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Pa3nen 6. Teopusi u TeXHOJIOTHS PA3JIMBKHU CTAJIN.
Tema 6.2.Pa3zauBka ctaau Ha MHJI3

Jlekumu Ne 180
Tema: CucremMbl MATKOro 00:xaTvusi Ha MAIIMHAX HENPEePbIBHON Pa3IMBKHU
CTAJIM U MX BJIMSHUE HA KAYeCTBO MAKPOCTPYKTYPBbI 3ar0TOBOK

Ilnan Jeknum:
1. Metoa MArkoro o0atus B KOHIIE 3aTBEPICBaHU
2. DKCnepUMEHTaIbHBIC HCCIIeIOBaHus Ha 3aBoje Sandvik Steel

B TedeHue mocienHUX NECATUIIETHI ClENUATUCTAaMU B O0JIACTH METaTypruu
HAKOIUIEH 3HAYUTEIBHBIH OMNBIT TIO UCIOJB30BAHUIO BHEITHUX JUHAMHYECKUX
BO3/JICHCTBUI Ha 3aTBEP/ACBAIONIME CIUTKH W HENPEpPHIBHOJIUTHIE 3aroTOBKU. B xome
IIPOMBIIIJIEHHBIX JIMOO OMBITHBIX UCTIBITAHUN HAUOOJIbIIIEE PACTIPOCTPAHECHHUE TIOJTYYUITU
TaKU€ METOJbl BO3JCHCTBUM, KaK: 3JEKTPOMArHUTHOE IMEpeMENIMBaHUE MeTajlla MpH
3aTBEp/IEBAaHUM;, HHU3KOYACTOTHasi BUOpooOpaboTka (HanoXkeHue KoyieObaHWW Ha
KPUCTAIU3ATOP WJIM  TIOTPYXKAEMBbIM  CTEP)KHEM-XOJOJIUIBHUKOM);  00paboTka
aKyCTUYECKUMHU WJIH yJIBTPAa3BYKOBBIMH KOJIEOAHUSIMHU, BBOJMMBIMHU HETOCPEICTBEHHO
B METaJUJI; 3JEKTPOTUIPOUMITYIIbCHAS 00paboTKa; MyJIbCAllMOHHOE IEepEeMENINBAHNUE;
IPOJyBKa HHEPTHBIM ra30M; MATKoe 00KaTre B KOHIIE MepHO/Ia 3aTBEPACBaHUS.

Meton MATKOTO 00KaTHsi B KOHIE 3aTBEpACBaHUS MPU HAIUYUU KUIKOU (pazbl
cuMTaeTca Hanbosee paauKalbHbIM MPUEMOM, 0OECIICUUBAIOIINM YIIYUIlIEHHE KayecTBa
BHYTPEHHHUX 30H HENpephIBHOMUTON 3aroToBku [12]. I'myOGokue wuccinenoBaHus
HAYaJIMCh CPaBHUTEIHHO HENIaBHO, U TOKA CYIIECTBYIOT OINpPECICHHbIE TPOTUBOPEUHS
B TIPEJICTABICHHBIX B JHTEpaType BHIBOJAAX M pEKOMEHJanusx. Bwmecte ¢ TeMm
JOCTaTOYHO OJHO3HAYHBIM M OECCIOPHBIM MOXXHO CUMTaTh BBIBOJL O TOM, YTO
BCJIEeACTBHE NepopMalii BHYTPEHHHUX CJIOEB 3arOTOBKH (MIPU HATMYUU >KUIKON (Da3br)
POUCXOJUT pa3pyLICHUE OcCeil NEHAPUTOB y (PpoHTa 3aTBEpACBAHUS, YBEIMUHUBACTCS
KOJIMYECTBO IIEHTPOB KPHUCTALIM3AIMK B JBYX(a3HON 30HE, YyIydlIalOTCS YCIOBUS
NMUTAHUS 3aTOTOBKH >KUJKUM METAJJIOM, TTOAABISIETCS Mpoliecc GopMUPOBaHUS OCEBOU
JUKBAllUA U IOPUCTOCTH.

Heyknonnsli poct TpeOOBaHMII K KAa4eCTBY HEMPEPHIBHOIMTONW 3arOTOBKU
CTUMYJUPOBAJI Pa3BUTHE MPUHIIUIIOB MSTKOTO O0XaTHs B KOHIIE 3aTBEpJICBAHMS IS
MOJABJICHUS OCEeBOM mopucTtocTh u JmkBamuu [13]. 3amaya peanm3anum MeToza
MATKOTO O0KaTHsl HEMPEPHIBHOIUTON 3arOoTOBKU 3aKIIOYAETCS B ONPEACICHUN MECTa,
3aKOHA U CIOC00a MPUIOKEHUS YCUITUA.

[lepBoHAYanbHO 3ar0TOBKY Ae(GOPMHUPOBATH JOBOIHHO MPOCTHIM CIOCOOOM C
MOMOIIBIO POJMKOB B 30HE BbhIpaBHUBaHUA. OJHAKO MPU 3TOM TPEOOBAIUCH TOUHBIN
KOHTPOJIb TEMIEpaTypbl pa3iMBKU M PEKUMOB OXJXKJICHHS (TaKk Kak o0xaTue
3arOTOBKM MPOUCXOJIUT B CTPOro (PUKCHPOBAHHBIX TOYKAX) W OOJIBIIME YCHIHS,
OCOOCHHO BO3pacCTalIIMe IO MEpe YBEJIWYEHHUs J0JIM TBepAou (a3bl, a Takke
BO3HHMKAJIa OMACHOCTH BBIITYYUBAaHUS 3aTOTOBKU MEXAY poiaukamu (1 mo 6okam). Takas
nedopManysi CTUMYJIUpOBaia pPa3BUTHE B 3arOTOBKE OCEBOM JIMKBAIMU U TMOSIBJICHUE
JIOTIOJIHUTENbHBIX JIMKBAIMOHHBIX MOJIOC.
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[lepBbie OMBITHI O0XAaTUsI CIUTKA B MPOIECCE 3aTBEPJIEBaHUS BCECTOPOHHUM
BrasiuBaHueM natupyrorcs 1900 r. [IpuMeHUTENBHO K HENPEPBHIBHOW Pa3JIMBKE 3TOT
cnoco0 crtanu ucnoiab3oBaTh cnyctss 90 et [14]. IIpoMblllJIeHHBIE HCHBITAHUS
CUCTEMbl JUHAMUYECKOTO MSTKOro oOxkatusi Ha cisboBoi MHJI3 mpu paznuBke Ha
ToacTeiid muct (kommnanus Dillinger Hitte, ['epmanus) mokasaiu, 4To CTPYKTypa Clsi00B
3HAUUTENIPHO YJIydllaeTcsi, OJHAKO dJ(P(EeKT 3aBUCUT OT CKOPOCTH Pa3IUBKH,
MOJIOXKEHUSI KOHIIA KUJIKOU (pa3bl U MPHUKIIAIBIBAEMOTO JaBICHUS.

[lo MHEHUI0O HEKOTOPBIX E€BPOMEHCKUX JKCIEPTOB, MEpBas B MHUPE MOJHOCTHIO
JUHAMHYECKas CHUCTeMa MSTKOro oOkaTusi Oblia peann3oBaHa B 1995 r. Ha 3aBoje
Rautaruuki Steel, ®unnsHaUA, ¢ DTPUMEHEHHEM CHUCTEMBI CTaTHYECKOTO U
JTUHAMHYECKOTO 00XKaTHusl cisiba MyTeM peryJUpOBaHMs CETrMEHTOB (3a30pOB MEXIY
POJINKAaMHU) C TIOMOIIBIO THUApaBIudeckux ycTpoicTB [15]. [Ipu pabore B cTaTndeckom
peXXUME peryjJupoBaHHe 3a30pa 00€CleurBaIOCh TOJBKO IEpe]] HAyajaoM pa3iuBKH.
HcnbiTaHust B TUHAMUYECKOM PEXUME, KOT/ia PEeryJupyeTcs HE TOJIBKO 3a30p MEXIY
POJIMKaMU, HO U CaM Y4acCTOK OO0XKaTHsl, JaJIM MOJOXKUTEIbHBIE Pe3yJbTaThl 10 OCEBOM
JUKBAIlUA, YMEHBIIWJIOCH BOJIOPOJIHOE pPACTPECKUBAHHWE METAJJla W YJIYYIIHIOCH
KauecTBO CJs00B U3 CTajed, HCHOJB3YEeMbIX JUIS JIeTalie MOPCKHX OYypOBBIX
miatdopm. CHIXKEH YPOBEHb Opaka IpH MpOKaTKe TOJICTOTO JIUCTA.

[Ipu 3TOM OBLIO OTMEYEHO, YTO JMHAMHUYECKOE O0KaTHE HE CKa3bIBaeTCs Ha
KaueCcTBe TMOBEPXHOCTH NPH CKOPOCTH pasznuBKku 10 1 m/mMuH. He ObUIO BBISBICHO
YETKOW 3aBUCUMOCTH BEJIMYMUHBI 00KAaTHUA U CTEMEHU OceBOM JukBamuu. Hambomnbinee
BJIMSTHUE HA OCEBYIO JIMKBAIlMIO OKA3bIBAIOT YCIOBHUS PA3JIMBKU: CKOPOCTh, MEPETpeB
MeTajljia B IPOMEKYTOUHOM KOBIIIE U pa3Mep CIsI00B.

DKcIepUMEHTalbHbIE HccaeaoBanus Ha 3aBoge Sandvik Steel, Illeenms,
MOKa3aaM, 4YTO ONTHMaibHbIe 00katus (oT 4 10 7,1 MM) u ckopocth paznubku (0,81-
0,89 M/mMuH) oOecrmeuynBalOT MaKCHUMaJIbHOE IIOJABICHHUE OCEBOM TIOPUCTOCTH B
BBICOKOJIETHPOBAHHON XPOMOHUKeNeMOonnoaeHoBoit cranu B 1,5-3 pasza [16]. Otum
pe3yNbTaThl MOATBEPAWIH, 4YTO 3(PGEKTHBHOCTh METOJa JAUHAMHUYECKOTO MSTKOTO
00KaTusi B TOJABJICHUH OCEBOW MOPUCTOCTH OMPENENSETCS B3aUMHBIM TOJOKEHUEM
TPaHULIBI )KUJIKOW JTYHKU U MECTa MPUIIOKEHUST 00KaTHSI.

HecmoTpst Ha ycTraHOBUBIIIEECS MHEHHE O HEIEIeCOOOpa3sHOCTU TPUMEHEHUS
MSTKOTO OOKaTHs K KPYIJIOH HENpephIBHOJIUTON 3aroToBke, Ha 3aBoje Chita Plant,
Snonust, onpoOoBanu TUHAMUYECKOE MSITKOE 00’KaThe 3aroTOBOK auaMeTpoMm 350 MM
W3 TONIIUITHUKOBOW CTalld MpU pa3iuBke co ckopocteio 0,4-0,65 ™M/MuH Ha
BEPTHKAJIBHON MalllMHE HEenpepbsIBHOTO JHThsi 3arotoBok (MHJI3) [17]. B xome
UCCIIEIOBAHUN OLEHUBAIM YIJIEPOJHYIO JIMKBALUIO, YrOJl packpbiTus V-o0pa3Hoii
JUKBAllUU, MAKPOCTPYKTYPY, BHYTPEHHUE TPELIMHBI B JTUTOM METAJIJIE U MPOKATAHHOU
COpPTOBOM 3aroTOBKe. MsTKOE 00KaTHE 3arOTOBKH MPAKTUIECKHU MOJTHOCTHIO MOABIISIIO0
OCEBYIO YIVIEPOJAHYIO JIMKBAlIMIO: YBEJIMYEHHE COJEpKaHUsl yriepoja B UEHTpeE
coctasuio 0,05-0,07 %, Torma xkak B 3aroToBke 0e3 Msrkoro ooxkarus — 0,25-0,35 %.
Y CTaHOBJIEHO, YTO HAWIYYIIAE PE3YNIbTAThl JOCTUTAIOTCS TIPH J10JIe TBEpAOW (a3wl B
30He Havasa o0xatus Ha ypoBHe 0,4-0,45 (nonu enuauisl win 40-45 %) npu obxatuu,
coctapistomem 1,6 % auamerpa 3arotoBku; npu OoJbliei aojie 3PGeKT nogaBaeHus
JUKBAllUU CHUXKAETCSA, a MPU YMEHBIICHUU BO3HUKAIOT BHYTPEHHUE TPEUIUMHBI. YTOI
packpbiTus V-00pa3Hoii TMKBALUK MPU MITKOM 00kaTuu pacimupsiercs Ha 10-15 rpan.
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[lonoxuTenbHbIE PE3yNbTaThl B MOJABICHUU OCEBOW JMKBAIMH METOIOM
MSTKOTO 00aThs moyrydeHsl Ha 3aBoje Sollac, ®pannus, npu pa3nuBke yriepoaucToi
cTanu Ha OroMbl cedenneM 260 x 320 mm [18].

Ha UYepenoBeukoM METAJUIyprH4€CKOM KOMOMHATE NPUMEHEHHE CHUCTEMBI
JUHAMUYECKOTO MATKOI0 00aThs mpu pas3iuBke Ha cisiObl ceuennem 200x 1150 mm u3
craneid 10XCH/, A36mnc, 091'C®D, 0912C, 09XH2M/] no3BOJIMIIO YBEIUYUTH CKOPOCTh
or 0,55 npo 0,7 m/MuH 0e3 HapyuleHUSI TE€OMETPUYECKUX IapaMeTpPOB CIUTKA.
HauMmenbline noxasarenu pa3mepa 3€pHa, OCEBOM IMOPUCTOCTH M JIMKBAIMU ObUIH
nonyyeHbl st ctanu 09I'CD. B MakpoCTpyKType OTMEUaeTcsl yBEIMYEHUE 30HBI
PaBHOOCHBIX KPUCTAITIOB. BiusiHne MATrkoro o0aTusi MOXKHO CPAaBHUThH C BIMSIHUEM Ha
CTPYKTYPY TaKUX TEXHOJOTMYECKUX IPUEMOB, KaK CHUXXEHUE CTENEHU Ieperpena
KHUJKOTO  MeTajula B IPOMEKYTOUYHOM  KOBILE, BBEACHHUE HWHOKYJATOPOB,
ANIEKTPOMAarHUTHOE TMEpEeMEIIMBAaHUE B KPUCTAIUIM3aTOpPE UM 30HE 3aBEPIICHUS
3aTBEep/ICBaHUS.

HeoOxonumMo oOTMETHTh, 4TO Haubosee MMIHUPOKOE PpaclpOCTpaHEHUE MSTKOE
o0kaThe TOJYYWJIO MMEHHO MpHU pazimBKe ciasi00B [19]. DTo oOBsACHSIETCS TeM, YTO
MEXaHMYECKOe BO3JCHCTBUE HA 3aTBEPJICBAIONIMI CIMTOK HAYMHAETCA TpPU JI0JIE
TBepaon (a3el B mpexaenax 20-50 % (B 3aBUCMMOCTH OT mNpoduis CIUTKA) U
3akanunBaeTcs npu 70-100 % TBepoit da3bl. B ciiydae METKOCOPTHBIX 3arOTOBOK ATOT
MeToll Manod((eKTHBEH u3-3a HEOOJBIIUX pa3MepOB CIUTKA, OTPaAaHUYHBAIOIIUX
yeunus nedopmanuu.

B mactosiiiee Bpemsi MpakTHUYECKHM BCE MHUPOBBIE MPOU3BOJIUTEIN OCHOBHOTO
TEXHOJIOTUYECKOTO 000PYI0BaAHUS VISl METAJLUTYPrUU MIPU MPOEKTUPOBAHUY CIISIOOBBIX U
omomoBbix MHJI3 mpemycMaTpuBaloT TEXHOJIOTHIO MSTKOTo oOkatus. Hampumep,
texHosoruss DynaGap SoftReduction xommanuu Siemens VAI, ABcTpus, BKIFOYaeT
TPEXMEPHYIO CHUCTEMY TEPMHUYECKOTO CIEKEHHS JUIsi pacueTa TeMIIepaTypHOTO
npoduias pydsps B PEeKHUME PEaJbHOTO BpPEeMEHH. TaKol AWHAMHUYECKUH HWHCTPYMEHT
TEXHOJOTUYECKOTO KOHTPOJISI TaKKe OINpeAessieT ONTHUMAJIbHBIE YCWJIHS POJIUKOB
TSHYIIUX YCTPOWCTB JaXe MPU HECTAOUIBHBIX YCIOBHUSAX PA3JIMBKH U MPUHUMACT B
pacdyeT M3MEHEHMsI TMapaMeTpoOB IEperpeBa, XUMHUYECKUW COCTaB CTalld, CKOPOCTh
Pa3TUBKH M Pacxo]i BOABI B CUCTEME BTOPUYHOTrO oxnaxaeHus. Texunonoruss DynaGap
SoftReduction 6sia BriepBbIe BHeApeHa Ha OromoBoi MamuHe Siemens VAI B 2003 T.
Ha mnpennpusatuu Panzhiqua lron and Steel (Group) Co. (Pangang) B xuraiickoii
npoBuHImy Sichuan. B mapte 2006 r. JaHHBIN TEXHOJIOTUYCCKUH TTAKET YCTAHOBUIIN Ha
nsaTupyabeBoit 0momoBoit MHJ13 Ne 1 kuraiickoro 3aBoma Wuhan Iron & Steel Co. Ltd
(WISCO), nocrasiiennoi panee gupmoit Siemens VAL O6pasiisl 01F0MOB, pa3iUuThIe ¢
ucnonp3oBanueM  cucremMbl  DynaGap  SoftReduction,  mpomemoncTpupoBaH
NPAKTUYECKH TOJHOE OTCYTCTBHME CJEAOB CETperadd W JHIIb  HEOOJBIIYIO
[EHTPATBHYIO0 TOPUCTOCTh. ONTUMaNTBEHOE 00KaTHE B KIETH C MPOTSHKHBIMU POJIMKAMU,
paccyuTaHHOE BCTPOCHHOMN JTAHAMHAYECKOU TE€XHOJOTHYECKOU MOJIENBIO,
NpefoTBpaliaeT o0pa3oBaHWE BHYTPEHHMX TpeIIMH. TakuM oOpa3oM, ObLIO
MOJITBEPKICHO, 4TO TpuMeHeHue TexHosoruu DynaGap SoftReduction nmaxe mpwu
pa3TUBKE MAaJICHBKUX OJIOMOB KBAJPAaTHOTO CEYCHHS TMPH CPABHUTEIBHO BBICOKHUX
CKOPOCTSIX BEAET K 3HAUUTEIbHOMY YJIYUILIEHHIO BHYTPEHHETO CTPOCHUS POAYKIUH.

B 2009 r. B mnpouecce momepHusaumu MHIJI3 Ne 3 na benopycckom
Metauryprudeckom 3aBoae (BM3) Obuia peann3oBaHa cucTeMa JUHAMHYECKOTO
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MArkoro ooxatusi 6momoB ceueHueM 250300 u 300x400 mm. CipoeKTHpOBaHHBIM
kommanueit Danieli, Wranus, npaBHIBHO-TSHYIIMA MEXaHU3M COCTOMT W3 JEBSTH
MOJYJEH, Ha KaXI0M M3 KOTOPBIX MPEAyCMOTpPeHO oOkaTue ponukamu. [[ns pacyera
JUIMHBl JKUJKOIO KOHYCa M COOTHOIIEHHS JOJM TBEPAOW M KUAKOW (a3 ciuTKa
pazpaboTaHa omepaTHBHash MaTeMaTH4yecKash MOJENb 3aTBEpJEBAHUS, C IOMOIIbIO
KOTOpOM CcHUCTEMa aBTOMATH3allMd TNepeAaeT COOTBETCTBYIOLIMM CHUTHANI  Ha
TUAPOUUIMHIPEI Tpaitb-anmapaTtoB. Cuctema DDSR cripoexkTupoBaHHas UTaIbIHCKUMU
CHEeUAINCTaMH, MOAPAa3yMEBAaeT ONTHUMAJIbHBIA AMana3oH I Hadaja U OKOHYAHMS
30HBI MSTKOTO 00aTusi JJIS BCEr0 MapoOyHOTO COpTaMeHTa CTalied B cleayronien
3aBUCUMOCTH OT joiu TBepaod ¢aszer B cinutke: 0,8 > Fs > 0,2. Ilepssie
MOJIO)KUTENbHBIE PE3yIbTaThl BHEAPEHHUS] HOBOM CHCTEMbl JMHAMHYECKOTO MSTKOTO
o0>xatust y>ke oleHeHbl Ha benopycckoM MeTamtyprudeckom 3asoje B 2010 r.

JIUTEPATYPA:

1. Pyrec B.C. u np. Teopust HenpepsiBHOU pa3inuBku. — M.: Metamnyprusiar,
1971.

2. Kpacnos B.I. OnTumansHOe ynpaBieHUE peKMMaMH HEMTPEPHIBHOM pa3iivBKU
cranu. — M.: Metannyprus, 1975

3.TernoBast paboTa MalIMH HEMPEPHIBHOTO JHUThs 3aroTOBOK. EMenbsiHoB B.A.
VYyeOH.mocobue st By30B. — M.: Metamnyprus, 1988, — 143 c.

4. KOHCTpyKUMM W  TNPOEKTUPOBAHUE  arperaroB  CTAJIEILIABHIBHOTO
npousBojctBa. /I'puropreB B.II., Heukun }O.M., Eropos A.B., Huxonsckuii JLE.:
VYuebnuk nis By3oB.-M.:MUCHUC. 1995. C. 416-506.

5. Jluthe u oOkaThe ¢ pa3’IMBKU TOHKUX cJII00B Ha 3aBoje (UPMBI
MannecmannpepeH-Bepke / X. Dpenoepr, JI. [Tapmat,®. [Tnemuyrmaur u np. / MPT.
1990. C. 46-59.

6. Pe3yapTaThl HCTIBITAHUSI CUCTEMBI MATKOTO 00XaTHsI HEMPEPHIBHOJIUTOTO CiIs10a
c xkunkou cepauneBuHoit / A. M. Jlamyxun, A. B. 3ubopos, B. . Umrpyur u ap. //
Crans. 2002. Ne 3. C. 57-509.



