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Jedopmanus kejie3a 1 TUTAHA B 00J1ACTH TeMIIepaTyp
MOJIMMOP(HOro npeBpaleHus

. B. Mowuceesa, B. K. IInmak

WucturyT metammodusuku umM. I'. B. Kyparomosa HAH Ykpauntsr

Toxazano, umo evicokas niacmuynocms dcenesa u mumana BT1-0 npu norumopgnom
npespawjeHuy  00yCcl08ieHA  YCKOPEHHOU  NOJ3V4ecmvlo 8  YCl08UAx, Ko2od
KPUCMANIUYECKAsl CMPYKmypa 000ux Memasios umeem 0ObeMHO YEeHMPUPOBAHHYIO
KyOU4ecKyro peuemxy.

BBenenne

SIBJIeHME TOBBINIEHHON TUIACTHYHOCTH MPHU MOJIMMOP(GHOM MPEBPAIICHAN B
MeTaJjlaX W3BECTHO JAaBHO M B HAyYHOW JIMTEpaType MOTYyYHIO Ha3BaHHE
“macTHdHOCTH TIpeBpamieHus . [lOBBIMICHHAs] TUIACTUYHOCTh METAJLIOB IPH
MOJIMMOP(HOM TPEBPAIICHAN BBI3BIBACT WHTEPEC KaK Y TEXHOJIOTOB, TaK M y
¢m3ukoB. TeXHOIOrOB — MOTOMY YTO B 3TOW OOJIACTH TEMIIEpaTyp METAILIbI U
CIUIaBBI Je(OPMUPYIOTCS MPH JOBOJILHO MANBIX HArpy3Kax M JIETKO MOJIAI0TCS
obpaborke [1]. Mexanusm mulacTUUecKoil Jedopmanyyu METaUIOB pHU
MOJUMOP(HHOM TPEBPAIICHHH TOBOJIBHO CIOXHBIH, U (PU3UKOB [2] mpUBJIeKaeT
TO, YTO WCCJIEOBAHHUE JTOTO SIBJICHHSA JAaeT BO3MOXKHOCTH BBISICHUTH BIIUSHUE
Ha Hero pa3InyHBIX (PaKTOPOB.

B Hacrosmmee Bpems yCTaHOBJIICGHO, YTO HAa BeNWYHMHY jAedopmarmu mpu
MOJTUMOP(HOM TIPEBpallIcHUH OKAa3bIBAIOT BIHMSHUE CIIEAyIonHe (aKkTopbl.
Bo-miepBrIX, cam mo cebe mepexon w3 omHOW (a3pl B IAPYTYI0 MOXKET BHI3BATh
TUTACTHYECKYIO AeopMaliuio; BO-BTOPBIX, K HEKOTOPOH JedopMariiiu mpruBOIUT
TEIUIOBOE PACHIMPCHUE METAJUIOB U, B-TPETHHX, MO JCUCTBHEM IMPHIOKCHHBIX
JOTIOTHUTENFHBIX HANPSHKEHNH BO3HHKAET IMONBydecTh MeramioB [2]. Kaxoit
BKJIQJI B OOIIyI0 JAehOpMaIlii0 METAIIOB TIPU MPEBPAIICHHN BHOCHUT KaXKIbIA W3
3THX (PAKTOPOB — OKOHYATEIHHO HE OMPEICICHO.

Lenp paboTbl —  OSKCIEPUMEHTANbHOE  WCCIIEJIOBAHWE  SIBIICHUS
MOBBIIIEHHON TUIACTHYHOCTH JKeJie3a M TeXHW4yecku yucroro turaHa BT1-0 B
obnactu Temmeparyp mnoauMmopdHoro mpepameHus. Ob0a MeTtamia HMET
nonuMopHoe npeBpaiieHre. OTHAKO 3TO MPEBPAIECHIE BhI3BIBACT U3MCHEHUC
tuma pemetka B xene3e ¢ OLIK ma I'TIK, a B tutane — ¢ I'TIY ma OIIK.
Oxupmanu, 4YTO CpaBHUTENBHBIM aHanW3 mporecca Achopmanuu mpu
MOJIMMOP(HOM MPEBPAIICHAN B 3TUX METAJUIAX IMO3BOJIUT BBISBHTH HEKOTOPHIC
0COOEHHOCTH (PU3UKH TOTO SBIICHUS.

Marepuan u MeTOAMKA

B kadyectBe Marepuana HCCIENOBaHHWS BBIOpaHBI JKENE30 COCTaBa
(% (mac.)): C — 0,01; ocramsHble mpuMecn — B cymme He Oonee 0,3, m
TexHudecku uncteiid Tutan BT1-0 cocraBa (% (mac.)): Al — 0,7; ocranbHble
npumecu — B cymme He Oonee 0,5. OOpasipl umenn Kpyriayo Gopmy B Buie
ra"tenau ¢ paboueit yacThio 1uHOH 40 MM U THaMETPOM 4 MM.

WsmeHeHne pa3mepa oOpasioB NpW HArpeBe OMpPEACTSId C IOMOIIBIO
KaTeTOMETpPa, MO3BOJISIONIETO MPOBOAUTH H3MepeHHsi ¢ ToyHOCThI0 0,005MmM.

© U. B. Mouceesa, B. K. ITumak, 2008
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OGpasupl moMernanmd B Bakyymuylo (5-10° Ila) Kkamepy YCTAHOBKH ISt
ucnpiTaHus Ha non3ydectb [IB 1849. TIpu usmepenun yuimHeHUs oOpasia
BO BpeMsi HarpeBa 0Oe3 Harpy3ku (muiaTomeTpus) oOpaser] pa3Mernaid B
neyke B cBOOOAHOM (HE 3aKPEIUICHHOM) MOJIOKeHUH. [IJisi HCTbITaHHUs Ha
MOJI3yYeCTh B YCIOBHSAX PACTSKECHHUS 00pas3ell MOMEINANN B 3aXBaThHI.

Temmepatypy o00pasiioB TMpHU HUCHBITAHUSIX HU3MEPSUIA C  [MOMOIIBIO
tepmomnapel Pt—Pt(R0). Paboumii cmaii TepMomapsl HaXOAWJICS B KOHTaKTe C
o6pastom. TouHocTs H3MepeHus TemmepaTypsl — +1 °C.

B mporiecce HarpeBa TMpH JOCTHKCHHH 3aJaHHON TEMIIEpaTypbl o0Opaserr
BhIZiepkuBas 15 MuH. B TedeHne 3Toro BpeMeHH B peKHME JIITATOMETPHUYCSCKIX
WCTIBITAaHUHN JTUHEHHBIA pasMep oOpasiia OCTaBaJICS IOCTOSHHBIM B TIpeaenax
omnOku wu3Mmepenus +0,01 mMMm. B wuchoeiTaHuax Ha mMON3ydyecTh TMOCHE
JTOCTH)KEHHSI OIPEACICHHON TeMIlepaTypsl JIMHY oOpaslia H3Mepsuld 4depes
cnenyomue uHTepBansl Bpemenu: 0, 2, 5, 7, 10, 12 15muH. [To 3TUM HaHHBIM
CTPOWJIM KPHUBYIO TMOJ3Yy4eCTH W OMNPEIACNIANIA CKOPOCTh YCTAaHOBHUBILIEHCS
non3yyectd. VCIbITaHNs HA TON3YYeCTh MPOBOIUIN B HHTEPBAJC CKOPOCTEH
nomygectn 10'—10% ¢ ™.

Pe3yabTaThl U HX 00CYKIEHHNE

Pesynbrarhl IUIaTOMETPHUECKUX MCCICIOBaHHUM Jkeie3a u ciuiaBa BT1-0
npexacTaBiaeHsl Ha puc. 1. [lomuMopdHbIe mpeBpamieHnss B 3THX MeTaulax
MPOMCXOJAT C YMCHBLIGHHEM MJIUHBI o0paslia TNpuW HarpeBe B TOYKE
NONMMOP(HOTO TMpEeBpallieHdss W C YBEJIMYCHHWEM JJIUHBI B JTOH JKe
TEeMIIepaTypHOl TOUKE IPH OXJIAKIACHHH.

B xeneze o — y (OLUK — T'IK)-mpeBparieHne npy HarpeBe HaAuMHACTCS
npu 900 * 5°C u 3akanumBaetcs npu 925 + 5°C; y — a-mpeBpaiieHue npu
oxnaxaenun HaurHaercs npu 900 + 5°C u 3akamumBaercs npu 875 + 5°C.
Taxum 00pa3om, npsiMoe U 00paTHOE MPEBPAIIEHUS HPOUCXOISAT B HWHTEpBaie
temnepatyp 875—925 °C. Cnemayer OTMETHTh, YTO AJHMHY HU3MEPSUIA HE B
HETIPEpPhIBHOM aBTOMATHYECKOM Harpese, Kak 9TO MPOUCXOINT B KIIACCHUECKUX
JAIATOMETpPaX, a C OCTAHOBKAMH JJISI I3MEpeHUsT 4epe3 Kaxaple 5—10 mun B
o0NacTH TeMIepaTryphsl IpeBpamieHHus. TeM He MeHee, MOJNyYeHHAas TaKhM
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Puc. 1. Qunatorpammsl monuMopdHbIXx mpespaumenunid B Fe @) u BT1-0 ()
OpH HarpeBe B OTCYTCTBUE HATPY3KH.
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00pa3zoM auiaTorpaMmma Jijis Jkejes3a BIIOJHE yIOBIECTBOPUTEIHHO COBIAAET C
M3BECTHBIMH “KJIacCHYeCKUMHU~ awnatorpammamu [4, 5. Pasnmume mexmy
MaKCUMAaJbHBIM VJJIMHEHHEM o0paslla TpH HarpeBe H MUHHMAIbHBIM
yIUIMHEHUEM TIpH oXJaxaeHuu B Touke nepexona 900°C cocrasnser 0,27%.

B Texnndecku ynctom tutane o — [ (I'TTY — OLK)-npeBpamenue npu
HarpeBe HaumHaetcs mpu 800 + 5°C wu 3akanumBaercs npu 825 + 5°C;
B — o-mpeBpanieHue npu oxjiaxiacHud HauuHaercs npu 800 £ 5°C m
3akaHuuBaeTcs mpu /75 + 5°C. To ecth mpsAMoe H  0OpaTHOE
MPEBpaIICHUS B TEXHWYECKH YUCTOM THUTAHE TMPOUCXOASIT B HHTEPBAJC
temmeparyp 775—825 °C. TemmepaTypHblii [IWana3oH PEBPAILCHHUI
cocrapiser 50 °C. Paznuume Mexay MaKCHMaJbHBIM YIUIMHEHHEM 0Opasiia
MpU HAarpeBe M MHUHUMAILHBIM VAJHMHEHHEM TPH OXJAXJCHHM B TOUKE
nepexoga 800 °C cocrasmser 0,07—0,08%, 4ro OOCTATOYHO XOPOIIO
KOPPEJUPYET C M3BECTHBIMHU JINTEPATYPHBIMH JaHHBIME [6].

Takum o6pa3zoM, B mporiecce HarpeBa 0e3 Harpy3Ku Kak B jKenese, TaK U B
TUTaHe HaOMIOAAaeTCsl MOBOJBHO cjlaboe W3MEHEHWEe UIMHBI 00pas3loB MpH
MOJUMOP(QHOM TIpEeBpaIllcHUHA. B jkene3e yMEHbIICHHE JUIMHBI 00pa3loB
npumepHo B 4 pasa Oojbiie, ueM B Tutane BT1-0. CrnemyeT oTMeTuTh, YTO
YMEHBIICHHE JIMHBI 00pa3loB O0OMX METAUIOB B JAHHOM CIydae MPOUCXOAUT
TOJNBKO 33 CYET CTPYKTYpPHBIX HW3MEHEHWH B MeETaulaX MpU MOIMMOPGHHOM
MpEeBPAIICHAN.

[ocnenyrouye u3MepeHus yMIMHEHHs OOpa3LoB B Mpolecce Harpesa
MPOBOAMIN YK€ TOJl HArpy3KOoW B pEXHME HUCHBITAHWS Ha TION3y4YeCTb.
Pe3ynbTaThl 3THX HCCIIEAOBaHKI TpUBEICHBI Ha puc. 2. O0mas aedopmaius 00-
pas3noB BKIIOYaeT B cebs AedopMamuio 3a cueT Harpesa, aedopMmaluio,
BBI3BaHHYIO MPHJIOKEHUEM Harpy3KH, H Je(QOpMaIHfIO MOJI3y4yecTd B TEUCHHE
15vunyTHO# BBRIIEpKKHA. Ha 3THX ke rpadmkax uisi cpaBHEHHS IPUBEICHA
kpuBast AL(T) npu HyneBoit Harpyske. BuaHo, uro mpouecc aedopmanuu B Fe
n BT1-0 cymecTBeHHO pa3inyeH.

Ecnu B xenese npu AMIaTOMETPUIECKAX U3MEPEHUSX TaJICHHE YIUTHHEHUS
BO BpeMs HarpeBa Npoucxoawiao HauuHas ¢ temmeparypsl 900°C, To mox
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Puc. 2. Jledopmanuss obpasunos Fe @) u VT1-0 (6) nocne 15-munHyTHOH
BBLIEPKKH B 3aBMCHMMOCTH OT TEMIIEPATYPbl M NPHJIOKEHHOIO HAIPSIKEHUS
(MIla): a —w—0; A —1; 0—5;e —10;0—13;6 —m—0; A — 1;
o—15e—2,0—3.
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Harpyskoil nepsoe mazeHne AL ormeuaercs pambme — npu 875 °C. Jlanee
¢ukcupyercs ombem AL no temmeparypst 900 °C u 3atem kpuBbie AL(T) mox
Harpy3koil moBTOpsIOT X0 KpuBEIX AL(7T) 6Ge3 marpysku. Takas cuTyarus
HaOmomaeTcs mpu Mabix HampspkeHusx 1 u 5 MIIa. [loBrlieHre HaNPsDKEHUS
no 10MIla cymectBenHo u3Menser xox kpuBoi AL(7). IMTagenme AL mpum
875°C coxpansiercst, onHako HaunHas ¢ 885°C nabmomaercst yBenuuenue AL 10
925 °C, a mocie 5TOM TemIeparypsl BHOBb NPOUCXOAWT maneHue AL 10
temneparypsl 950 °C. Crenyer 3ameTuTh, uto magenue AL waumnas ¢ 925 °C
¢ukcupyercss W mnpu Oojiee HHM3KHX HANpPsHKEHUSIX, OJHAKO OHO OBUIO
HECYIIECTBEHHOE M B JAHHOM MaciTa0e KOOpAWHAT IOYTH He3aMeTHO. Takum
00pa3oM, NpH MOBBINIEHHLIX HanpsokeHusx mnagenus AL npu 900°C mHe
MPOUCXOUT. Eciu cpaBHUTH 3TH PE3yNbTAaThl ¢ JAaHHBIME pHUC. 1, @, TO MOXHO
C/IeNaTh BBIBOJ, YTO BCE aHOMaNbHBIC M3MeHeHus AL Ha puc. 2, a pukcupyroTcs
B uHTepBaje Temmeparyp 875—925°C, B KOTOPOM HMEIOT MECTO HPAMOE U
oOpatHoe o <> y-mpeBpaiieHus. Bee 3Tu 3¢ deKThl 00yCIOBICHBI CTPYKTYPHBIMH
M3MEHCHUSMHU TIPU  TOMUMOP(GHOM TIPEBpAIICHUM, OJHAKO TPHUPOJA 3THX
M3MEHEHNI HensBecTHa. YMenblenue AL npu Temmeparype 950°C, no-BuguMomy,
BBI3BAaHO TEM, YTO TPH 3TOW TEMIIEpaType B JKeJIe3€ OKOHYATEIFHO 3aBEPIIHIICS
nepexox OLK B I'IK pemerky. ITockomeky I'TIK pemierka Oonee npoyHas, uemMm
OLK, nedbopmarmss B Hel Oymer MeHbIme. JlaibHeHIIee IOBBIIICHUE
MpUiIoKeHHOro HanpsbkeHus 10 13 MIla npuBoaut K OBICTpOH aedopmaiiuu
xenesa B wuHTepBane temmeparyp 850—900 °C, To ectb B 00OaacTH
cyliecTBoBaHHS kene3a B o-¢pasze. IIpu temmeparype 900 °C AL mocturaer
35—40% u npoao/rKacT CTPEMUTEIBLHO BO3PACTaTh, IIOATOMY M3MEPEHHUS IPU
JATLHEHITIEM TIOBBIIIICHUN TEMITEPATYphl OBUIM 3aTPYAHCHBI.

B turane BT1-0 makcumym Ha kpuBoid AL(7), moiyueHHO# pu Harpese 0e3
Harpysku, npuxomurcs Ha 800 °C, a 3areM HaumHaeTcs yMeHblneHue AL.
[IpunoxxeHne Harpy3Ku BHa4aje CIOCOOCTBYET YBEIHMUYEHHIO 3TOTO MaKCHMyMa.
Cnenyer OTMETHTB, YTO MaJible Harpy3KH CTUMYJIUPYIOT TPOLECC MOTUMOPPHOTO
MpeBpaleHnss B TUTaHe. 3aTeM, MO Mepe BO3pacTaHUs HArpy3KH, MakCHMyM
yMmeHbIaercss U npu 3 MIla ucuesaer. [locTerleHHO € YBEIHUECHHEM Harpy3Kd
ucuesaer u nposan Ha kpuoit AL(7) mpu 825°C. B To ke BpeMst HAUUHAsI C
825 °C nedopmartust TuTaHa Bce OOJIbIIe M OOJBIIE BO3PACTACT C YBEIHYEHHEM
Hanpsokenus. IIpu temmeparype 875 °C u marpyske 3 MIla pedopmars
nocturaer 20% u Gojiee u npojoipKaeT Bo3pactath. CoriacHo puc. 1, 6, mocie
825°C kpucrammueckas ctpykrypa tutana umeet OLIK pererky.

Takum oOpa3om, B TWTaHe, KaKk W B JKeje3e, HauOOJbIas IlacTUdecKas
nedhopmarus HabmogaeTcs Toraa, korma oHu uMerotr OLIK pemerky. B xenese
310 mpoucxomuT no mnpeBpameHus OLK — TTLK, a B Tturane mnocne
npespamieans [TIY — OLK. Jlnsg Toro 49ToOBl BBISICHHTH, 3a CYET 4YEro
BO3HMKAeT 3Ta BBICOKAs IUIACTUYHOCTH, OBUIM TPOBENEHBI HCIBITAHUS Ha
MOJN3y4YecTh JKele3a M THTaHa B O00JacTh TEMIeparyp MOJIUMOP(HOTO
npeBparnieHus. s mocTpoeHUsT KPUBOM MOJI3YYECTH B HATPYKEHHBIX 00pa3iax
nocJje JTOCTHXKEHHS ONpeeIeHHON (DUKCUPOBAHHOW TEMITEpaTyphl MPOBOIIIN
3aMephl JUIMHBI Yepe3 ONpeAesieHHbIe MHTEPBAIbI BpEMEHH B TedeHne 15 MuH.
Kak mpaBwmiio, kpuBas MoJI3y4ecTH WMEJNa BHJ MPSMOW JIMHWH, MO HAKIJIOHY
KOTOPOI OTIPEAETSUIA CKOPOCTD MOJI3YYECTH.

N3menenre CKOpPOCTM TON3YYECTH TPH Pa3MYHBIX HArpy3kax 3a Bpems
BeIJICp)KKA 15 MUH B WHTEpBalie TeMmeparyp o — Y-TpEBpaIleHUs TOKa3aHO Ha
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Puc. 3. M3MeHeHHe CKOPOCTH MOJI3yYECTH MPH Pa3IMYHBIX HATPY3KaxX 3a BpeMs
BeIIepkkd 15 MuH u Temneparypax mnoiumopduoro npespamienus. P, MIla: a —
A—1,0—5e—10,0—13;6—m— 10— 15 A —2;,0—3.

puc. 3. O6umii Bun kpusbix £(7) nHanomunaer xon KpuBbix AL(7). OcHOBHbIE

AQHOMAJTbHbIC U3MCHEHHUSI CKOPOCTH TMOJI3YYECTH B XKENe3e MPOUCXO/ISIT B HHTEPBAe
temmeparyp 875—925°C, uyro, oueBHAHO, OOYCIOBICHO HEMOCPEICTBEHHO
o <> y-mpeBpaiienneM. B crmaBe BT1-0 aHoManbHbIe W3MEHEHHS CKOPOCTH
HOJI3YYECTH HAOIIOAAIOTC B TeMIIEpaTypHoM untepaie 7 75—825°C. UurepecHo
OTMETHTbh, YTO aHOMAJIbHOEC M3MEHEHHE CKOPOCTH TMOJ3YyYECTH B ITHX METa/LIax
MPOUCXOMUT HE B TEMIICPATypHOM WHTEpBAJC MPAMOro MOJUMOP(HOro
MpEeBpaIieHns], a B TEMIICPaTYPHOM HHTEpBaje THCTEPEe3nca MPEBpAIICHUS TPU
HAarpeBe M OXJIAKICHHH, XOTS OCYIIECTBISUICS TOJNBKO HarpeB. OTOT (HakT
CBUICTENILCTBYET O OOJBINON YYBCTBHUTEIIBHOCTH CTPYKTYPHBIX W3MEHCHHH TpH
MOJUMOP(HOM MPEBPAIICHUN K TPHI0KESHHOMY HAMPSHKEHHUIO.

Ilpn ManblX HANpPSDKCHUSX B HMHTEpPBAIC TEMIIEpaTtyp THCTepe3rca
NpEeBpaIllCHNsT HAOMIOMAIOTCS TMAJCHUST M TOJBEMbl CKOPOCTEH IOJI3YyUYeCTH,
COBMAIAONIME C U3MEHEHHEM AL B TOM jXe MHTEpBaje TeMIepaTyp Ha KPUBBIX
IWIaTOMETPHYECKUX m3MepeHnii (cM. puc. 1), Takum o6GpasoM, Maisie
HAIPSDKEHUS] Kak Obl aKTHBUPYIOT CTPYKTYPHBIC M3MEHCHUS TIPH TPEBPAIICHHUH.
C MOBBIIICHUEM HAMPSDKEHUS TEPenajabl CKOPOCTeH MOJ3YYeCTH B MHTEPBATIC
TeMIepaTyp Tucrepesuca wucuesaroT. CiemoBaTenbHO, aedopmarms 3a Cyer
MOJI3y4YeCTH CTAHOBHUTCS OOJIbIIIE TOW, KOTOpas TPOMCXOJUT B pe3yJibTare
(azoBoro npepparicHust. HauuHas ¢ 3TO# BeMUYHUHBI HAMPSHKEHUS TIACTUYHOCTD
WCCIICIOBAHHBIX METAJUIOB ONPEIEISIeTCsS HEMOCPENCTBEHHO —aedopMarueit
noyisydectd. B okenese Oosblnasi MIACTHYHOCTh HAOJIOMACTCS NPH HArpy3Ke
10—13 MIla. JKaponpodHoCcTh THTaHa B 00JIACTH MOJUMOPGHOIO MPEeBPAICHUS
HE3HAYUTEIbHAS M3-32 BBICOKOHM TU(P(Y3HOHHON MOABHKHOCTH aTOMOB B TUTAHE
[7], mosTomy mon3ydecTh B HEM MPHUMEPHO C TAKOW e CKOPOCTHIO, KaKk U B
JKeJe3e, HaCTymaeT npu 0oJiee HU3KUX HanpsukeHussx — 2—3 MIa.

ITpu BRICOKHX HAMPSHKCHUAX HAMOOJBINAS CKOPOCTh TOJI3YUCCTH, TAKIKE KaK
W HanOoJNbIIIas TIACTUYHOCTh, HAOM0AaeTCs, Kora 006a metamia umeror OIIK
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pElIeTKy, YTO y>K€ OTMe4anoch. [[OMBITKH yCTaHOBUTh MEXaHU3M IOJI3YYECTH,
KOTOPBIA KOHTPOJMPYET €€ CKOPOCTh B JAHHBIX YCIOBHUSIX, HE TPHUBEIU K
OJTHO3HAYHOMY pe3ynbrary. [lo maHHBIM pHc. 3 ONpeAeNsuid IoKa3aTeib

cremesn N B ypaBHewmn €, = AQ" exd—Qc/ kT) M 9HEPIUI0 aKTHBALUH

non3ydyectd Q. B )kese3e U TUTAHE.

[TokazaTenp cremeHm N IS o-XKejne3a B TEMIIEpaTypHOW o0macTh
850—875 °C usmensiercs ot 3,5 10 4,2. 1o BenuuuHe mOKa3areis CTEIEHU N
MOXHO OBUTO OBI MPEIMONIOKUTH, YTO MEXAHU3MOM, KOHTPOJUPYIOIIUM
CKOpPOCTh YCTAHOBHBILCHCS IIOJI3YYECTH, SBISETCS IEPENoi3aHue KpPaeBBIX
auciokanuit [2]. OmHako SHEpPrusl aKTHBAIMU Moi3ydecTn Q., M3MepeHHas B
9TOM K€ TeMIepaTypHoM uHTepBaie, paBHa 140 k/[x/MOJb, YTO 3HAYUTEIHHO
MEHBIIE SHEPTHH aKTHBALNH camoauddysuu B xenese (251 kJx/Monb) u qake
MEHBIIE SHEPruH aKTuBanmu auddysun mo rpanunam 3epe (174 xJ[x/Mois)
[8]. Takum oOpa3oMm, manuble Mo Q. HE MAIOT BO3MOMXHOCTH OJHO3HAYHO
OTIPEICIUTh MEXaHMU3M IMOJ3Yy4YEeCTH Keje3a B OTOM 00JacTh TeMmrmepartyp.
B TemnepartypHoli o0iacTu CyliecTBOBaHMs y-keiae3a N = 2, a Q. BooOie
TPYAHO OTPE/ICITHUTh.

JIinsi TMTaHa B MHTEpBasie Temmeparyp o-pemetku 750—800 °C n = 1.
OHeprus akTHUBAIWU MO3y4ecTH Q; B 3TOM XK€ MHTEpBaJe TEMIIEPaTyp paBHA
83 kJ[k/MoNb, 9TO OJM3KO K BEIWYMHE JHEPIMH aKTHBAIMM AU(QY3UH 110
rpanuiaMm 3epeH B tutane (97 x/[x/monp) [8]. Takoe coderanme aByx
napamerpoB Q. W N JaeT OCHOBaHUE MPEIONIOKUTh, YTO MEXaHH3MOM
MON3y4YeCTH TUTAHA B JIAHHBIX YCJIOBHSX sBJSIETCS MUPQPY3usi MO TpaHUIAM
sepeH mo Mmonenu KoOna [9]. [ocie mepexoma THTaHa B COCTOSIHUE C
B-pemierkoit (OIIK) mpu temmeparype 900°C Q. msmensercs ot 486,810
615 x/x/MoJb. DTH BETHYMHBI 3HAYUTEIBHO MPEBBIIIAIOT SHEPTUIO AKTUBAIIMN
camonn(¢ys3un tutana B B-ase (132 k] x/Mons). ITokazarens creneHu N mpu
9TO ke Temrmepatype paBeH 3,5. AHOMaNbHO BbICOKOE 3HaueHHe Q. He
MO3BOJISIET OJTHO3HAYHO ONPE/ICIUTh MEXaHU3M ION3ydecTH TUTaHa B [-¢ase,
OJTHAKO BEJIMYMHA IIOKa3aTessl CTENeHH N yKa3plBaeT Ha TO, YTO 3TO, IO-
BUAMMOMY, JMCIOKAITUOHHBIC MEXaHU3MBI.

ITpoBeieHHBIH aHATH3 MEXaHU3MOB TMOJI3YUYECTH JKeJe3a ¥ THTaHA MOKa3bIBaeT,
9TO B TOW TeMIlepaTypHOil obmacth, e oba meramia uMmerot OLIK pemerky
(0-xenme30 u B-THTaH), 3HAUCHHUS TIOKA3aTeNs CTCICHH N MPHUMEPHO OJMHAKOBBI,
XOTS SHEPIUH aKTHUBAIIMK TON3ydecTH Q, MMEIOT aHOMAaJIbHBIC 3HAYCHHS. MOXKHO
MPEIIONIOKUTh, YTO U MEXaHH3M TOJI3y4eCTH y HUX Toxe Oyner omuHakos. [lo
BCeH BUIUMOCTH, 3TO JIMCIOKAIMOHHBIA MEXaHWU3M Je(OpMalid B CIIOXKHBIX
YCIIOBUSAX MEPECTPONKH OHON KPUCTAUTHUCCKOMN PEIICTKU B IPYTYIO.

BrIBOALI
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nedopMaliy, TUNE KPUCTALTHIESCKON PElIeTKH — O0bEMHO IIEHTPUPOBAHHOMN
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1. Tyases A. I1. CBepXImiacTHIHOCTH cTamu. — M.: Meramnyprus, 1982.— 56.¢.

56



Usanoe U. I'., Haeu M. P., Pabununa E. 3., Cemenenxko B. E. Kunernueckue
0COOEHHOCTH TIACTUYECKON JeopMariuu kenesa npu pa3zoBoM Y — a-nepexoze //
dusuka MeTauioB U Metajutoseaenue. — 1978.— 46, Ne 1. — C. 162—166.
Ilyapve K.-I1. Tlon3ydects kpuctamioB. — M.: Mup, 1988.— 285c.

Ilumenose B. A., Dcmpun O. M. MexaHudeckne CBOHCTBa jKele3a  BOJM3H
o — y-npeBpamenus /[ ®usuka MerawioB U MerawioBenenune. — 2005.— 99,
Ne 2.— C. 100—104.

Kypowmos I'. B., Vmescxuu JI. M., Oumun P. M. IlpeBpaiienus B xenese u
cranmu. — M.: Hayka, 1977.— 238c.

Conomenxos B. A., I'nasxos B. Il., bnaumep M. C. TeroBbie KoneOaHUS H
nojauMopdHeli o0 — P-mepexom B yanrade // ®duskka METAIOB H
merawiosegenne. — 2006.— 101, Ne 2. — C. 177—183.

Kypasnvoe A. X., Ieacuwun O. M., Kyniw M. I1. ma in. Andy3is B aHI30TPOITHUX
'Y kpucramax Ta ii BIUIMB Ha BHCOKOTeMIEpaTypHy nedopmamito [/
Mertamnodus. HoBeimue Texuonoruu. — 2005.— 27, Ne 7.— C. 10012—1009.
@pocm I. Jc., Jwou M. @. Kaptel MexaHU3MOB JedopManui. — YensiOnHCK:
Mertamryprus, 1989.— 328c.

Iuwax B. K., Mouceesa U. B., Oxpaumney II. H. BpicokoTemmnepaTypHas
NPOYHOCTh ¥ (hU3UUECKHE CBOMCTBA TexHM4Yeckd uucroro Tutana BT1-0 //
Mertamnodus. HoBelmme TexHonorud. — 2001.— 23, Ne 9. — C. 1243—1257.

57



