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HccnenoBaHa MUKPOCTPYKTYPa NONUKPUCTAIUIMUECKHX CINIABOB THTaHa € XpoMoM (2, 4 u 5,5 mac.%), KobaasToM (2 1 4 Mac.%)
U Mejbio (2 1 3 Mac.%). [IpoBeneHbl cepUM ANUTENBHbBIX H30TEPMUYECKUX OTKITOB STHX MAaTEPHAJIOB B MHTEpBaJie TEMIIEPATyp
o1 600 go 850 °C (B BakyyMe). TeMriepaTyphl OTXHroB exanu B (Byxdastsix obnactsx o Ti,Me) + B(Ti,Me) dazospix mmarpamm
Ti—Cr, Ti—Co u Ti—Cu. [TocTpoeHs! TeMnepaTypHble 3aBUCHMOCTH 10sH rpaHu, 3epeH B(Ti,Me)/B(Ti,Me), OIHOCTEIO «CMO-
YEHHBIX» NPOCIoiiKaMy BTOpoit TBepHoit dasel o(Ti,Me), u cpeatiero KOHTAKTHOrO yria. Pe3ynsTaTsi MUKPOCTPYKTYPHBIX HC-
CleqOBaHU ITOKA3asiy, YTO TUII ¥ KOHLIEHTPALMs BTOPOrO KOMITOHEHTa B CIIIaBE CUJIBHO BIMSIOT Ha 06pa30oBaHKeE PaBHOBECHBIX
3€PHOrpaHUYHEIX 11pocoeK. Briepsrie 06HapyXeHa HeMOHOTOHHAs TeMITePaTypHas 3aBHCHMOCTD JOJIH I'PAHKL 3€PEH, 110JIHO-
CThI0 CMOYEHHBIX IPOCIOiKaMU BTOPOil TBeproi (asbl, B OTCYTCTBHE Ga30BBIX NpeBpallleH i deppoMarHeTHK—NapaMarde THK
B 00BEME,
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Gornakova A.S., Prokofiev 8.1, Kolesnikova K.I., Straumal B.B.

Formation laws for grain boundary layers of o-Ti phase in binary titanium-based alloys

The microstructure of polycrystalline titanium alloys with added chromium (2, 4, and 5,5 wt.%), cobalt (2 and 4 wt.%) and copper
(2 and 3 wt.%) was studied. A series of long isothermal annealing cycles (under vacuum) was performed for these materials within
the temperature range from 600 to 850 °C. The annealing temperatures were in the o(Ti,Me) + B(Ti,Me) two-phase regions of the
Ti~Cr, Ti—Co and Ti~Cu phase diagrams. The temperature dependence plots were built for the $(Ti,Me)/B(Ti,Me) portion of grain
boundaries completely «wetted» by layers of the a(Ti, Me) second solid phase and the average contact angle. The results of microscopic
investigation showed that the type and content of the second component in the alloy greatly affect formation of equilibrium grain
boundary layers. We were the first to discover a non-monotonic temperature dependence of the portion of grain boundaries completely
«wetted» by layers of the second solid phase in the absence of bulk «ferromagnetic—paramagnetic» phase transitions.
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MeTannoBeASHUE U TEPMUYECKOs1 0BpaboTKA

BBenenune

TwuTaH ¥ €ro CrTaBHl HALILIH HIMPOKOE TIPUMEHEHUE
B TEXHUKE BBHY BHICOKOI MEXaHUYECKOM MIPOYHOCTH,
COXpaHSIIONIEHCS] NMPU MOBBIIICHHBIX TEMIIEpaTypax,
KOPPO3HOHHOM CTOWKOCTH, XKapONPOYHOCTH, VAEIb-
HOM NIPOYHOCTHU, MAJIOH MIOTHOCTU U MPOUMX HOJNE3-
HBIX CBOUCTB | 1]. BBIiCOKAsI CTOMMOCTH 3TUX CTLIIABOB BO
MHOTUX CAy4YasfX KOMIEHCUpyeTcs Oombiueii paboro-
CHOCOOHOCTHIO, 2 B HEKOTOPBIX CIy4Yasix OHM SBISIOT-
¢4 €OMHCTBEHHBIM MATePHAJIOM, U3 KOTOPOTO MOXHO
HM3rOTOBUTH OOGODYNOBAHWE WM KOHCTPYKLMH, CIO-
COOHBIC pabOTaTh B TSAKEBIX YCIOBUSIX.

MexaHuyeckMe M APYTHME OSKCIUTYyaTALLMOHHBIE
CBOMCTBA THUTAHOBBIX CIUIABOB CUJIBHO 3aBHCAT OT
CTPYKTYPHI ¥ MOP(POJIOriH COCTaBIIOLNX (a3 [2—4].
Tak, manpumep, ¢gasa o(Ti) gacto obpasyer CBOEro
pona «OTOpOYKHM» B ABYX(a3HBIX NOMHKPUCTANLIAX
o(Ti,Me) + B(Ti,Me) Turanossix criaBos (Me — neru-
pymwoiiiee 3neMeHTH B TUTaHe) [5—8]. Takue oTropouxkn
BTOPO# (hasbl MOI'YT CYIIECTBEHHO BIMATH HA CBOMCTBA
TUTAHOBBIX ¥ ATIOMAHHEBBIX CIIJIABOB, B YACTHOCTH Ha
00pabaTeiBaEMOCTh pe3aHMEM [6], Ha HUX TAKXE MOTYT
dopMupoBaThCcsl TPEIIUHLL TpU paspyweHuu [8, 9.
Ml npeanonaraem, aTo Mopdonorus a3 B THTAHOBBIX
CTJIaBax W, B YaCTHOCTH, (POPMHPOBAHHUE MOAOOHBIX
OTOpPOYEK MOTYT OTNPENENAThCS HE TONBKO 06HEMHBIMU
$azoBEIMY NepexoaaMH [5, 7], HO ¥ 3¢pHOIPAHUIHEIMH
dbazopsimu nipespameHusmu {10, 11].

M3BECTHO, UTO B LENOM PSIE CUCTEM MOTYT ITPOUC-
XOOUTh TaK HA3bIBAEMBIC 3€PHOrpaHUYHBIC (PA30OBHIE
nepexonnt cMaguBanus [10, 11]. Ha unguBHIyaapHbIX
rpanuniax zeped (I'3) [12, 13] u B nonukpucraniax [14,
15} 6810 TOKA3aHO, YTO BBIIIE HEKOTOPOMH TeMIlepa-
Typet 7,, (Temmeparypa 3¢pHOTPaHUYHOTO (ha3oBOro
nepexona cMauuBanus) Ha ['3 MOTyT 06pa30BLIBATHCS
PaBHOBCCHBIC CMauuBalOUIUE ITPOCIOUKHU BTOPOH a-
3bI (pacmnasa [13, 16] unu BTOPOI TBEPNOI dasw [15,
17]), xoTOphIEe OTAEHAIOT 3€pHA MEPBOI Ga3kl APYT OT
apyra.

Takuie 3epHOrpaHuYHBIC (PA30BHIC TIPEBPAIICHUS
CHJIBHO M3MEHSIOT KaK MUKPOCTPYKTYPY, TaK M CBO¥-
ctBa aByxdazHEIX MaTepuasioB. O6pa3oBaHUE TEPMO-
INHAMHUYECKH PAaBHOBECHBIX MPOCIOEK BTOPOil (ha3ml
BhllIe T, U3MEHSIET MEXaHUYECCKME CBOICTBA MaTepH-
ana (MOXET IPUBOOUTH KaK K CBEPXIJIACTUYHOCTH,
Tak U K OXpYMYHBaHHIO Matepuana [18]), Bausger Ha
mnddy3noHHYI0 INpoHuiaeMoctsb [19], KopposuoH-
HYI0 cTOiKOCTb [20], pexpucTaniu3auuio U pocT 3e-
peH {21}, anexTpUYECKOE CONMPOTHUBIICHNE MaTepralia
[22] 1 1.10.

Oco6GeHHO BaXHB B 3TOM CMBICJIE HEAABHO 00-
HapyXeHHbIE 3€pPHOTrpaHMUYHbBIE (Pa3oBbie TNEPEXOBI
cMayuBaHUSA BTOPOH TBepHoi ¢asoii [14, 17]. B nByx-
a3HbIX 00MacTAX (Pa30BBIX ITUArpaMM OHA MOXET
pacnojiaraThCs MO rpaHHULAaM 3€PEH nepBoil ¢assl B
BHJIE€ KaK PABHOBECHBIX TOHKHX MJIU TOJICTHIX HPOCI0~
ek (monHoe cMayumBaHue) [15, 23], Tak U OTACABHBIX
NWH30BHAHBIX YacTUll (HEMOJIHOE cMauupaHue) [17,
24| (cM., cxemy Ha puc. 1). Mopdonorust BTopoit ¢a3sl
ONpeaensaeTcs COOTHOIEH ieM sHepruit '3 n mexdas-
HBIX I'DAHHIL U MOXET 3aBUCETh KaK OT TEMTICPATYPHI,
TakK ¥ OT AABJICHUS WY KOHLEHTPALUM JICT MDY IOLUIHAX
3JIeMeHTOB [25].

3epHorpaHnyHbie (ha30BbIC NPEBPAMICHUS CMayn-
BaHHUsS BTOPO# TBepmoi (pazoif (MHBIMH CIOBAMH —
MePEXOAbl OT PaBHOBECHBIX CILJIOIIHBIX MPOCTOEK Ha
rpaHuIax K NENOoYKe YaCTHIl ¢ M3IMCHEHUEM TEMIIC-
paryphl) yXe HaONIOAaJIMCh B CILIABAX LUPKOHUH—

0 “

0=

Puc. 1. CxemaTuueckoe u300paxeHne IOMUKPUCTaNIa

C TpaHWILIAMH 3ePeH, YaCTHYHO (a) ¥ MOITHOCTHIO ()
CMOYEHHBIMU BTOPOI (a3oii

(Moka3aHa Ha PUCYHKE YEPHBIM LIBETOM)

OGp ¥ O — CBOGOIHBIE SHEPTUH SIMHUIILE TUIOMAIM TPAHUL 3ePEH
# IOBEPXHOCTH pa3jiesia XUIKOCTb—TBepnas ¢asza COOTBETCTBEHHO
Korma 26g; CTaHOBUTCS MEHBIIE GGy, KOHTAKTHBIHA yron 8 = 0
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Huobuit [18], dazoBas gmarpamma KOTOpBIX NMOJ0OHA
TaKOBBIM TUTAHOBBIX CIIJIABOB C -crabuiuszaropamu
[26]. TIo3TOMY MOXHO OKMIATh, YTO TOAOOHBIE TIEpE-
XO[bI MOTYT IIPOUCXOJUTH U B TUTAHOBBIX CITJIABAX.

[Mouck 3epHOrpaHUIHBIX (A30BLIX NPEBPAILEHN
CMaYyMBaHusl BTOpOl TBepmoit ¢a3oif B MOIEITBHBIX
CIIaBax TUTAHA C XPOMOM, KOOAAbTOM U MEIBIO SIBJIsI-
eTCs LENbIO NTaHHOK paboTHI.

MeToauKa 3KCIEPUMEHTA

Cnnasel TuTana ¢ xpoMoM (2, 4 u 5,5 mac.%), Ko-
6asnpToM (2 v 4 Mac.%) u Menbio (2 1 3 mac.%) ObLIK
IPUTOTOBJIEHBI U3 BHICOKOUUCTHIX KOMITOHEHTOB (4N
Ti, 4N Cr, 4N5 Co u 5N Cu) ¢ moMouipo HHIAYKLA-
OHHOI1 IJ1aBKU B BakyyMe. M3 monydeHHBIX CTepKHER
ObLIM Hape3aHbl HIAUGHI TOTIMHONK 3 MM U IHAMETPOM
10 MM. 3aTeM MONTMKPUCTAIMUECKIE 0Opa3LIbl 3aIal-
BAJIMCh B KBapLEBBIC aMTyJbl (OCTATOUHOE IaBJIEHUE
P = 410~* Ia) u oTxuranucs B nByxdasHoi 00a-
ctu o Ti,Me) + B(Ti,Me) dasoseix quarpamm Ti—Cr,
Ti—Co u Ti—Cu [26] B unTepsase remueparyp 600—
850 °C B Teuenue 720—860 u. [Mocne 3akanku B BOLY
MHUKPOCTPYKTYpa NOJUKPUCTAIIMUECKUX 00pa3LoB
HCCIIEN0BAaIach METONAMHU ONTUYECKOM M PacTPOBOM
SJIEKTPOHHON MUKpockonuu (POM) ¢ moMoumso cka-
HUpymomero muxpockomna Tescan Vega TS5130 MM
Oxford Instruments, MO3BOJISIIOIIErO POU3BECTU (a-
30BBIH aHAJIN3, ¥ ONTUYECKOrO MUKPOCKoita Neophot-32
¢ kamepoit 10 Mpix Canon Digital Rebel XT.

KonuuecTsenuslit ananmus (aszoBoro nepexoma
CMAuYMBaHUS TIPOBOAWJICS HA OCHOBE CIEIYIOLIMX
KPUTEPUER:

— rpannua 3epeH B(Ti,Me)/B(Ti,Me) nonaranacn
TIOJTHOCTBIO CMOUEHHO# BTOPOIt TBEpnoit (dasoit o(Ti,Me)
TOJIBKO TOTAA, Koraa npocioiika dassr o(Ti,Me) mon-
HOCTBIO MOKPBIBAJIA TPAHUILY 3€DEH;

— ECJIM 3Ta MPOCNoiKa PEPHIBAIACH, TO TPaHUIIA
3€PEH CYMTATACh YACTUIHO CMOYEHHOM (CM. CXeMy Ha
puc. 1).

TTpononXuTeAbHOCTb OTXKUTA BRIOHMpATIACh TAKHM
00pa3omM, YTOGHI IONSI TPAHUIL, TOJHOCTLIO CMOYEH-
HBIX BTOPO# TBepaoi ¢a3oi, TOCTHUIIA TTIOCTOSHHOTO
3HAUYCHMS U OoJsiee He U3MeHsu1ach. BeIo npoananu-
supoBano He MeHee 100 I'3 it kax aoit Temiepartypsl
OTXHUTAa,

Pesyabrarsl ¥ MX 00CyXIeHne

Ha puc. 2 npencrasnenst mukpodoTorpadun crua-
Ba Ti—4 mac.% Co B UCXOZHOM JINTOM COCTOSSHUU

Puc. 2. Ontuueckue Mmukpodororpadum
crasa Ti—4mac.%Co

a — MCXOMHBIH JTUTOH; 6 — OTOXOKEHHBI 11pu 1 = 690 °C (1 = 720 1),
6 — 11pu 780 °C (780 1)

W TIOC/IE OTXKUTa U 3aKaJKU, TOJYUEHHBIE METOZOM
ONTHUYECKON MHKpockonuu. Ha Bcex usobGpaxenu-
SIX CBETJIBIE O0JIAaCTH — 3TO TeKcaroHajdbHas (dasza
o(Ti,Me), aTemuble — KyOuueckast hasa B(Ti,Me), roe
Me — Cr, Co uiu Cu. PasHuiia B KOHTPaCTe Ha ONTH-
4eCKnX MUKpodororpadusix cBsizana ¢ TeM, 410 (a-
3a o(Ti,Me) He ncnbeITeIBaeT Pa30BBIX MPEBPALICHUI
IPH OXJIAXIEHU N 1O KOMHATHOM TeMIIEpaTypsl U MO-
BTOMY OCTAeTCs O0JEe CBETNION nocne Metaiorpadu-
4eCKoro tpasaeHus. 1o cepuu CHUMKOB, COETAHHBIX
JUISL KaXJO0W TEeMMepaTyphl OTXKUTA, ITPOU3BOLMUIICS
ITOJCUYET JOJIU MMOJIHOCTBIO CMOYCHHBIX TPAHULL 36PEH
(ne menee 100 I'3).

Ha puc. 3 nokazansr POM-u3obpaxenue criasa
Ti—4 mac.% Co, oroxskennoro npu t = 720 °C, 1 =
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= 720 4, U pe3ynAbTATHl M3MEPEHUS KOHIEHTPALMK
ko0anbTa BIOJAb JUHUM, MEPECEKAIOINeil rpaHuily
seped B(Ti,Co)/B(Ti,Co). B omimume OT ONTHYECKUX
mukpodororpaduil, IpUBEAEHHBIX Ha PUC. 2, B [aH-
HOM CIyJae KOHTDPACT Ha CHUMKE OIPEIEsIeTCs He
pe3ynbTaToOM MeTajiorpaduueckoro TPaBIeHUs, a
pasHbIM ColepX)XaHueM KobanbTa B TUTaHe, [TosTomy
aza o(Ti,Co) BeITISLAUT Ha puc. 3, a HOJIEE TEMHOM,
geMm PB(Ti,Co) (B mMpOTUBOIMOIOKHOCTL CTPYKTYpPaM,
MOKAa3aHHBIM Ha pHC. 2).

B cootserctBuu ¢ daszosoit guarpammoin Ti—Co
daza o(Ti,Co) mpu = 720 °C momxHa COEPXKATh OKO-
10 0,5 mac.% Co, a dasa B(Ti,Co), COOTBETCTBEHHO, —
okoso 5 mMac.% Co [26]. UMeHHO Takue KOHIIEHTpa-
uuu v HabmonaTest Ha npoduie, IpeacTaBIeHHOM
Ha puc. 3, 6.

Ha puc. 3, a nokaszana rpanuia 3epen B(Ti, Co)/
B(Ti,Co), Ha KOTOPOIL PACIIOIATAETCS CILIOUIHAS TIPO-

0 10 20 30 40 50 60 70

Paccrosnue, MKM

Puc. 3. PBM-u3o06paxkeHue ¢ TUHUEH CKAHUPOBAH U
nonepex rpanuirsl 3epHa B(Ti,Co)/B(Ti,Co) (a)

U KOHUEHTPAIMOHHAIA IIPO(hHID,

CHSTBIH BIOJB 3TOM NTUHUM (6), B criiase Ti—4 mac.% Co,
oToxxeHHoM nipu £ =720 °C (1 =720 u)

cnoiika ¢assi o(Ti,Co). MabimMu criosamu, ta I'3 mmos-
HOCTBIO CMOUYEHA BTOpO TBepnoit dazoit a(Ti,Co), a
KOHIEHTPALMOHHBII TIpoduiis Ha puc. 3, 6 nepeceka-
€T BTY TPAHUILY 3ePEH.

Ha puc. 4 npeacraBieHbl pe3yabTaThl H3MEPEHU T
KOoHTakTHBIX yrnoB u noiu ['3 B(Ti, Co)/B(Ti,Co), mon-
HOCTBIO CMOYEHHBIX BTOPOii TBepaoit azoit o(Ti,Co).

" JonaI'3, %

® Ti-2mac.%Cr aq
© Ti-4mac.%Cr
O Ti-5,5mac.%Cr

80-

60+
404
204
04 '

650 700 750 800 ¢ °C
HonaI'3, % 0, rpan
100 W,A Ti-2mac.%Co 6 100

0,A Ti-4mac.%Co
801
60
e
404
204
O L L] 1 L]
680 720 760 800 ¢ °C
20 Homsa '3, %
@ Ti-2mac.%Cu o .é €
< Ti-3mac.%Cu .=
60+ .
40+
20+
0_ ] Ll L]
780 800 820 840 t,°C

Puc. 4. TemnepaTypHble 3aBUCHMOCTH IUTst TONH
TOJHOCTBIO CMOUEHHBIX TpaHu Ll 3epeH B crinaBax Ti—Cr (a),
Ti—Co (6) n Ti—Cu (6) ¥ cpeiHero KOHTAKTHOTO yria

B cruiase Ti—Co (6)
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Paccmotrpum ©onee TOAPOOHO CHMCTEMY THUTAaH—
kobankr. Ha puc. 4, 6 mpencTaBaeHE IBE TEMIIEPaTyp-
HbIE 3aBUCHUMOCTH IOJIU IIOJTHOCTbIO CMOUCHHEIX [3 1
CpeIHEro KOHTaKTHOro yriaa. s 060ux u3yuyeHHBIX
CTJIABOB IO CMOUCHHBIX TPaHMI 3¢PCH BHAYaJE pa-
CTYT C YBEJIHUYEHHEM TEMITEPATYPHl OTXMTA, a 3HaYe-
HUS CPEIHET0 KOHTAKTHOTO YIJ/Ia MaJafoT U CTPEMSITCS
K Hym10. Berie remmeparypst ~750 °C, Hao60poT, K0Ig
MOJIHOCTBIO CMOYEHHBIX [PAHHUII 3€PEH MANAET C T0-
BBILICHUEM £, 2 CpeaHeee 3HaueHue 0 pactet. [Ipu sTOM
xonnuecTBO cMayuBatoniet dassr o Ti,Co) ymersima-
€TCS U3-3a MPUOIVXEHUS K TPaHWUE ABYX(Da3HOU
obnacti o(Ti,Co)+B(Ti,Co) ¢ onHodasuoit B(Ti, Co).
B pesynbprare 06 3aBUCUMOCTH MMEIOT SIDKO BBIpa-
KEHHBIH MakcuMyM 1ipu ¢ ~ 750 °C.

JIIsi CIUTABOB THTAH—XPOM Ha TEMIIEPaTyPHOMI
3aBUCHMOCTH (CM. puc. 4, @) ToXe HabIOIaeTCI MaK-
cumym goiau I3 B(Ti,Cr)/B(Ti,Cr), noaHOCTBIO CMO-
YEHHBIX BTOPO# TBepaoit dazoit aTi,Cr), mpuueM ero
Temneparypa cMmeraetcst ot 670 °C uepes 730 °C x 820 °C
NIPU YMECHBUICHUM KOHIEHTPAUUH Xpoma OT 5,5 no
2 Mac.%, T.e. 4eM 3Ta KOHIEHTpaIUs 60bIIe, TeM HH-
XK€ TEeMITepaTypa Mnepexona CMaduBaHUs.

B cucreme Tutan—mens (CM. puc. 4, ¢) HabmOHaeT~
CsI TMIIb POCT HOJU IMOJTHOCTHIO CMOYEHHBIX FPAHULL C
YBEIMUYEHUEM TEMTIEPATY PHI BILIOTH A0 €€ BEIMUYUHBI,
rge npyxdasnas obmacte o Ti,Cu)+p(Ti, Cu) mepexo-
nut B ogaodasnyio B(Ti, Cu) [26].

Taxum 06pa3oM, B ClJIaBaX TUTAH—KOOANBT B TH-
TaH—XPOM HMEET MECTO ABOUHON (HA3OBBIN TIEPEXOT
CMayuWBaHUs TPAHMUIL 3¢PEH BTOPOM TBepAOH ¢azoi,
a JI0JIST TIOTHOCTHIO CMOYSHHEIX '3 HEMOHOTOHHO 3a-
BUCHUT OT ! B UHTEPBAJIE OT 3BTCKTOUHOMU A0 TeMITe-
patypsl o—B-TipeBpauleHUss B YMCTOM TuTtaHe. [Ipu
MOBRIIEHUY BEJIUYHMHBI ! HEMOJIHOC CMayuBaHUE
CMEHSIETCSl ITOJHBIM, a 3aTEM BHOBb HEMOJHBIM, Ta-
KOE TIpeBpallicHUe BIEPBBIE HAOIIONANOCH B CHUCTE-
M€, TII¢ HET JOTOJHMUTENBHBIX (Pa30BBIX NEPEXOIOB
BTOPOro poja B 0O0BeMe (Hampumep, 1peBpamieHui
(heppoMarHeTHK—IIapaMarHeTukK), KOTOPbIE MOTYT
MOBJUATH HA GOPMY TEMTIEPATYPHBIX 3aBHCUMOCTEI
CBODONHBIX DHEPIrUil TPAHMI[ 3€PEH M MEX(a3HBIX
rpaHMIL. JTO OTHOCUTCS K WHTEPBANY TEMIIEPATYp OT
3BTECKTOMAHOM JIO TEMIEPATYPHl o—B-TIpeBpaLiCHUS
B YHCTOM THTAHE,

Yro MoxeT OBITh MPUINHON ABOIHOTO Pa3oBoro
Tepexoaa CMaYMBaHK s TPAHU L 3¢PCH BTOPOU TBEPAOH
(hazoil (0T HEMOJIHOTO CMAYMBAHUS K TOJHOMY IpU
TIOBBIIIEHUY TEMTIEPATypbl, a 3aTeM 0OpaTHO K HE-
nonsomy)? Korma cmaunBaioniast ¢paza — XUIKas, TO
C POCTOM TEMIIEPATYPHI €€ CBOGONHAs SHEPIrust BCETr-

Ta YMEHBILACTCSI OBICTPEE, YEM CBOOOIHASI DHEPIUs
TBEpAOi da3bl (M3-3a Goslee BEICOKON IHTPOIHHU pac-
IJ1aBd), ¥ TEMIIEPATyPHBIE 3aBUCUMOCTH CBOGOIHBIX
3Hepruit 26g; U Ogy NEPECEKAIOTCS JUIb O4HAX b,
Ecnu xe o6e daspl (MaTpuyHasl U CMaYMBalOWas)) —
TBEPIBIE, TO COOTBETCTBYIOUIWE TEMIICpaTypHbie 3a-
BUCHUMOCTH CBOOOIHBIX SHEPTHI MOTYT II€PECEKATHCS
IBAXKIBl, M HETTOJIHOE CMAYUBAHUE MOXET CMEHHUTHCH
TIOJTHBIM [IDHM MOBBILIEHUH TEMITEPATYPHI U 3aTEM CHO-
Ba NEPEUTHU K HENOJTHOMY.

Takum 006pa3oM, 3KCIEPUMEHTANILHO YCTAHOBJIE-
HO, UTO paBHOBeCHAas Mopdonorus ¢asbr o Ti,Me) no
rparunaM 3epeH B(Ti,Me)/B(Ti,Me) moxer o6parumo
M3MEHSTBCS C M3MEHEHUEM TEMTIEPATYPHI, IPHYEM
daza o(Ti,Me) moxeT hopMHPOBATh KaK CIIOHIHBIE
NPOCAOMKYM, TAaK M LEMOYKM YACTHIL 110 IpaHUIAM
B(Ti,Me)/B(Ti,Me). Crunournsie npocnoiiku o(Ti,Me)
COOTBETCTBYIOT IIOJIHOMY CMAa4MBAHUIO, a Ienoy-
KM 9aCTHUIL[ C HEHYJNEBBHIM KOHTAKTHBIM YIJIOM (CM.
puc. 1, @) — HEMOMHOMY CMaYMBAHUIO TPAHHIL 3ePEH
B(Ti,Me)/B(Ti,Me) Bropoit TBepaoit ha3oii.

IlonyueHHBie pe3yNBETATHl MO3BOMSIIOT IIO-HOBOMY
B3TNSIHYTh, HanmpuMep, Ha NaBHO W3BeCTHbIE (daxk-
Tl 00pa30BaHUsA TAaK Ha3bIBAEMHBIX OTOPOYEK (ha3bl
o(Ti,Me) no rpannnam ucxomasix sepen B(Ti,Me) mo-
CJI¢ PasaUYHON TEPMUYECKOM /MM TEPMOMEXaHM-
4eCKOH 00pabOTKM TUTAHOBBIX CNITABOB [27—29]. Taxk,
Hanpumep, MOpdOIOTHS 36 PHOTPAHUYHBIX IIPOCIOEK
B crtaBe BT23 usmensiercst mocie NOBTOPHOTO Harpe-
Ba 3JEKTPOHHBIM TIYYKOM H CYIIECTBCHHO BIHSET Ha
MEXaHUUECKHE CBOHCTBA CBAPHBIX 1IBOB [27].

Mok HO HabGII0aTh M KOPPENSIIN0 MOPGHOIOTHU
3€PHOTPAHMYHBIX MPOCA0EK B cnaaBe BT23 ¢ ero mo-
DyJIsiMH yripyrocTy |28]. TepMOIUMKIMpOBaAHHE KPYII-
HbIX 3aroToBOK crijiaBa BT23 no3BosseT yryuynmuts nx
TAACTHYIHOCTDb YU YIAPHYIO BSI3KOCTH [29]. Do npouc-
XOIMUT, B YACTHOCTH, 3a CYET Pa30OMEHUSA CILIOIIHLIX
NPOTsKEeHHBIX maacTuH daspt o Ti,Me) u ux nocie-
ayioumei chepoupuzaunu. VMHBIMH CIOBAMH, HUC-
TOJB3YETCA MEPEXON OT TOJHOTO 3€PHOrPaHMYHOIO
CMauYMBaHHs K HEIIOJTHOMY.

Hanee, HabmonaBiieecs u3MeHeHue Mopdonorun
tdaset a(Ti,Me) B crurtase BT6 TipH pasiuyHOM KOH-
HeHTpauuu Bogopoaa {30] Toxe MOXHO OOBSICHUTH
KaK IMPOSIBACHUE TIEPEX0Ia OT MOJHOTO X HETIOTHOMY
cMauuBaHKI0 rpaHul 3epeH B(Ti,Me)/B(Ti,Me) Bro-
poii TBepRoit dazoit o(Ti,Me). Takoe u3MeHEHHE MOP-
domoruu ¢a3s, B CBOIO 04epenb, CYIIECTBEHHO BAMSET
Ha ycTaJJocTHble cBoiicTBa crasa BT6 [30]. Llenoukn
YacTHUI ¥ CIIOWHBIE mpocaodku (assr o Ti,Me) xo-
pouIO BUAHbI Ha rpanuiiax sepeH B(Ti,Me)/B(Ti,Me) u
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B THTAHOBOM criiaBe BTS5-1kT, moxyuyeHHOM KOMIIAK-
THPOBaHMEM HABOAOPOXEHHKIX rpany [31].

BroiBoani

1. Bo Bcex ucciemoBaHHBIX OMHAPHBIX CriaBax Ti—
Me (rze Me — Cr, Co uau Cu) 6810 OOHApYyXe-
HO IIOJHOE M HEINOJHOE CMadHBAaHHS IPAHMI] 36PEH
B(Ti,Me)/B(Ti,Me) mpocnoitkaMu BTOpPOH TBEpLOH
dasnr o(Ti,Me).

2. BoisiBJIEHO, UTO JOJIsE TPAHULL 3€PEH, MOJIHOCTBIO
MOKPBITHIX HenpepelBHEIM cinoem o Ti,Me), HemoHO-
TOHHO 3aBHMCHT OT TEMIIEPATypPBl B MHTEPBAJIE OT 3B-
TEKTOMIHON [0 TeMIlepaTyphi o.—[-TpeBpallleHUs B
YKCTOM THTAHE.

3. Takoe npeBpallieHUe BNEPBBIE HaONIOAaJIOCh B
CHCTEME, TIE HET AOTIOTHUTENBHBIX (Pa30BBIX NEPEXO-
JOB BTOPOTO poja B 00beMe (Hanpumep, IpeBpallieH nii
dbeppoMarHeTHK—IIapaMarHeTHK), KOTOPBIE MOTYT
MOBJAUSITE Ha (POpMY TeMITEPATyPHBIX 3aBUCUMOCTEN
CBOOOOHBIX DHEPIrUM I'PaHUIL 3epeH M MeX(azHbIX
rpaHui (3TO OTHOCHTCSI K HHTEPBANy TEMIEPATyp OT
SBTEKTOMIHOM 10 TEMICPATYPH O.— P-TIpeBpaileHust
B YHCTOM TUTAHE).

Paborta BEIOJTHEHA TIPH (PHHAHCOBOH noagepxxe PODH
(mpoexTsr 12-03-00894, 16-53-12007 u 15-53-06008),
Hemenxoro HayYHO-HCCAEA0BaTEIbCKOI0O COOOIIeCTBa

(DFG ) 1 MuHHCTEPCTBa HAYKH, TEXHOJIOTHH H KOCMOCa
H3spanns.
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