METAJIJIOBEJEHHUE

BbI [IPUMEHEHUS TEPMOBOIOPOAHOI 06paboTKM TH-
TAHOBBIX CIIJIABOB Meranast (PAH), 2001,
No 5, c. 49-56.

2. Hocos B.K.,, Konaues B. A. Bomopoa-
Hoe naacTudunnpoBanie npu ropsiyeit gechopma-
[N TUTAHOBBIX cIriaBoB. — M.: Merasmnyprus,
1986. 118 c.

S8Hocor B K., OpuunBEuxor A B.,
Enaruna JL A, Augpeena JI. B. Bm-
AHEE BOJOPOJA HA ILJIACTHYHOCTD H CONPOTUBIIE-
Hie JehopMAI JKAPOIIPOYHBIX THTAHOBBIX CILIa-
BOB B HHTEpBajie TeMIepaTyp Terioil jedopma-
un / / Texrosorus nerkux crasos, 1991, Ne 6,
G2 —10.

4 MWavun A A Mexannam n knHetTnka ¢aso-
BBIX U CTPYKTYPHBIX [TPEBPAILEHWIT B THTAHOBLIX
cmaBax. — M.: Hayka, 1994. 304 c.

. Mnbunr A A, Mamounos A M,
Anexcanpaposa A B. Texuonornueckie
1l MexaHieckie cpoiictsa crsasa Ti—15A1-2Mo—
2Zv/ /B ku.: Hayunpie pyaot MATHU-PTTY um.

K.9. Iluonkosckoro, M.:
Boiit. 2:(74);c. 27=31.

6. Uabuu A.A, Hocor B. K. K sompocy
0 COOTHOIIEHHUI [IPOYHOCTH O~ I B-chas B THTAHO-
BbIX crtasax / / Jloxn. AH CCCP, 1988, t. 301,
c. 134—138.

7. Hocos B. K., Uanbrunu A A, YBa-
poB B.H, Mamonos A.M, Anex-
canaposa A B. Bogopoanoe mnacrucu-
LHPOBAHNE I TEPMOBOAOPOJHAS 06paboTKa MpH
rmoydeHun mosygabpHKaToB 13 CIJIABOB HA OC-
nose Ti,Al / /Hayka, mpou3BoacTBO U pUMEHE-
HIe THTaHa B yc/a10BuAX kKouBepcuu. Tpyaber I Mex-
JIYHAPO/IHOI HAYYHO-TEXHHUecKoll KoHpepeHIm
no tutany crpan CHI. M.: BWIC, 1994, 1. 2,
c. 668-674.

8. Verma R.,, Ghush A. K. Microstructural
and Textural Changes During Rolling of Alpha-2
Titanium Aluminide Foils. Titanium’92. Science
and Technology / /TMS, 1993, v. 2, p. 995—-1002.

JATMDE:, 1999,

YK 669.295'245:615.472

HIBHH A.A., KOJJIEPOB M.IO., I'YCEB J.E., [I0IIOB A.A.

BO3MOKHOCTHU YIIPABJEHUS CBOMCTBAMU 3®®MEKTA
3AIIOMHUHAHHS ®OPMBI CIIJIABOB HA OCHOBE HHUKEJIU/IA TUTAHA
AJIA UCIIOJIb3OBAHUSA B MEJIUITHHE

Koanepoe Mu-

Mpl (D3M) U cBEPXYIPYrocThIo
(CV), xapakrepuayoumecs: Xopouiei
61O0JIOTHYECKOIT COBMECTUMOCTBIO C
TKaHAMM OpraHusma dvesoBeka. Ha
CEroHANIHMI JIeHb pa3paboTaHbl pa3-
JINYHDbIE TUITBI KOHCTPYKIMI HMILIAH-
TATOB N MEJMIIMHCKUX HHCTPYMEHTOB,
CrocoGHBIX KOHTPOJHPYEMO H3Me-
HATDH CBOIO (POPMY M BBITIOJIHATH 3a-
HaHHyio pa6oty [2, 3]. OxHako um-

xaua Opveeuu

I'ycee /Imumpuii
Egeenveguu -

IIonoe Apme-
Muit Anexcano-

= doxm. mexu. Kxand. mexn. nayx, poeuu — Joxm.
Hayx, npogeccop, douyenm, MATH mexn. nayx, 3ae.
MATH um. K.3. um. K.D. Huoaxos- «xagedpoii, YIIH
[{uonxoeckozo CK0Z0 um. C.M. Kuposa

POKOe BHe/JIpeHHEe CIIJIABOB Ha OCHO-
Be HHUKeJIWJa TUTAHA B MeJMIMHY
MOKa OrpaHnyeHo. JTO CBA3AHO Kak
C TPYAHOCTAMH IMPOMU3BOJACTBA I10JIY-
habpuxaroB u usaesnuit u obecreye-

B nactosiee Bpems B MeuIMHe IS Jeye-
HIS Pa3IMYHbIX TPaBM M 3a6oseBanuii Bee vaiie
NpUGEraloT K MCIO/Ib30BAHMIO HOBBIX TEXHOJIO-
THii C IPUMEHEHNEM MaTepHasioB co Clelrallib-
HbIMH cBoHcTBaMu. Cpe/ut HUX JIOCTONHHOE Mec-
TO 3aHSJIM CIJIaBbl HA OCHOBE HUKEJ/IMW/A THTaHa
[1], o6manaomue acddexrom sanomunanus (op-

HUSL 9TUM M3JIEJUAIM CTaOMJIBHO I10-
BTOPSIIOIMXCS 9KCIIJIYaTAllMOHHBIX XapaKTepu-
CTHUK IIPH CepUITHOM TIPOU3BOJICTBE, TaK U C TEM,
YTO TeXHOJIOTUs] IPUMEHEHNs] U3/Ie/IHI U UX pa-
60TOCIIOCOOHOCTD U3YUEHbI HEIOCTATOUHO.

K nzpenmusm ¢ 93D u CVY, npumenseMbIiM B
Me/IULIMHE, [TPe/IbsABIISIOT JKeCTKHe TpeOOBAHMSI.
Oun jro/kHbl 06/1a1aTh BBICOKUM YPOBHEM Xa-

Texnonorus nerkux cnaasos Ne 3, 2002 23



METAJIVIOBEJAEHHUE

pakrepuctuk (B ToM umcse jiehopMaiHoOHHbIX )
M BBICOKMM YpOBHeM Hajie:kHocTH. OJHUMHU U3
HauboJIee BayKHbIX CBOHCTB CIJIABOB Ha OCHOBE
HUKeN/1a TUTAHA SBJISIOTCS TeMllepaTypbl Ha-
yana A" n KoHla A° BOCCTAHOBJEHUS GopMbI
BO BpeMs peasusaimu D3MD. g uspenuit,
UCIIOJIB3YEMBIX B MeJIMIIMHE, 9TH TeMIIepPaTyPbl
CTPOTO OTpaHUYEHbl YCJIOBUAMHU IKCIIYATAIIMH
W JIOJDKHBI JieKaThb B MHTepBase 25—45 °C, a
JJIS1 psijla KOHCTPYKIMI 9TOT MHTEPBAJ MOMKET
6bITh ente yxke. [TockoabKy TeMneparypbl 1ps-
MOro U oOpaTHOrO MapTeHCUTHOIrO IpeBpallle-
HHSI 3ABUCAT OT XHMHYECKOI'O cOCTaBa M CTPYK-
TYPBI CIlJIaBa, To mpo6JeMa BbIbopa cocTaBa CILIa-
Ba U 1ocjeayioneil TexHoaoru o6paboTKu 1o-
aydabpukaron 6y/ieT UIpaTh PelaAoULyIo poJib
B OOGC[IG‘-!BHP‘[H TI)C(J}/C‘MOT'O _/Vl)()Bllﬂ BI{CHJIyaT‘d-
LIHOHHBIX XapAKTEPUCTHUK TOTOBBIX H3/LeJIHI.

B nacrosmeit pa6ore 6bpl1o M3yuyeHO BJIMSI-
HUE TCpPMUYecKoil o6paboTKH Ha CTPYKTYPY M
xapaxkrepuctuku O3M craBoB Ha OCHOBE HU-
KeJIM/1a TUTaHA ¢ 11eJ1bI0 OTpe/Ie e UX ONTH-
MaJIbHOTO XUMHYECKOro coctaBa 1 pa3paboTKu
TEXHOJIOTHH JiJisl TIPOU3BOJICTBA MEIMIIMHCKIX
UMILTaHTaTOB. B KauecTBe 0OBEKTOB MCCJIE/0-
Banust ObL/IM BbIOpAUbI JIMCTbI U IIPOBOJIOKA U3
CTIJIABOB Hi OCHOBE HUKEJIM/1a TUTAHA, MOJyYeH-
HbIE 110 TTPOMBINLIEHHOH TeXHOJOTUH, 110CIe/THHM
ATAIOM KOTOpOil GLLTH MpoKaTKa WM BoJloye-
tue 1ipu 500600 °C. Xumudeckuii cocTas cria-
BOB npusezieH B tad.a. 1.

puc. 1, o6pasipl noasepraan gedopMalnm us-
ru6om (suerbl) u kpydennem (MpoBosoKy).

e\

A° A°

H K

Puc. 1. Xapaxrepucruku I3M:
A: H ;-1: — TeMIICPATYPbl Hayaa W KOHILA
BOCCTaHOBJIEHHA (])U[')A\Ibl; E“. € & (= £ =

s SHEl =) “oey

BeJIMYMHB] HABEIEHHOI, BOCCTAHOB/AEHHONH, HEBOC-
CTAHOBJEHHOIL, ynpyroil 1 ocTaTounoil jiechopma-
LMl COOTBETCTBEHHO.

Ha nepBom arare GbLI0 HCCIe/[0BAHO BJIHS-
HME XUMHUYECKOr0o cocTaBa U TeMIeparypbl OT-
JKUTA HA CTPYKTYPY M XapakrepHcTHKH I3D
06pasiloB U3 ropsiueKaTatblX JUCTOB M3 CILIA-
BOB ¢ cojlepskaHneM HuKest ot 54,1 g0 56,0 %.
O1kur 11poBOUIIN B BaKyyMHOIt neun ripu 350-
900 °C B Teuenue yaca. [lyis1 onpe/esieHus xa-
pakrepucTuk I3D o6pasibl JedopMHpPOBaIH
u3rubom Ha 7,5 % B MHTepBaJe TeMIeparyp oT
=196 no +25 °C. Temnepatypy aedopmaiinu

HHKeJIHn/la THTaHa

Tab6aumima 1

Xumuueckuii cocran HCCJIe/lyeMbIX CILJIABOB HA OCHOBE

06paslLoB BbIGUPAJIM HCXOAS U3 UX CIIO-
cOGHOCTH HaKalJIMBaTh JedopMaliuio,
BOCCTAHABINBAEMYIO [IPH T1OC/IeYI0lIeM
narpege (r.e. {  <A.).
PeHTreHocTpyKTYpHBIH aHA/IM3 TIOKa-

Buy /dhab- | Contepsic: Conepixanne npumeceii, % Bec. 3all, 4TO B COCTOAHHU NOCTABKH B CTPYK-
PRIENEG r‘i‘“ PeKANI TYPE BCEX MCCIEA0BAHHbBIX CTITABOB 1PH-
HEATA i, % Bec. 3 | i

£ L NS U G b 2 ”, CYTCTBYIOT HacTHIbI MHTEPMETaIINA

>4 3 0,007 | 0,01 | 0,07 10,003 Ti,Ni, o6beMHas /10151 KOTOPBIX € yBeJIH-

o ?j‘; ggg? 88‘3 882 gggg yeHneM KOHIEHTPalMU HUKe/s CHUKa-
HCT TOJIII- 21, y ,UZ : , VU4 7 BT

e Sk 0006 | 002 | 0.07 l0002 | €rest- Kpome Toro, B crasax ¢ conep-

g N '55'1 0.008 | 001|004 l00o3 | *anuem nukens 54,8 % ¥ BBILIC B Mart-

56.0 0.007 | 002 | 003 [0.003 | Pute (B,-dpase n/um maprencute B,,)

oo 518 0023 1 0005 012 T0.0017] MPHCYTCTBYIOT YaCTHLbI HHTEPMETaLIH-

G20 | 05,7 lomy | 0,009 0,16 |se0q1 2B TNG HemsuenepeueRon pakiEoy

da3zoBnIi COCTAB U CTPYKTYPY M3yyasu Me-
TO/IAMK PEHTTEHOCTPYKTYPHOIO aHa/IM3a CBETO-
BOM M 3JIeKTPOHHOH MuKpockonuu. /s ornpe-
Aejenns Xapakrepueruk D3Md, orMeueHHbIX Ha

pumoctn TiNi, B B -dase u Bosmox-
HOCTb BBbIJIeJIEHHSI U PAcTBOPEHUS B lIpoliecce
TepMHYeCcKoil 06paGOTKM HepaBHOBECHbBIX vac-
TUI[ MHTepMeTa/JInJa MO3BOJISIOT OKa3bIBaTh
BO3/ICHCTBHE HA TeMIIepaTypbl MapTeHCHTHOIO
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npespaintenus atux criasos [4]. Tax, nanpu-
Mep, cTapeHHe CIJIaBOB, 6OraThlX HHUKeIeM, B
unreppasie 400-500 °C npuBOAMT K JAOTIOJHHU-
TeALHOMY BbIJICACHUIO YACTHIL HHTEpMeTaJl/IH-
aa Ti,Ni , B pesynbrare qero MaTpHila ClIJIABOB
o6eiHAeTCS HUKEJIEM M TOBBLIIAIOTCS TeMIepa-
Typbl BoccTanoB/eHust (hopmbl. [Ipu BeicokoTEM-
neparyprom orxure (700 =900 °C) npomcxo-
JIMT PACTBOPEHHE YACTHIL HHTepMeTalLIn/Ia, YTo
NPUBO/INT K OGOTAIEHUIO MATPUILBI CIlJIaBa HH-
KeJleM M TOHMIKEHMIO TeMIleparyp BOCCTAHOB-
nenust popmbl. B, To ke Bpems repmoo6Gpabor-
Ka TpaKTHYECKM He OKa3blBaeT BJMSHUS Ha
o6beMHy10 10110 1 Mopdosoruio yactui, Ti,Ni.

Peayaprarel ucrnpitannii o6pasios o6o0iie-
Hb1 B Ta61. 2. COrIacHO MOJTYYeHHDIM aHHbBIM,

C yBeJimueHnem TEMI[epaTypbl oTKHUra B cIlJia-
Bax ¢ KoHueHTpaumeit 54,1-54,5 % Ni Temre-
paTypbl BOCCTaHOBJIeHHS (POPMbI BO3PACTAIOT, &
nocae orxura npu 700 °C nabuojaercs cHu-
kenne temnepatyp A' u A!. Ilosbinenne
TeMieparyp BOCCTAHOBJICHWA Cl)Ole)l B CIlla-
BaX ¢ HU3KUM COJIEPIKAHUEM HUKeJs [PH TeM-
neparype otxkura B6mu3n 700 °C moxer ObITb
CBA3AHO ¢ MpOTeKaHueM B 3THX CILIaBax Ipo-
116CCOB TOJIMTOHU3AINH U PeKPHCTAIIN3AINH.

C yBesuveHHEM COJEPKAHUS  HUKE/H
(54,8 %) HPOMCXOANT CHUKEHNe TeMriepaTyp
BOCCTAHOBJIEHHS (DOPMBI TIPU OTKUT'E CBBILIE
550 °C. [Ilpuuem uyeMm BbIlIe CcoO/lepKaHue
HUKeJIs B CIlJIaBe, TeM 3HauuTe/bHell yMeHbIie-
Hue [-11‘“ 41 A: . Jlng cnmasa, cofiepiKallero

Ta6auma 2
Xapakrepuctuku 3@ cnjaBoB HA OCHOBE HHKEJH/la THTaHa

XHUMHYECKHH COCTAB Temneparypa orira, G i CBD, S € ., g, B
criaBa, % °C A, °C | A °C o ..: (x'::]r u: %
Mexonnoe cocrostie 85 90 70 2,0 55 3.3 2.2
350 87 92 70 1.5 6,0 3.8 282
Ti—54,1 Ni 550 93 96 59 0,2 7,3 4,2 3.1
700 105 112 59 180 5T 2,6 3.1
900 88 93 52 0,5 7,0 3.4 3,6
Mexopnoe coctosinne 78 83 63 1,1 6,4 3,6 2,8
350 78 83 76 120 6,5 4. 1,8
Ti—54,3 Ni 550 82 85 61 0,7 6,8 3,9 2,9
700 96 102 61 11 6,4 3,5 2,9
900 77 82 63 0.8 6,7 3.9 2,8
Mexoanoe cocrosiHie 61 66 84 2,0 S 4,3 1,2
350 62 67 92 1,7 5,8 9,2 0,6

Ti=54,5 Ni 550 66 71 100 1,3 6,2 6,2 0
700 70 75 95 25 330 4,6 0,4
900 49 58 89 1.3 6,2 5,4 0,8
Mexoanoe cocrosinme 51 57 98 2,8 4,7 4.6 0,1
350 BY 63 98 2,0 50 5,4 0,1
Ti—54,8 Ni 550 58 67 97 1,5 6,0 5,8 0,2
700 47 52 92 Al 5,4 4,8 0,6
900 44 49 77 3.4 4,1 2,4 1.7
Mexomroe cocrosinie 37 44 97 3,2 4,3 4.1 0,2
350 37 43 93 AN 5,3 4,8 0,5
Ti—55,1 Ni 550 32 35 91 2.1 5,4 4,7 0,7
700 10 16 75 2| 5,4 3.5 1,9
900 4 9 49 241 5,4 1,6 3,8
Wexoamoe coctosinme 22 28 92 4,5 3,0 2,4 0,6
350 21 26 91 4,5 3,0 2,3 0,7
Ti—56,0 Ni 550 12 17 92 4,3 3.2 2,6 0,6
700 =3 3 81 2,6 4,9 3.5 1,4
900 —45 =40 95 7,0 0,5 0,1 0,4
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