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PeryimpoBaHue cTpyKTYpbI U (pa30BOro cocraBa
AJIIOMUHU/IOB TUTAHA, NTOJyY€HHbIX 30HHOU ILUIAaBKOM

IIpedcmasneno axademuxom HAH Yxpaunvt JI.M. Jlo6anoswvim

Paspabomana mexnonozus, 6 edunom npoyecce 006eOUNSIOUAR UHOYKUUOHHYIO 30HHYI0 NILAGKY UHMEPMemallu-
da cucmemvt TiAl ¢ nocredyroweii mepmuueckoil 06pabomroil, 06ECNeUUsarwetl CKOPOCMb OXIANCOCHUS, KOMOPAsL
Cnocobemayem 20MO2eHUSAUUL CIMPYKMYPDL U MEXAHUYECKUX Xapakmepucmuk no onune ciumxa. Cosdana mame-
MAMuueckas Mooeiv nPouecca u nposeoe GLIUUCIUMEbHbLI SKCNEPUMEN, ¢ NOMOUbIO KOMOPO20 GbLIO NOKA3AHO,
UMO 0N 20MO2EHU3AUUL CIMPYKMYPOL UHMEPMEMATIUOA N0 BCell ONUNHe CIUMKA U YIYHUEHUSL €20 MeXAHUUCCKUX
xXapaxmepucmux Heobxo0uUMo obecneuums ckopocmv ocmoieanus 8 npedenax 0,4—0,6 K/c. Hccnedosanus cmpyx-
MmypoL, NOIYUEHNHO20 6 PE3yAbMmame 3Mo20 NPOUECCA CIUMKA NOKA3AI0 HAIUYUE 6 HeM naacmunyamot (Y + a,)-
¢asvt u B, (B2)-pasvl. Tepmuueckas obpabomka cnocobecmeyem yeenuuenuro 06vema ynopsoouennoi kyoueckoll
B (B2)-gasvi, omeeuatowjetl 3a ynpounenue u niacmuyHocmb.

Kantoueevie caoea: unmepmemannuod, 30HHAsL NIAGKA, MEPMUUECKAsL 00PAOOMKA, CMPYKMYPA, MEXAHUYECKUe Xa-
PAaKmepucmuku.

VHTepMeTasinpl, K KOTOPHIM OTHOCSITCS TIIOMUHU/IBI TUTAHA, TIPEACTABIISIOT COOOI KJtace Cria-
BOB, UMEIONNI YHUKAIBHBIN HAOODP (DUBNKO-MEXaHNYECKUX XapaKTEPUCTHUK, OTPE/IE/ISIONINIT 1epe-
MEKTUBHOCTH MPUMEHEHHS UX BO MHOTHX OOJIACTSIX TEXHUKHY 1, B IEPBYIO 0Y€PE/lb, aBUAIIMOHHBIX
JIBUTaTEJIei.

OpHako nX HU3Kas IJIACTUYHOCTD IIPU KOMHATHOM TemmepaType [1—3] u cBg3anHas ¢ 9TUM
HU3Kasl TEXHOJOTMYHOCTD 3aTPY/IHSET, a B Ps/ie CIydaeB UCKII0UaeT BO3MOXKHOCTD N3TOTOBICHUS
1oJ1y(hbabpuKaTOB 1 M3/IE/IUI U3 9TUX MATEPUAJIOB.

[IpakTryueckuii ©HTEpEC MPEACTABJSEeT UCIOJIb30BaHNE HOBOTO KJacca [-3aTBep/eBaOIINX
y-TiAl + a,-Ti,Al cimaBos Ha ocnoBe mHTepMeTammaa cuctemsl TiAl ¢ copepxanmem HrO6UA
(10 4—5 ar. %). B paborax [4, 5] 6bL10 MOKa3aHo, 4TO, UMEHHO OJaroapsi IPUCYTCTBIIO HIOOUS
KaK B-cTabuinsaTopa, MOKHO MOIYYnTh yropspodenuyio B, (B2)-basy. [Ipucyrcrsue atoit dasbr
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MO3BOJISIET € TIOMOIIBIO TEPMUYECKON 00padOTKM BO3/ENUCTBOBATh HA CTPYKTYPY U, COOTBETCT-
BEHHO, MeXaHNUeCKre XapaKTePUCTUKH cIiiaBa [6].

B Hacrosiiee Bpemsi ojoOHbIE CILIaBbl CYUTAIOTCS BeChMa MEPCIEKTUBHBIMY IS U3eJII
A9POKOCMHUYECKOH M aBTOMOOMJILHON TTpoMBbIIeHHOCTH. OHU XapaKTepuayroTcs: OoJiee HU3KOM
IJIOTHOCTBIO U BBICOKOI TeMIepaTypoil TiaBienus. biarogapst BBeleHI0 HIOOUST 9TU CILIABBI
006J1a/1af0T MOBBIIIIEHHOI KaPOIPOYHOCTBIO M 0OJIETYAIOT TEXHOJOTUIO IPOKATKH.

Hwuskue miactuyeckre cBOWCTBA alIOMMHUIOB THTaHa TP KOMHATHOI TeMIlepaType orpe-
JEJISTIOTCST CTPYKTYPO#i TlepBUYHOTO cinTKa. OHUM 13 Croco00B YIIydIIeHUsT CTPYKTYPBI U 110-
BBITIIEHNST MEXaHNYECKUX XapaKTePUCTUK MaTepuasa SBJsgeTcs 30HHas TIaBKa MHTePMeTaALIINIA.
[Tocsie 30HHOIT nIepekpucTansaryu: He HyskHa TUTI- 0o6paboTka (ra3octaTuyeckoe H30TepMu-
YecKoe TIPeccoBaHme), MOTOMY YTO B TIOJIYYEHHBIX CJUTKAX OTCYTCTBYIOT MUKPO/e(EKThI — He-
CIJIOTTHOCTU, MUKPOTPEIIUHBI U [IP.; HET OPUCTOCTH, TIOTOMY YTO yca/Ka WIET HAlpaBJIEeHHO
Ha (PPOHTE KPUCTAITUZAINHN, a HE B 0OBEME CITUTKA.

HenocratkoMm MeTo/1a 30HHOU TIIABKU SIBJISIETCS HEPABHOMEPHOCTD PacIipe/leIeHus TeIo-
BOTO T10JIs1 BIOJIb (DOPMHUPYIOIIErOCs CANTKA, YTO OIPEAEsISIeTCs: 0COOEHHOCTBIO Mpolecca IIaB-
ku. [Ipu 9TOM HEBO3MOKHO 00€CIEYUTh OHOPOIHYIO CTPYKTYPY IO JITMHE CJIUTKA U, COOTBET-
CTBEHHO, MEXaHIUECKUE XapPaKTEPUCTUKH.

ABTopamu pazpaboTaHa TEXHOJIOTHST, KOTOPasi B ITHOM TIpoliecce 00beIMHsIeT 30HHYIO MJIaB-
Ky ¥ TEPMUYECKYI0 00pabOTKy. TO 1M03BOJISIET TOMOTEHU3MPOBATh CTPYKTYPY U CBOMCTBA MOJIY-
gaemoro cauTka. [Ipu aToM 61aroaps yseamueHnio KojandecTsa ynopsgodennoii B, (B2)-dassor,
YBEJIMUUBAIOTCS TIPOYHOCTD U TJIACTUMHOCTD MHTEPMETAJLTH/IA.

Jlig ucenepoBanus B pabote ucnobzosacs ciias Ti-45A1-5Nb-3Cr-1,5Zr at. %, noayyen-
HBIIl METO/IOM 2JIEKTPOHHO-JIY4€BOH TJIABKKU. JTOT CILJIAaB 3aHMMAET ITPOMEXKYTOUHOE TT0JI0KEHEe
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Puc. 1. Cxema yCTaHOBKM WHIYKIIMOHHOI 30HHOI tiaBku (a): 1 — obpaser; 2 — kBapiueBas TpyOka;, 3 —
Jepskaresnn o0pasios; 4 — MHAYKTOP; 5 — npuso. ViaMeHeHne TeMiepaTypbl OT BpeMeHH IIaBku (6)
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DJleMeHT Bec. % Ar. % DeMenT Bec. % AT. %
Al K 25,09 39,32 Al K 32,16 47,54
Ti K 57,04 49,81 Ti K 55,68 46,37
CrK 9,14 7,36 CrK 2,60 1,99
Nb L 8,73 3,51 Nb L 9,56 4,11

1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 k9B
[Mosnnas mkana 5562 umi. Kypcop: 0,000 [Tosnas mkama 5562 M. Kypceop: 0,000
a 6

Puc. 2. Crpykrypa U JlaHHbIE PEHTTEHOCHEKTPAIBLHOTO aHAJIN3a AJIIOMUHN/A TUTAHA TOCJe WHAYKIIMOHHON
30HHOM IJIABKM: @ — BEPXHsIsL, 6 — CPEeAHss, 6 — HUKHSS YyacTh 00pasiia; 2 — Mocje WHAYKIMOHHOM 30HHOI
MJTaBKU € TIOCTEAyIoMNEel TepMooOpaboTKoil (cM. Takske ¢. 39)

MesKLy crtaBamu jierupoanibivu 0,8 at. % HIOOUS U ATIOMUHIIAMHU C OPTOPOMOUYECKON CTPYK-
TYPOIi ¢ cofepskanneM HIoOust 10 25 aT. %.

Ha puc. 1 nokazana ycraHOBKa /i/11 HHYKIIMOHHO 30HHOI IIJIaBKYU U paclipe/ie/ieHue Temiie-
paTypsl 110 JTHHE 00pasifa B TPOIECCE €TO TIEPEKPUCTAILTHIATIH.

OG6pasiibl BBINIEYKA3aHHOTO CIITaBa MPEJACTaBIsieT coO0i umuHAp auamerpom 10 mm, 1m-
voit 100 mm. OHM pasmeliieHbl B BEPTUKAJIbHO PACIOJIOKEHHON MUJINHAPUIECKON KBapIeBOM
TpyOKe € 3230pOM MeSKIy 0OpPa3IOM U CTEHKO# TPYOKH, Yepe3 KOTOPBIN CBEPXY BHU3 ITPOyBAET-
ca apros. I[IpogyBka aproHOM OCyIIecTBJSeTCST KaK B Mpoliecce 30HHOW MepeKPUCTAITU3AIINH,
TaK U [10CJIe €0 OKOHYAHMS JI0 TI0JTHOTO OCThIBaHUst 0Opasia. BepxHuii 1 HUsKHUI gepsKaTen 00-
Pa3IoB OXJIAKIAIOTCS TPOTOYHON BOON. TpyOKa ¢ 06pa3iioM pa3melieHa Ha MITATUBE U MOKET
HepeMenaThCsi B BEPTUKATBHOM HAITPABJIEHUH € 33/[aHHOI CKOPOCThIO. BOKpyT TpyOKH ¢ 06pas-
1IOM HETO/IBV;KHO PACIIONIOKEH UHIYKTOP.
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DJIeMeHT Bec. % Ar. % DJIeMeHT Bec. % Atr. %
AlK 30,01 46,13 AIK 29,32 42,02
TiK 51,80 44,85 TiK 52,39 42,30
CrK 2,48 1,98 CrK 2,24 1,67
Zr L 4,41 2,01 Zr L 2,55 1,08
Nb L 11,31 5,05 Nb L 10,90 4,54

S 1SS SE
Cumerszp 1

Cmermp 2

1 2 3 4 5 6 7 8 9 2 4 6 8 10 12 k2B
Mosmas ukaxa 5562 umi. Kypcop: 0,000 Hommas mkana 1579 umm. Kypcop: 0,000
6 2

Puc. 2. Oxonuanue

CrpyKTypa epeKpUCTALIM30BAaHHBIX 00Pa3IOB UCCIIEA0BAIACH METOIOM OITUYECKON MeTaI-
sorpacdun Ha Mukpockore “Neophot-32” u MeTo0M pacTpoBOii 3IEKTPOHHON MUKPOCKOIUU Ha
ycranoske JOEL. Tsepmoctb 00pasios ompezesisiach Ha TtBepaomepe M400 dupmbr “Leco”.
PentrenoctpykTypHblii ananu3 mpoBoaniics Ha iudpakromerpe “/Ipon-3M”. Ha ucnpiraresnbnoi
marmriae “Instron” ObUIM TPOBEAEHBI MEXaHUYECKUE UCTTBITAHKS UCCIeyeMbIX 06pasioB. Tak Kak
WHTEPMETAJJINJ TPU KOMHATHO TeMTIepaType SBJISETCS MATOTIACTUYHBIM CIIJIABOM, JIJISI OTIPeie-
JIEHUST eT0 MEXaHU4YEeCKUX CBONCTB, TIPOBOIMIIOCH MCTIBITAHNE HA OJJHOOCHOE CKaThe, KOTOPOoe Xa-
pakrepusyetcst 6osbimm Koahdurienrom Msarkocti (a = 2) [7]. B aTom ciryyae MokHO 3anucaThb
JIMarpaMMy: HarpsikeHre — aeopMaliis 1 OrpeeIuTh MPOYHOCTh ¥ TEKYUYECTh, a TAK)Ke, COTIOCTa-
BUB XapaKTEPUCTUKHU G, /G, ONPE/EJIUTH CKIOHHOCT MaTeprasia K XPyIKOMY PaspyeHHIO.

[IpoBenientbie CTPYKTYPHBIE UCCAETOBAHNS METOJOM ONTUYECKOW U 3JIEKTPOHHOW MUKPO-
CKOITNH, TTOATBEPKIAEHHbIE PEHTIEHOCTPYKTYPHBIM aHau3oM (puc. 2) 1mokasaiu, 4To 10 JJnHe
CJTUTKA, TIOJIYY€HHOTO METO/IOM 30HHOM TIJIIABKH, B PA3JIMYHBIX €T0 yYacTKaX (BepX, cepeinHa, HU3)
(dhopmupyercs TpexdasHas CTPYKTypa, COCTOAIIAS U3 V-, Oy~ 1 B2-das.
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VccmenoBanne MUKPOCTPYKTYPBI 06PA3IOB MOCTIe 30HHON MepekpucTaiusanuu (puc. 2, a,
0, 8) TOKa3aJI0, YTO KPUCTAJIIU3AIMS TPOXOAUT 10 HAIIPABJIEHUIO JBUKEHUS 30HBI, T.€. 10 Ha-
[IPaBJIEHMIO JIEHCTBIS OCEBOI0O TEMIIEPATyPHOTO rpajgnenTa. B BepxHeii yactu o6pasia (puc. 2, a),
~70—80 % ob6béma 3aHMMaeT yIopsI0deHHasA TOHKas JaMesIbHas CTPYKTypa Y + O, HalpaBieH-
Hast 10 ocu ciuTKa. Kpome TOro ecTb OKpPyTJIble cepble yU4acTKU MacCuBHOM y-aspr (10—15 %
ob611ero 006bémMa) U CBETJIbIE TIPOCTOUKH MO TPaHUIAM 3EpPeH, KOTOPBIE SIBJISIIOTCS OCTATOYHBIM
B-Ti (B2) — dasa ~5—7 06. %.

B cpenneii yactn o6pasia (puc. 2, 6) CTpyKTypa CIIaBa B OCHOBHOM JIaMeJIbHasl, COCTOSITIAsT
u3 jameneii (y + a.,)-}haspl, GOPMUPYIOIMXCA B HAIPABICHNU KPUCTAIN3AIUI CIUTKA U y4acT-
KOB y-(hasbl. Kpome atoro nabmomaiorcest Hebosbinne nosm (10 3—5 06. %) octaTouHoil KyOude-
ckoit B2-dasbl (6estast cTpesika), pacioo;KeHHOI 110 TpaHuiaM. YepHast cTpesika MoKa3biBaeT Ha-
MpaBJIeHNe KPUCTAJJIN3AINY CTIJIaBa TIPU TIIaBKe.

CrpykTypa HIKHelT yacTi obpasia (puc. 2, ) COCTOUT U3 IBOWHUKOBBIX JTameseil (Y + o, )-
asbr. Kpome Toro, 1o rpanuiiaM BUAHbBI ciieibl B2-dasbl. 3epHa pasjieieHbl MeXIy o600 0cTaT-
KaMu Y-hassbl.

[TpoBesieHHBINT PEHTTEHOCTPYKTYPHBIN aHAIU3 TIOJTBEP/INJI, YTO TPOIEHTHOE COlepsKaHue
B2-(a3bl B pa3HbIX yuacTKax cuTKa (HU3, CEPEIITHA, BEPX ) U3MEHSIETCS B TIpeiesiax 5—7 00. %.

PeHTreHOCTIeKTPAIbHBIN aHAIN3 0OPA3I0B UCCAEYEMOTO CIUTKA MOKa3aJl HePaBHOMEPHOE
pacmpeziejieHne XUMUYECKUX 9JIEMEHTOB TI0 €ro JJIMHE B T.4. U, B IIEPBYIO OYepelb, HUOOUS, KO-
TOPBIN BJIUsieT Ha 0Opa3oBaHue KyOmdeckoil B2-asbl. Pe3y ibraThl peHTTeHOCTIEKTPATIbHOTO aHa-
JIN3a MpeCcTaBIeHbl Ha puc. 2. BuaHo, 4To B HIDKHEH yacT oOpasia (puc. 2, a), OCThIBaHUE KO-
TOPOIT MTPOXOAUT ¢ MEHBINEH CKOPOCTbIO, cojiepkanne HHoOus 3,5 aT. %, 4TO HIIKE, YeM B UCXO-
JIHOM Martepuase. B cpemteit vactu (puc. 2, 6) UMEIOTCs y4acTKu ¢ 60Jiee BHICOKUM COJlepKaHueM
HUOOMsI. B 910l yactn o6pasiia 1o JaHHbBIM PEHTTEHOCTPYKTYPHOTO aHAIN3a OTIPEIE/ISIETCS B He-
60sTbIIMX KOoJIMvecTBax Kybuveckast B2-hasa. B Bepxueit wactu caurka (puc. 2, 8) comepranme
HJIEMEHTOB COOTBETCTBYET UCXOHOMY cOCTaBy ciuiaBa. [Ipu atom obnapyskusaercs 1o 10 % B-Ti
(B2-dasznr). [To-Buanmomy BbICOKAsT CKOPOCTh OXJIAKIEHUS U HAIMYKE JJOCTATOYHOTO KOJTUIECT-
Ba B cTabuin3aTopa Mo3BOJIsIET COXPAHUTh OCTATOYHYO, T.€. TIEPBUYHYIO TBEPAYIO (hasy, TPy KpH-
CTAJITU3AIAN CIIJIaBa 9TOTO COCTABA.

V3meneHve coiepkaiust HHOOWS 110 [JINHE CJIMTKA BJIKSIET Ha cojiepskanue B2-(hasbr 1, coot-
BETCTBEHHO, NU3MEHEHNE MEXaHNYECKUX XapPaKTEPUCTUK TI0 JIJTUHE CITUTKA.

PesyibraThl POBEIEHHBIX UCIBITAHWIT HA CKATHE TPU KOMHATHOM TeMIepaType 00pasiios,
BBIPE3aHHBIX W3 Pa3HBIX yY9acCTKOB CIUTKa (Bepx, HU3, cepejiia), IoKa3asln, YTo G, 00pasIos,
MOJIBEPTHYTHIX 30HHOU MepPeKPUCTAIIN3AINN, BO3PACTAET 110 CPAaBHEHUIO ¢ MCXOHBIM MaTe-
puanom na ~30 % ¢ 1400 1o 1800 Mlla, 5, — na 13 % ¢ 477 no 540 MIla, a §_, — yBennuuBaer-
cst ¢ 19 no 23 %. Ha puc. 3, a npencraBienbl KpUBble CKaThs, TOJIyYeHHbIe TIPU Je(dOopMaIini.
BoJiee BbIcOKME MOKa3aTeln MEXaHUIECKUX CBOMCTB HAOIOMAIOTCS TTOC/Ie TIePEKPUCTAI3AINN
110 CPAaBHEHUIO C UCXOJHBIM MaTepPHUAIOM.

W3 puc. 3, a BUIHO, 4TO IO CPAaBHEHUIO C UCXOAHBIM MAaTepUAIOM B BEPXHEH 4acTh CIUTKA
3HAYEHUsT TIPOYHOCTH OOJiee BBICOKHME, YeM B JIPYTUX YACTSIX CIMTKA B pe3yJisrare 00pasoBaHMsI
AYIIEKCHOM MUKPOCTPYKTYPbI — JIaMeJIbHOM (Y + o) 1 rpanyaaproii y-¢as. [To-suaumomy my-
IJIEKCHAst MUKPOCTPYKTYPA OKa3bIBAET TTOJOKUTENbHOE BIUSHIE HA TTOBBIIIEHNE TIPOYHOCTH Ma-
Tepuaia, a B2-daza, pacrosoxkennas 1o rpanuiam (y + o, ) 1 y-has, crnocobCTBYIOT YBEIMYEHHIO
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Puc. 3. Kpusbie ckaTns 1711 00pasita MHTePMeTa/UIIIA: @ — 1ocJe nepekpucraiusanun (1 — Bepx, 2 — cepeau-
Ha, 3 — HU3 CJIUTKA) U UCXOIHOTO cIuiaBa (4); 6 — 1ocjie 30HHON HePEKPUCTAIIUZAIUY ¥ TIOCELYIOEeH TepMu-
yeckoit o6paboTku (7 — Bepx, 2 — cepeanna, 3 — HU3 CIUTKA)

acTUIHOCTH. VTak, HecMOTpsi Ha HEOJHOPOIHOCTh MaTepuasa Mo JJIMHe CJUTKA, 30HHas I1e-
PEKPUCTAJIIN3AIINS TTO3BOJISIET TIOBBICUTDH MTPOYHOCTh MHTEpMeTasInaa B cpeaHemM Ha 30 % 110
CPaBHEHMUIO C OCHOBHBIM IEPEILIABIISIEMBIM MaTEPHAJIOM.

TakrM 06pa3oM, MPOBe/ICHHbIE CTPYKTYPHBIE UCCIIEIOBAHUS W PE3YJIbTaThl MEXaHUYECKUX VIC-
MBITAHUI TIOKA3bIBAIOT HEOJHOPOIHOCTh CTPYKTYPhI M, COOTBETCTBEHHO, MEXAaHUYECKIX CBOMCTB TI0
JUTHHE CJIMTKA, 4TO CBS3aHO, KaK ObLJIO YKA3aHO BBIIIE, ¢ 0COOEHHOCTHIO 30HHOI TIABKU METOIOM
IJTaBaIoIIeil 30HbI 1 HEPABHOMEPHOI CKOPOCTHIO OXJIAKIEHHUS Pa3JIMYHbIX Y4aCTKOB 00pasiia.

Jl1s1 onipeniesienusi TEIJIOBBIX YCJOBUI TI0 JJIMHE CJIUTKA, B TIPOIIECCE €T0 TePEKPUCTAILITH-
3aIMU M OCTBIBaHUS B Auamnaszone Temrepatyp 1273—673 K, mpu KOTOPBIX MPOUCXOAST CTPYK-
TYpHBIE MTPEBPAIIEHHUs], OTPEIEISAIONIE MEXaHUIEeCKUE XapaKTePUCTUKU CIUTKA, OblIa CO3/1aHa
MaTeMaTH4ecKast MOJIEJTb U TIPOBe/IEH BHIUNCTUTENbHBIN 9KCIIEPUMEHT.

PacripocTpaneHue Temia BHyTpH paccMaTpruBaeMoro obpasiia, T.e. temreparypa T (x, y, z, t)
B TOYKE 7, Z JIJIsl BDEMEHH ¢ OT HavaJia MPOIECCa, OTMChIBAETCS yPABHEHUEM TETLIIOTIPOBOTHOCTI

d(.aT d(.aT oT
el I ) &Y
Jdr| odr | dz| 0z at

Y — yleJbHasl TIOTHOCTB; A — KOI(MMUIMEHT TEIIONMPOBOIHOCTH; ¢ — Y/AeJIbHAS TEIJIOMPO-
BOJIHOCTD;

= (D) op=ev T+ @)
L s
rjie k > 1 yuauTbIBaeT B MOJHOI Mepe KOHBEKTUBHBIE TIOTOKH;  — CKPBITAsI TEIJIOTA TLTABJIEHUS
AJTFOMUHU/IA TUTAHA.
Ha 60K0BOIT TIOBEPXHOCTH CJIMTKA, B pailoHe WHIYKTOPA, TPAHUYHOE YCIOBHE 3aaBaH IO
3akony Credana—bombpiimana

ISSN 1025-6415. [lonos. Hay,. axad. nayx Yxp. 2017. Ne 6 41



E.A. Acnuc, H.B. [Tuckyn, U.1. Cmamxesuy u op.

oT 4 4
_xa_n:q_EG(T _Tm-m), (3)

r7ie ¢ — yAeTbHBIN TTOTOK TETIJIOBOW 9HEPTUN OT MHAYKTOPA TI0 HOPMAJIH 71 K TIOBEPXHOCTH; € — CTe-
IeHb YePHOTLI MeTaslia; 6 — nocrosguHas Credana—bosbivana; T — TeMieparypa U3IydeHus
meramna, Ku T, ~— remmeparypa nnaykropa, K. 3a npezenamu unjykropa npuanmaii € = 0.

Ha BepxHeil u HUKHEH TTOBEPXHOCTSIX 00pasiia, a Takke Ha OOKOBOIT TTOBEPXHOCTH BHE HMH-
JYKTOpA 3a1aBajii TpaHnyHoe ycaoBre HploTona

A oT
on
rze o — KoadUIMEHT Ternnoo0MeHa, 3aBUCSIINIL OT Temiepatypbl T, , aproHa I1o BbicoTe 00pasiia.

Ha puc. 4, a mokazano pacmpe/iesieHrie CKOPOCTH OXJTKIECHUS 110 JITTUHE CJAUTKA P 30HHOM
neperiaBe. BUIHO, 4TO CKOPOCTh OXJIAKIEHNs HepaBHOMEPHA 110 JJIMHE oOpasiia U COCTaBJIsSIeT
0,4—0,82 K/c. 91O NPpUBOJUT K HEOJTHOPOJIHOCTU CTPYKTYPBI U, COOTBETCTBEHHO, MEXaHUUECKUX
CBOTICTB TIO JIJTUHE CAUTKA.

CureryeT OTMETUTD, UTO TIPAKTUYECKU PA3HUIIBI B CKOPOCTU OXJIAKIEHUS 110 TUAMEeTPY CJIHT-
Ka He HabJII01aeTCsl.

C OMOIIIBIO BBIYNCJINUTENBHOTO 9KCIIEPUMEHTA OBLIIO OIIpeiesieHo, 4To GoJiee paBHOMED-
HOEe OCTBIBaHMeE TI0 JJINHE CAUTKa obecreunBaercs mpu ckopoctsax oxiaxaenus 0,4—0,6 K/c
(puc.4, 0).

Jlust obecrieyeHnst paBHOMEPHOI CKOPOCTH OXJIAKICHMSI 110 JJIMHE CJIUTKA Oblyia paspaboTaHa
TexHoJIoTus [8], 00beAnHsONIas B €IMHOM MPOIECCE 30HHYIO MEPEKPUCTAIIN3AINI0 HHTEPME-
TAJIJIU/IA C TTPOIIECCOM TTOCTEAYIONIEN TEPMIUIECKON 00pabOTKH.

JlanHasg TeXHOJIOTHS 3aKII0YAeTCsl B TOM, UTO HEITOCPEJCTBEHHO MOCJIe OKOHYAHUS TIpoIiecca
IJIABKM, UHIYKTOPOM OCYIIECTBJISIETCS JOTOJTHUTENbHBIA HarpeB cuTKa 6e3 ero paciuiaBie-
Hust. C 91011 11e/1b10 06ecednBaeTCst X0/ CJINTKA B 00PaTHOM HAIPaBJIEHUH TI0 OTHOIIEHHUIO K BEK-
TOPY IBVKEHUS MPU 30HHON TimaBke. CKOPOCTDh IBWKEHUS COCTABISAET 2/3 CKOPOCTH TIJIABKH, a
MOIITHOCTH Ha MHAYKTOPE B Ipoiiecce TepMooOpabOTKHI CHUKAETCST B 2 pasa. 3a CYeT AOMOJIHU-
TEJILHOTO HarpeBa CKOPOCTh OXJIAK/I€HUS CHUKAETCST U BBIPABHUBAETCST 10 BCEH JIJIMHE CIUTKA.

ITo paspaboTaHHOI TexHOJOTMK ObLIa TIPOBE/IeHA 30HHAs TTaBKa 00pa3IloB ¢ MOCIEAYIoei
TepMOOOPABOTKOIA.

VccnepoBanye METOLOM DJIEKTPOHHON MUKPOCKOIIMKE MUKPOCTPYKTYPbI 0OPA3II0B, IIOJIyYeH-
HBIX B pe3yJibTaTe YKa3aHHOTO MpoIiecca, MoKa3aau (puc. 2, 2), 4To OHA UMEET JJaMeJIbHYIO CTPYK-
TYPY, COCTOSIIIYIO U3 BBITSIHYTHIX BIIOJIb HAIIPABJIEHUS JABUKEHUS 30HBI IJTHHHBIX HEITPEPBIBHBIX
Jlamesieit y+o., -asbl ¢ He3HAUYMTENTbHBIMU yYacTKaMu Y-(hasbl, a TakKe BbleneHuaMu B2-daspr
110 TPAHUIIAM JIAMEJIbHBIX KOJIOHUIA, TPUYEM yKa3aHHAsI CTPYKTypa HAOMIOAAETCST 110 BCEH [ITHE
CJIUTKA, YTO MOJITBEPKIEHO pe3yJIbTaTaMi PEHTTEHOBCKOTO (hazoBoro ananusa. [Ipu aTom conep-
xkanue B (B2)-dasbl, paBHOMEPHO PacrioyoKEeHHOI TI0 JJIMHE CIUTKA ITOCJIe YKa3aHHO TepMO00-
pabotku cocrasisieT ~36 %.

Kak 6b1710 okazano B [6], omkur npu Temneparype Huxe sprekronanoii (T, = 1400 K)
crocoberByet obpasosaniio (B (B2) + y) — cTpyKTypHbI 3a CYeT IJIaCTUHYATOI (Y + o,)-COCTaB-
sstiotiieit. Tepmudeckast 06paboTka moBeiaet oobeM B (B2)-dassl. Poct B-dassr mponcxoaut B
IepByIo o4depesb 3a cyeT (Ha3oBOr0 MPEBPAIIEHHs O, —> B, 9TO 0OBACHAETC UX OIU3KIM XUMU-

42 ISSN 1025-6415. Dopoo. Nac. acad. nauk Ukr. 2017. Ne 6

(T =T,), (4)



Pezynuposanue cmpyxmypol u pazo6020 cOCMasa ArOMUHUO08 MUMAHA, NOIYUEHHBIX 30HHOU NIABKOU

<
~ 0,8
=
=
=
<5}
=
§ 0,6 0,6
o
3
2
g 04 04 E
2,
S
3
@)
02 e
10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90
Jlimna o6pasia, MM
a 6

Puc. 4. Pacupenesierrie CKOPOCTH OXJIAXK/IEHUs 110 JJIUHE CJAUTKA WHTEPMETAILIN/A: d — T0CJe 30HHOU Tiepe-
KPUCTA/LIN3AIN; 6 — MOCJE 30HHOW NMepPeKPUCTAIN3AIN U TTOCTeAyIoNel TepMuueckoii oopaborku (1 — 110
MOBEPXHOCTH 06pasiia, 2 — B cepenHe 06pasia)

gecknM coctaBoM. Poct B (B2)-dasbl, 3apoxpaomeiica B o.,-TJTaCTHHAX BeJeT K AeCTa0u/Im-
3alUM IJIACTUHYATBIX (Y + OLy)-KOJIOHMIL, KOTOPbIE OCTEIEHHO MPEBPAIIAIOTCS B II00YISPHYIO
nm rpy6orutactunyaryio (y + B)-crpykrypy. HectabuabsHOCTB o,-(hasbl MOKHO TaKKe OOBSACHATD
[EPECHINEHHOCTHIO B HEKOTOPBIX TOYKAX IIUPKOHUEM, KOTOPbIil SIBJISIETCS CHJIbHBIM CTa0MIn3a-
TOpOM [-dasbl.

Takum 06pa3om, TpUMeHEHNE YKa3aHHON BbIIIE TEPMUYECKON 06pabOTKM IPUBOIUT K MTPAK-
TUYECKN PABHOMEPHOMY pacipe/ieJIeHUIO CTPYKTYPHBIX COCTABJISIONINX B PA3HBIX YIACTKAX CJIUT-
ka. KosimuecTBeHHBI MUKPOPEHTIEHOCIIEKTPAIbHBIN aHAIN3 TI0Ka3al TakKe, 4To y 00pasiios,
MIPOTIE/IINX TEPMUYECKY0 00pabOTKY, CoJIePKaHNE DJIEMEHTOB JOCTATOYHO PABHOMEPHO paciipe-
JIeJIEHO TI0 BCel JyinHe 00pasiia.

U3 comvTka, TpOoIIe/Iero mepekprCTalIM3aInIo ¢ MOCIeAYoIeil TepMooOpabOTKOM, BhIpe3a-
JIMCh 00pPa3ilbl ISl MEXaHWYEeCKUX MCHbITaHWH. VICIbITaHUs TIPOBOAWJINCH IIPU TEMIIepaType
293 K. Omnpezieniam 6, 6, 1 OTHOCUTE/IbHYIO IepopMaIuio 06pasoB Ipu cxKaTul — 3 %.

W3 puc. 3, 6 BUAHO, YTO 30HHAs IJTaBKa C MOCJEAYIONIei TepMUIecKoil 00pabOTKON TOBbI-
IIaeT IPOYHOCTH 10 CPpaBHEHUIO ¢ obpasiamu 6e3 TepmoobpaboTku (cM. puc. 3, a) ~ Ha 20 % ,
ad . npumepno Ha 30 %. IIpuuem JanHble MeXaHUYECKMX CBOMCTB MPAKTUYECKU OJMHAKOBBI 110
BCell JUIMHE CINTKA — BEPX, Cepe/InHa 1 HU3.

Takum 06pazom, aBTopaMu pazpaboTaH TEXHOJOTUYECKHIT TIPOIECC, OObEANHSAIONIIT HHIYK-
[IMOHHY0 30HHYTO TJIABKY MHTepMeTa/ma cucreMbl TiAl ¢ Tepmudeckoit 06paboTKOI.

WcceepoBanue moKasajo, 4To 3TOT IPOIiece, 00eCeYnBaOIIMi CKOPOCTh OCThIBAHMS CIIMTKA
pasuyio 0,4—0,6 K/c, crtoco6¢cTByeT rOMOreHU3aIiK CTPYKTYPhI 1 MEXaHUUYECKUX XapaKTepHC-
THUK TIO JIJTUHE CJUTKA.

OH Takske TO3BOJISIET yBEeAWINTDH KosmuecTBO B (B2)-dassl, oTBevarorieii 3a moBbilieHne
MPOYHOCTH H IJIACTUYHOCTH € 5 710 36 %.

W3ydenne MexaHU4eCKUX CBOMCTB MHTEPMETAJIINIA [TOKA3aJI0, YTO IPUMEHEHUE TIpoliecca,
COYETAOIIETO 30HHYIO MJIABKY U TEPMUUYECKYIO 00PabOTKY, CIOCOOCTBYET YBEJIUUEHHIO TPOYHO-
cti Ha ~20 % 10 cpaBHEHMIO ¢ 30HHOII IepekpucTaLmusaimein 6es repmoodbpaborku (¢ 1800 10
2200 MIIa) u pocty & ¢ 23 no 30 %.
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PETYJIOBAHHA CTPYKTYPU I ®A30OBOTO CKJIALLY
AJIIOMIHIAIB TUTAHY, OTPUMAHNX 30OHHOIO IIVIABKOIO

Pospobiiena TeXHOJIOrIS, B €UHOMY IIpolieci 00’eqHyloua IHAYKIIHHY 30HHY IIJIABKY iHTepMeTaily CUCTEeMU
TiAl 3 HacTynHOIO TepMiYHOIO 06POOKOIO, 110 3a6e3TeUye MBUAKICTh OXOJIOKEHHS, SIKa CIIPUSIE TOMOTeHI3aIlii
CTPYKTYPH 1 MeXaHIYHUX XapaKTEePUCTUK MO AOBXKUHI 37MBKY. CTBOPEHO MaTeMaTUYHY MO/IeJb MpoIlecy Ta
MPOBEJEHO OOUYMCAIOBANBHIN €KCIIEPUMEHT, 3a AOIIOMOTOI0 SKOro OyJ0 MOKa3aHo, 1O JJIs TOMOTeHisarlii
CTPYKTYPU IHTEPMETaIi/1y 10 BCill JOBKUHI 3JIMBKa 1 MOJIINIIEHHS I0r0 MeXaHIYHUX XapaKTePUCTUK HeOoOXi/-
HO 3a6€3MeunTH MIBUIKICTh 0X0T0/KeHHS B Mexkax 0,4—0,6 K/c. JlocmiisKeHHsT CTPYKTYPH 3JUBKY, SIKWIT OT-
PUMaHM B PE3YJIbTaTi IbOTO IIPOLECY, TOKa3a/I0 HAABHICTh B Hill IIacTUHYacTOi (y + o.,)-asu i B (B2)-dasmn.
Tepmiuna 06pobka crpusie 36ibleHHI0 00’eMy BriopsiikoBaHoi KybiuHoi B (B2)-dasu, mo Bianosinae 3a amii-
HEHHS 1 TIJIACTUYHICTbD.

Kntouosi crosa: inmepmemanio, 3onna niaska, mepmivia 06pooxa, Cmpyxmypa, Mexaniuni Xapaxmepucmuxid.
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REGULATION OF THE STRUCTURE AND PHASE COMPOSITION
OF TITANIUM ALUMINIDES PRODUCED BY ZONE MELTING

A technology, combining the induction zone melting of intermetallides of the TiAl system and a subsequent heat
treatment providing the cooling rate, which promotes the homogenization of the structure and mechanical char-
acteristics along the ingot, has been developed. A mathematical model of the process is constructed, and the
computing experiment is conducted, which showed that the homogenization of an intermetallic structure along
the entire ingot length and the improvement of its mechanical characteristics require ensuring the cooling
rates in the interval of 0.4—0.6 K/s. Investigation of the structure of an ingot produced by this process showed
the presence of the platelike (y + a,)-phase and the B (B2)-phase in it. Heat treatment promotes an increase of
the volume of the ordered cubic B (B2)-phase responsible for strengthening and ductility.

Keywords: intermetallide, zone melting, heat treatment, structure, mechanical properties.
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