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NMutbe. MeTtannyprua. 2015:  Matepuansl  XI MexayHapoaHOW — Hay4HO-
npakTudeckon koHdeperumn (26-28 mas 2015 r., r. 3anopoxbe) / 1o obul. pea. 4.T.H.,
npod. MNoHomaperko O.N. — 3anopoxbe, 3TIIN. — 450 cTp.

B cHOpHUKE MpeACTaBREHbl MaTepUars, kKacalimecst akTyanbHbIx Npobnem NUTEenHo-
ro ¥ METanmypryeckoro NPou3BOoACTBa: NosyyeHus, 06paboTku 1 CTPykTypoobpa3osaHus
CNNaBOB; MPOrpeccMBHbIE TEXHONOMMK 1 0bopyAOBaHWE B INTEMHOM NPON3BOACTBE, NEP-
CREeKTUBHbIE (POPMOBOYHLIE MaTepuanbs! 1 CMecu, TexHOMoruyeckne NpoLecch U3roTos-
fleHUst (POPM 1 CTEPXKHEN; MOLENUPOBAHUE, KOMMbIOTEPHBLIE U MH(POPMALIMOHHBIE TEXHO-
forK B NUTENHOM MPOM3BOACTBE; CreumanbHbie cnocobbl NMUTbA U NMUTbE KOMNO3NLIMOH-
HbIX MaTepWarnos; METOALI KOHTPOMNS NUTENHbLIX ¥ METannypruiecknx nNpoLeccos, 3KOHO-
MMKA W 9KONOTUA NUTENHOro NPOU3BOACTBA.

MaTepwansl NpeiHasHayYeHbl AN WHXEHEPHO-TEXHNYECKUX paboTHIKOB MeTannypru-
YECKMUX ¥ MALLMHOCTPOUTENbLHLIX NPEANPUATAN U HayYHO-UCCNEeL0BATENbCKUX MHCTUTYTOB,
acnMpaHTOB U CTY1EHTOB BbICILNX YHEOHbIX 3aneneHnit.

MeyaTaeTca NO pelweHnto YyeHoro copeta HaumoHanbHOrO TEXHUYECKOrOo yHMBEPCUTETA
«XapbKOBCKOro NOMUTEXHUYECKOrO UHCTUTYTax , NPOTOKON Ne 4 07 24.04.2015

3a 4OCTOBEPHOCTb MHMOPMALMK, W3NOXKEHHOW B MaTepuanax KoHgepeHunu, HecyT oT-
BETCTBEHHOCTb X aBTOPbI.

PepnakTopbl: T.B. Bepnuzesa, C.B. 'Hunockypexko, CtoaHos AH.
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YOK 621.771:621.785:539.3
0.H. Nepkos', U.A. Bakynenko? B.M. Kysbmuues'
"MHeTuTyT YepHoii MeTannyprv HAHY, r. JHenponeTpoBck;

2[1HenpONEeTPOBCKUIA HAUMOHANbHbIA YHUBEPCUTET /A TpaHcnopTa, r. [JHenponeTpoBCK
O NOBbILWEHUN TPELLMHOCTOUKOCTU NPOKATA

Ha ocHOBE McCnesoBaHUS CTPYKTYPHbIX M3MEHEHUS U AedOopMaLUOHHOro ynpou-
HEHUs1 YINepoANCTbIX CTanewn npu PEBEPCVBHOM HarpyxeHun pas3paboTaHbl npeanoxe-
HMSA MO NOBBLILLEHNIO CONPOTUBNEHUA POCTY TPELWMH B NpoKaTe.

Mpy TEPMUYECKOM YTNPOYHEHUM 3a CYET NpOTEeKaHUs NpoueccoB asoBblx Npespa-
LEeHUA (M3MeHeHUEe yaenbHOro obbema) CoBMeCTHO ¢ HEOAHOPOAHOCTLIO pacnpeaeneHns
CKOpOCTY OXNAXAEHUS MO 3reMeHTaM U3genus NpoucxoauT kopobneHne metanna, KoTo-
poe yCTpaHseTCs onepauuen npasku, NpeacTaBnsouen cobon 3HaKoNepPEMEHHbIN U3runo.
Mpwv 3TOM XapakTepUCTUKU 1eDOPMALMOHHOIC YIPOUHEHNUS cTanu nosbitianTes [1].

Llenbio paboTbl SBUNACL OLEHKA BIUSIHWSA 3HAKONEPEMEHHOrO Ae(OPMNPOBaHNS
n3rnboM Ha NPOLECCHl 3aPOXAEHNA W POCTA TPEeLLUUHbI B TEPMOYNPOYHEHHOM HU3KOYreE-
POANCTOM NpoKaTe.

MaTtepuanom Ans UCCReA0BaHUa CRyxun yroBon npokat pasmepom 100x100x10
MM M3 cTanu mapku CT3nc npomssogcTtea 3anaaHo-CMONpPCKoOro Metannypri4eckoro Kom-
BuHaTa. TepMM4EcKoe YyNPOYHEHNE OCYLLECTBIISANOCh B fIMHUKM CTaHa 450 NyTem yCKOpeH-
HOTO OXNAXAEHWUS 0T TeMNepartypbl OKOHYANWA NMPOKATKW A0 CPEAHEMACCOBOW (N0 Ceve

Huo n3genna) 650°C. Ceoucrea meTanna cnpeaensny U3 aHanusa AnarpamMm pacrske:
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HUSA Npn Temnepatype ncneitarna +20 C v ckepocTy 4edopmuposaHing 10~ ¢ JHeprvu
3apOXAEHUA 1 pocTa TpeLwnHbl ONPeAEnAniCy aHanm3om anarpaMm paspyueHns o0pas-
LIOB NPU UCTLITAHUSX Ha yAapHbIN n3rub. TemnepaTtypa ucneliTaHua cocrasnsana ot +20 oo
-100°C.

YcnoBue pacnpocTpaHeHus TpelluHbl B Xpynkom matepuane npu NpeoaoneHuu
MeX3epeHHON rpaHuLibl B o6LLEM BUAe MoxeT BbiTb 3anucaHo [2]:

Gy, di 22 1By, (™)
rae O, - Npeaen Teky4ectn, ky, - yrnoBon Ko3I@PUUMEHT COOTHOLIEHMS Xonna-
MeTya; d - pasmep 3epHa; 1 - MOAYNb CABWIE. ! - KOIPAUUMEHT (ANA MHOTUX METANOB ¥
yrmepoAnCTbIX cTaneit coctasnser %[2]); - - 3chpeKkTUBHAA NoBEpPXHOCTHas aHeprus. OA-
HaKo C Y4eTOM TOro, YTO B YCTbe TPEeLUMHbI MeTans noABepraeTca onpeaenexHol nnactu-

yeckon aedopmauun, BENNYMHA KPUTUHECKOTO PacKpbiTUs TpeLUHb! (0s5) ABNAETCA TOW

XapaKTepUCTUKOW, KOTopasi NO3BONUT 06 BACHUTL NOBEEHWe MeTanna B 3aBucMMOCT! Ot
YCNOBUiA HArPyXEHUsi U er0 CTPYKTYPHOTO COCTOAHMSA. B pesynbTaTe 3aMeHbl BENNHMHLI
CMELLEHMS PN ONNCaHUM NpoLecca CKonbxeHusa [2] Ha packpbiTUe TPeLLrHbI NONy4eHO

COOTHOLWEeHMe, No3BoNnsAloLee OLUEHUTb 5éél

Gog =5 @)
A0,

e a - AnuHa TPEeLWHbL ¢ - HanpsikeHue paspylienund; E - mMoayns HOwra /[insa
HU3KOYIMEPOAUCTBIX cTanen a = d [2]. Kak crieayeT u3 aHannia 3aBncnmocti (2), BENn-
YMHA KPUTUYECKOTO PacKpbITUS TPELWMHb! CBS3aHa He TOMbKo C pasMepoMm 3epHa eppu--
Ta, @ U C COOTHOLLEHUEM MEXAY O4; W O 4. Tak, ecnv paccMaTpusaTb koappuuneHT ae-
¢hopMauUMOHHOTO  YNPOYHEHUA (n), BXOASMW B YypaBHEHWE KPUBOW PaCTHKEHURA
(c =k-£",rne o- Vg - COOTBETCTBEHHO UCTUHHBIE HANPsXEHUE 1 aedopmauinn) B Kave-

CTBE XapaKTEPUCTVKW, OLEHWBAIOLIEN CMOCODHOCTL MeTanna kK Ae(OopMaunoHHoMy yn-

0

o.

-poyHeHuno [1], cyllecTBoBaHWE B3aMMOCBA3N /1 — no3BoONUNO Obl y4eCTb pasBuTue

NPOLECCOB AeOPMALIMOHHOTO YNIPOYHEHNS NPW 3apOXAEHAN U POCTE TPELMHL!. B pe-

o
3ynbTate (POPMAsnibHOrO HaHECEHUS NapHbIX 3HaYEHUM N NPOTUB —Y ansA yrnepoamncTbiX
_ o
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cTanei ¢ pasnuuHbIMM MOpPONOrMen 1 ANCNepCHOCTLIO BTOPOW ¢hasbl obHapyxeHa 06-
paTHO nponopuxoHanbHasi 3aBUCUMOCTb.

Y4uTbiBas, YTO NpOLIECC NpaBku MpokaTa npeacTaBnseT coboi 3HaKonepemMeHHbIN
arn6 usnenus, NMOBTOPEHME LMKIIA CONPOBOXAAETCA HE TONbKO U3MEHEHMEM 3HaKa Ae-
copMaLnK, HO U HEM3BEXHbIM CMELLEHUEM HeWTpanbHoOW nNuHuW. MNpK 3TOM CMeHa nonewn
BHYTPEHHUX HanpsXXeHWH HEe3aBUCKUMO OT CTPYKTYPHOrO COCTOSIHUA CTanu, KonuyecTsa u
mopconorum kapbuaHoi asbl NPUBOANT K YMEHbLIEHWIO oBLWEel NNOTHOCTU AedekToB,
KPUCTannM4eckoro CTpoeHus, 4To cnocobCcTeyeT NpupocTy napameTpoB AeOPMaLMOHHO-
ro ynpo4YHeHus npu nocneayowem HarpyxeHun [3]. YuutbiBas, uto obuias 3Heprus, 3a-
TpayeHHas Ha pacnpocTpaHeHue TpeLyMHbl MOXeT ObiTb pasaeneHa Ha 3Hepruio 3apox-
Aeruna (KUz) n pocta (KUp), CTaHOBMTCS BO3MOXHBLIM OLIEHWUTL pasfAeribHoe BRUsSHWE No-
cnepoBsaTeNlbHO NpoTeKalowmx npoueccoB OpMUPOBaHUA TPELUMHBI HA OXpynyuMBaHUe
TepPMOYNpPOYHEHHOro npokara. pu HeusMeHHOM AaBrieHUM Ha NpaBsLuMe PONUKK yBenu-
YeHune Konm4yecTsa NPOXOAO0B (/M) TEPMUYECKW YNPOYHEHHOrO NpokaTa Yepes ponukonpa- .
‘BUNbHbLINA arperaT HE3aBUCMMO OT TeMrepaTypbl UCMbITAHWUS CONPOBOXAAETCA Np1pPOCTOM
3HEpPruu 3apoXxaeHUs TpeLuHbl, NPU NpakTUYEeCKn HEUIMEHHOW 3HepruM ee pacnpocrtpa-
HEHUA (PUCYHOK).

- Mo mepe cHWkeHWs TemnepaTtypbl UCTbITAHWUS BenMuMHa npupocta KUz ¢ pocmu-iz
Konu4yecrsa NpoxoA0B Npu Npaske NOBbLILAETCA U AOCTUraeT Npy Temneparype -100°C no

CpaBHeHMIO C KOMHaTHOW NpeBbILLEHUA NPUMEPHO B ABa pasa.
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BnuaHue konuyectea npoxo.qos’ MeTanna (T) Yepes arperaTt NnpaBku U Temnepary-
pbi UcnbiTarms (+ 20 - (1); - 20 - (2); - 40 - (3); - 60 -(4); - 80 - (5); -100 °C - (6)) Ha KU;, (a)
n KU, (6) | |
M3 npmBeaeHHOW 3aBMCMMOCTU CriefyeT, YTO OCHOBHOE BNUSAHWE Ha Temnepatypy
nepexona B xXpynkoe CoCTosHWE C U3IMEHEeHWEeM m BHOCUTCAHA I'lpOLlGCCSMM 3apo>|<p.eHu;r

TPeLIMHbLI U B MEHbLUEW Mepe - ee pocTa.
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[lononHuTenbHOE NOATBEPXKAEHME NMPUBEAEHHBLIM MOSIOXKEHUAM crneayeTt U3 nony-
YeHHbIX 3KCnepuvMeHTanbHbIX AaHHbIX NPU U3SMEHEHUU 3HEepProCUroBOro pexuma npasku.
MoBblleHVe faBneHus Ha npaeswme ponukn Ha 50% He NpUBENO K Ka4eCTBEHHLIM NU3Me-
HEHUAM B 3aBUCUMOCTU KU5 - m.

Takum 06pa3oM, HE3ABUCMMO OT pexuma NpaBku yYBENUYEeHUe Konuvecrtsa Npoxo-
A,0B MeTanna 4Yepes npasuilbHbIA arperart npusoanT K NOBbILLEHUO 0DLIEn 3aTpadyeHHoN
3Heprn Ha ero paspylweHue. PasaensHbid aHanuMa nNpoLeccoB 3apoXaeHus u pocta Tpe-
LMHbI NOKa3an, YTo OCHOBHOW BKNAaa B MNOBbILIEHWME XNAAHOCTOMKOCTU meTanna obecne-
YMBAETCH 3a CHET NPUPOCTa IHEPTUN 3apOXKAEHUA TPELLMHBI, KOTopas CBsid3aHa CO Cno-

~CODOHOCTbIO MeTanna K AegOopMalUnOHHOMY YNPOYHEHMIO.
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