAYUTENIBHO yCHUJIEHa OO0pa30BaHMEM Ha HUX BBIICICHHUN
o-¢azel. Criermduueckast cTpykrypa, co3nandas npu PKMVII crimaBa, ¢ ee BRICOKOM
OJTHOPOJTHOCTBIO U IUIOTHOCTBIO TPAaHMI] OOYCIIOBIMBAET OOJErYeHHOE 3apOAbIIIe00-
pa3oBaHue 3a CUET yMEHbIIeHUs TUPQPYy3NOHHBIX MyTel aTOMOB TUTaHA K TPAHHIIAM.
Harpes u nedopmariust Takoid CTpyKTYphI PUBEAYT K YCKOPEHUIO [3—>0L-TIPEBPAIIICHUS
Y TIOBBIIIICHUIO MOJTHOTHI €ro npoTekaHus. CTabUIbHOCTD MapaMeTPOB TOHKOW CTPYK-
Typsl, chopmupoBanHoit PKMVTI, coxpansiercs B quanaszone temreparyp a0 400°C.

AHanmn3 U3MEHEHHSI OTHOCUTEIbHOM HMHTEHCHUBHOCTH PEHTTCHOBCKHMX JIMHUHN
o-(hazbl 00pasLoB, CBUIETEILCTBYIOUICH O €€ KOJMYECTBE, MOKA3bIBACT, YTO B Jie-
dopmupoBannom PKMVII (e = 16.4) o6pasiie mpucytcTByeT 10 3% o-(ha3bl.

Ha puc. 5 npuBenens! pe3ynbTaThl U3MEHEHUSI B 3aBUCUMOCTH OT MAarHUTHOT'O
MOJIsI TOKOHECYIIEH CIOCOOHOCTH MacCHUBHOTO oOpasma, npomeamero PKMVYII
(e = 16.4), B cpaBHeHMH ¢ 00pa3liOM, HE MOJBEPraBIIMMCS Takod oOpaboTke. Kak
cnenyet u3 pucynka, PKMVYII npuBonuT k 60siee BHICOKOMY YPOBHIO TOKOHECYITICH
CIOCOOHOCTH BO BCEM JMara3oHe MarHUTHHIX nojei. [locne nepopmarmu PKMVYII
HaOJII0JaeTCsl OTYETIIMBOE MOBBIIICHUE HAMAarHWYMBaHUSI CIIJIaBa BCIIEICTBHUE 3aKpe-
TUICHHSI MATHATHOTO TTOTOKA HA TPaHMIIAX KPUCTAJUTUTOB U BBIICTICHUSX 0L-(ha3bl.
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Puc. 5. Toxonecymas cnocooHocTh cruiaBa 60T B ucxomHom (—A—) U 1eopMHpOBaH-
HoM PKMVTI (—e—) cocTosuusx: a — Hanpasienue 1, 6 — HanpasieHus 2 u 3
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BriBoabl

1. O6pabotka cBepxmpoBojsmiero cruiaBa 60T meronom PKMVII mpuBoaut
dopmupoBannio CMK-CTpyKTypsl € pacCessHHOW TeKCTypoi (mpu OOJIbIIOM
IUIOTHOCTH TPAHUII 3€PEH) U BBICOKOW OJHOPOAHOCTBIO, OOJIerdaromield 3apo/ibl-
meoOpa30BaHNE BBIJCICHHUH O--(ha3bl.

2. B oOpa3uax, u3rotoBieHHbIX U3 nepopmupoBaHHbix PKMVII 3arotosok,
o-(ha3pl OoJbIIE, YEM B TOPSIUEIIPECCOBAHHBIX, @ CTENEHb TEKCTYPHUPOBAHHOCTU
HIDKE WM TIPAKTUYECKU OTCYTCTBYET.

3. BenmnunHua MUKpOTBEPIOCTH U MUKPOHAIPSKEHUH y 00pa3IioB, oOpaboTaH-
HeIX PKMVII 1 TpaguuuoHHBIMM METOAAMHM, MO-pPa3HOMY 3aBHCHUT OT CTEIECHH
HakorieHHo#H nedopmanuu. [Ipumenenne PKMVYII Ha HauansHOM cTaauu mepe-
nena 3arotoBok ciiasa 60T B nznenue ymydinaer aeopMupyeMoCTh MaTepuana.

4. TosIteHus GyHKIMOHAIBHBIX CBOMCTB crutaBa ND—Ti MOKHO TOCTHYB CO-
YeTaHUEeM ONTHMHU3UPOBAHHBIX Je(POPMALMOHHO-TEPMUUYECKUX METOJ0B 00pa-
0OTKH, peanu3alrel KOMOMHAIIMM HEMOHOTOHHOM 3HaKOIepeMeHHOU nedopma-
mun PKMVYII 1 MoHOTOHHOM nedopManuu TpaauLIMOHHBIM THAPOIPECCOBAHUEM
U BOJIOYEHHEM, OO0ECIEUMBAIOIIUM BO3MOKHOCTh BapbUpPOBAHHUS pPa3MEpOM H
IUIOTHOCTBIO BBIJIETICHUH B O0Jiee UPOKUX Mpeesax.
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INFLUENCE OF DEFORMATION BY EQUAL-CHANNEL MULTIPLE-
ANGLE PRESSING ON STRUCTURE, PHASE COMPOSITION
AND PROPERTIES OF Nb-Ti ALLOY

Behavior of niobium-titanium aloy, changes in its structural, phase states and in proper-
ties have been investigated for the case of treatment by equal-channe multiple-angle
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pressing (ECMAP). A possibility of structure formation favorable for increasing the cur-
rent-carrying capacity has been shown.

Fig. 1. ECMAP plant and its angular scheme: 1 — container, 2 — punch, 3 — operating bush
with inclined channel, 4 — operating bush with vertical channel, 5 — calibrating bush, 6 —
holder, 7 —key, 8 — support, 9 —flange, 10 — stud, 11 — billet

Fig. 2. Microstructure of alloy 60T after ECMAP (x 500): a, 6 — initid sample, cross-
section and longitudinal section, respectively; s, 2 — deformed (e = 16.4), cross-section
and longitudinal section, respectively

Fig. 3. Changes in parameters of fine structure D, Aa/a during alloy deformation
Fig. 4. Changesin microhardnessin the process of alloy deformation

Fig. 5. Current-carrying capacity of aloy 60T in the initia state (—A-) and ECMAP-
deformed state (—e—): a —direction 1, 6 — directions 2 and 3. ®; = ®3 = 80°, @, = 70°
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