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BeeaeHue

TexHonorna 6GopupOBaHUA NPUMEHMMA BO MHOIMMX OTPACNAX MPOMbILLIIEHHOCTH,
npexae BCEro, Ans wusgenun, padoTalowmnx B YCNoBMsIX abpasmMBHOMO WM3HaLLMBAHUS
(cenbckoe X03aMCTBO, MPOU3BOACTBO CTPOUTENbHbLIX MaTepuanos, MaLUMHOCTPOEHNE N Ap.).
Mpouecc GopupoBaHUA OCYLLECTBNSETCA M3 MNOPOLUKOBLIX Cpea, pacnnasosB, 0OMasok,
rasoBbIX Cpej, Nnrasmbl TNELWeEro paspsaa u apyrmx, B pesyrbTaTe HacblWEHUS CBOUCTBa
AN PY3NOHHBIX CrOEB MOMYT U3MEHATLCS B LUMPOKOM AnanasoHe [1-3]. B nocnegHune rogbl
aKTMBHO WCCNEAYyeTCs HarnpasfieHMe BbICOKOYACTOTHOMO Harpeea AN  TEXHOMNOrmu
topupoBaHma M3 0OMAa30K, KOTOPOE MO3BOMSIET 3HAYUTENBHOW UWHTEHCMUUMpPOBaTb
npouecc, CoKpaTUTb NPOAOIKUTENBHOCTE HACLILEHNS OT HECKOMBbKUX YacOB A0 HECKOMbKNX
MUHYT. B paboTte uccnegosanu BnNusiHME PEXMMOB WUHAYKLUWOHHOIO HarpeBa Ha CTPYKTYpy
BopUpPOBaHHbIX CNOEB NONyYeHHbIX N3 06Ma3ok Ha ocHoBe kapbuaa bopa.

Matepuanbl u MeTogMKa uccriegoBaHum

BopuposaHue npoBoaunM ns obmaskm TONWMHON 2—3 MM, KOTOpas npeaBapuTenbHO
HaHOCMNacb Ha MOBEPXHOCTb Mrockmx obpasuyoB M3 cranu 651 n cranm 45. O6paboTka
Benacb No ABym pexumam. B nepsom cnydae nposogunu G6opupoBaHne OLHOKPAaTHbIM
Harpesom (puc.1,a) po Temnepartypbl 1100 °C, BO BTOPOM cCry4ae OCyLECTBMSAMNOCh
TepMoumknuposaHue B nHtepearne temneparyp 1150...600 °C, obLiee KONM4YeCTBO LMKIIOB —
5 (pnc.1,6). Obmaska npegcrasnsana cobon nopowok kapbuaa Gopa B,C, aktmsatop u
OFHEYMOPHbBIA HarnoOMHUTENb, BKNIOYALWWMA crneyuarnbHbld nnactudukaTop B MNPUCYTCBUK
KOTOpOro ceasyloWmuMm asnsetca soga. NHAYKUMOHHBIM Harpes obpasLoB OCYLLECTBNANN B
NIOCKOM WHAYKTOpe, Ha ycTtaHoBke OJICUT — 40/20-70, TemnepaTypy MOBEPXHOCTU
o6pa3uoB onpeaenanu ¢ NOMOLLbIO NMPOMETPA.
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pexXuMmM OQHOKPaTHOro HarpeBsa pPeXUM TEPMOLMKITMPOBAHNSA
PucyHok 1 — Pexxumbl 6opupoBaHus

PesynbTaTbl UCCneaoBaHUm

N3BeCTHO, 4TO BOP MMEET HU3KYIO PaCTBOPUMMOCTb B XKerese, No3TOMY BblAeNnaeTcs no
rpaHuuam 3epeH B kavecTee kapbobopuaHbix as unm obpasyeT 3BTEkTUKY. [py BbICOKOM
KOHUeHTpauumn oH obpasyet 6opuabl Tuna (Fe, Me)B un (Fe, Me),B, HO vawe Bcero npu
KOHUeHTpauumn meHee 0,4% macc. 3ameLlaeT YacTb aTtoOMOB yriepoga B kapbugax, obpasys
chasbl Tna Me;(C,B), Me;(C,B)s n Me,3(C,B)s.

Kak ycTtaHOBNeHoO paHee MpoBEAEHHbIMA WUCCNefoBaHuaAMU [4—7], peLlalowmm
HakToOpoOM, BIMSIIOLUMM Ha CTPYKTYpY M cBomcTea SopuposaHHoro cnos npu TBY-Harpese
anaetca Temnepatypa. [lpy nposegeHun OGoOpupoBaHUA HadMHad C  Temnepartypbl
1100...1150 °C TpaguuymoHHaa wurnonogobHaa cCcTpykTypa crnos He obpasyetcs, a
obpasyetcsa aBTekTMKa [6—8]. B Hawem cnydae 3a 5 MUHYT BblAEPXKU NpU TemnepaType
1100 °C npw opgHokpaTHOM Harpese obpasosarncs criom nopsgka 120 Mkm, B cpegHem co
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CKOPOCTbIO 25 MKM/MVH, @ npu TepmouunknmposaHmm 60 mkm. OTMeYeHO, YTO B pesynbTaTe
OAHOKpaTHOro Harpesa obpa3syeTcs AO03BTEKTMYEcKasd CTPyKTypa C ydacTtkamu nepnuta
(pnc.2,a). MNMpn 0gHOKPATHOM HarpeBe KONMMYECTBO 3BTEKTUYECKOM COCTaBMAIOLLEN HANPAMYHO
3aBUCUT OT ANUTENBbHOCTU 00paboTkM, NPU KPaTKOBPEMEHHBLIX peXumax COXpaHeHue
NepnvTHON cocTaBnsawLwen Hanbonee BEpOATHO. M3BECTHO, YTO Npu cogepkaHum 6opa 3,8
% mac., B cucteme Fe-B oxmnpaemo obpaszoBaHMe MOMHOCTBIO 3BTEKTUYECKOW CTPYKTYPbI
[1,3]. OgHako Ans paccmarpuBaemoro npouecca XapakTepHbIM SBMSeTCA M AOCTaToOYHO
BbICOKaA CKOPOCTb HarpesBa M OXNaKAEHWUA, Takme ycrnoBusa cnocobCcTBytoT oBpas3oBaHuto
KBa3N3BTEKTUKN, NOITOMY cogepxaHune 6opa OyaeT HECKOMNbKO OTNUYaTLCA OT PaBHOBECHOM
KOHLEHTpauun.

CornacHo pguarpamme COCTOSiHUA oOpasoBaHue TPOWHOW 3BTeKTMKM Fe-Fez;C-Fe,B
npoucxoaut npu 1000 °C ana cnegyowmx koHueHTpauymn: 1,5 % mac. C, 2,9 % mac. B.
CnepoBatenbHO ANSa NPOTEKAHUS 3BTEKTUYECKOM peakuum HeoBXoAMMO 3HauuTenbHoe
KONUYECTBO yrnepoaa, anddyaus kotoporo TpedyeT BpemeHn. o CTpykTypoobpasoBaHuio,
B Hawem cnyyae, Hambonee BEPOSATHLIM SIBMSIETCH Crefylowun mexaHuam: obpasoBaHue
3BTEKTUKMN y-Fe+Fe,B n nepBuyHasn kpucrannmsayus, 3atem BTOPUYHAsS Kpuctannusayms u
obpasoBaHue 3BTEKTUKK cocTaBa a-Fe+Fe;C+Fe,B.
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PucyHok 2 — MUKpOCTPYKTYpPbl BOPUAHbLIX CITOEB HA YINEPOAUCTON CTanu:
a) 6GopupoBaHue 0AHOKPATHLIM HarpesoMm; 6) GopupoBaHue Npu TEPMOLMKNMPOBAHUN

WHTerpanbHass  MUMKPOTBEPAOCTb  3BTEKTUYECKOM  COCTaBMSOWEN  cocTaBnsaet
Hs50=7800+£1500 MMa, neprmtHON — H50=2920+450 MMa. Pasmepbl A4eHAPUTOB nepnuTta
3aBUCAT OT pexuma obpaboTkn 1 npexae BCEro 0T CKOPOCTU OXMEKAEHUSA N COCTaBNSAIOT B
cpegHem ot 10 go 30 mkm. OTMETMM, YTO nocne pacnaga ayCTeHUTa W BblgeneHus
HEPPUTO-LEMEHTUTHON CMECKU, B HEM pacTteopsieTcss okono 0,15 % 6opa, nosTomy pedb
MOXHO BECTUN O BOPUCTOM nepnuTe.

Mpn npoBegeHUn TepmounknMpoBaHus oOpa3yeTcs MOMHOCTbIO  3BTEKTUYECKas
komnosmyma (puc.2,6) C ApKO BbIpaXeHHOW rpaHvuyen pasgena. OTMEYEHO peskoe
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N3MEHEHUE CTPYKTYPbl OCHOBHOrO MeTanna, neperpeB M COOTBETCTBEHHO obpasoBaHue
CTPYKTYpPbl BULMaHLLETTA.

NccnepoBanmch TEXHOMOMMYECKUME CBOWCTBA HaHOCUMbIX OOMAasoK, npexine BCero
CNOCOBHOCTb YAEPKUBATLCA Ha BEPTMKamnbHbIX MOBEPXHOCTSX. BbiBGpaHHOe cBA3ylLee, B
Hallem cryyae Boga, NPy HanmuuMmM B CMeCU crneuuansHoro nnactudgukartopa, ob6ecneymno
BbICOKME TEXHOMOrMYeckue CBOWCTBA, oOMaska He oTcnavBanacb OT MOBEPXHOCTM Mpu
Harpese, OTCYTCTBOBAmNO TPELMHOOGpasoBaHue.

3akntoyeHune

SpdbekTnBHoCTb BopmpoBaHns npu TBY-Harpese onpegendeTtcs pexmmom o6paboTku
n coctasom obmaskn. KpaTKkoBpeMeHHas BblaepKKa B TEYEHUU 5 MUHYT npu Temneparype
1100 °C npuBoauT k obpasoBaHWO Ha yrnepoaucTon cranu croa nopsgka 120 mkm, 4To
COOTBETCTBYET O CKOPOCTM pocta nopsaka 25 MKm/MUMH, CTpykTypa obpa3syetcs
LO3BTEKTUYECKaa C yyactkamu nepnuta. [MpyM ucnonb3oBaHUM TEPMOLMKNNPOBAHUS B
paccmaTtpuMBaeMOM TEMMEpPaTypHOM WHTepBarne obpasyeTcs MNOMHOCTbIO 3BTEKTUYECKas
CTPYKTYpa, HO CKOpOCTb 06pa3oBaHuA Cnos 3aMeTHO najaeT, NpakTuyecky B Asa pasa. pu
nonyyeHmm obmaskm BO3MOXKHO NMPUMEHEHNE TaKoro CBA3YIOLEro kak BOAA C OrHEYNOPHbIM
HanoMHWUTENEeM, BKMOYALWMM nnactudukaTop, KpoMe OTCYTCTBUS PE3KMX 3anaxos, Takas
obmaska, Kak nokasanu 3KCNEepUMEHTbI, MOXET XOPOLUO YAEPKUBATLCA HA BEepPTUKaNbHbIX
NMOBEPXHOCTAX, HE TPeCckaTbCA U He OTCranBaTbCS.
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