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Annotanus. [ToBbimeHHble TpeOOBaHUS K KaYECTBY IMOBEPXHOCTH IrOPSAYEKATAHOrO IPOKaTa, IPUMEHSIEMOIO B aB-
TOMOOMJIECTPOCHHUH, ¥ CTPEMJIEHUE CHU3UTh OTCOPTUPOBKY METaJUIa C IIOBEPXHOCTHBIMHU JIe(eKTaMH 00YCIIOBIMBAIOT
HE00XOAMMOCTD ITOBBHIIICHUS Ka4eCTBA TOBEPXHOCTH UCXOMHOU HempepbiBHOIHTOM 3arotoBku (HJI3). K nedexram mo-
BepxHocTH HJI3 oTHOCATCS TpemmHbl, 00pa30BaBILKecs B MPOLEcce KPUCTAIM3ALNK, KOTOphIe P ropsuel nedop-
Malu¥ TpaHC(HOPMUPYIOTCSl B TOBEPXHOCTHBIE edeKThl npokata. [IpeacraBnena kinaccudukanus aedexkToB, paccMoT-
PeHBI IpUYMHBI 00pa3oBaHus NonepeyHbix TpemuH Ha HII3 u Mecta ux pacnonoxxenus. B xoxe skcriepumeHTa nccie-
JIOBaHbI MPOOBI, BbIpe3aHHbIe U3 1BYX HJI3 B MecTe BU3yaabHO BBISBICHHBIX NTONEPEYHBIX TPEIINH IOCie Ipo0decTpyii-
HOM 00paboTku 1 ropsayero TpasieHus B 50 %-M pacTBope CONTHOM KUCTOTHL. [lonepeynsie TpemuHbl Ha MOBEPXHOCTH
OJTHOW W3 TPOO BBISBJICHBI B 30HE OOJIBIIION I'paHH, a Ha BTOPOH — Ha oJHOM u3 pedep. OT mpod B MeCTe pacroioxke-
HUSI TTOTIEPEYHBIX TPELIMH ObIIIM BBIpE3aHbl MPo10abHbIe MUKpoLLIHdEL. [Tpu nccienoBanuy MUKPOIUTN(OB BISBIECHBI
MHOKeCTBEeHHBIE TpemuHsbL. [lnpuHa packpertus TpemuH paznunaaa — ot 0,01 no 0,3 mm, royOnHa 3aeranus B Mccie-
nyemoM cedeHnr — 1o 10 mm. Ha octaBimmxcst yacTsx 6J10MOB MECTO PaCIOIOKEHUS ITONIEPEUHBIX TPEIIUH OTMETHIIN
HaJpe3aMHu C JBYX CTOPOH (MeTon “MeueHbix” aedekror). [locie 3Toro 6roMbI ObUTH MPOKATaHBI HA COPTOBOM OJTHO-
KJIeTeBOM peBepcuBHOM cTaHe 850 no auaM. 100 mm. IIpu Bu3yaqbHOM OCMOTpE MOBEPXHOCTHU IIPOKATA, MOIyYEHHOTO
¢ nedpextHeix HII3, B OTMe4YeHHOW 30HE BBIABICHBI IIOBEPXHOCTHBIE HEQEKTHl B BHAEC HECIUIONIHOCTEH,
MPEACTABISAIONUX COOOH pa3phIBbI METaJIa MPOJOJBHOH M MOTEPEYHONW OpPUEHTAIMH, MECTaMH S3BIKOOOpa3HOM
¢opmbl. CreneHb pa3BuUTHS JIe(PEKTOB 3aBHCUT OT TJIyOMHBI M MECTa pACIIOJIOKEHUS TpelH Ha ucxonnoi HJI3.
JedekTsl, MecTopacroyioKeHne KOTOpBIX coOoTBeTcTBYyeT rpann HJI3, mMmeror MeHblee packpbITHEe, a JIe(EeKTHI,
MECTOPAcIOI0KEHHE KOTOPBIX COOTBETCTBYET pPeOpy HCXOTHOH 3aroTOBKHM, WMEIOT BUA TpyObIX pBaHuH. [lis
METaIIOrpa(uIecKoro HUCCIENOBaHMSA B MECTAaX pAcIONOXKEHHS Je(EeKTOB Ha MOBEPXHOCTH IPOKATa BBIPE3aHBI
nornepeyHbie 00pasibl. Ha momepeunsix Mukponuiudax mojaocta 1e)eKTOB MMEIOT HECKOJIbKO OTBETBJICHUH, CTCHKU
MOJIOCTEH M3BHJIMCTBIE, BOKPYT M B IPOJOJDKEHNE BETBEH MojlocTel HaOMIIOAaeTcs CKOIIEHHE MENIKUX TIIOOYIISPHBIX
OKCHJIOB, MacCHBHOE 00e3yriepoxuBaHue. JleeKThl MOBEpXHOCTH MpOKaTa KIAacCH(UIMPOBAHBI KAK pacKaTaHHBIC
TpemHbl (monepednslie). [myOnHa TpemmH B HcclenyeMbIx cedeHusx coctasmia 0,6-3,5 mm. B mamnoii pabote
paccMmoTpeHa TpaHcdopmanus nonepeunbix TpemuH HJI3 B mpokare. Ilo pesyiabraraM HCClieIOBAaHHUNA MPABUILHO
KJIacCU(QUIIMPOBAaHbl MOBEPXHOCTHBIE AE€(EKTHl NpOKAaTa W BBIABIECHBI NPUYHMHBI WX OOpa30BaHMS, YTO ITO3BOJHT
YCTPaHUTh WX BO3HMKHOBEHHE B JaipHelmeM. Ha ocHOBe NpaBMIBHOM KIacCH(UKAMHM W yCTPAHEHUsS NPHYNH
00pa3oBaHUs IOBEPXHOCTHBIX AE(PEKTOB CYIIECTBEHHO CHHU3HTCA OTCOPTHPOBKA IIPOKAaTa II0 IOBEPXHOCTHBIM
nedeKTam.

KuaroueBble ciaoBa: nedeKTHl MOBEPXHOCTH HENPEPHIBHOIWTON 3aroTOBKH, METON ‘‘MedYeHBIX” He(eKToB,
MIOBEPXHOCTHBIE Ie(PEKThI IPOKATA, CTEIIEHb Pa3BUTHUS IEPEKTOB, PACKaTaHHBIEC TPEIHHBL.

Ccepinka ansi nutupoBanusi: ['nazynosa H.A., Credanosnu C.B., IlyreeB B.C. Tpancdopmanusi momnepedHsix
TPEIIMH HETPEPHIBHOIUTOMN 3aroTOBKH B Ipokare // UepHast MeTayuryprusi. broyuieTeHb Hay9HO-TEXHUIECKOH M 9KOHO-
muueckoit madopmarm. 2019. T. 75. Ne 8. C. 930-935.

Doi: 10.32339/0135-5910-2019-8-930-935

930 BIOJINIETEHb «YEPHASI METAJIITYPI USI» « Tom 75« 8 » 2019



TRANSFORMATION OF CROSS CRACKS OF CONTINUOUSLY CASTED
BILLET IN ROLLED PRODUCT

N. A. GLAZUNOVA, Head of metal science Lab., Central Plant Lab., nmv.czl@bmz.gomel.by;
S. V. STEFANOVICH, Leading specialist of metal science Lab., Central Plant Lab.;

V. S. PUTEEYV, Deputy Head of Technical Dpt. (metallurgical production)
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“Belorusskaya metallurgical company”, Republic of Belarus’, Zhlobin)

Abstract. Increased requirements to the surface quality of hot-rolled products used in automobiles manufacturing and endeavor
to decrease t rejections of the metal with surface defects, stipulate the necessity to increase the quality of the initial continuously
casted billet (CCB). Cracks, formed in the process of crystallization, which are transformed into surface defects of rolled products
during hot deformation are attributed to the surface defects of CCB. Classification of defects presented, reasons of cross cracks on
CCB and their locations considered. In the course of the experiment the samples, cut from two CCBs in the place, where cross cracks
were visually revealed after shot blasting and hot etching in the 50% solution of chloric acid. The cross cracks on the surface of a
sample were revealed in the zone of the big side, and the other — on a rib. The longitudinal polished sections were cut from the place
of cross cracks location. At the study of the polished sections multiple cracks were discovered. The width of cracks opening was
different — from 0.01 up to 0.3 mm, depth in the section of the study — up to 10 mm. The locations of the cross cracks on the billets
were marked by notches from two sides (method of “marked” defects). After that the billets were rolled at a one-stand reversible mill
850 for the diameter of 100 mm. At the visual inspection of the rolled product surface, obtained from the defect CCB, surface defects
in the form of discontinuity flaws were discovered. The discontinuity flaws looked as metal ruptures of longitudinal and cross
orientation and sometimes having a form of tongue. The degree of defects development depends on the depth and the crack location
on the initial CCB. The defects which location corresponds to the CCB side have less opening, and defects which location
corresponds to the initial billet rib looked as a rough fissure. Cross samples were cut in the places of defects locations on the surface
of rolled product for metal science study. At the cross polished sections the defect cavity have several branches, the cavity walls are
twisting, around the cavity branches and next to them, aggregation of small globular oxides and massive decarburization were
observed. The defects of rolled products surface were classified as rolled-out cracks (cross orientation). The cracks depth in the
section under study was 0.6-3.5 mm. Based on the results of the study the surface defects of rolled products were properly classified
and reasons of their arising revealed, that will allow avoiding their formation in the future. Based on the proper classification and
avoiding of the surface defects reasons, the rolled products rejects by surface defects will be considerably decreased.

Key words: surface defects of continuously casted billet, method of “marked” defects, rolled product surface defects, degree of
defect development, rolled-out cracks.

For citation: Glazunova N.A., Stefanovich S.V., Puteev V.S. Transformation of cross cracks of continuously casted billet in
rolled product. Chernaya metallurgiya. Byulleten’ nauchno-tekhnicheskoi i ekonomicheskoi informatsii = Ferrous metallurgy.
Bulletin of scientific, technical and economic information, 2019, vol. 75, no. 8, pp. 930-935. (In Russ.).
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B HacTosiee BpemMs 6onbLIMM CNPOCOM MOJb3y-
eTCcqa ropavekaTaHbli NpokaT, NPUMMEHAeMbIN B aB-
TOMOBUNECTPOEHUN, K KAa4EeCTBY MOBEPXHOCTUN KOTO-
poro NpegbsaABMSATCSA OOCTATOYHO XecTkue Tpebo-
BaHuA — rnybuHa AedeKToB He [OSKHa NpeBbl-
wate 0,2 mm. ng MUHMMM3ALMM OTCOPTMPOBKM
npokata M3-3a Hannyns NMOBEPXHOCTHbIX AedeKTOB
HeoOXxoaMMO npaBuNbHO KrnaccuduumpoBaTtb Ae-
ekt u onpegenntb MNpudMHYy ero obpasoBaHus.
Menkne gedekTbl NOBEPXHOCTU HENpPepbIBHOMUTOMN
3arotoBkn (HJ/13) B OCHOBHOM MeEXaHW4eCKOro npo-
NCXOXOeHns1 (PUCKK, LapanuHbl, BMATWHbI) HE OKa-
3bIBAlOT BIIMSHMS Ha Ka4yecTBO MOBEPXHOCTM Mpo-
kata. [dedektbl noBepxHoctn HJ13, nony4veHHble B
npouecce KpucTannu3auuu, Takve Kak TpeLLMHBb,
TpaHChOPMUPYIOTCA Npu ropaven gedopmauun B
NMOBEPXHOCTHbIE AedeKTbl NpokaTa.

Hanbonee pacnpocTpaHeHHbIM OedeKTOM Mo-
BepxHocTn HJII3 aABnaTCSA TpeLmHbl, KOTopble MO
pPacrnonOXeHNo pas3gensaoT Ha MpoJosibHbIE M MO-
nepeyHble.

lMepuognyeckm Ha NOBEPXHOCTWU MpoKaTa BbisB-
nsTCca AedeKTbl, MMEeKLMe BUA PBaHUH U NPEBbI-
warwwme Jonyctumyto rnyomHy. Takonm BHELHWIA
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BUA OedEKTOB MOBEPXHOCTM MpoKaTa XxapakTepeH
KaK ONnsa packaTaHHbIX ceTyaTbiX (MaykooOpasHbIX),
Tak 1 NoNepeYHbIX TPELLVH.

[ns vccnepoBaHua TpaHchopmaumm gedekToB
ncxogHon HI3, knaccudmkaumm pgedektos, onpe-
AeneHns MX BIUSHUSA Ha KayeCTBO MOBEPXHOCTU
COpPTOBOro NpokaTa W yCTpaHeHust NpuynH obpaso-
BaHMS MOBEPXHOCTHbIX AeEKTOB creunanucramm
nabopaTtopun MeTannoBedeHUs LEeHTpanbHON 3a-
BOACKON nabopaTtopum 1 TEXHNYECKOro ynpaBreHnst
npoBefeHbl 3KCNEPUMEHTarbHbIE NCCNEOO0BaHNS.

lMonepeyHble TpewuHbl MOryT pacnonaraTbCsi
Kak Ha pebpax, Tak n Ha noBepxHocTh rpaHen HI3.
Yawe Bcero OHM pacnonaralwTcsa MO BhnaguHam
CKIagoK OT BO3BPATHO-MOCTYNaTENbHOrO ABUXEHUSA
cTona KayaHusi kpuctannuaatopa [1].

MpuumMH o06GpasoBaHMs MNOMEPEYHbIX TPEeLUMH
MHoro. Ha rpaHsax HJI3 nonepeyHble TpelwmHbl 06-
pasyloTCs u3-3a pacTArnBaoLmX HanpsXKeHUn, BO3-
HUKaKOLWMX OT  YCWMMK, CO34aBaEMbIX TAHYLLUMMU
ponvkamMn M COMPOTMBIIEHWEM, OKa3blBaeMbIM Me-
peEMELLEHNIO CNNTKAa B KpUCTannmM3aTope unm B 3oHe
BTOPUYHOTO oxnaxkgeHus [2].
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MonepeyHble TPeLLMHbI MO CKNagkam MosBns-
I0TCA MpY MOABUCAHMU CNUTKA B Yrrax Kpuctannm-
3aTopa, HanMyum ycadouYHbIX HanpsKeHUWn B MNpo-
OONbHOM HanpasneHun (nepeoxnaxaeHune pebep
CruTKa), HeJOCTaTOYHOWN TOMLUMHE U NPOYHOCTU MO-
BEPXHOCTHOM KOPOYKM 3aTBepAeBLUero meTtanna,
HeyooBneTBOpUTENbHON paboTe MexaHu3ma cTona
KauyaHus KpuctannusaTopa, WUCMofib30BaHUM HEeCo-
OTBETCTBYIOLLEN LUNaKkoobpasytoLLen cmecu, M3Hoce
rMnb3bl KpucTanmnuaaTtopa, KonebaHun ypoBHS Me-
Tanna B kpuctannmusatope, M3bbITOYHOM BTOPUHHOM
oXnaxgeHnn u ApYrnx COMYTCTBYIOLLMX MNPUYMHAXx
[3, 4].

BusyaneHo Ha noBepxHocTu HJI3 nonepeyHble
TPeLWmHbl U3-3a WX Manoro pasmepa TpyOHO Bbl-
SIBUTb UMM OHW MOTYT ObITb CnpsiTaHbl B CKragkax
[1], HO OHM Mnerko BbIABNATCA Nocne gpobectpym-
HOM 06paboTkM MNOBEPXHOCTU WM  XUMMUYECKOIrO
yOaneHusi NOBEPXHOCTHOM OKarWHbl.

Ona akcnepumenta Bblgenunu ase HJI3 (ogHa
N3 KOTOPbIX MOKasaHa Ha puc. 1) C BbIABNEHHLIMMU
nocne BM3yarbHOrO OCMOTPA C MOMOLLLIO JTyMbl NpK
yBeENUYeHUn x15 nonepeyvHbIMM TpeLLMHaMW, pac-
MOMOXEHHbIMU Ha OOHOM U3 BomnbLUNX rpaHen u Ha
pebpe. oBepxHOCTb BbigENEeHHbIX GromoB obpa-
6oTann [OpoOblo (yaanunuM MOBEPXHOCTHYH OKa-
NMHY), Mocre Yero elle pa3 NPoM3Benu OCMoTp Mo-
BEPXHOCTU rpaHeni u pebep. Ha opgHom 6Gniome
(Mpon3BoNbHO 3amapkMpoBaHHOM kak Ne 1) npu no-
BTOPHOM OCMOTPE BbISIBNIEHbI MOMEPEYHbIE Tpe-
LUMHbBI HA OAHOW U3 BOMbLUMX rpaHen, PacronoXeH-
Hble B6rvke k pebpy, Ha gpyrom Gniome (Ne 2) Bbl-
SBMNEHbl MOMEPEeYHbIe TPELUMHbI, PaCMONOXEHHbIE
no cknagkam ogHoro m3 pebep. OT pedeKTHbIX
6rtoMoB 0TOOpaHbI NPobbl A4Ns UccrnegoBaHus.

OT npo6 6ntoMoB nccnenoBaHbl “ropobyLLKM”, Bbl-
pe3aHHble B MeCTe pacnofioXeHUsl MOonepeyHbIX
TpeLwmH. MNMocne ropsayero Tpaenexus B 50 %-m pac-
TBOpPE CONSIHOM KMcnoTbl [5] npoBegeH ocMoTp no-
BEPXHOCTH “ropbyLuek”. Ha NMOBEPXHOCTU

“ropbywiek” B 30He GOnbLIOW rpaHu (puc. 2) 1 Ha
ofHOM 13 pebep (puc. 3) 4YeTKO BMAHbI MONEPEYHbIe
TPELLMHBI.

Puc. 1. Buewnuil 6uo evloenennozo 6ioma ¢ nonepeyHbiMu
MpewuHamu Ha OOHOU U3 GONLUIUX 2panell

Fig. 1. External view of the selected bloom with cross cracks
at one of large sides

Puc. 2. [lonepeunvie mpewunvt na 6orvwoti epanu HJI3
(nocne Opobecmpytinoll 06pabomKu NOePXHOCMU)

Fig. 2. Cross cracks at a large side of a CCB
(after shot blasting of the surface)

Puc. 3. [Tonepeunvie mpewunot na peopax HII3:
a — nocie 0pobecmpyiinoi 06pabomKu nogepxHOCmu,
6 — nocne yoanenus no8epxXHOCMHOU OKAIUHbL MPABIEHUCM

Fig. 3. Cross cracks at CCB ribs:
a — after shot blasting of the surface; 6 — after removal
of surface scales by etching

OT “ropbywek” B MecTe pacrnornoXeHusi none-
peyHbIX TPeLMH Bbipe3anu K uccrnegoBanu npo-
[AO0MNbHbIE MUKPOLLNUDbI.

Mpun nccnegoBaHMM NPOAONBHOIO CEYEHUS MUK-
pownnMdOB BbISIBNEHbI MHOXECTBEHHbIE TPELLWHBI.
LWvpuHa packpblTus TpewmH pasnuyHa — ot 0,01
fo 0,3 mm, rnybrHa 3aneraHus B UccrnegyemMom ce-
yeHun — o 10 mm (puc. 4).

Puc. 4. Mukpocmpykmypa 6 30He NOnepeuHbiX mpeujun
6 NPOOOILHOM ceueHuu mukpownuga HJI3 nocne mpaenenus
6 peakmuse Nital, x50

Fig. 4. Microstructure in the cross cracks zone in longitudinal
section of a CCB polished section after etching
in Nital reagent, x50
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OcTaBluMecss 4yactu OnOMOB C nonepedHbIMU
TpewmnHamMn npokaTaHbl Ha COPTOBOM OAHOKMEeTe-
BOM peBepcuBHOM cTtaHe 850 go anam. 100 mm me-
ToooM “MmeuveHbIX” gedekToB. MeTopq 3akntovaeTcs B
TOM, YTO C ABYX CTOPOH OT BbISIBIIEHHOIO AedekTa
Ha HN3 penatotca Hagpesbl (MeTku). [loBepXHOCTb
npokaTa uccnegoBarnacb B OTMEYEHHOM 30He.

Mpu BM3yanbHOM OCMOTPE MOBEPXHOCTU MpOo-
KaTta, nony4YeHHoro ¢ gedektHbix HJI3, BbisiBNeHbI
NOBEPXHOCTHblE AedeKTbl B BUAE HECMNSIOLHOCTEN,
npeacTaBnAwLWMX CoOOM pa3pbiBbl MeTanna npo-
OOINbHOW M NONepeYHon OpueHTauumn, Mmectamm s3bil-
koo6pasHon copmbl [6]. CTeneHb pasButua gedek-
TOB 3aBWCUT OT MMyOUHbI U MECTa pPacronoXeHus Tpe-
LWWH Ha ucxogHon HN3. [edekTbl, MecTo pacnonoxe-
HUS1 KOTOPbLIX COOTBETCTBYET rpaHu HJ13, umetoT MeHb-
Lwee packpbiTue (puc. 5), oedekTbl, MeCTopacnonoxe-
HMEe KOTOpbIX COOTBETCTBYET pebpy MCXOoOHOW 3aro-
TOBKM, UMEIOT BUA rPyObIX pBaHWH (puc. 6).

Puc. 5. Buewnuii 6uo depexmos nosepxHocmu npokama
(pacnonooicenue depexma coomeemcmeayem 0OHOU
u3 6onvwux epanei HJI3)

Fig. 5. External view of rolled products surface defects
(the defect location corresponds to a large side of CCB)

Puc. 6. Buewnuii 6uo degpexmos nosepxrocmu npokama
(pacnonosicenue decpexkma coomsemcmayem peopy HJI3)

Fig. 6. External view of rolled products surface defects
(the defect location corresponds to a rib of CCB)
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[Ons meTannorpadunyeckoro uccregoBaHus B
MecTax pacnonoxeHuss edeKkToB Ha NOBEPXHOCTMU
npokaTa Bblpe3aHbl nonepeyvHble obpasubl. Ha no-
nepeyHbIX  Mukpowrnmdax nonoctn  aedekToB
MMEIOT HECKOIbKO OTBETBNEHWN, CTEHKW MOMocTemn
N3BUITUCTbIE, BOKPYr U B NPOLOIKEHNE BETBEW MNO-
nocter HabnpaeTcs CKOMMeHWe Menkux rnoby-
NSAPHBIX OKCMAOB, MacCuMBHOE 06e3yrnepoxumBaHue
(puc. 7, 8). OedbekTbl NOBEPXHOCTM MpokaTa Knac-
cnduumMpoBaHbl Kak packaTaHHble TpeLUMHbl (none-
peyHble) [7]. TnybuHa TpewwmH B uccnegyemMbix ce-
YyeHusax coctasuna 0,6-3,5 mm.

Kak yxe oTmMe4anocb, Mpu4MHbl OOpa3oBaHus
nonepeYHbiX TpewwmH (No pedpy unu rpaHn cnuTka)
pasnuuHbl. B gaHHoM crniydae Obinn M3BECTHbI Ha-
PYLUEHUSA MpW pasnvMBKE CTanu, KOTOPble SBUNUCH
npyynHaMm obpas3oBaHWst MOMNEPEYHbIX TPELUH —
9TO UCMONb3OBaHWEe T[UMb3bl KpUcTannmusaTopa,
CTOWMKOCTb KOTOPOW NpeBbiliana AonycTUMYHo, U 1C-
NnoNib30BaHNE OMbITHOW LUNakoobpa3syloLlen cmecu
OT anbTepHaATMBHOIO MOCTaBLUMKA, KOTOpas He no-
gowna gns gaHHoW Mapku ctanu. [na kaxgon
Mapku cTanu nogbupaeTcsl COOTBETCTBYIOLLAA LUna-
Koobpasywasa cMecb No napameTpam BSI3KOCTMU,
TeMneparypbl NIaBAeHUs, XMMUYECKOro COCTaBa U
BINUSIHUIO HA Ka4eCTBO NMOBEPXHOCTU CIIMTKA.

CTOMKOCTb MMNb3bl KpUCTannNu3aTopa onpegens-
€TCA COCTOSHMEM MOKPbITUA U HanMynem MexaHu-
Yeckux noBpexaeHun. CorrmacHo pekoMeHZauusiM
M3roToBUTENS ANS OAHHOrO CopTamMeHTa CTOMKOCTb
rMNb3bl coctaBnseT 500 NNaBoK. Onsa
3KCrepvMeHTa MeTann pasnueBanca B UNb3y
KpucTannuaartopa, Npu OCMOTPe KOTOPOW BbiSIBIIEH
W3HOC HWXHen JacTtu (puc. 9). MokpbiTve Ha yrnax
rMNb3bl pa3pyLLUEeHo, oronunacb MegHasi OCHOBa, 13-
32 Yero W3MeHSIeTCs TEnnonpoOBOAHOCTb TaKow

rnb3bl " yCcrnoBus KpucTannusauum
(yBenuumBaeTtcs TEennooTBoA B yrnax
KpucTtannusaTopa).
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Puc. 7. Muxpocmpyxmypa 6 30ne deghexmog (pacnonogicerue oe@exknos coomseemcmeayem 00OHOU U3z OOIbUIUX paretl)
6 NONEPEUHOM CeUeHUU MUKPOUMUPDOE copadeKamanol 3a20moeku ouam. 100 mm:
a, 6 — waugh He mpagiaen; 6, 2 — wnug nocie mpasnenus 6 peakmuse Nital, x100

Fig. 7. Microstructure in the defects zone (the defect location corresponds to a large side), cross section of a polished section,
hot rolled billet of 100 mm diameter:
a, 8 — the polished section not etched, 6, 2 — the polished section after etching in Nital reagent, x100

Puc. 8. Muxpocmpyxmypa 6 30ne deghexmog (pacnonodicetue
Odeghexma coomeemcmeyem 00HOMY U3 pebep) 8 NOnepeuHoM
ceyeHuu MUKpOWIUpa 20pa1eKamanoli 3a20mosKu Puc. 9. Buympennsasn nosepxnocms kpucmaniuzamopa:
ouam. 100 mm nocne mpasnenus ¢ peakmuee Nital, x100 a — U3HOC HUdICHel yacmu, 6 — Omcymcmeue NOKPulmus,
8 yenax Kpucmaniuzamopa

Fig. 8. Microstructure in the defects zone (the defect location

corresponds to a rib), cross section of a polished section, Fig. 9. Internal surface of the mold:
hot rolled billet of 100 mm diameter, after etching a — lower part wear;
in Nital reagent, x100 6 — absence of coating in the mold corners
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BbiBOAbI

Mo pesynbTatam nNpoBeAeHHOW paboTbl U3y4mnu
TpaHcdopmaumto gedekrta ¢ nosepxHoctn HI13 B
roTOBOM copTe, onpeaenvnu BUA4 U Npu4mHbl obpa-
30BaHMA dedekta MoOBEpPXHOCTU npokaTa, YTo Mo-
3BONWIMO MPaBUITbHO KraccuuumnpoBaTb NOBEPXHO-
CcTHble aedbekTbl npokata no NOCT 21014-88 kak
packaTaHHble TPeLLMHbl (MonepeyHble).

Ha ocHoBe npaBunbHOM Kraccudukauum n ycT-
paHeHus NpuyYnH obpasoBaHUs NOBEPXHOCTHLIX Ae-

q.)eKTOB MOXXHO CyLleCTBEeHHO CHU3NTb
OTCOPTUPOBKY  MpokaTta no NOBEPXHOCTHbLIM
aedektam.
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