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CTPYKTYPA U CBOﬁCTBA“XPOMOMOHHEgEHOBOﬁ CTAIN
MOCJIE CMATYAIOINEN TEPMUYECKOH OBPABOTKH

Lenbto paboThl sBIsETCS pa3paboTka PpEKHUMOB TEPMHUYECKOH 00paboTKu
COPTOBOTO MPOKAaTa U3 JETHPOBAHHON KOHCTPYKIHOHHOM XpOMOMOJIUOICHOBOH cTay,
obecreynBalOIMX CHIDKGHHE »HeproszarpaT. lloka3aHO BIHAHHE TeMIIEPaTypHO—
BPEMEHHBIX MapaMeTPOB TEPMHUUYECKOH OOpabOTKM Ha CTPYKTypooOpa3oBaHHE U
TBEPJOCTh XPOMOMOJIMOICHOBOW CTalld. Y CTAaHOBIICHO, YTO OT)KUT IO COKPAICHHOMY
pexuMy (Ha 15-20%) ¢ AIMTEIBHOCTHIO BBIIEPXKKM 3 4aca IpU Temieparypax 680—
650°C rapaHTHPOBAHHO O0CCIEUYHT TpeOyeMble KaueCTBCHHBIC MOKA3aTEeNId MpoKaTa W
3KOHOMHIO 3HEPropecypcoB.

XpOMOMOJIMOAEHOBAsI  CTaJlb, TEepMOOOpPaboTKa, CTPYKTypooOpa3oBaHue,
I9KOHOMMSI SJHEPropecypcos

Cocrosinue  Bompoca. CoproBoif  NHpoKaT W3  JIETUPOBaHHOI
KOHCTPYKIIMOHHOM CTaly IIUPOKO NPUMEHSETCS B Pa3IMYHBIX 00JacTsIxX
MamuHocTpoeHud. [locne MpokaTKu U OXJaKIACHUS Ha BO3JIyXe XapaKTepHas
CTPYKTYpa JISTHPOBaHHON KOHCTPYKIMOHHOHN cTany (42Cr4Mo2) npencrasiser
coboli OeiHUT, MacTUHYATHIA mepmuT u Qeppur [1,2]. Takas cTpykrypa
00JIalaeT TOBBIIIEHHOM TBEPAOCTBIO M MOXKET IIPUBECTH K CHIDKCHHUIO
00pabaThIBAEMOCTH METalIa pPe3aHHeM WM IaBiIeHHEM. [103TOMy OCHOBHOM
LENBI0 TEPMHUUYECKOH 00pabOTKM COPTOBOrO TpOKaTa M3 JICTUPOBAHHBIX
KOHCTPYKIIMOHHBIX ~ CTajell  SBISETCS  CHI)KEHHE  TBEPHOCTH 10
IPeIyCMOTPEHHOTO0 HOPMAaTHBHOTO 3HadeHus . Ha MeTayurypruyeckux 3aBojax
C JTOW LEJbI COPTOBOM IPOKAT MOJBEPrarOT OTKUTY IPU INOJKPUTHUYECKHUX
Temneparypax 650—700°C ¢ anmTenbHON H30TEpMUUECKOil BRIIEPKKOI (Gormee
6,5 gacoB). CTpyKTypa MeTaJuIa OCiIe OTXKUTa JOJDKHA COCTOSTh U3 eppuTa U
MepiInTa TUIACTUHYATON W 3epHHUCTON (opMbl. Bosbinas MTeIbHOCTh TAKOTO
pexxuma TepMuueckod oOpabotku (34 uaca) NPUBOAWT K 3HAYUTEIHHOMY
pacxomy SHEpropecypcos.

IMocranoBka 3agaum. V3yduTp BIHMSHHE TEMIIEPATYPHO—BPEMEHHBIX
apaMeTpoB TEPMUIECKO 00pabOTKK Ha CTPYKTypOoOOpa3oBaHKE W TBEPHAOCTD
JIETHPOBAHHON KOHCTPYKIIMOHHON XPOMOMOIHOICHOBOU CTAJIH.

Meroauka ucciaenoBanusi. VICXOOHBIM MaTepuaioM [UIsl UCCIIEJOBAHUN
CITyXHJIM 00pa3iel pazMepoM SX5X25 MM YTIJIepOAUCTON JETUPOBAHHON CTalln
Mapku 42Crd4Mo2 (mpousBozactBa PYII «bM3y), cienyromero XuMH4ECKOro
cocrasa: 0,385%C; 1,058%Cr; 0,225%Mo; 0,231%Si; 0,717%Mn; <0,012%P;
<0,023%S. TBepmocTs 00pa3loOB TMOCIe TOpsSYEi MPOKATKH NPEBHIAET
MakcUMallbHO Jomyctumoe 3Hauenue 250HB [1,2], yTo He cOOTBETCTBYeT
TpeboBaHusM [3].

Tepmudeckass 00paboTka 00pa3soB H3 XPOMOMOIMOICHOBOW CTald
nmpoBoamiack B yaboparopHbix ycmosusix MWUM HAHY ¢ wucmons3zoBanmem
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mydenproit meun CHOJI-2,5.4,2.5/13U mo caenyromuM pexumMaM: HarpeB 110
550, 600, 650 u 680°C, c BBIIEPKKOH TPH JAHHEIX TemmepaTypax oT 1 10
6 yacoB, M TOCIEYIOUIMM OXJaxJaeHHeM Ha Bosayxe. Ilocne Tepmuueckoit
00paboTKM HCCIleIoBaIach MUKPOCTPYKTYpa C HCHOJIb30BAaHUEM MHKPOCKOIIA
NEOPHOT-2, dororpadupoBanue MUKpOCTPYKTYPHI BHIIIOIHWIN C TOMOIIBIO
mudposoit  portokamepsr Olympus FE-20. 3amepsr TBepmocTn 00pa3noB
npousBoauinch B coorBerctBuu ¢ 'OCT 9012.

H3io0keHne OCHOBHBIX MaTepuajioB ucciaenoBanusi. Ha PYII «bM3»
CMSTYAOIasl TepMHIUYecKas 00paboTKa MpoKaTa U3 XpOMOMOJIHOAEHOBOH CTaIH
MIPOBOJIUTCS B KOJOAIAX 3aMEJICHHOTO OXJIaXKIeHHS (pexuM it rpynmsl "'B'")
¥ BKJIIOUaeT: Harpes 10 680°C, BhIIEPKKY NPH JaHHO# TeMIIepaType B TeUeHHE
6..6,5 uacos, oxnaxnenne mo 300°C B meun, mamee — Ha Bosmyxe [3].
MaxkcumanbHass CKOPOCTh HarpeBa M OXJIQXKIEHHS INPH OTKUIE€ COCTABISET
okoo 40°C/u.

B mnHameii pabore wuccienoBaHa BO3MOXHOCTh COKPAILEHUS pEKUMa
TEpMHYECKOH  00pabOTKM  XPOMOMOJIHMOJICHOBOM  CTald  IOCPEICTBOM
MIPOBEJICHUS] OTXKUra TIIPH TOHIDKCHHBIX TEMIIEpaTypaXx W COKpalleHHs
JUTHTENEHOCTH BBLIEPXKKH. B cTpyKType Meramma mocie oTkura mpu 550°C
CTPYKTYPHBIE NPEBPALICHUS] B CPABHEHHH C MCXOJHBIM COCTOSHHEM IPOILIH
HE3HAYUTENFHO. MopGonorusi IEeMeHTUTa B TEpIHTe NPH MaKCHMAIbHOU
BbIZIEpKKe (6 "acoB) m3mensiercs Bcero Ha 10% (puc.1,a). TBepaocTs obpasma
MEHSEeTCS He CYIIeCTBEHHO (pHC.2), Hake BBIIEpKKAa B 6 9acOB HE MOXKET
00ecreunThb BHIIOJIHEHNE HOPMATUBHBIX TPEOOBaHUI.

Ipu temneparype 600°C 1 BhIzEpKKe | Yac TBEPAOCTH CTANM CHU3HMIACH
Ha 13%. C MOBBIMIEHHUEM JUIUTEIBHOCTH BBIJICPKKH YBEINYUBAETCS CTEICHb
chepouan3anyuy TEpianTa, W TPH MaKCHUMAaJIBHOH BBIIEpKKE 6 YacoB €ro
konmuyectBO coctaBisier 20% (puc.1,0), mpu 3TOM TBEpJAOCTH MeTayia
cHIDKaeTcs Ha 17%, nocturas rpaHUYHBIX JOIYyCTUMBIX 3HaueHuil 21 1HB.

Iocne Harpesa g0 650°C B CTPYKType MeTauia MpeBpalieHus POXOIAT B
Gompmeii crenenn. [Ipu marpese 10 650°C u Bhizepxkke 1-2 yaca 3HaueHHs
TBEPAOCTH CHIKAIOTCS WM HAXOIATCA HAa BEpXHEM Tpenene TpeOoBaHWH
(212...220HB). Ilocne Tepmmueckoit 0OpabOTKM C BBIIEPKKOW B TeUEHHE 3
4acoB TBEPAOCTh CTald, MO CPABHEHHWIO C TOPSAYCKATAHBIM COCTOSIHHUEM,
cHmkaercs Ha 19%, mpH 3TOM TPOUCXOAWT 3HAYUTENbHAS CTENEHb
chepounuzanuu nepauta (puc.l,B). [lanpHeiiliee yBeIUYCHUES BBIACPKKH HE
NPUBOIMT K 3HAYUTEIBHBIM CTPYKTYpPHBIM M3MEHEHUsIM (pHC.1,I') U CHIYKESHUIO
tBeprocTH. TakuMm 06pasoM, BBIIEPKKY mpH Temmeparype 650°C MOKHO
MPOBOJIUTH B TEUCHHE 3 4acoB, MpHU 3TOM chepomanzanuu nepiuta (1o 25%)
JIOCTAaTOYHA JUIsl 00ecreyeHns] He0OXOMMBIX TPeOOBaHUH MO TBEPIOCTH CTaIH.

B CTpyKType MepiMTHOro yuactka mocie omkura mpu 680°C 3ameTHO
n3MeHeHne Mop¢oaoruu neMeHTuTa (puc.l, 1,e) B pe3ynbTare MpOXOXKICHUSA
CTPYKTYPHBIX TPEBpAlICHUH, YTO CONPOBOXKAAETCS COOTBETCTBYIOIINM
mageHneM TBepaoctu (puc.2). TBepaoCTh CTall CHMKAETCS 3HAYUTEIHHO YXKe
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IpY BBIAEPXKKE | 9ac ¥ JOCTUTAET MHHUMAJBHBIX 3HAYEHHUH TOCIE BBIIEPIKKH
3 gacoB u Gotee.

Puc.1. Muxkpoctpykrypa (x800) cramu 42Cr4Mo2 mocie TepMHYECKOH 00paboTKu:
HarpeB 4o Temmepatypsl 550 (a), 600 (6), 650 (8,r) u 680°C (me) ¢ pasmmamoit
HM30TEPMHUYUCCKON BBIIEPkKKOM (Jac): a, 0, r—6;B,e—3; m1— 1

Ha ocHOBaHUM MOJTy4E€HHBIX Pe3yIbTATOB MOCIE PA3IMIHBIX TEPMHIECKUX
00pabOTOK CIeAyeT OTMETUTh, UTO OTKUI B TCUCHHE 6 YACOB MpH 600°C
OKa3bIBAET TaKOE€ K€ BIHUSHHUE, YTO M OTKUI B TE€UEHUE 3 4aCOB MNpHU 650°C u
2uacos mpu 680°C. OmHako Takas NPOJNOIDKHMTENbHAS  HM30TEPMHUECKas
BBIIEPXKKA TpHU 600°C x0T u obecreunBaeT HEOOXOIMMBIE 3HAYEHHS
TBEPJOCTH, HO IKOHOMHYECKH Helleliecoo0pasHa.

Takxum o6pazom, copToBoii mpokat u3 ctaiuu 42Cr4Mo2 MOXHO TIepeBeCcTH
¢ TepMoobpaboTKH 10 pexumy s rpymmsl "B" (680°C, 6 yacoB) Ha pexuM ¢
HarpesoM 10 680-650°C u BBITepKKO# 3 baca, 9To ObecrednT TpedyeMmbie
KayeCTBEHHBIE XapaKTEPUCTUKHU CTaIH.

Tepmudeckas obpaboTtka XpOMOMOJIHOICHOBOM cTamu o
PEKOMEHIYEMOMY pEXUMY IO3BOJIMT TpU  OOecredeHHuH TpeOyeMbIX
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Ka4eCTBEHHBIX IOKa3aTeel, COKPAaTUTh IMPOJOJIKHTEIBHOCTh O00pabOTKH Ha
15-20%, uTo mpuBEAET K IKOHOMHUH IHEPTOPECYPCOB.
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BpemMA BblaepkKu, Yac
Puc.2. BausHue AIMTENsHOCTH H30TEPMHUYECKOM BBIICPKKU 1pu Temueparype 550 (1),
600 (2), 650 (3) u 680°C (4) ma 3maueHms TeepmocTH cramn 42CrdMo2 (Tk—
ropsiaeKaTaHoe COCTOSHHE)

3akiioueHne. lccrnenoBaHWSIMU BIHSIHUSL TEMIIEPAaTyPHO—BPEMEHHBIX
napaMeTpoB TEpPMHUUECKOH 00pabOTKM Ha M3MEHEHHE CTPYKTYPbl M CBOWCTB
ctamu 42Cr4Mo2 mokazaHo, 4TO B CTPYKType MeTajla HOCJE OTXHra IpH
650°C wacTHuHO M3MeHsieTcss MOPQOIOTHs EMEHTHTA, 4 CTPYKTYpa MeTaiia
nocie omkura mpu 550-600°C mpereprieBaeT M3MEHEHHS B 3HAYHTETHHO
Menbmeii creneny. [pu Temneparype 600°C kauecTBeHHBIE OKA3aTENN CTANI
00ecIeunBarOTCsl MOBBIILICHHEM BPEMEHH W30TEPMHUYECKOH BBIIEPXKKH 10 6
4acoB. YCTaHOBJIEHO, YTO BBIIEpXKKa B TE€UEHHE 3 YacOB INPH TEMIIEpaType
650°C oGecreunBaeT HeOOXOMMMBIE KAaYeCTBEHHBIE IIOKA3aTeTH MeTallla
(TBEpPOOCTH CTanmu IO CPaBHEHUIO C TOpsiYeKaTaHOM cHiKaercss Ha 19%).
Pexomenyercs npoBOAUTE OTXKUT TPOKATAa M3 XPOMOMOJIMOZCHOBOM CTalll IO
COKpAIIIEHHOMY PEXHUMY C BBIICP)KKOW He MeHee 3 Jaca NpH TeMIeparypax
680—650°C, uto oGecrednT HeOOXOAMMbIE KaueCTBEHHbIE TTOKA3aTeNIH MPOKaTa
U DKOHOMHIO  DJHEpPropecypcoB  (COKpalleHHE  MPOAOKUTEIBHOCTH
TepMuYeckoit 00padoTku Ha 15-20%).

1. Ocobennocmu (GOpMHpOBaHUSI ~ KA4EeCTBEHHBIX  XapaKTepPUCTUK B
ropsiaeKaTaHOM KPYITHOCOPTHOM IIPOKATe M3 XPOMOMOJIMOAEHOBOH 31eKTpOCTaIH /
B.A.JIyuenko, T.H.I[landunosa, A.1.Cusak, O.B.JIynenko / ®yHnaMmeHTaNbHBIC U
IpUKIagHble Tpobsemsl yepHoi Metamutypruu. — 2008. — Beim. 17. — C. 245-250.

2. Bnusnue TEXHONOTUM TPOU3BOJCTBA HA KAyeCTBEHHBIE XapaKTEPUCTHKU
ropsYeKaTaHOr0 KPYMHOCOPTHOTO MPOKATa M3 XPOMOMOIHOAEHOBOH 3IE€KTPOCTaIn
/ B.AJlynenko, B.A.Matoukun, T.H.[landunosa, B.M.Iepbakos// bron. Yepnas
Metamryprus. — 2009. — Ne 4. — C.57-59.

3. Cneyugpurkayus TATA SS:4027. TopsuexaTaHble MPYTKH W 3arOTOBKH W3
KOBKOH HEJIErMpOBAHHOM YIJIEpOAMCTON U JIETHPOBAHHOW KOHCTPYKIIMOHHON CcTanu
JUISl aBTOMOOMIIBHBIX JeTajel.

Cmambs pekoMeHd08ana Kk neuamu
kano.mexu.Hayk A.M.babauenxo
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B.A.JIyyenxo, T.M.I'onyboenko

CTpykTypa Ta  BJACTHBOCTI  XpOMOMOJiOAeHOBOI  crajyi  micast
NOM’SIKIIYI040i TepMiYHOI 00po0KH

Metoto poOGOTH € pPO3POOICHHS PEKUMIB TEPMIYHOI OOpPOOKH COPTOBOTO
MPOKaTy 3 JIETOBaHOI KOHCTPYKLIHHOI XpOoMOMOJIiOAeHOBOI CTami, mo 3a0e3MedyoTh
3HIDKCHHS CeHeproBUTpar. [loka3aHO BIUIMB TEMIIEPAaTypHO—YACOBHX IIapaMeTpiB
TepMi4HOI 00pPOOKK Ha CTPYKTYpPOYTBOPEHHS Ta TBEPAICTH XPOMOMOIIOICHOBOI CTaIi.
BcranomneHo, mo Bigman 3a CKOpodeHHM pexkumMoM (Ha 15-20%) 3 TpUBANICTIO
BUTPUMKH 3 TOJUHU [IPU TEMIEpaTypax 680-650°C rapaHTOBaHO 3a0e3MeYnTh NOTPioHI
SIKICHI TIOKA3HUKH MPOKATy Ta EKOHOMII0 EHEPropecypcis.
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