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NHHOBAIIMOHHBIE TEXHOJIOI'MHU B ITPOU3BOJACTBE
KEJE3HOAOPOXKHBIX KOJIEC

HUnemumym yepnoti memannypeuu HAH Vipaunul

BEIMONHEH CpaBHUTENBHBIM aHAIN3 XHMHYECKOTO COCTaBa, MaKPOCTPYKTYPEL,
3arpsA3HCHHOCTY HEMETAJUIMYECKUMM BKJIIOYECHUSMU CTalld A KENEe3HOJOPOXKHBIX
KOJIeC, BBIIUIABIICHHONH B MapTEHOBCKOW Ie4M ¢ CH()OHHOH pPA3NMBKOH B CIUTKU U
3JIEKTPOCTANN C HENpephIBHOW pa3nuBKOH. PaccMoTpeH MexaHM3M 3aTBepleBaHUSA
CJIUTKA IIPU HETPEPBhIBHOI pa3iuBKe M I0Ka3aHO (POPMHUPOBAHUE €ro CTPYKTYPHI IO
TexHoJorudeckoi ocu pyubst MHJI3. YcranosneHo, 4to B Kojecax, H3TOTOBICHHBIX U3
HETIPEPHIBHOINTON 3arOTOBKH, 3arpA3HEHHOCTh HEMETAIIMYECKHMH BKIIOUCHUSIMU
HIDKE, 2 MAKPOCTPYKTypa M PaCIOJIOKEHHE CTPYKTYPHBIX 30H MeTasa JIMTOH 3arOTOBKH
JIydIIe B CPAaBHEHHUH C KOJIECAMH U3 CIUTKA CU(OHHON Pa3iIMBKU.

KnarodeBble ci10Ba: KkesIe3HOJOPOKHBIE KoJleca, HeMPePbLIBHOJIMTAS 3ar0TOBKA,
XHMH4YeCKHi cOCTaB, MAKPOCTPYKTYPa, HeMeTALJINYeCKHe BKJIIOYeHHs

Cocrosinue Bompoca. JKene3HomopoxkHBIE Kolleca SBILIOTCS Hauboiee
OTBETCTBEHHBIM  3JEMEHTOM IOJBI)KHOTO COCTaBa SKEJIE3HOJOPOKHOTO
TpaHcropTa. B mpoliecce 3KCIUTyaTalldd OHHU IOJBEPraroTCs BO3IEHCTBUIO
pa3NMYHBIX ~ MEXaHMYeCKMX M TEPMHUYECKMX Harpy3ok. Bce 0Oomnee
y>)KECTOYAIOIUECS YCIIOBHSI 3KCILTyaTalluU >KEJIEe3HOJAOPOXKHBIX KOJIEC HAalllIH
CBOE OTpakeHHE B TPEOOBAHMSIX HOPMATHUBHOM JIOKYMEHTALIMH HA JaHHBIA BH]
npoxykuuu. TpeboBanusMu MexrocymapcrBenHoro cranmapra [OCT 10791-
2011 «Koneca nenpHoKaTanbie. OOIIMe TEXHMYECKHE YCIOBHS) HOPMHUPYEMBIN
YPOBEHb [UIi BPEMEHHOTO COIPOTHBIICHHUS COCTAaBIAET Juii Mapku T >
1020 MIla, B mpensiaymeii pemakmuu craggapra JCTY T'OCT 10791-2006
JUIsl CaMOM BBICOKOYTJIEPOJUCTOM CTalM MUHUMAJbHBINA JAOIYCTUMBIN YPOBEHb
cocraBmsn 980 MIla. Taxxe Bo3pocian U TpeOOBaHUS K TBepAocTH obona
KoJsieca — oT >285 HB B 2006 roxy no >320 HB st mapku T 8 TOCT 10791-
2011. CrpemuTenbHOe  BO3pacTaHHE HOPMATHUBHBIX  TpeOOBaHMH K
MIPOYHOCTHBIM XapaKTePHCTHKAaM IOBJIEKIO 32 cOOOH TOBBIIIEHHOE BHUMaHHE
K BSI3KMM CBOMCTBaM >kene3HomopokHoro xoneca. Tak JCTY T'OCT 10791-
2006 conepykan TpeOOBaHUSA TO YOApHOW BSA3KOCTH JTUCKA NPH KOMHATHOM
temriepatype u npu -60°C, a mis o0oma ompenereHHe yTapHOH BS3KOCTH
SIBISUIOCH (paKynbTaTHBHBIM. TexHudecknumu TtpeboBanmsmu ['OCT 10791-
2011 ompeneneHue ynapHOM BSI3KOCTH Kak aucka npu +20° u -60°, Tak u
oboma sBisercst obs3arenbHBIM. Kpome Toro, TOCT 10791-2011 coxepxwur
TEXHHYECKHE TpeOOBaHMSA IO  BSI3KOCTH  pa3pylICHWs, SBIIOIIEHCS
XapaKTEPUCTUKON TPEIMHOCTOMKOCTH JKEIE3HONOPOXKHBIX Konec. Kpome
MOBBIILIEHUST TpeOOBaHMI IO MEXaHHYEeCKUM CBOICTBaM, HOBasg peHaKIUs
CTaH/apTa Ha JAHHBIA BUJI MPOAYKINH CYIIECTBEHHO Y)KECTOUMIA TPEOOBaHUS
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mo uncrore Mmetamwia: ['OCT 10791-2011 mnpemycmaTpuBaeT mpoBeneHUE
YIBTPa3BYKOBOI'O ~ KOHTPOJIA  KOJIEC C  HCIIOJIb30BAaHHEM  ATAJOHHBIX
oTpaxkaTenel 1 MM g Kojec KaTeropuHM «A», KOTOpash COOTBETCTBYET
HauBBICIIMM ToOKa3aTensM EBponeiickoro cranmapra EN 13262:2010, u
y)kecroyaeT TpeOOBaHHS M0 HEMETAJUIMYECKHM BKItoueHusM (B 1,5-2 pasa) B
cpaBHenuHu ¢ JJCTY I'OCT 10791-2006.

IMocranoBka 3agayu. VYIIy4lIEHUIO KadyecTBa KOJECHOM CTald B
3HAQUUTEIBHOM Mepe  CIIOCOOCTBOBAJl  BBEJCHHBII B  JKCILUIyaTalHIO
KpynHeiimmii B YkpauHe u  Bocrounoit  EBpome  coBpeMeHHBIH
3IEKTPOCTANICTIIABIIIEHBIN KOMILIEKC «VIHTEPITIAWII CTAJIby,
MIPOM3BOACTBEHHBIE MOIIHOCTH KOTOPOTO BKIIOYAIOT 3JEKTPOAYTOBYIO II€Yb,
JBYXIO3UIIHOHHYIO YCTaHOBKY I€UYb-KOBII, YCTAHOBKY BaKyyMHOH Jera3aliu
U JBE MAIIMHBl HENPEepPBIBHOTO JHUTHS 3aroTOBOK MJISI Pa3IUBKU CTajlH
Pa3IMYHBIX MapoK. DTO 00eCHeunsIo MPOU3BOACTBO KENE3HOJOPOKHBIX KOJIEC
B YKpanHe M3 COOCTBEHHOH HENPEpPBHIBHOIMTON 3aroToBKH. B To ke Bpems
KOPEHHOE M3MEHEHHE TEXHOJIOTUU IMPOU3BOJICTBA KEJIE3HOAOPOXKHBIX KOJIEC,
3aKJIIOYaroIeecsl B U3MEHEHHH CIOco0a MPOM3BOACTBA CTAIM M 3aMEHE CIIUTKa
HJI3, morpeboBano mpoBeNeHHsS KOMIUIEKCHBIX WCCIICAOBAaHUNA KadecTBa
MeTaJIa 1 >KeJe3HOOPOXKHBIX KOJIEC, U3TOTOBJICHHBIX U3 3TOHM CTallH.

N3no:xenne MaTtepuajioB uccjieaoBanuii. B pabote ¢ mcmoms3oBaHneM
CTaTHCTHYECKUX METOJOB aHAJIN3a IAHHBIX, OBUIM IPOBENECHBI MCCIECAOBAHUS
CTa0MJIBHOCTH XHMMHYECKOTO cocTaBa B cTalmax Mapok «T» u  «2»
MapTeHOBCKOTo TpomssoactBa I1IAO WHTEPITIAWMIT HT3 wu HJI3
npoussoncta « MHTEPITAIIT CTAJIby. B Ta6n.1 npuBeneH cpaBHUTEILHBIIT
aHaM3 JaHHBIX O XHUMHMYECKOM cocTaBe MapTeHoBckux (2010-2012rr.) u
anektpocrainei (2013-2014rr.) mapok «T» u «2».

Kak cnenyer m3 pe3ynbTaToB OLEHKH JOCTOBEPHOCTH PA3HOCTU CPEIHUX
no t- xputeputo CTbrofeHTa UIsI Mapku «T» u Mapku «2» NPOU3OILIH
CIIeyIONINe M3MEHEHUSI B COCTaBe (B TaOnMIE BBIICNCHBI KypcuBoM). Jlist
Mapkn «T»: yBenmumioch cojaepXaHHe YIiepoja, MapraHiia H MeIu.
CHI3HWIIOCH coJiep)KaHHe Cephl, aAMIOMUHMSA, TUTaHa W BaHamusa. CozneprkaHne
KpeMHusI, Xpoma U (ocdopa He m3MeHHI0Ch. IIpn 3TOM CTOUT OTMETUTH, YTO
110 MHOTUM 3JIEMEHTaM CY3WIJICS MHTEpPBaJl MX MEXKIUIABOUYHOTO pa3bpoca. Tak
JUISL yTIIepoJa Uana3oH 3HaueHHH cy3uics B 2,4 pasa, a IJIsl Cepbl M XpOMa OH
YMEHBIUIWJICS MIPaKTU4YecKH B 6 pa3. CyIleCTBEHHOE yMEHBIIEHHE IHara3oHa
3HaueHud 1a menu B HJI3 mo cpaBHEHHIO CO CTanbl0 MapTEHOBCKOTO
MIPOM3BOJICTBA CBSI3aHO C T€M, YTO MUHMMAJIBHOE COJIepKaHUE ATOTO IEMEHTa
B ctaimu HJI3 3HaunTEeNBHO BHINIE, T.K. OH BHOCHUTCS BMECTe ¢ JIoMOM. Pa3zopoc
3HAQUYEHUH II0 COJEpKaHMI0O KPEeMHHs, MapraHna, ¢ocdopa U aTIOMUHHSA
ymeHbmmics B 1,5-2 paza. MexmuiaBo4HbId pa3dpoc 1Mo coiepKaHuio BaHaIHs
MIPAaKTHYECKH OCTAJICSI HA TOM K€ YPOBHE, a T0 COAEPXKaHUIO TUTaHA OH CTall
PaBeH HYJIIO.
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Ta6mz1ua 1. CraTuctuueckue XapakKTECPpUCTUKU BI;I60pKI/I JIaHHBIX 10 XUMHUYECKOMY
COCTaBy crajei JUIA JKCJIC3HOLOPOXKHBIX KOJIEC

Xum. 3n-HT ~ [Mapka T mapren  [Mapka T HJI3  [Mapka 2 mapten  [Mapka 2 HJI3

C Mun. 0,57 0,65 0,57 0,58
Makc. 0,69 0,7 0,63 0,63
Cp. 0,664 0,667 0,598 0,602
t-KpuTepuit 3,499 2,43

Si Mum. 0,26 0,27 0,26 0,26
Makc. 0,4 0,37 0,37 0,37
Cp. 0,33 0,312 0,309 0,323
t-xpurepuil 1,657 3,618

Mn[MuH. 0,7 0,74 0,65 0,66
Makc. 0,9 0,86 0,82 0,79
Cp. 0,77 0,81 0,723 0,724
t-kpuTepuit 5,42 0,025

P Mus. 0,002 0,005 0,004 0,006
Makc. 0,017 0,013 0,1 0,09
Cp. 0,0078 0,009 0,0122 0,0108
t-kpuTepuit 1,827 0,99

S Mumn. 0,005 0,005 0,003 0,002
Makc. 0,07 0,016 0,09 0,006
Cp. 0,012 0,009 0,068 0,029
t-kputepuit 3,04 8,46

Cr Mus. 0,07 0,17 0,05 0,05
Makc. 0,24 0,2 0,19 0,2
Cp. 0,193 0,189 0,1 0,78
t-KpuTepuit 1,56 6,05

Al Mum. 0,013 0,005 0,01 0,005
Makc. 0,03 0,031 0,03 0,011
Cp. 0,021 0,012 0,019 0,008
t-xpurepuil 4,28 41,53

Cu Mum. 0,003 0,14 0,008 0,13
Makc. 0,1 0,19 0,14 0,24
Cp. 0,025 0,167 0,0759 0,16
t-xpurepuil 31,21 33,69

Ti Mus. 0,005 0,0045 0,002 0,0045
Makc. 0,009 0,0045 0,009 0,0045
Cp. 0,0059 0,0045 0,006 0,0045
t-xpuTepuil 57,11 25,88

IV Mun. 0,08 0,006 0,0002 0,004
Makc. 0,15 0,079 0,019 0,078
Cp. 0,092 0,084 0,0009 0,062
t-kpurepuit 6,29 4,69

TaxuM 00pa3zoM, IPH NEKTPOCTAICIUIABIIBHOM CHOCO0E HMPOM3BOJCTBA
CTaJIM TOCTUTACTCSI MOBBIIICHHAE Ka4ecTBa cTai Mapku «T» 3a cueT CHH)KEHHUS
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Cp€aHero KOJIMYECTBA CEpBI n YMCHBIICHUA HWHTEpBaJia U3MCHCHUS
COJICpXKaHUsI 3TOW BPEOHON MpHMecH B 6 pa3; 3a cueT Oosee TIIyOOKOro
YCBOCHUS PacIUIaBOM aJTIOMHUHHS, BBOAWMOTO JJIsI PACKHUCIICHHS CTaH, O YeM
CBHJIETENILCTBYET €ro 0ojiee HHU3KOE COIEp)KaHWE B CTAIN HENpPEpbIBHOINTON
saroroskn (HJI3) mpu cyxenun ero mHTepBaia 3HaueHHH Ha 53%, a Tak ke 3a
cyueT yMeHbLICHHs HHTepBalia coaepkanus Gocopa ~ B 2 pasa.

Jnst snmexTpocTanM MapKH «2)» YBEIUYMIOCH COJAEpKaHHE YIJIepoaa,
KpPEMHHS, XpOMa, MM M BaHAIHs [0 CPABHEHHUIO CO CIUTKOBBIM METAIIIOM
Toll ke Mapku. CHH3WIAch KOHLEHTpPAaUWs Cepbl, aJIOMHHUS M THTaHa.
Ocramice Ha ypoBHE cojaepkaHue Mapranna u ¢ocgopa. Heodxonnmo Taxxe
OTMETHTb U1 OTOM  CTalmu  3HAYUTENBPHO  YMEHBLIWICS  HMHTEpBal
MEXKIIABOYHOTO pa30dpoca COAEp)KaHUS TaKUX DJJIEMEHTOB Kak cepa |
amromuHuii: 6onee yeM B 20 m 30 pa3 coorBercTBeHHO. J[s yriepona,
Maprasua, ¢ochopa U Mean 3Ta XapakTepuUcTHKa yMmeHbImiaack Ha 15-30%.
Juana3oH coneprkaHusl BaHaAWsI yMEHBIIWICS B 2,5 pasa.

B 1menom, mnpu aneKTpoCTaNeInIaBUIIBHOM — CIOcO0E€  POW3BOJICTBA
JOCTHUTAETCS BBICOKAs CTaOWIBHOCTD COJIEP)KaHHMS XMMHYECKHX JJIEMEHTOB B
cTayi (KpoMe TeX, YTO MPUBHOCATCSA C LIMXTOBBIM JIOMOM), U 3HAYHUTEIHEHO
CHMDKAETCS KOJIMYECTBO BPEIHBIX IPHMECEi.

H3meHeHue crocoba MpOHW3BOACTBA CTANM MPUBOJUT K W3MEHEHHIO H
YCIIOBUH €€ KpucTan3auuu. HakomieHHbI MUPOBOM OIBIT [TOKA3bIBAET, YTO
3aMEHa CIIUTKA, OTJIIUTOTO B H3JIOXKHUILY, HENPEPBHIBHOJIMTON 3aroTOBKOW
MNPpUBOJAUT K CYIIECTBEHHBIM M3MCHCHHUAM B TCXHOJIOI'MHU eé IIpOU3BOACTBA Ha
CTaausax PaACKUCIICHUA, pa3JInBKH, 3aTBEPACBaHMA, a TaKXKeE BHOCHUT
ONpeNeNIEHHbIE KOPPEKTUBbI B CYIIECTBYIOIIME TEXHOJIOTMUYECKHE PEKUMBI
MIPOM3BOICTBA METALIONPOAYKIMHU. [IpH 3TOM KauecTBO MCXOJHOTO MeTalia
MOYXHO CYIIECTBEHHO IIOBBICHTH ITyTEM IIPUMEHEHHs BHETICYHBIX METOJIOB
00paboTKM CTaiaM, MPEeXIEe BCEro, BaKyyMHPOBaHHS W TPOJYBKH B KOBILE
WHEPTHBIMH I'a3aMH.

BaxxHPIM 3TamoM B TOJYYEHHH KAYSCTBEHHBIX HEMPEPBIBHOIUTHIX
3aTOTOBOK SIBIISICTCSl IMPOLECC IEPexXofa CTall W3 JKHIKOTO COCTOSHHUS B
TBEpIOE, Ha3bIBaeMBId 3aTBepaeBaHueM [1]. 3aTBepaeBaHMEe 3arOTOBKH
npoucxonuT B Teuerne 10 — 20 MUHYT U COTIPOBOXKIACTCS CIOKHBIMU (DHU3UKO-
XMMHYECKHMMH  IIPOLIECCAMH, BKJIIOYAIOIIMMH  SIBJIGHHE MaccOIlepeHoca,
yMeHblIeHne e€ o0beMa U Ip.

[Ipouecchl Temmo- W MaccolepeHoca, a TaKkKe YIPYromiacTHYecKon
nedopmanuy, TPOMCXONAINME TPH  3aTBEpP/ACBAaHUU  HENPEPHIBHOJIMTON
3arOTOBKH, COIPOBOXKIAFOTCS KOHBEKTHBHBIM JIBH)KEHHEM IIOTOKOB MeTaa,
(OpMHpPOBaHUEM KPUCTAUTMYECKOH CTPYKTYPHI, DPa3BUTHEM YCaIOYHBIX U
JIMKBAllMOHHBIX SIBIICHUH, KOTOpBIE CYIIECTBEHHBIM 00pa3oM OIPEeIsoT
(bopMHUpOBaHNE KOHEYHON CTPYKTYPBI HEMPEPHIBHOIUTOH 3arOTOBKH.

3aTBepAcBaHMEe CIUTKAa TPH HEIPEPHIBHOW pas3iMBKE IPOTEKaeT B
YCIOBHAX, OTJIMYAIOIIUXCS OT YCIOBHH 3aTBepleBaHHMsS MeTaula B
n3NoXKHUIAX. [IpH pasnuBKe B M3JIOKHUIBI pa3iM4aloT [Ba Iepuonga. B
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MepBbIi, KPAaTKOBPEMEHHBIM, MEPHUOJ TMPOUCXOIUT HAIMOIHEHUE H3JIOKHUIL
KHUJKUM MeTaulloM W (opMHpyeTcs Hapy)kHas KOpKa CIHTKa B YCJIOBHUSIX
WHTEHCHBHOTO TEIJIOOTBOJIA M HApaCTaIoOIIEro (eppocTaTHYecKOro JIaBICHUS
3a cu€T moxbéMa YpOBHS METallIa B W3JIOKHHIE, BO BTOPOW — IpEKpaIiaeTcs
MOCTYIUICHHE JKUJIKOTO MeTaia, IPOUCXOJUT OTXOJ TOHKOH KOPOYKU CIHTKA
OT CTEHOK M3JIOKHHMIIBI M 3aTBEPJECBAHIE MPOMEKYTOYHON W IEHTPATHHON 30H
CIIMTKA B YCIOBHSX IIOCTOSHHOTO (heppocTaTHYecKOro JaBlCHHS U
TTOHIKAIOIIETOCS TEIIOOTBO/IA.

IIpn HempepbIBHOW pa3IMBKE MOXHO OTMETHTh YETHIpE MEpuoia, B
TEUCHNE KOTOPBIX MEHSIOTCS YCIOBHS 3aTBEPAEBAHMS CIUTKA.

3a mepBEI MEpUoJ, 0YeHb KPATKOBPEMEHHBIH (0OBIYHO He Oojee OgHOMN
MHUHYTHI), KPUCTAJTU3aTOP HAIOJHAETCS KUAKUM METaUIOM U IPOUCXOAUT
3aTBepACBaHNE HAPYKHOW KOPKH 0€3 CKOJBKEHHUS! €€ OTHOCHTEIBHO METHBIX
CTEHOK B YCIIOBHSIX HHTEHCHUBHOI'O TeIUI00TBOAA (puc. 1, a). Bo Bpems BToporo
Mepuofia B KPHCTAUIM3ATOP MPOJOJDKAET MOCTYNATh JKUAKAH MeTaul u
MIPOMCXO/IUT HETPEPHIBHOE 3aTBEPICBaHIE HAPYKHOM KOPKH TIPH JBIDKEHUH €€
OTHOCHTEJIFHO MEIHBIX CTEHOK B YCIOBHSX HMHTEHCHBHOTO TEIIOOTBOJA B
BEepPXHEH YaCTH KpUCTAUIM3AaTOpa, MOHIDKEHHOTO TEIUIOOTBOJA B HIDKHEH
YacTH, T/€ NPOWUCXOJUT OTXOA KOPKH OT MEIOHBIX CTEHOK, W BHOBB
MOBBIIEHHOTO ~ TEIJIOOTBOJAA B 30HE BTOPHUYHOTO  OXJAKACHHUS IO
KkpuctammuzaTopoM (puc. 1, 6). B 3TOoT mepron HaumHAeTCS KPHCTAJLIH3AINS
MIPOMEXYTOUHBIX 30H CIUTKA B YCIOBHSAX (PEppOCTaTHUECKOTO NaBJICHMS IPU
HEU3MEHHOM YpOBHE MeTallla B KpHCTauIM3aTope. I[IpogosKuTensHOCTh
BTOPOTO IepHOJia ONPEAENACTCS BECOM IUIABKH, CEUCHHEM OTIMBAaeMOIO
CJINTKa, CKOPOCTBIO PA3JINBKH, U MOXKET K0JIe0aThCs B 3HAUMTEIBHBIX npeaeciax
(o 50 % oT o011elt MPOTOIHKUTEIHHOCTH PA3TIHBKH).

a
Puc. 1. YcnoBus 3aTBepaeBaHus CIUTKA IPH HETIPEPBHIBHOM pa3iuBKe.
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Tperuii nepuos OMIAYAETCS OT BTOPOIO TEM, YTO IPOLECCHI
KPUCTAJNIM3aLMU IIPOMEXYTOUYHOM M ILEHTPalIbHOM 30H IPOTEKAOT IpHU
TIOCTOSTHHOM (peppOCTaTHUECKOM JIaBIICHHH, KOTOPOE ONpenesieTcss riTyOnHon
JIYHKH KHAKOTO MeTaiia (pucyHoK 1, B). [IpofomKuTenbHOCT 3TOTO Iepruoaa
TaK)Ke MOXKET KoJie0aThCsl M OHa TeM OOJIbIle, YeM OOJIbIIe AJIHHA CIIUTKA.

Bo Bpems derBEpTOTO mHEpHONA MPEKpAIIAETCs IOCTYIUICHHE XHUIKOTO
MeTayla B KPHCTAJUIN3aToOp, W MPOLECCHl 3aTBEPAEBAHMS MPOMEXYTOYHOH U
LEHTPATbHOH 30H MPOTEKAlOT TpPH HOHIKAoUmEMcs (eppocTaTHIecKOM
naBiieHUH (pucyHOK 1, r). [To mpomomkuTenbHOCTH YeTBEPTHIN epHo 0OBITHO
PaBeH BTOPOMY.

Paccmotpum, kak (opmupyeTcss CTPYKTypa HETIPEPBHIBHOIUTOHN 3aroTOBKU
no TexHoiorndeckoi ocu pyuss MHII3 (puc.2). B Hawane 3arBepiaeBaHHA
MEJIKO3EPHUCTas KOpouka (MpHOIU3UTENBHO 5...10 MM), KOTOpas COCTOUT U3
MEJIKUX M PaBHOOCHBIX KPHCTAJUIOB, 00pa3ylOIIUXCs B pe3yibrare OBICTPOro
oxnaxaenuss  (ckopocth  oxnaxaenus ~ 100 °C/c), dopmupyercs B
KpHCTAJUIM3aTOpe W B BepxHeil wacTu 30HB oxiaxnaeHus (3BO). 3arem
oOpa3yeTcss CMeXHas 30Ha, B KOTOPOH JEHIPUTHI PACIOJIOKEHBI MOYTH
TIepIEeHANKYJISIPHO MOBEPXHOCTH; 3TOT POCT SIBISETCS OJHOHAINPABICHHBIM IO
OTHOIIEHHIO K IIEHTPY 3aTOTOBKH U BBIPAXKEH CTOJIOUATON CTPYKTYpOH (pHc. 2).

Kpucrannnaatop

Mencozepuuctan soposra
¥ CTonf4anue KpHCTanNM,
OpONT  KprCTAnNKIALMM
nnocnis

BepxHan vacTe 3B0

Cron6arue spucTanm.
Opowt  kpRcTANNIALIM
FHENCTO-QEHAPHTHES

Cpeannn uacts 3B0

0Bpazasaie aTpanLLx
PABHOOGHHIX KPHCTRANO.

Hioxas vacrs 380
30HA TAHYIMX BANKOS

O6pa0BaHe UEHTPANLHOR
30HI! PABHOOCHLIX KPUCTANNOE
) wycanoumix nop.

"IUM ]

Puc. 2. Cxema KpuCTaIM3aLUM HENPEPHIBHOIUTONW 3arOTOBKH IO TEXHOJIOTHYECKOMN
ocu MHJI3 [2]

B cpenneit gacta 3BO xunkas cTajgb CTAHOBUTHCS MEPEOXIIAKIEHHOMN: e
TeMIepaTypa majaeT HIDKe JIMKBHAYCA W CTOI0YAThIe ACHAPUTHI MPOIOIDKAIOT
pactu. lleperpeB MOCTENEHHO YMEHBINAETCSI M TaKKe CHUXKAETCS POCT



235

OJTHOHAIIPABJICHHBIX ICHAPHTOB: CJENOBATEIbHO, 00pa30BaHHE PABHOOCHBIX
(vmu  TOOYJSPHBIX) JAEHAPUTOB OoJiee BEpOSTHO, 4YeM oOpa3oBaHue
CTON0YATHIX AeHAPUTOB. B HInkHeil yactu 3BO oOpa3yercs HeHTpaIbHAs 30Ha,
coCToAIIasl U3 PaBHOOCHBIX ICHIPUTOB; KUJAKAs BaHHA T'yCTEET, HO NPH 3TOM
BeAET cebsd Kak OKMIKOCTb. TEeKydecThb pBIXJIOH 30HBI IIOCTENEHHO
YMEHBIIAETCS, ¥ MOPLIUH )XKUAKOCTH HAYWHAIOT MPOCAYNBATHCSA YEPe3 PBIXITYIO
30Hy. 3arBepaeBanue HJI3 3aBepmaercs B 30HEe Iepen W IOCHIE TAHYIIE-
mpasuinbHOTO ammapara (TIIA). IlocmegHme TOpPUMH JKUAKOW — CTajH
pacTeKaroTCcsl BAOJIb MAJCHBKUX KaHAJIOB M KOHIEHTPUPYIOTCS Ha JIUTOH OCH.
[TponcxonuT OKOHYATENBHOE 3aTBEPIACBAHUE 3arOTOBKH. B KOHEYHOM wHTOTE,
KaK pe3yJbTaT YMEHbIIEHHA 00BbEMa, MOXKET HaOIIOJaThCs IIEHTpaIbHAs
HOPUCTOCTh M V-00pa3Hast JTUKBAIIHSL.

IIpu cCpaBHMTENBPHOM aHaNU3€ KauecTBa HCXOJHOW 3aroTOBKU JIs
MPOHU3BOJICTBA KEJIE3HOJOPOKHBIX KOJEC ONPEAETICHO, YTO HENPEPHIBHOIUTHIC
3arotoBkd @ 360 MM MMeNM OJHOPOJHYIO M IUIOTHYIO MaKpOCTPYKTYpY,
TOJIBKO OCEBas 30Ha COCTOsUIa M3 YYacTKOB KAuyeCTBEHHOTO M IOPHCTOrO
Metamia (puc. 3, a). [lopbl pacnonaraiuch MO TEIUIOBOH OCH, CMEIIEHHOW B
CTOPOHY Majoro paamyca Ha 4,5 MM Ha YYacTKax MpPOTSHKEHHOCTHIO OKOJIO
100 mm mpubmu3uTensHO Yepe3 1000 MM, 9TO OBUIO U3MEPEHO Ha MPOAOIEHOM
oceBoM TeMiuieTe npoTsk€HHOCThIO 3000 M. [Topsr amamerpom 1,0 — 1,5 mm
cooTBercTBOBaH Oamam 0,5 — 2,5 oceBoit mopuctoctH (cormacao TY 14 -1 —
4992 — 91 3aroToBka HENPEPHIBHOIUTASI KPYTIOTO CEUEHUS IS U3TOTOBJICHUS
ropsiueKkaTaHbix OecIIoBHBIX TPyO). Ilopbl 3aroToBKH 0ojiee MEJKHE, YeM B
CIIUTKE (IuaMeTp mop 3 — 5 MM U MPOTHKEHHOCTH 5 — 20 MM), ¥ HEONIACHBI, TaK
KaK TIpH MPOHU3BOJICTBE KOJEC OHU YNANAIOTCSA MPH NPOLIMBKE OTBEPCTUS B
crynmuie. Kpome ycagouHbslx mop, B 3arotoBke HaOmiojanack oceBas V-
oOpa3Hasi JIMKBAlMsl TUIAa MHHHU-CIUTKOB C Y4YacTKaMH IIOJIOXKHTEIBHON M
OTpHULIATENIbHOW JHUKBaluu. B cpegHeM mmpuHa cocTtaBisiia ~ 10 M,
OTZAEJbHBIE €€ YIaCTKH NMENH IIMPHUHY PacKpbITus 10 40 MM u gaxe 10 70 MM,
4yTo cooTBercTBYeT Oammam 0,5; 2 m 2,5 oceBoit ymkBammu (o TY 14—1—
4992 —91).

B xonécHom cimtke oceBas V-o0pa3Has JHKBanus Oblla pa3BUTa CHIbHEE
(puc. 3,6), mmpuHa e€ B cpemHe coctaBmsuia 50— 70 MM, a OTHETBHBIX
ygactkoB — okoio 100 mm. Kpome 3To#l 30HBI, B CIOHTKE B OTIMYHE OT
3arOTOBKM BHeoceBasi oOparHas V-oOpas3Has JukBanusi, 4To emé Oojee
YXYIIIAeT ero MaKpoCTPyKTypy. MccienoBanue TeMILUIETOB CUTKa cU(OHHON
paszmuBku @ 485 mm u HJI3 @ 470 MM mokasajno, 4To MaKpOCTPyKTypa HUMeeT
IUIOTHOE OJHOPOAHOE CTPOEHHE 3a MCKIIOYEHHUEM IIEeHTPaJbHON dYacTH, B
KOTOpoil HaOmronmaroTcst Ae(eKTsl MakpOCTPOEHUs — OceBasi MOPHUCTOCTh U
oceBast XUMHUECKas HEOHOPOAHOCTh. OceBast MOPUCTOCTD B CIMTKE CH(OHHOMN
pa3nuBKM pa3BuTa cuibHee, yeM B HJI3. E€ mupuna cocraBnser nopsaka 15 u
8,5 MM mist cimtka 1 HJI3 cootBercTBeHHO (puc. 4).
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0
Puc. 3. MakpocTpykTypa TEMIUIETOB KONECHOW CTalM B IPOJOJIBHOM HAIPABICHHU
(% 0,12 x0,5): a—HJI3 @ 360 MM , 6 — ciuTOK THMA «poMarikay 515 x 575 x 2160 mm [3]

2000 pm ' | 2000um
a 0
Puc. 4. MakpocTpykTypa HenpepbIBHOIHTONH 3arotoBku @470 MM (a) u ciuTka
0 485 MM (a) xonécHoi ctanu Mapku 2, x 0,15

CpaBHHTEIbHBIC HCCICAOBAHMS MOKAa3ajdd MEHBIIYI0 3arpsA3HEHHOCTD
HEMETaTUICCKUMH BKJTIOYCHHSMH Konéc, H3rOTOBJICHHBIX u3
HEMpPEPhIBHOMUTEIX  3arOTOBOK MO CPaBHEHUIO C KOJNECaMH M3 CIUTKA
cugonHoi pasmuBkd. [Ipu omenke 3arpssaéHHoctu mo ['OCT 1778 cpemamii
Gaxn oOmied 3arpsA3HEHHOCTH 0007a, AMCKA M CTYIHUIBI Kojeca M3 MeTaula
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HENPEPHIBHOIUTON 3ar0TOBKH COCTaBMII COOTBETCTBEHHO 2,15; 2,65 u 3,5, a u3
MeTajjla MapTeHOBCKOTO cluTKa, coorBercTBeHHO 3,0; 4,0 m 4,8. Konéca,
u3roroBieHHble u3 HJI3, xapakTepu3yrOTCS HE TOJNBKO OOIIMM CHIDKCHHEM
3arps3HEHHOCTH, HO W CYIICCTBEHHBIM YMEHBIIICHUEM KOJIUYECTBA KPYITHBIX
BimroueHud. CregyeT 3aMeTuTh, 4YTO BCE HCCIeNOBaHHbIE Kojéca IO
3arps3HEHHOCTH ¢ OONBIIMM  3aIlacOM  yIOBICTBOPSIIOT — TPeOOBaHUSIM
I'OCT 10791-2011.

Tarxoke B paboTe OBUT BBHIONHEH CTATUCTHUYCCKUA aHAN3 MEXaHHMUYECKIX
CBOWCTB XKeNe3HOJOPOKHBIX KoJiec, H3roToBleHHBIX 13 HJI3 1 MapTeHOBCKOTO
cnuTKa (Tadi.2).

Ta6m/1ua 2. CraTuctuveckue XapakKTECPpUCTUKU BI;I60pKI/I JAHHBIX 110 MCXaHUYCCKUM
CBOMCTBaM KEJIC3HOJOPOKHBIX KOJIEC

MexaHn4yecKkre CBoﬁCTBaJMapKa T mapreaMapka T HJI3Mapka 2 maptenMapka 2 HJI3
Mus. 1038 1069 949 945
o Hind Makc. 1215 1214 1050 1110
N Cp. 1152 1147 1002 1023
t-KpUTepui 0,514 5,759
Mus. 7,5 10 10 10
5.% Makc. 14 14,5 14,5 17
’ Cp. 10,52 12,11 12,2 13
t-kpuTepuit 4,283 4,97
MuH. 307 297 269 266
HB Makc. 363 341 307 317
Cp. 338 328 290 296
t-KpUTEepHUit 4,65 4,34

HccnenoBanrs MEXaHMUECKUX CBOMCTB TEPMHUUECKH YIPOYHEHHBIX KOJEC,
nonydeHHbIX u3 HJI3, mokaszanmu, 4To ypoBeHb WX Mpejesia MPOYHOCTH U
TBEpHoctn Ha rimyomHe 30 MM coorBercTBYIOT TpeboBanmsm ['OCT 10791-
2011, a u3MeHeHHs 3THX IOKa3aTeleld MO TOJIUHE 0001a SBISIOTCS TaAKUMHU
ke, KaK U JUIs KOJEC U3 CIUTKA CH(POHHON Pa3IUBKY, UMCIOIIUX aHAIOTUYHBIH
XIMHYECKHI COCTaB W TEPMHUYECKYI0 00paboTKy. Pasmmume 3akimodaercs B
TOM, YTO  BBICOKME  MPOYHOCTHBIE  XapaKTEPUCTUKH  KOJIEC U3
HEIPEPHIBHOJIUTOTO METajljla COYETAIOTCS C TOBBIIICHHBIMHU IJIACTUYECKUMHU
XapakTepucTukaMu. Takoro 3amaca IjaacTHYECKUX CBOMCTB IPU NPOU3BOACTBE
KOJNEC M3 CTanM, BBIUIABICHHOM B MAapTEHOBCKHMX II€4ax, AOCTHYb HE
yAaBaJIOCh.

3akJjoueHue. C HCIO0JIb30BaHUEM CTaTUCTUYECKOIO aHanu3a
YCTaHOBJIEHO, YTO HE3aBUCUMO OT MapKu KOJECHOU ctanu (Mapka «2» u «T»
nmo TOCT 10791-2011) »smextpoctams mnpomssoacta ««MHTEPIIAMII
CTAJIb» comep XUT 3HAUUTEIHLHO MEHBIIIEE KOJIMYECTBO BPEIHBIX MpUMeEceil u
uMeeT 0osiee CTaOMIIbHBIC MTOKA3aTelId XUMHUECKOTO COCTaBa MPAKTHYECKH IO
BCEM XUMHYECKHM 3JIEMEHTaM B CPABHEHHHM C MApTEHOBCKUMHU CTAJSIMU AJIS
JKEJIEe3HOJOPOXKHBIX Kosec mpousBoacTea [TAO «AHTEPITAMII HT3».
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BoInonHeH  CpaBHMTENBHBIA — aHAIM3  MAKPOCTPYKTYPHl  MCXOIHBIX
3aroTOBOK JJIsI IPOM3BOJCTBA JKEIE3HOAOPOKHBIX KOJIEC, BBIPE3aHHBIX W3
MapreHoBckoro ciutka u  HJI3. Tlokazano, 4to BHyTpeHHHE Je]eKThI
MaKpOCTPYKTYpbl — OcCeBas IIOPUCTOCTh W JIMKBamusi — Oojee pa3BUTH B
MeTaJlle CIUTKA, YeM B METaJuIe HENIPEPBIBHOIUTOMN 3aTOTOBKHU.

YcraHoBIEHO, YTO B KojecaxX, M3roToBieHHbIX u3 HJI3, 3arps3HeHHOCTH
HEMETAJUITMIECKIMH BKIIIOUCHHUSIMH HIKE, @ MAaKpPOCTPYKTYpa M pacIiojoKeHHe
CTPYKTYPHBIX 30H METala JINTOH 3arOTOBKH JIy4Ille B CPABHEHUH C KOJIECaMH 13
cnuTKa cu(hOHHOH pa3NUBKH.

VYcraHoBIEHO, YTO Onarofapsi BBHICOKOW HYHCTOTE MO HEMETAJUTHYECKUM
BKJIIOUEHHSM, IUIOTHOCTH M JAWCIIEPCHOCTH JCHIAPUTHOW CTPYKTYpBI CTalH,
KenezHoopoxHble kojeca u3 HIJI3 o6nagaroT BBICOKUMH NPOYHOCTHBIMU
CBOWMCTBaMH, KOTOpBIE€ COYETAIOTCS C MOBBIMIEHHBIMH IUIACTHYECKUMHU
XapakTepucTUkaMy. [loBBIIIIEHHE KOMIUIEKCa MEXaHMYECKHMX CBOWCTB IIpH
W3MEHEHHH CIIoco0a TIPOM3BOJCTBA KOJECHOH CTali W YCIIOBHH ee
KPUCTAJUIN3ALUH MOJTBEPHKAECHO CTATUCTUUECKHM aHAJIU30M.

IIpuMeHeHHe  WHHOBAIlMOHHBIX  TEXHOJIOTMH B TIPOU3BOACTBE
KEJTIE3HOIOPOXKHBIX KOJIeC OOecleunBaeT 3HAYMTENBHBIN 3amac MO ypPOBHIO
MOKa3aTeNed KadecTBa ATHX M3AENHH OTHOCHTENHHO HOBBIX TpeOOBaHWH
I'OCT 10791-2011.
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InHoBauiiini TexHoa0ril y BUPOOHUITBI 323 HHYHUX KoJIec

BukoHaHO TOpPIBHANBHUI aHaNi3 XiMIYHOTO CKJIagy, MaKpPOCTPYKTYpH,
3a0pyAHEHOCTI HEMETaJIeBUMHU BKIFOUCHHSMH CTalll U 3aI3HAYHHUX KOIIIC,
BHIUTABJICHOI B MapTEHIBCBKIH medi 3 cH()OHHHM PpO3NHUBAHHAIM y 3IUTKH i
€JIEKTPOCTAaJIi 3 Oe3nmepepBHUM PO3IHBAHHAM. PO3IIISIHYTO MeXaHi3M TBEpIiHHA
3IUTKa NpU Oe3NepepBHOMY PO3JIMBaHHI, MOKa3aHO (DOPMYBAHHS CTPYKTYpH
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Oe3repepBHO JIMTOI 3aroTOBKM TO TEXHOJOTiyHid oci crpymka MBJI3.
[IpoaHanizoBaHO 3MiHY MEXaHIYHHX BJIACTUBOCTEH 3ali3HHYHHX KOJIC B
3aJICKHOCTI BiJI CIOcO0y BUPOOHHUIITBA CTaJli BUXiTHOI 3aTOTOBKH.

KuaiouoBi cioBa: 3anizHM4Hi Kojgeca, Oe3mepepBHOJIUTA 3aroTOBKA,
XiMiYHU# CKJIa/l, MAKPOCTPYKTYPA, HEMETAIHYHI BKJIKOYEHHS

A.LBabachenko, D.N.Togobitskaya, K.G. D’omina, A.A.Kononenko,
A.S.Kozachok, A.N.Khulin

Innovative technologies in the production of railway wheels

A comparative analysis of the chemical composition, macrostructure,
contamination by nonmetallic inclusions steel railway wheels, smelted in open-
hearth furnaces with bottom casting into ingots and electric steel casting with
NLZ. The mechanism of solidification of the ingot during continuous casting,
forming the structure shown in the technological axis NLZ creek caster. The
change of mechanical properties of railway wheels, depending on the method
of production of the initial billet of steel.

Keywords: railway wheels, billets, chemical composition,
macrostructure, non-metallic inclusions
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