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TpagnynoHHbIMK oBbeKTamm XuMMKo-Tepmmyeckon obpaboTtku (XTO) asnaioTca Tena,
pasmepbl KOTOPbIX HAMHOrO MpPeBbIWAT TOMNWMHY AuddysmnoHHoro cnos. XTO Takmx
06BbEKTOB NPOBOAUTCA B LENSX MNOBbILEHMS 3KCMNyaTaunoOHHbIX CBOWCTB MOBEPXHOCTU.
MukpoobbekTbl (¢ nosuyun XTO) — 3To Tena, NMMHENHbIE pasMepbl KOTOPbIX CONOCTaBUMbI C
TonwmHOM AnddY3MOHHOro cnosi. Mukpoobbektamm MOryT ObiTb MOPOLLKKW, MPOBOMNOKa
ManbiX AMameTpoB, NUCT, donbra u mukpomsgenus. CywecTBeHHble pasnuumsa uyenen XTO
MUKPOODOBEKTOB, TEXHONMOMMYECKUX CXEM M MPOLECCOB CTPYKTYypooBpasoBaHWA MO3BONUMN
BblAENNTb HOBOE NEpCrnekTuBHoe HanpasneHne XTO — TepmoanddysmoHHoe nermposaHme
Mmukpoobvektos [1]. Heobxogumocte nogobHOM audpdpepeHymauyum Ha MUKPO- WU
MakpoobbekTbl 06ycnoBneHa CyLeCTBEHHbIMM PasnnunuamMmn B Anddy3nMoHHbIX npoLeccax,
CTPYKTYpoOOpasoBaHUM U TEXHOMOrMYECKMX CXemax peanusadum npouyeccos XTO.
Bcneacteue Bbilen3noXeHHOro pasnuyHbele npoueccbl XTO MUKPOOOBBHEKTOB B TEXHUYECKON
nutepaTtype NPUHATO HasbiBaTb ANPPY3NOHHBIM neruposaHnem (A11) [1].

Ondby3noHHO-NnermMpoBaHHble CNnaebl HALUMW LUMPOKOE NPUMEHEHME NPW YNPOYHEHNN
N BOCCTAHOBNEHUWN AeTanen MallMH U MeXaHM3MoB, paboTaroLmx B YCIOBUAX UHTEHCUBHOTO
abpasmBHOro usHawmeaHus. [2]. B psage cnydaeB KpOME W3BECTHbIX TEXHOMOrMYECKMX
CBOWCTB, K YyKasaHHbIM MOpOLKaM MpeabaBnsaioTcs cneyududeckue TpebosBaHus no
MarHUTHbIM XapakTtepuctukam. [lpyumepamyn Takux TEXHOMOrMW HaHECEHUA MNOKPbITUA
ABNATCA MHAYKUWOHHASA, 3neKkTpouckpoBas Hannaeka, n ap. [3]. Cneumduka ykasaHHbIX
TEXHOMOrMn nogpasymeBaet ncnonb3oBaHne MaTepuarnos c Tpebyemon
HaMarHM4MBaEeMOCTbIO U MarHUTHOW NMPOHULAEMOCTbIO. B gaHHon paboTe Obina nposeaeH
aHanns uHdoOpMauMM O MarHWTHbIX CBOWCTBax AuUdpdy3noHHO-NermpoBaHHbIXx BGoOpom
NMOPOLLKOBbLIX CMfiaBax Ha CTanbHOW OO YyryHHOW OCHOBAaX.

Kak un3BecTHO, Bblwe TOYkM KOpM MHTEHCUMBHOCTb TEMMOBOrO ABWXEHWUS aTOMOB
deppomMarHeTuka OKasbiBaeTCA AOCTaTOMHOM AN paspyLUeHUs ero camornpou3BOSIbHOM
HaMarHMYeHHOCTU U U3MEHEHUA CUMMETPUM, B pesynbTate PeppoOMarHeTuK CTaHOBUTCA
napamarHETUKOM. 3TO MPUBOAUT K PE3KOMY NaAEHUIO 3HAYEHNS MAarHUTHOW NPOHULIAEMOCTU
¢ nopagka 10%-10* po eamuuy [4]. MarHuTomsrkue cnnasbl (CTanM) Mydlle MoALalOTCS
WHAYKLUMOHHOMY HarpeBy, YeM MarHUTOTBEpPAbIE, TaK KaK Y HUX KO3PLUUTUBHAA CMNa MEHbLUE
[5]. Mo wusBecTHbIM pAaHHbIM A.ll. [ynseBa, yMeHbLUEHWE pasmepa 3epHa, Haknén,
HanpspkeHna B pelléTtke, as3oBble NPEBPALUEHUSA BbI3blBAOT YBEMNUYEHUE KOIPLUTUBHOWN
Cwnbl, CrieAaoBaTenbHO, pasmep AUCNEPCHOCTb CTPYKTYpbl U €e Mopdonorua ABnSOTCS
dakTopamm NoBeLEHUS CriaBa B MarHUTHOM none (puc. 1).

ABTOpamMn  paHee  WUCCMefoBaHO  BMMSHWME — Temnepartypbl  npouecca U
NPOAOIMKUTENBHOCTU BbIAEPXKKM MNpu oBpaboTke Ha TOMWMHY, a, CnejoBartenbHO, U Ha
KOHLUEHTpaUUVIO NErMpyoWmnx 3NeMEHTOB B YYryHHOW apobu (puc. 2) [6-7]. Mpn yBenuyeHun
NPOAOIMKNTENBHOCTN ANPY3UOHHOrO nernpoBaHusa ot 60 ao 120 MMH, C MNOCTOSIHHOW
Temnepatypon obpaboTku, yBenmyeHne TonwmHbl 4UGPEY3MOHHOIO Crios COCTaBrnsieT OKOMNo
10...15 %, 4TO Npu NONy4YeHUN 3KOHOMHO AN PY3INOHHO-NEMMPOBAHHBIX CMNMaBOB SABMNAETCSH
HepauuoHanbHbIM.  [loBblleHWMe  TemnepaTypbl AW EDY3MOHHOrO  nermMpoBaHMs ¢
850...900 °C go 1000 °C, ¢ coxpaHeHnem nocTosHHOro BpemeHun obpabotkn, cnocobecTeyeT
pocCTy ANddY3nOHHOro crost Ha 15...25%, ogHako KOHLUEeHTpaunsa nerupyowmx 3anemeHToB U
CTOMMOCTb FOTOBOrO CMnaea, C y4eTOM 3HeprosaTpar, Npu NpoM3BO4CTBE HUBENUNPYIOTCA.
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PucyHok 1 — 3aBUCMMOCTb KOIPLUMTUBHOW CUNbI OT CTENEHU aedhopMauun n HanpsXeHus ang
KOHCTPYKUMOHHLIX cTanen [8]

N3BeCTHO, UTO BbICOKAs KO3PLUMTUBHAS Curna yrinepoamcTon ctanu nonyyaerca nocne
3aKankv npu HamumuMm MapTEHCUTHOW CTPYKTypbl. Haunydywme csBoucTBa nony4varoTcs B
cnnaese, coaepxawem 0,8% C nocne 3akanku, onTUManbHas TemnepaTypa 3akarnku
780...850 °C, 3akanka npon3soauTCcs B BOAY Mnm macno [8]. B nopoLkoBbIx MaTepmanax Ha
KO3PUUTUBHYIO CUMY B 3HAYUTENbHOW CTENEHU BNUSAET AMaMeTp YacTul,
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a) 0) B)
a — 3aBUCMMOCTb TOMLLUMHBI CNOSA OT NpogosmkuTensHocTn OJ1;
6 — 3aBMCMMOCTb TOJLLMHbI CNOSA OT TeMmnepaTypbl AJT;
B — MukpocTpykTypa anddy3moHHO-nermpoBaHHon apodu Q41 08
PucyHok 2 — TemnepaTypHO-BPEMEHHbIE 3aBUCUMOCTU AU PY3INOHHOIO NerMpoBaHuns
MeTanIn4ecknx OTX040B YYryHHON Apobu M MUKPOCTPYKTYpa

Kak wnssectHo, GopupoBaHMe CHWXAET MarHUTHYIO MNPOHULAEMOCTb YIMepoAMCTbIX
cTanen n Tem sHauntenbHee, Yem Gonblue TonwuHa cnos [9]. KospumtmeHasa cuna 6opngos
FeB u Fe,B oueHmnBaetca senuumnHamum 1,9...2,1 n 2,8...3,1 3 cooTBETCTBEHHO. Touka Kiopu
6opuaa FeB paeHa 685 °C. BopupoBaHMe Takke yBENMUMBAET 3NEKTPOCOMNPOTUBMEHME
ctanm [10]. OpHako aBTopamn [11] umccnepoBaHbl PasoBbIM M XMMUYECKMA COCTaBbl
ANPPY3MOHHOrO BGOPUAHOrO MOKPbITUHA, HAHECEHHOr0 Ha LUTaMMoBYK CTanb Mapku
4X6M®PC. TllokasaHo, uTO OopupoBaHWe cTanuM W3MEHSeT opMy neTnM MarHUTHOro
rmcrepesuca, yBenuuneas 3Ha4eHns KO3PLUTUBHOWN CuUnbl, MaKkCUMarnbHOW
andepeHymnansHON MarHUTHON NPOHMLEEMOCTM U OCTaTOMHOM UMHAYKUMK. C yBenuyeHmem
TONWMHbI 6OPUAHOIO NOKPLITUS MarHUTHbBIE XapakTEPUCTUKN U3MEHAIOTCH HE3HAUUTENBHO, a
3Ha4YeHMS YAENbHOro 3NeKTPOCONPOTMBIIEHNSA BO3PaCTaloT.

Takum obpasom, Hanumune audpdy3noHHbeix OGOpUPMAHBIX CNOEB U TepMMyeckas
obpaboTka 3HAUMTENBHO WU3MEHAIT MarHUTHbIE XapakTEPUCTUKA CTarbHbIX WM YYTYHHbIX
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MOPOLLKOB, YTO SIBMSETCA CYLWECTBEHHbIM (aKTOPOM psaa YNPOYHSIIOLWMX TEXHOMOTUA.
N3BeCTHbIe AaHHbIE HEMOMHbI U B PSAE cny4vae, NpOTUBOPEYNBDI.

Heobxoaunmbl ganbHenwme nccneaoBaHms B gaHHon obnacTtu ¢ nogpoOHbIM aHann3om
NCXOAHbIX MaTepuanoB 1 KOPPEKTHbIX HAa3HAYeHUA PEXMMOB AN dY3NOHHOTO NerMpoBaHus.

Cnucok nutepartypbl:

1. MNaHteneenko, ®.N. CoctosHne M 0CobeHHOCTM AUDPPY3NOHHOrO NEernpoBaHUs
nopowkos / ®.W. lMaHTeneeHko, B.M. KoHcTaHTMHOB // YnpouHgiowme TexHonorum u
nokpbITusi. — 2008. - Ne 1. - C. 36-43.

2. MNaHTeneeHko ®.U., KoHcTtaHTMHOB B.M. TeopeTudeckme OCHOBbl U TEXHONOrMU
NONy4YeHUs 3aLUTHBIX NOKPLITUA U3 ANdY3NOHHO-NEMMPOBaHHbIX CrnasoB [epcnekTUBHbIE
MaTtepwuansl U TexHonorum, nog obwy. peg. B.B. Knybosnua. — 2008. — Butebek: N3a-80 YO
«BTrY» —Mnasa 9. - C. 187-214.

3. Akynosud, JI.LM. TexHonorns n obopyaosaHue marHUTHO-abpasvBHOW 06paboTku
METannM4Yecknx noBepxHocTen pasnuyHoro npocounsg / JLM. Akynosud, J1.LE. Ceprees. —
MwuHck: BI'ATY, 2013. - 372 c.

4. ObpaboTka M3genMn MaMHOCTPOEHUSA C MPUMEHEHNEM WHAYKLUMOHHOIO Harpesa
[TekcT]: HayyHoe wusganue / [A. WN. TopaneHko n ap.]; HauyuoHaneHaa akagemuna Hayk
Benapycu, Pn3nko-TexHn4ecknn MHCTUTYT. - MuHck: benapyckaa Hayka, 2009. - 287 c.

5. MeaHos B.H., ®pornos B.A., MBaHos [1.B. MHAYKUNMOHHLIA Harpes meTannos. Teopus
1 npakTuka. YuyebHoe nocobue. CI16. N3g MonutexHuyeckoro UHctuTyTa. -2008. -362 C.

6. Lepbakos, B. [I. Hekotopble o0COBEHHOCTM nonyyYeHus Audy3noHHO-
NernpoBaHHbIX CMNaBoB ANA WMHAYKUMOHHOW HanmaBkM U3 AMCMEPCHbIX OTXOAO0B CTanun u
yyryHa B MOABWXKHbIX nopowkoBbix cmecax / B. . LWepbakos // Metannyprus:
pecnybrnmMKkaHCKNA MEXBEAOMCTBEHHbIN COOPHMK Hay4HbIX Tpyaos. — MuHck: BHTY, 2015. —
Bein. 36 - C. 243-249.

7. Wepbakos, B.I". Anhdy3noHHO-NerMpoBaHHble Chnasebl U3 MeTanIMYeCcknx OTXO40B
NPOM3BOACTBA C TMOHWXEHHOW TemnepaTypon nnasneHna pna  opMUpoBaHUS
M3HOCOCTOMKNX MOKPbLITUA WMHAYKUMOHHOW HannaBKkOW TOKamu BbICOKOW 4vactoTbl / B.I.
LLlepbakos // JIntbe n metannyprms. — 2016. — Ne 4 (85). — C. 89 - 96.

8. lN'ynsaes, A.T1. MaTepnanoeeaeHne/A.T. l'ynaes. M.: Metannyprua, 1986. — 544 c.

9. Oy6uHuH . H. KOHCTPYKUNOHHbIE, NPOBOAHUKOBLIE U MarHUTHbIE MaTepuansl / .H.
OybunuH, KO.C. ABpaamos. — M.: MawwumHocTpoeHue, 1973. — 296 c.

10. BopuceHok I.B. Xumuko-tepmunyeckas obpabotka metannos 1 cnnasos / [.B.
BopuceHok, J1.A. Bacunbes, J1.I". BopowHuH [u ap.] / M.: MeTtannyprug, 1981. -424 c.

11  TlyrayeBa H.B. Bnuaume andPYy3sMOHHbIX BOPUAHBLIX  MOKPLITUM  Ha
3neKkTpoMarHuTHble ceonctea wramnoson ctanm / H.B. MNyrauesa, C.M. 3aasopkuna, T.M.
Beikosa / Bonpockl matepuanosegeHus, CankT-lMetepbypr, Oy «LeHTpanbHbIn Hay4yHO-
NCCneaoBaTenbCkUA MHCTUTYT KOHCTPYKUMOHHBIX Matepunanos «[pomeTten», 2016. - Ne 3. -
C. 66-73.

251



