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30HaX TEPMHYECKOTO BJIMSHHUS B XOJ€ BBINOJHCHHUS HapYKHBIX BaJMKOB IPH aBTOMATHYECKOM
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IIpy M3roTOBIEHHH KOPITYCHOrO 00OPYIOBaHMS PEAKTOPHBIX YCTaHOBOK Thra BBOP,
KaK MpaBWiIoO, NpUMEHSIOT cranu JByX TunoB: I5SX2HM®A u 10I'H2M®A. IlepBbie
UCIONIB3YIOT JUISl M3/€Nuil Oojiee BBICOKOTO Kilacca MPOYHOCTH — KOPIYCOB U KPBIIIEK
peakTopa, a BTOpBIE i1 MEHEE MpPOYHBIX — B OCHOBHOM I IapOr€HEpaTopoB,
KOMIIEHCAaTOPOB JIaBJIEHUs U TPYO INlaBHOro HupKyisuoHHoro koutypa (I'IK). Texnomoruu
00pabOTKM 3aroTOBOK U MONy(haOpUKaTOB U3 ITUX CTajlel, HapuUMep, CBapKa U TepMUYecKas
o0paboTka, momoOHbl. Tak, TemmepaTrypbl WX HarpeBa IpH OTIYCKE IPAKTHUECKH HE
OT/IHYAIOTCS W 06BIYHO cocTaBisior 620-650°C; momyckaeTcs MPOBEJCHNE OTIYCKA BILIOTH
m0 670°C [1]. Makpo- ¥ MUKpPOCTPYKTYpPa, & TaK:K€ MEXaHUYECKHE CBOWCTBA DTHUX CTaJIEH
OTJIMYAIOTCS yKe O0Jiee 3aMETHO.

B nokoBkax ctanmu 10I’H2M®A 3ameTHa JIMKBallMOHHAs HEOTHOPOAHOCTH (puc. 1),
BBIPAXAIOIIAsCSl B HAJIMYMM Y4YacTKOB pa3jIMYHON cTeneHu TpaBuMocTh. llpu 3toM cC
YMEHbIIIEHUEM CEYEHHUs 3aroToBOK (QopMHUpyeTcs Bce Oosiee BbIpaK€HHas IoJjiocyaTas
CTPYKTYpa, COCTOSIIIAsl U3 TAKUX YYaCTKOB.
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Pucynok 1 — JIukBanmoHHasi HEOTHOPOJHOCTH TOKOBOK 13 ctanu 10T H2M®A (bonee TeMHBIE YIaCTKH

coneprkat OoJbIIe yriaepoaa U ciibHee jeruposansl), X100 [Liquidation heterogeneity of forgings from
10GN2MFA steel (darker sections contain more carbon and are more alloyed), x100]

B nokoBkax u3 cramu 15X2HM®A nono6Hsli 3¢ ekt 3ametHo ciabee. Eme ogHo He
JIOCTAaTOYHO BBIICHEHHOE Pa3JIMuUe — rapaHTHPOBAaHHbIE 3HAYEHUS Ty, OCHOBHOTO METasuia U
mBoB. s cranmu 10H2M®A oHM 0AMHAKOBBI M COCTABIISIIOT OT MuUHYC 10 10 1uitoc 15°C
JUISl pa3HbIX U3JIEIUi, B TO BpeMs Kak AJig1 OCHOBHOro metaiia cranu 15SX2HM®A T, paBHa
oT muHyc 90 10 MUHYC 40°C, a 15t LBOB — HE HIDKE MUHYC 25°C. Ilo COJICPKAHUIO YIIIepoaa
U TUny JierupoBaHusi TKo n0DKHBI ObITh HUKE Y cTanu 10I’H2M®A. TTosToMy npuduHbI ee
0ojiee BBICOKMX HOPMATHUBHBIX TEMIEpaTyp U IS IIBOB M JJs OCHOBHOTO MeETayja o
cpaBHeHHUIO co cTanbio 15SX2HM®DA He coBceM MOHSATHBI.

PaccmorpuM  mpuuyuHBI  TOSIBIEHUS ~ JMKBAallMOHHOM  HEOJHOPOJHOCTH B
MaJoyTJIEPOJAUCTHIX HU3KOIEeTHpoBaHHBIX cTaliax. Cormacuo H.II. bynuny [2], oueHb cUIIbHO
nukBupytotr S u P, cnabee (B 3-5 pa3) C, As, V, Mo, a nnsa Si, Cr, Mn wu Ni nukBanus
MpaKkTUYECKH He BbIpakeHa. Ha pucyHke 2 moka3zaH yd4acTOK JuarpaMMbl PaBHOBECHUS
cucrteMbl Fe — C, COOTBETCTBYIOIIMU TeMIlepaTypaM HHTEpBaJia KPUCTAUIM3AIUKA MaJlo- U
cpenHeyriepoaucToix craneil. [ns crmaBoB ¢ koHueHtpauuen C < 0,1%, Kk KOTOpbIM
otHocuTcs U ctanb 10CH2M®A, nepBuunas kpucrammzanus (ams crutasa K ot Touku / 10
TOYKH 2) 3aBepiiaercs Ha TMHUU A—H. B 5Tux crmaBax ¢popMupyercst IeHAPUTHAS CTPYKTYpa
o-pepputa. B mpomecce TepBHUHON  KpHCTaUNIM3alMM  W3OBITOYHBIA  yIiiepon U
coJiepKaIirecs: B paciiaBe aTOMBbI JIETKOIUJIaBKUX TMpuMeced (B mepByro ouepens S u P, a
Takke As u coaepxammecs B cramu V. u Mo) U HEMETaUIMYECKHE BKIIOYCHUS
BBITAJIKUBAIOTCSI B OCTAaTOYHBIE OOBEMBI JKUIKOCTH, B TO Bpemsi kKak Si, Mn u Ni
pacnpenenenbl paBHOMepHO. K MOMEHTY OKOHYaHMS KpPUCTAUIM3allMU BCE JIMKBUPYIOLIUE
3JIEMEHTHl COCPEIOTOYEHbl Ha TpPaHULAX JEHAPUTOB. B »TOM 3akiroyaeTcss OJHO U3
MpOsIBICHUN NeHapuTHOW nukBauuu. s craBoB ¢ C > 0,1% na nuaun H—J—B nepBuyHas
KpUCTAJIIM3alUsl  MpephIBaeTcs  MEPUTEKTUYECKUM  MpeBpalleHHeM. OTOT  MpoLecc
OCYIIECTBIISIETCS C BBIJCICHHEM TeIja, YycKopstomero auddysuto, U IS CIjiaBa,
COOTBETCTBYIOIIETO TO4yke J, 3aKiIo4yaercs B TOM, 4YTO BBIACIHUBIINUKCA (QEppUT
B3aMMOJICHCTBYET C OCTaBIIMMCSl paciljlaBOM, B pe3yjbTaTe 4ero BO BceM 0oObeMe cIijiaBa
o0Opa3yercs ayCTEHUT, B KOTOPOM PACTBOPSETCS HM3OBITOYHBIA YyIriiepoJ. DTO MPUBOIUT K
TOMY, YTO JEHAPUTHAs JIMKBAIUs B TaKUX CIUIaBaxX BbIpaXkeHa 3HauuTeNbHO ciabee. Ilo
comepxanuto yriepoaa ctanb 15X2HM®DA mnpakTudecku cOBMagaeT ¢ TOUkou J, T.e. Bce
ckasanHoe BbIlIe o cruiaBax ¢ C > 0,1% oTHOCUTCS U K HEH.
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Pucynox 2 — Cxema npeBpamieHuil B HU3KO- U CPEJHEYTIICPOTUCTBIX CTAISX MIPU KPUCTAIIIM3ALNH COTIaCHO
muarpamme paBHoBecHst Fe — C [The scheme of transformations in low- and medium-carbon steels during
crystallization according to the Fe — C equilibrium diagram]

[IpuBeneHHass cxema NIpeBpallleHUN HECKOJIBKO YIPOIIEHa, OJHAKO OHA TOKa3bIBAeT
OCHOBHYIO MIPUYHHY (POPMUPOBAHUS ACHAPUTHON yukBammu B ctanu 10IH2M®A, a takxke
MECT COCPEIOTOUCHUS npumecei u HEMETAJUTHYECKUX BKJIFOUEHUH B
3aKpucTayui3oBaBiiemMcss  Metayie.  [locnenyromas — npu OXJIaXKICHUM  JIBOMHAs
NEPEeKPUCTAITU3ALNS TP TOIUMOPGHBIX MPEBPALICHUAX, @ TAK)KE aHAJOTHYHBIE U JIPYTHe
npeBpalieHusi nmpu o0paboOTKe IaBICHUEM, «Pa3Ma3blBAIOT» XUMHUYECKYIO0 U CTPYKTYPHYIO
HEOJIHOPOJAHOCTH, KOTOpasi MPUOOpETaeT BU, XapaKTePHBIN I UMEIOIUXCS MOKOBOK. bornee
TEMHbIE y4acTKH (CM. puc. l) W3-3a JMKBAIMM COJEpXKAaT OOJIbIIEEe KOJUYECTBO TaKUX
KapOu1000pa3yomux 1eMeHToB, Kak V u Mo. MUKpOTBEpAOCTh 00jiee TEMHBIX y4aCTKOB
BBIIIIE, TaK KaK 3/1€Ch MPUCYTCTBYIOT pa3invHble GopMbl OeiftHnTa. ISl onrcaHus TOSBICHUS
TaKUX MUKPOCTPYKTYP YIOOHO HCIOJIb30BaTh TepMoKkuHeTuueckue nuarpammbl (TK]I), Ha
KOTOpBIX OoJiee JIETMPOBaHHbIE TEMHBIE YYacCTKHM COOTBETCTBYIOT IMOSIBJICHHIO OoJiee
JIETUPOBaHHBIX OEWHUTHBIX CTPYKTyp. Ha pucynke 3 mnpuBeaeHbl TEPMOKHMHETHYECKHE
JUarpamMMbl, XapakTepHble JJs MaJOyIJIepOAUCTBIX HHU3KOJIETMPOBAHHBIX cTajell ¢
pasIMYHBIM COZIep)KaHueM Jierupyroumx sneMeHToB [3]. B cranmm 12I'H3M®, Gonee
JerupoBaHHOM Ni, yCTOMYMBOCTH AayCTEHWTA BBIIIE, OOJBINE TBEPAOCTh OCHHUTA,
KpUTHUYECKAsi TOUKa A7 — HUXKE.

Crans 16I'HM Cranp 12I'H3MD
o] S8i Mn Ni Mo A, A; My ty C M™Mn Ni Mo V A, A, My ty
017 0,27 0,79 0,45 0,41 725 855 420 910 0,11 0,98 2,67 0,50 0,05 690 830 370 920
= 6 T
«e [T, W I [ x\ SHENN N
\f’ L T o N — 1 5 - 4c, N ‘ \— = -. 1
o N RN W) LD
Ac, = ol L AN 700 \ \ \ r
0 4 ™ T =7 \ - \
AN R[PRTAE \ UL
a ”(' 4 Yoo L 77 b 4 A | 1
N a2l 600
00 |— \ 3 \ VAN
\ PR B .l
e Y so0 Y A—~—5
Ao o JM" 5
NN P prm \
‘00 et T 400 |- 11, \
SR s=r NI
Jo0 ‘\ N \ \“’ 2081 5 00 \
o \ \‘ \ ‘ s \ \
AY BP0 S0 738 210 19% 165 760 160
oo LTI TT O T T T I TI0T e e L LA AT
a5 7 » n* ot 0* Tec ’wa_,- 7 ) 0% 07 0* e
— ., \ \ L L
St 7 I B2 s v

PI/ICyHOK 3- TepMOKHHeTH‘{eCKI/Ie JuarpaMmbl, XapaKTEPHBIC I MAJIOYTJICPOAUCTHIX HU3KOJIETUPOBAHHBIX
cTainiell ¢ pa3TUYHBIM cojiep kaHueM Jerupyromux dmeMenToB [3] [Thermokinetic diagrams characteristic of low-
carbon low-alloy steels with different content of alloying elements [3]]
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JlukBanmoHHasi HEOJHOPOJHOCTh MOKET TMPUBECTH K JIOKAJTBHOMY CHHMXKEHHIO
KPUTHYECKON TOukHn  Aj B 00oTaIIeHHbIX JIETUPYIOIIUMU 3JIeMEHTaMU-
ayCcTeHUTOOOpa3oBaresiMi ydactkax. [Ipu mpoBeneHUU OTHyCcKa B WHTEpBAJE 660-670°C
CTaJield MM MX CBapHBIX COCAMHEHMI M3-3a MOHMKEHHOM KPUTUUYECKON TOYKH A; B CTAISAX
tuna 10’H2M®A B 3TuX ydacTKaxX MPOWCXOAUT YACTHMYHOE MOIMMOPQHOE MpEeBpaIleHUE
depputa B aycrenut. Ilpu nepexoje B MEKKPUTHUYECKHI HHTEpBaJl 00pa3ylOTCs OCTPOBKHU
ayCTEHUTAa, KOTOpblE NPHU MOCIEAYIOLUIEM OXJIAXAECHUU HCHBITHIBAIOT MApPTEHCUTHOE
npespamienre. OOpasyeTcs Tak Ha3bplBaéMas MapTEHCUTHO-AyCTEHUTHAs COCTaBJISIOLIAs
(MAC), Hanuuue KOTOpPOW MOBBIMIACT MPOYHOCTh M YXYALIAeT yJapHyi Bs3kocTh [4]. Ha
pucynke 4 npuBeneHbl MUKPOCTPYKTYphl ctanu [0I'H2ZM®A ¢ paznuunoii Mmopdosorueit u
cogepxkanneM MAC. D10 0OCTOATENBCTBO HEOOXOJMMO YUUTHIBaTh MpPHU HA3HAYCHHUU
PEKUMOB TEPMHUYECKON 00paOOTKH TaHHOW CTaIM M €€ CBAPHBIX COCTUHEHUMN.

Pucynox 4 — MaptencuTHO-aycTeHuTHasA coctapistomas (MAC): a) B BHIIE IIETIOYEK, a TAK)KE OTACTBHBIX CBETIIBIX
BBITSTHYTBIX OCTPOBKOB, X500; 6) ckenerHas ctpykrypa, x200; 6) otnensHble yacTiibl MAC (CBETIIbIE) ¥ TPOOCTUTHAS
cocrapisromas (TemHas) B pepputHoit Matpure, X500 [The martensitic-austenitic component (MAC): a) in the form
of chains, as well as individual light elongated islands, x500; b) skeletal structure, x200; c¢) individual MAC particles

(light) and troostite component (dark) in a ferrite matrix, x500]

I'VIOBAJIBHAA AJJEPHA I BE3OITACHOCTD, Ne 4(33) 2019



JIMKBAIIMOHHA 1 HEOJTHOPOAHOCTb 1 CBAPUBAEMOCTb.

[Ipu mpoBenenun ropsiueit 0OpaboTku naBieHueMm uznenuil u3 cramu 10TH2MOA,
HalpuMmep, IITAMIOBKM [JOHBINEK, TMOkH KojieH TpyoonpoBogos I'LIK, nukBannonHas
HEOJTHOPOJHOCTh MOXKET IIPUBECTU K PEKPUCTAIIIN3ALMOHHBIM IIPOLIECCaM, U3MEHSIOLUM UX
MexaHudeckue cBoicTBa. Ilpm HarpeBe moOJ INTAMIOBKY HIPOMCXOIUT YaCTHUHOE
pacTBOpeHHE MHUKPOJETUPYIOMMX dacTull Kapounos Banaaus (VC), B pesynbraTe 4Yero
HAUMHAETCS HEKOHTPOIMPYEMBbI pOCT ayCTEHUTHBIX 3€pEeH B YYacTKax OOEIHEHHBIX
gerupyromuMu  3nemeHtamMu  [5]. Ha pucyHke S5 1okazaH pe3ysibTaT 4YacTHUYHOM
PEeKpUCTAIIIM3ALMY, BBIABICHHOM IPU aHAIM3€ MUKPOCTPYKTYpBI IOCie THOKM KojeH. [l
BBIPAOOTKM  TEXHOJOTMYECKMX DPEKOMEHJAIMl 10 JaHHOMY BOIPOCY HE0O0XOIUMO
IPOBE/ICHUE CIIEIUATIBHOIO UCCIIeI0BAHHUS.

Pucynok 5 — Yactnanas pexpuctaumsaiys B cTpykrype ctamu 10’ H2M®A nocne Harpesa 11t THOKH KOJIEH:
@) o0LIMii BU]] — CBETJIbIE 3€PHA, B KOTOPBIX MPOIILIA PEKPUCTAIUIU3AIINS, TEMHBIE 3epHA B BHJIE I10JIOC —
pexpuctamumT3anun He 0p110, X100; 6) GeHNTHAS CTPYKTYpA, BRIABIsIEMas ocie pekpuctammusanmy, x500;
6) UroJIbYaThlii OSHHUT B HEPEKPHUCTAJUIM30BaHHBIX yuacTkax, X500 [Partial recrystallization in the structure of
10GN2MFA steel after heating for bending: a) general view is light grains in which recrystallization took place,
dark grains in the form of stripes mean no recrystallization, x100; b) bainitic structure detected after
recrystallization, x500; ¢) needle bainite in unrecrystallized areas, x500]

© HanmoHanbsHBIN HccIen0BaTENbCKUN AAepHbIA yHUBepcuTeT «MUDN», 2019
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[Ipu cBapke, momaBIIME€ B BBICOKOTEMIIEPATYPHYIO 00JacTb 30HBI TEPMHUYECKOTO
BiusHus (3TB) ydacTku, o0oraimeHHbIe YyriiepoAoM H JISTUPYIOMUMH JIEMEHTAMHU, a TaKKe
INPUMECSIMA ¥ HEMETAJNTMYECKUMU BKIIIOUCHUSIMHU, MOTYT BECTH cebs mo-pasHomy [6, 7]. Kak
IpaBUIO, 3TU y4yacTKM Oojiee TBepAble U CHIIbHEe TpaBATcsa. Ecim B TakoMm ydacTke,
IPWIEraloIleM K JIMHUU CIUIABJICHUS, NMPHUCYTCTBYIOT HEMETAUIMYECKUE BKIIIOUEHUS (Kak
IPaBUJIO, OHU KOMIUJIEKCHBIE), 37€Ch NMPOU30MIET MOAIUIABICHHE U OOpa3yroTcs ropsuue
MUKPOTPEIIUHBl JIMKBAallMOHHOTO TIpoucxoxaeHuss [8]. OHU, B YaCTHOCTHU, MOTYT
00pa30BaThCsl NPU BBINOJHEHUM HAPY)KHBIX TOPU30HTAIBHBIX BAJMKOB WIH IPHUBAPKE
KpEIUICHUH BOJIM3M KOJBIEBBIX LIBOB, €CIM B COOTBETCTBYIOIIEH oOeuaiike MPUCYTCTBYIOT
TaKkue BKJIIOYEHUsS, WIN B clydyae NPUMEHEHUS PEXHMOB CBApPKHU C IOBBIIIEHHON MOTOHHOM
sHeprueii [7]. Ha puc. 6 mpuBeseHa MakpoCTpYKTypa BBISIBICHHOTO Je(eKTa JaHHOTO THUIa, a
Ha puc. 7 — HaJpbIBbl, OoOpasyoluecs HOpU BCKPBITMM Takoro naedexra B Ipolecce
UCIIBITAHUH Ha 3aru0, 1 00U BUI M3TI0OMa JaHHOTO 00pas3iia (ropsiyasi TpEIInHA — BBEPXY).

Pucynoxk 6 — I"'opsiurie MEKpPOTpEIINHBL, KOTOPBIE MOTYT 00pa30BbIBATHCS Ha JIMHHUHM CILIABICHUS IIPH
HaJIOXKEHUH BaJIMKa, apauIeIbHOTO TOBEPXHOCTH ITOKOBKH, &) OOIINiA BUJI (BBEPXY - BAIUK C Ie(hEKTOM Ha
JIMHHUY cIUiaBieHus), X20; 6) ropsyasi MUKPOTPELIMHA ITPU OOJIbIIEM YBEIMYCHHUH (B BEpXHEH YacTH TPELINHEI
BH/IHBI «yCHKN» HEPACKPBIBIIEHCS TPEIINHBI, pacnpocTpanstomuecs B moB), X200 [Hot microcracks that can
form on the fusion line when applying a roller parallel to the forging surface, a) general view (above is a roller
with a defect on the fusion line), x20; b) a hot microcrack with a larger increase (in the upper part of the crack,
“antennae” of an unopened crack propagating into the seam are visible), x200]

Pucynoxk 7 — Tpeuna Ha ru6oBoM oOpasiie: @) MecTo 00pa3oBaHMs TPEIIUHEL;, ) BCKPBITast B pe3yJIbTaTe
n3ruda TpenHa (CTpeskaMy yKazaHbl odard ropstaux tpemuH) [Crack on the bending sample: a) the place of
crack formation; b) crack opened as a result of bending (arrows indicate hot spots)]
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Ha pucynke 8 mnpuBeneHbl MuKpodpakTorpaduyeckue TNpU3HAKK —BBIIBICHHON
TpemmHbl. OOmmic Bua nedexTa NPeNcTaBIeH Ha pUCYHKE 8a W HWMeeT ooiee
KPYITHO3EPHUCTOE MEX3EPEHHOE CTPOEHHE, OTpaXKalollee CTPYKTYpPY 30HBI IEperpena,
XapaKTEpHYIO JJI1 OCHOBHOI'O METalljla y JIMHUY CIulaBieHusa. Oyaramu sBJISIFOTCA 00ObEMHBIE
MHUKPOAE(EKTH B BHJIE OIUIABICHHBIX MOJOCTEH B OOJIACTH CKOIICHHS HEMETAJUTMYECKHX
BKJItOYeHUH (puc. 86). [lpuneraromue kK o4ary y4acTKH ¢ MEK3€pPEHHBIM CTPOEHHUEM ITOKPBITHI
pPa3BETBICHHBIMU BKIIOYCHUSIMU BBIPOXKACHHOW 3BTEKTHKU (puC. 86,6). DTH 3BTEKTHUKHU
00pa30BaIKCh B pe3ysIbTaTe PACTBOPEHUSI CYJIb()UIHON YaCTH KOMITJIEKCHBIX BKIIFOUEHHUH WIIH
MIOOYISIPHBIX CYIb(UAOB, PACHOJOKEHHBIX B Mpuieraromiei 3oHe. OOpa3zoBaBiiascs Mo
I'PaHUIIAM KPYIHBIX 3€pEeH IUICHKA PACIUIaBa CHUKAET KOI'€3UBHYIO IIPOYHOCTh TaKUX I'PaHMIL
U OHM PacCKphIBAIOTCS IIOJ BO3JAEHCTBHEM YycalouyHbIX HamnpsbkeHuid [9, 10]. OrcyrcTBue
IPU3HAKOB JleopMallMy HAa BCKPBIBIIUXCS I'paHULAX (pUC.8, ) CBUIETEILCTBYET O HAINYME
B pacIljiaBe CerperupyroInX JETKOIUIABKUX 3JEMEHTOB, OCIa0A0muX 3TH rpanuisl [8, 10].
[lepudepuiinas yacte pgedekra mpeAcTaBI€HA YYaCTKaMH  BSI3KOTO  MEX3EpEHHOI'O
paspymeHus (puc.8, 2), 9aCTUYHO 00Pa30BABIICTOCS MPU TEMIIEpaTypax BBICOKOTO OTITYCKa,
YaCTUYHO NP BCKPHITUH JleeKTa Mepe]l HCCIeJOBaHUEM.

6 r
Pucynox 8 — Mukpodpaxrorpadust ropsunx TPEIMH JIMKBAIMOHHOTO NporcxoxaeHus B 3TB y muanmn
CIIaBJICHUS BAJIMKa, BHITIOJTHEHHOTO aBTOMAaTHYECKOH cBapKoi nox ¢urtocom mipu cBapke ctainu 10TH2ZMODA:
a) o0uMii BUJ ropsYel TPEIMHBI, UMEIOLIeH MeX3epeHHOE CTPOCHHE (B LICHTPE — OYar B BUJIE CKOIUICHUS
HEMEeTaJUIMYECKUX BKIIIOUCHHH; BHU3Y — yJacTOK BSI3KOT'O pa3pyllIeHMsl MeTasuia mBa (cM. puc. 5a), x180;
0) odar ropstueii TpelnHbI (CTpeJIKaMH T0Ka3aHbl OIUIaBJIEHHbIE ToBepXHOCTH), X1800;
6) ICHIPUTHI BRIPOXKICHHOHN Cynb()HUIHOMN 3BTEKTHKHU Ha OIUTABIICHHBIX TPaHUIaxX 3epeH, x1500;

2) BA3KOE MEX3ePEHHOE pa3pylleHue Ha nepudepun ropsideil TpEIHbI B 30He, YKa3aHHOH CTpenKaMH Ha PUCYHKe
8a, x1800 [Microfractography of hot seams of liquidation origin near the roll fusion line, performed by automatic
submerged arc welding when welding 10GN2MFA steel: a) a general view of a hot crack having an intergranular

structure (in the center there is a focus in the form of accumulation of non-metallic inclusions; below is a section of

viscous fracture of weld metal (see Fig. 5a), x180; b) hot crack area (arrows indicate melted surfaces), x1800;

¢) dendrites of a degenerate sulfide eutectic at the fused grain boundaries, x1500;d) viscous intergranular fracture at

the periphery of a hot crack in the zone indicated by arrows in Figure 8a, x1800]
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Eme ogun ¢akrop, oTpuLaTeNbHO BIUSIOMUN Ha CBAPUBAEMOCTh, — HAIMYHME MTPUMECeH
JIETKOIIAaBKUX COCTAaBIISIIOIIMX BO (DIrOCAax, MIPUMEHSIEMbIX IIPU aBTOMAaTUYECKON CBapKe MOJ
¢mocom (AC®D). B Hactosimee Bpemss HopMaTuBHas nokymenrtanus (HIT-104-18) ne
IIpeayCMaTpuBaeT TAKOr0 KOHTPOJISI CBapOUHbIX MaTepuaioB [11]. B pesynbrare, Bciencraue
JUKBAllMM TpH  (OPMUPOBAHUM KPYIHBIX JCHAPUTOB IPH CBApKe, MOXKET IPOU30UTH
CHIDKEHHE YAApHOM BA3KOCTH HM3-32 MEXKJIEHAPUTHOIO XPYIKOro paspylleHus oOpasloB,
UCIBITAHHBIX IOCJIE MIPOBEIEHUS MOCIECBAPOYHOro OTIIycKa (puc. 9). DT0 BBIABIAETCS MPU
MHUKPO(PAKTOrpapUuecKuX UCCIEI0BAHUAX HAa PACTPOBOM 3JIEKTPOHHOM MHKPOCKOIIE.

e I SaBebby P

Pucynox 9 — IlosiBneHue B U3j10Me MeTajlIa IBa MEKACHIAPUTHOTO XPYITKOTO pa3pyLeHUs HApsAy CO CKOJIOM:
POM, x500 [The appearance of the dendritic brittle fracture along with the chip in the fracture

of the weld metal: x500]

NS
i

CymectByeT aBa croco0a TMpeAoTBpAIlleHUs YKa3aHHOTO sBieHus. I[lepBoid —
YMEHBIIEHWE  pa3Mepa  MEpPBUYHBIX  JCHIPUTOB,  CHIXKAIOIIEE  KOHIIEHTPALUIO
OXPYIMUYMBAIOIIMX TMpUMEcel ¢ OJHOBPEMEHHBIM MOBBIUIIEHHWEM HPOYHOCTU IMYTEM
U3MENbYCHUEM  3€pHa. OJTOr0 MOXHO JOOMTBCA  TEXHOJOTMYECKMMHU  IpUEMaMH,
HAlpaBJIEHHbBIMU Ha CHU)XXEHHME TEIUIOBJIOKEHUS WIM IyTeM IMepeMelIMBaHus MeTajla
CBapOYHON BaHHBI, a Takke MoJauduIpoBaHueM mBa. Eie 6onee pagukaibHble CIOCOObI —
3aMeHa MpUMEHseMoro Quiroca Ha YUCTBIM KepaMUYECKHH, NMpPUMEHEHHE MOPOLIKOBBIX
IPOBOJIOK ¢ MOJU(PHUIHPYIOIIMMU f00aBkamu [12].
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Abstract — The article shows that the segregation heterogeneity inherent in 10GN2MFA steel
preforms causes the formation of sections enriched with alloying elements, impurities and
nonmetallic inclusions, which leads to a pronounced structural heterogeneity and different
tendency to recrystallize during pressure treatment, the formation of quenching structures, and hot
cracks in the heat affected zones during the execution of the outer rollers during automatic
submerged arc welding. Such behavior can also appears in the weld metal with increased heat
input, and other deviations in technology that cause the formation of a large dendrite structure.

Keywords: segregation heterogeneity, steel weldability, thermokinetic diagram, bainite,

martensitic-austenitic component, hot microcracks of segregation origin, a tendency to
recrystallization during metal forming.
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