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the magnetic field induction and surface magnetization increase sharply. At the same time, the stop
holding the other end of the magnetic circuit is removed by the current, and the magnetic circuit is
attracted to the workpiece, the contact point and the maximum magnetic field induction moves along
the surface being processed. After processing one section, the part is rotated by the width of the
magnetic circuit, and the next section of the entire surface is processed.

The electromagnetic nature of fretting corrosion has been established and a new method for
electromagnetic treatment of a support roll and journal sleeve, based on quantum processes of atomic
interaction, has been developed, in which the contacting surfaces are magnetized in the opposite
direction. magnetic field lines, which creates a repulsive magnetic pressure, which, during the rolling
process under the influence of high specific pressures, a decrease in the area of the processed surface
and a magnetic circuit located at an acute angle, concentrates the magnetic energy, strengthens the
field and prevents fretting corrosion, which reduces labor intensity and metal cost.

Keywords: fretting corrosion of the support roll and journal bushing, electromagnetic nature,
magnetic energy, contacting surfaces are magnetized in the opposite direction. creates a repulsive
magnetic pressure, electromagnetic nature of fretting corrosion, magnetic core located at an acute
angle, concentrates the magnetic energy.
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ITPUPOJA YTBOPEHHA 'APAYUX TA XOJIOAHUX TPIIIHH ITPHU
BUCOKOIBIIKHCHOMY 3BAPIOBAHHI TA HAIIJIABJIEHHI

Ha ocnosi penmeenocmpykmyproeo aunanizy, wo nposoouscs Ha ougppaxmomempi JJPOH-3
B8CMAHOBIEHO, WO NPU eleKMPo0y2080My HANINABNEHHI, Ni0 Oi€l0 0yeu ma mepmooeqhopmayiiunoco
YUKTLY, 6 HAaniaeleHoMy Memaii Nopyulyemscsa pieHo6aza, BUHUKAIOMb MIKPOCNOMEOPEHHSA
KpUCmaniuHoi pewimku, MIKpOHaAnpyau, WinbHicmb OUCIOKAYIU [ YMEOPIIOMbCA 36APHBANbHI
Hanpyau. Mikponanpyau npu3e00ams 00 iHMeEHCUBHO20 YMEopeHHs i 3pocmanna mpiwun. Ilpupooa
VMBOPEeHHs MpiwuH elekmpomacHimua. lapsaui ma Xon00HI mMpiyuHU YMeEOopIoImvcs, Koau
36apIOBANIbHI  HANpYeU cmaloms  Ollbwe 3a  Medcy MIYHOCmi, momy O NiOGUWEHHS
MPpiyUHOCMIUKoCcmi HeoOXIOHO 3abe3neyumu MIHIMAIbHI 36aproeanvhi Hanpyau. Kpucmanizayitini uu
eapsui mpiwunu ymeoprowmucs 6 inmepsani memnepamyp Th — Tc, aikgioyc — conioyc, O1u3bKux 00
JUHIT conidyc, B8HACTIOOK BUHUKHEHHS lecKonaaskoi esmexkmuxu FeS, memnepamypa naasnenus skoi
Tres=1150° C. I'apsui mpiwunu ymeopioiomocs 6 memnepamypromy inmepeani kpuxxocmi TIK, 6
AKOMY 3HAYHO 3HUNCYEMbCA Medca miynocmi. [na 3anobicanHsi ymeopeHHs 2apsauyux mpiyuH i
NIOBUWEHHST MPIWUHOCMIUKOCME — BUCOKOBY2leyegux cmanell, pPeKoOMEeHOYEMbCsA Npo8oOOUMU
HannasieHus OygheprHoeo wapy HusbKogyeleyesum kpemuemapeanyesum opomom 36081 2C, axui
3a6e3neuye 3MEeHUleHHs MeMnepamypHo20 iHmepeany KPUxKkocmi, 34 paxyHoK 3HUMCEHHS 8MICMY
CIDKU, WIAXOM 38 S13Y8aHHSA CIpKU 8 3 €OnanHsa MnS i 6ucokow8uoKicH020 HaniIaeNeH s Ha HU3bKIl
NOCOHHIU eHepeil, W0 3HUNCYE 38aPIOBATIbHI  HANPYeU | NOOPIOHIOE MIKPOCMPYKMYPY, 6HACIIOOK
3pocmanns  weuokocmi  kpucmanizayii. Ilpu Hannaenenui 6ucoxkoegyeneyegux cmaneu, 0
3anobicanHs YMeEOpeHHs XOJNOOHUX | 2apAdux MpiuH pPeKOMeHOYEMbCA CHOYamK)y Nposooumu
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nonepeonii i cynymuit nioizpie 0o 250 — 300° C i nanaasnenns 6ygepnozo wapy nusbkogyeneyesum
Opomom, Wo 3a PaxyHox Oughysii gy2neyio 3 OCHOBHO20 Memany 8 HANIAGNeHUll 3MEHUYE 8MICM
gyeneyro, 36aploBalbHi Hanpyau, 3anodieac mpiwurHam, i niOBUWYE MPIUHOCMIUKicmsb. B npupooi
6ce MUMOBOTI PyXacmuvcs 8i0 OLIbUI020 00 MEHUO020, eleMenmU  PYXaromuvcs 3 001ACmi 3 8UCOKOIO
KOHYeHmpayicio 8 001acmev 3 HU3bKOI KOHYEHMpPAayicio, wo Npu3eooums 00 MUMOBLILHO20
BUDIBHIOBAHHS KOHYEHMPAYil, moMy 6MIC 6V2leylo 6 HANIAGIeHOM) Memaii 3MEeHULYEMbCH, |
mpiwuHocmiukicms  niosuwgyemscs. Pexomenoosano nannasieHus nepuiux 080X NpPoxXoodie
0ygheproco wapy sucokosgy2neyesux cmaiei nPpo8oOUMU HU3bKO08Y2ieyesum Oponmom, wo 3abesneyye
3MeHUleHHs 8y2lleyto, 3a paxyHoK oughysii eyeneyro 3 OCHOBHO20 Memany 6 HANLAGleHUll, 8
HAnaaeieHoMy Memani Ymeoprwiomscs nopu, 6Hacniook eudinenna CO.  /na 3anobicanHs
VMBOPEHHs Nip, Npu HANIAGIEHHI nepuux 080X Npoxodie OygepHo2o wapy, peKkoMeHO08AHO
3amicmv Opomy 36084 nposooumu nannasnenns Kpemuemapeanyesum opomom 36081 2C, saxuii, 3a
DPAXYHOK NIOBUWYEHO20 8MICHLY KDEMHIIO MaA MAP2aAHYio, o MAaiombv 6e1UK) CHOPIOHEHICMb 00 KUCHIO,
3a6e3neuyoms po3KUCIEHHS PIOKO20 Memany 36aplo8anlbHOI 6aHHU, 3anobdiearoms YmeEopeHHs nip
CO i niosuwyroms 3Hococmitkicme. BucokowsuoKicHe HaniagieHts 3anobieae ymeopenHio 2apaiux
[ XONOOHUX MPIWUH, 3MEHUWYE NO20HHY eHepello, meMnepamypHull Hmepeal KpuxKkocmi
MIKPOCROMBOPEHHs KPUCMATIYHOI peuimKu, MIKPOHANpyau, 36apio8alibHi Hanpyeu, WiIbHICMb
oucnokayitl, 30i16UYE WBUOKICMb 36APIOGAHH MA KpUCmanisayii, noopionoe Mikpocmpykmypy,
CKOpPOYYE MINCAMOMHY GIOCMAHb,  NIOBUWYE MINCAMOMHI 38 A3KU,  MPIWUHOCMIUKICMb Mma
3HOcocmitikicms. Po3pobieno npoyec HaniasienHs Ha HU3bKIll eHepeii poboyux 6aiKie npoKamHux
cmauie 3 nidiepieom I HANNAGNeHHAM  OypepHo20 wapy 36aprGAlbHUM HU3LKOBY2leye8UM
kpemuemapeanyesum opomom 36081 2C, wo 3abe3neuye 3meHuleHHs MeMnepamypHoco iHMepeay
KPUXKOCMI, 3 PAXYHOK 3HUJCEHHS 8MICMY CIDKU, WAISAXOM 38 SA3V68AHHA CIpKU 6 3 '€OnanHs MnsS,
3ano06icauHs YMEOPEHHs 2apayuUx, X0J00HUX MPIWUH i nip, 3HUNCEHHs eHepell, MIKPOCHOMEOpPeHb
KPUCMAni4Hoi peuimKu, MIKpoHanpye, 36apro8aibHUX Hanpye, WilbHocmi OUCI0Kayil, ni08UueHHs
WBUOKOCMI HANJIAGNEeHHS ma Kpucmanizayii, NoOpiOHeHHs MIKPOCMPYKMYPU, 3MEHUIEHH S
MIHCAMOMHOT  8I0CMAHI, NIOBUWEHHS.  MIJICAMOMHUX 36 SI13K16, mpiwunocmiukocmi ma
3HOCOCMIUKOCMI.

Knrouoei cnosa: capsui ma xo100Hi mpiwunu, memnepamypHuill iHmepea KpUxKkocmi, poooui
8AIKU NPOKAMHUX CMAHIE CIDKA, BUCOKOUBUOKICHe HANIABNeHHS Ha HU3bKIU eHepeli, Oygpeprutl wap,
HAanasleHHsi HU3bK08y2lleyesum OpomoM, NOpU, 36apio8albHl HANpyeUu, KpeMHeMapeanyesuti opim
36081 2C, mpiwyunocmiikicms, ma 3HOCOCMIUKICMb.

IlocTranoBka npoGaemMu.  PoOoul Bajku MPOKAaTHUX CTaHIB, IO €KCIUTYaTyIOThCS B YMOBAxX
BHCOKHUX THCKIB 1 3MIHIOIOUMXCSI TEMIIepaTyp, BUTOTOBISIOTHCS 31, CXUIBHOT 10 YTBOPEHHS TapsTInX
1 XOJNOAHUX TPIMH, BUCOKOBYyTIeneBoi crami 90X®d. Tomy, MiABHINEHHS TPIIMHOCTIAKOCTI Ta
3HOCOCTIMKOCTI BHCOKOBYTJIEIIEBUX CTAJICH € BaXKJIMBOIO HAYKOBO-TEXHIYHOIO IMPOOJIEMOIO.

AHaJi3 ocTaHHiX JocilKeHb i myOuaikamiii. [Ipy HannaBneHHI BUCOKOBYTJICIIEBUX CTallel
YTBOPEHHSI TapsYuX 1 XOJIOAHUX TPINMH 3JICKUTHh BiJ XIMIYHOTO CKiaay OydepHOro mapy
HAaIUIaBJICHOTO MeTaly. MexaHi3M yTBOPEHHS 1 3ar00iraHHs rapsuux TPIIMH HE BCTaHOBJICHO [1].
Opnak, H. M. IlpoxopoB Bimmiuae, MmO NpH 3HAYHOMY 3MEHILICHHI TIOTOHHOI eHeprii
TPIIUHOCTIWKICTD 3pocTae. BIumB XiMidHOTO CKiamy Oy(depHOro Imapy HAaIrIaBJICHOTO METAlly Ta
€Heprii Ha CTPYKTYpY, TPILIMHOCTIMKICTh Ta 3HOCOCTIMKICTh JOCTIIHKEHO HEAOCTaTHhO [1-7].

Meta pociimkenb. BcTaHOBJIGHHS MeXaHI3My YTBOPEHHS TrapsyuXx TPILMH 1 po3poOka
Ipollecy BHMCOKOILIBUJIKICHOI'O HAIUIAaBJIEHHS Ha HU3bKIM eHeprii, mo 3abe3nedye MNIABULICHHA
TPIMHOCTIMKOCTI Ta 3HOCOCTIHKOCTI pOOOYNX BAJIKIB MPOKATHUX CTaHIB.

OcHoBHuUiIT MaTepiana nocainkenHs. [Ipu enexTporyroBoMy HarIaBJICHHI BUCOKOBYTIICIIEBUX
CTaJIeH, Mia i€ Tyrw Ta TepMoaedOopMaIliiHOro IUKITY, OPYIIYEThCS pIBHOBara i BUHUKAKOTH
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a

MikpoHanpyru[2]. MikpoHanpyru 5= 2%, Mlla B HamiaBleHOMY MeTali, BU3HAYaIOTHCS
MIKPOCIIOTBOPEHHSIMH KPHCTATIYHOI perriTkn A .
a

MikpoHanpyru HOpu3BOAATH 10 IHTEHCUBHOTO YTBOpPEHHs 1 3pocTaHHs TpimuH. [Ipupona
YTBOPEHHS TPINMH €JIeKTpOMarHiTHa. laps4i Ta XOJNOJHI TPIIMHH YTBOPIOIOTHCS, KOJIU
3BapIOBAJIbHI HAIIPYTH CTAIOTh OUTBIIE 3a MEXY MIIIHOCTI, TOMY, IS IJBUIIEHHS TPIIIUHOCTIAKOCTI,
HEoOXiHO 3a0e3MeYnTH MiHIMalIbHI 3BapIOBalbHI HAIIPYTH 1 TEMIIEpaTypHHIl IHTEpBall KPUXKOCTI
(puc.1), mo 3abe3nevyeThcsl MPU 3POCTAaHHI MIBHUAKOCTI HAIUIABICHHS 1 3HMDKCHHI €HEprii mpw
BHCOKOILIBU/IKICHOMY HaIlJIaBJICHHI.

Jlis perynntoBaHHS SIKOCTI HAIJIaBJICHOT'0 METally MPOBEACH1 AOCII/KEHHS BILIUBY TOT'OHHOL
€Heprii Ha CTPYKTYpHI Ta ()a30B1 EPETBOPEHHS, IUIIXOM BUMIPY MIKPOCIIOTBOPEHBb KPHUCTAIIYHOI
pElNTKH 1 IMUIBHOCTI  JAMCIIOKAIliN HarIaBjieHOro Mmetany. JIOCHiDKeHHS  BEITUYHHH
MIKpPOCIIOTBOPEHb KPUCTATIYHOI PEIIITKH MPOBOIMIA METOJIOM PEHTIEHOCTPYKTYPHOTO aHalli3y Ha
peHTreHiBcekomy audpaxromerpi JJPOH-3.

B pesynprari BCTaHOBIEHO, IO MpH HAIJIaBJICHHI Ha HHU3bKIA  TOTOHHINA eHepril
MIKPOCIIOTBOPEHHSI ~ KPUCTAJIIYHOI  PEUNTKH, MIKPOHANpyrH Ta  INUIBHICTD  JAMCIIOKAIlii
3HWKYIOThCA[3]. [ligBHUINEHHST €Heprii MPU3BOINUTH 10 3POCTaHHS MIKPOCIIOTBOPEHD KPUCTAIIIHOI
PEIIITKH, MIKPOHAMPYT, HITFHOCTI TUCIOKAIlil, 3BapIOBATbHUX HAMPYT 1 yTBOPEHHSI TPILIHH.

TpiumHN yTBOPIOIOTHCS, KON 3BAPIOBAIBbHI HAIIPYTH CTAIOTH OUIBIIE 32 MEXY MIIIHOCTI, TOMY,
JUTSL THABUINEHHS TPIIIMHOCTIHKOCTI, HEOOXITHO 3a0€3MeUnTH 3MEHIIEHHS TepMoaehopMaIliiHoro
UKy 1 MIHIMaJdbHI 3BapIOBalibHI HANpyTH, SKI 3HUKYIOTHCS NpPH MIABUIIEHHI IIBUJKOCTI
3BaplOBaHHS 1 3MEHIIIEHH1 TOTOHHOI eHeprii[4].
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Pucynok 1 — TemneparypHuii iHTEpBaI KPUXKOCTI
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Ha ocHOBi mpoBeNeHOr0 PEeHTTEHOCTPYKTYPHOTO aHANI3y, ISl MOMEPEIKEHHS YTBOPCHHS
TPIIMH TPU HAIJABJICHHI BHCOKOBYIJICHEBHX CTalled, CIIOYATKy HPOBOJAATH IMONEPEIHIA Ta
cymyTHiM migirpis  go Temmeparypu 250 — 300°C i mnammaBnenns OydepHoro mapy
HU3bKOBYTJICLIEBUM JJPOTOM, 1110 32 PaXyHOK 1 (y3ii BYIJIEI[}0 3 OCHOBHOI'O METAJIy B HAIJIaBJICHHUIA,
3MEHIIIy€ BMICT BYTJICIIO 1 MiIBUIY€E TPIIMHOCTIMKICT. B mpupoai Bce MUMOBOJI PyXa€eThCsl Bij
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OUTBIIOTO /IO MEHIIOTO, TOMY BMICT BYTJICII0 B HAIJIaBJICHOMY MeETalli 3MEHIIYEThCA 1
TPIIUHOCTIMKICTD MiABUIIY€ETHCS.

KpucranizamiitHi un rapsdi TpIlIMHA YTBOPIOIOTHCS B iHTepBaTi Temiiepatyp T — Tc ,JmikBigyc
— comimyc, OMU3BKUX A0 JiHIl CONiIyc, BHACTIIOK BUHUKHEHHS JIETKOIIaBKOi eBTeKTHKH FeS,
Temmeparypa 1iaBieHHs ak0i Tres=11500 C[5]. Tapsdi TpillMHU YTBOPIOIOTECSA B TEMIIEPATYPHOMY
mTepBaii kpuxkocti TIK (puc.1).

EdextuBHUM crmocoOoM 3amobiraHHsi BUHHUKHEHHS Tapsuyux TPILUH € 3MEHUICHHS
TEMIIEPaTypPHOTO IHTEPBATY KPUXKOCTI, 32 paXyHOK 3HUIKCHHS BMICTY CIPKH, IIUIIXOM 3B’ sI3yBaHHS
CIpKH B 3’e¢THaHHS MnS;

FeS + MnO = MnS +FeO;

Tomy, mis 3amoOiraHHs YTBOPEHHS TapsuuX TPINUH, PEKOMEHIYETHCS TPOBOIUTH
HaIulaBJIeHHs OyQepHOro mapy HU3bKOBYTJIEIIEBUM KpeMHeMapranuesum ipotom 3B08I2C.

Banku nHMCTONPOKAaTHUX CTaHIB BUTOTOBJISIOTHCS 3 BHUCOKOBYTJICLEBOI CTali, TOMY, MpPH
HAaIUTaBJICHHI MEPIIUX JABOX IMPOXOJIIB, B HAIUIABJICHOMY METalli YTBOPIOIOTHCS TOPH, BHACIIIOK
BuaiieHHs CO:

2C +02=2CO0.

[Ip1 BHCOKOMIBUIKICHOMY HAIUTIaBJCHHI 3pOCTA€ MIBUAKICTh KpUCTaJi3alii 1 rasu, mo He
BCTUTJIU BUAUTUTHUCS, IPU3BOJIATH 10 YTBOPEHHS IIip.

Juist 3armo6iranHs yTBOPEHHS ITIp, TIPY HATLJIABJICHHI MEPIIMX JBOX MPOX0iB OydepHoro mapy,
peKOMeHIyeThCs  3aMicTh JpoTy 3BOSA BHKOpHCTOBYBaTH KpeMmHeMaprauieBui apitr 3808I2C,
KW, 32 PaXyHOK ITIIBUIICHOTO BMICTY KPEMHIIO Ta MapraHIlio, 0 MalTh BEJIMKY CIIOPIIHEHICTh
710 KUCHIO, 3a0€3Me4yI0Th PO3KHCICHHS PIIKOT0 METaTy 3BapIOBAIBHOT BAHHH:

Si+ 02=S8102
Si+2FeO= SiO: + 2Fe
2Mn+02=2MnO
Mn +FeO= MnO + Fe,
3ano0irarTh yrBopeHHs mip CO 1 miIBUILYIOTh 3HOCOCTIMKICTD.

BucokomBuakicHe HarIaBaeHHs 3a1100irae yTBOPEHHIO TapsiurX 1 XOJIOAHUX TPIIIMH 3MEHIITY€
MOTOHHY €HEePTio, TeMIepaTypHUI IHTEpBaJl KPUXKOCTI, MIKPOCIIOTBOPEHHS KPUCTAIIYHOI PELIITKH,
MIKpOHANPYTH, 3BapIOBANIbHI HAIPYTH, HIUIBHICTh JUCIIOKAILH, 30UIbIIy€e IIBUIKICTH 3BapIOBAHHS TA
KpHCTaJTi3allii, TOAPIOHIOE MIKPOCTPYKTYPY, CKOPOUYE. MDKaTOMHY BIJICTaHb, MiJBUILYE MIKXATOMHI
3B’SI3KM, TPIIMHOCTIMKICTh Ta 3HOCOCTIHKICTB[6].

Po3po06eHo mporec BUCOKOMIBH/IKICHOTO HATUIABJICHHS HAa HU3BKIN eHeprii poOOYnX BaJKiB
MPOKATHUX CTaHIB, 3 MIIIIPIBOM 1 HAaIUIaBJICHHSIM OydepHoro 1mapy 3BaprOBAIBHUM
HU3BKOBYTIICLIEBUM KpeMHemaprauieBum aporom 3BO8I2C, mio 3abesneuye 3MeHIICHHS
TEMIIEpaTypPHOTO IHTEpBALy KPUXKOCTI, 3aroOiraHHs yTBOPEHHS TapsidMX 1 XOJOJHUX TPIIIMH,
3HWKEHHSI €HEprii,  3pOCTaHHsS IIBHAKOCTI HaIlJIaBJICHHS Ta KpHCTali3aiii, MoapiOHEeHHS
MIKPOCTPYKTYPH, 3MEHIIEHHS MDKAaTOMHOI BIiJCTaHi,  MIIBUIIEHHS MDKAaTOMHUX 3B’f3KiB,
TPIIMHOCTIMKOCTI Ta 3HOCOCTINKOCTI.

BcTanoBneHH1 3aKOHOMIPHOCTI 1 po3po0JeHn# croci0 BUCOKOMBHUIAKICHOTO HAIJIABJICHHS Ha
HU3bKINA eHeprii OydepHUX mapiB poOOYMX BAIKIB KpEeMHEMapraHIEBUM JPOTOM MOXYTh OyTH
BUKOPHUCTAHI PH BUCOKOIIBHUAKICHOMY HaIlIaBJICHHI OOPHUX BAJIKIB.

[Tomanpiii JOCHIKEHHS B JaHOMY HANPSAMKY € MEpPCHEKTUBHUMHU, TaK SK JAO3BOJISTH
PO3pOOHTH HOBI MPOLIECH BUCOKOIIBUIKICHOTO HAIJIABJICHHS! HA HU3bKiM eHeprii OydepHux mapis
BHCOKOBYTJICIICBUX CTalell HU3bKOBYTJCIEBUM KPEeMHEMapraHI[EBUM JPOTOM, SKHH 3a0e3redye
MIIBUIICHHS TPIIUHOCTIHKOCTI Ta 3HOCOCTIMKOCTI.
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BUCHOBKUA

Ha oCHOBI pEeHTreHOCTPYKTYPHOTO aHalizy, IO MpoBOAMBCSA Ha audpaktomerpi IPOH-3,
BCTAHOBJICHO, 110 MPH €JIEKTPOAYTrOBOMY HaIlJIaBJ€HHI, MiJ AI€I0 IYTH Ta TepMmojedopMalliiiHoro
LUKy, B HaIUIaBJ€HOMY MeTall IOPYIIYyeThCSl PIBHOBAra, BUHUKAIOTh MIKPOCHOTBOPEHHS
KPUCTAIIYHOI PELITKH, MIKPOHANPYTH, MIUIBHICTh IUCIOKAIl 1 YTBOPIOIOTHCS 3BapIOBANIbHI
Hanpyrd. MikpoHanpyru Ipu3BOASTh IO IHTEHCUBHOTO YTBOPEHHS 1 3pocTaHHs TpimuH. [Ipupoma
YTBOPEHHS TpPIIMH eJIeKTpoMarHitHa. [apsui Ta XOJOAHI TPIMIMHU YTBOPIOIOTHCS, KOJHU
3BapIOBAJIbHI HAIIPYTH CTAIOTH OUTBIIIE 32 MEXY MIIIHOCTI, TOMY, JUIS TTiABUILEHHS TPIIIMHOCTIIKOCTI,
HeoOX1/1HO 3a0e3Meun Ty MiHIMalbH1 3BapIOBalIbH1 HAIIPYTH.

KpucranizauiiiHi 4u rapsdi TpIlIMHNA YTBOPIOIOThCA B iHTepBali Temieparyp Tx — Te, JikBigyc
— comimyc, OMU3BKUX JIO JIHIi CONIAyC, BHACTIJOK BUHUKHEHHS JICTKOIJIABKOi eBTeKTHKH FeS,
Temreparypa ruiaBjieHHs Kol Tres=11500 C. T'apsiui TpIlIMHU YTBOPIOIOTHCS B TEMIIEPATYPHOMY
iHTepBani kpuxkocti TIK, B skoMy 3HaYHO 3HMXKYETHCS MeXa MIITHOCTI. J[y1st 3ano0iranHs yTBOpeHHs
rapsuux TPIMMH 1 MiABUIIEHHS TPIIMHOCTIHKOCTI BHCOKOBYTJICIIEBUX CTaNICH, PEKOMEHIYETHCS
IPOBOAUTH HAIJIaBJIEHHS Oy(epHOro mapy HHU3bKOBYIJELIEBUM KPEMHEMapraHLEeBUM JPOTOM
3B08I2C, skuil 3a0e3nedye 3MEHILEHHS TEMIEPAaTYpHOI'O IHTEpBally KPUXKOCTI, 3a pPaxyHOK
3HIDKEHHSI BMICTY CIpKH, IIDISIXOM 3B’sI3yBaHHS CIpKH B 3’€MHaHHA MnS 1 BHCOKOUIBHUAKICHOTO
HaIUIaBJICHHS Ha HHM3bKIM TMOTOHHIN €Heprii, 10 3HM)XKY€ 3BaplOBalIbHI HAMpPYTd 1 MOAPIOHIOE
MIKPOCTPYKTYPY, BHACIIIIOK 3pOCTaHHS MIBUAKOCTI KpHUCTasi3aLlii.

[Ipr HammaBieHHI BHCOKOBYTJICIEBUX CTalCH, IS 3ar00iraHHs YTBOPEHHS XOJOAHHX 1
rapsuux TPIMIMH, PEKOMEHIYEThCS CITOYATKy MPOBOJIUTH MOTEPEIHIN 1 CymyTHiH migirpiB 1o 250 —
300° C i namnasyieHHst Oy(hepHOro IIapy HHU3bKOBYIJIENEBUM JPOTOM, IO 33 PaxyHOK audysii
BYTJICIIO 3 OCHOBHOTO METAJIy B HAIlJIABJICHUW 3MEHIIyE BMICT BYTJICIIO, 3BapIOBATIbHI HAIpPYTH,
3aro0irae TpilmyMHAM, 1 MIABUINYE TPIIMHOCTIHKICTE. B mpupoai Bce MUMOBOJI pyXaeTbCs Bif
OUTBILIOTO JI0 MEHINOT0, eIEMEHTH PYXalOThCs 3 00JACTi 3 BUCOKOIO KOHIIGHTpAIII€l0 B 00JacTh 3
HHU3bKOIO KOHIIEHTPAIII€I0, IO MPU3BOIUTH 10 MEMOBLIFHOTO BUPIBHIOBAHHS KOHIIEHTpAIlIN , TOMY
BMICT BYTJICILIO B HAIJIABJICHOMY METall 3MEHIITY€EThCS 1 TPILIUHOCTIMKICTD MiBUIILY€THCS.

PexomeH10BaHO HaIIaBJIEHHS NEPIIMX JIBOX MPOXO/iB Oy(hepHOro mapy BHCOKOBYTJICIIEBUX
CTaJiel POBOJAUTH HU3BKOBYIJIELIEBUM JAPOTOM, L0 3a0€3Meuy€e 3MEHIIEHHS BYIJIELI0, 32 PaXyHOK
Jdy3ii ByIJIEII0 3 OCHOBHOI'O METAJIy B HAIlJIABJICHU, B HAIIJIaBJIEHOMY METaJli yTBOPIOIOThCS IIOPH,
BHachinok BuavieHHs CO. [lng 3amobiraHHst yTBOpPEHHS ITip, MPU HAIUIABJIEHHI MEPIIMX JBOX
npoxoiB OydepHOro mapy, peKOMEHJI0OBaHO, 3aMmicTh ApoTy 3BOSA, MpPOBOAWTH HaILJIABJICHHS
KpemHeMapranieBum Japotom 3BOSI2C, skuid, 3a paxyHOK MiJBHUILEHOI'O BMICTy KPEMHIIO Ta
Maprasifio, Mo MalTh BEJIUKY CIOPIAHEHICTh J0 KUCHIO, 3a0€3MeUyl0Th PO3KUCICHHS PIIKOTO
MeTay 3BaploBalbHOI BaHHH, 3ano0iratoTs yreopeHHs nip CO 1 NiABUIIYIOTh 3HOCOCTIHKICTb.

BucokomBuIKiCHE HaIJIaBleHHS 3amo0irae yTBOPEHHIO TapsidMX 1 XOJOJHUX TPIIIMH,
3MEHIITy€ TOTOHHY €HEPTito, TeMIepaTypHHUH IHTepBal KPHXKOCT1, MIKPOCIIOTBOPEHHS KPUCTAIIYHOT
pENNTKH, MIKPOHANpPYTH, 3BapOBAJIbHI HAIPyTH, MUIBHICTh IUCIOKAIlid, 30UTBIIYE MIBHAKICTH
3BApIOBaHHS Ta KpUCTali3alii, MoApiOHIOE MIKPOCTPYKTYpY, CKOpOUYY€ MDKATOMHY BiJICTaHb,
MiJBUIILY€ MIKATOMHI 3B’SI3KM, TPIIIMHOCTIHKICTh Ta 3HOCOCTIWKICTB.

Po3pobieHo mporiec BUCOKOIIBHUIKICHOTO HAILUIABJICHHS HA HU3bKIM eHeprii poOOYnXx BaJKiB
IOPOKATHUX CTaHIB 3 MIOIrpiBOM 1 HaIJaBJICHHSIM OydepHoro mapy 3BaprOBaJIbHUM
HHU3bKOBYTJICLIEBUM KpeMHeMmapranueBuMm japotom 3B08I2C, mo 3abe3neuye 3MEHIICHHS
TeMIiepaTypHOro IHTEepBaJly KPUXKOCTI, 38 PaXyHOK 3HUKEHHS BMICTY CIPKH, LUIIXOM 3B’SI3yBaHHS
cipku B 3’e¢HaHHA MnS, 3amo0iraHHs YTBOPEHHS TapsSuuX, XOJOJHUX TPILIMH 1 Iip, 3HUKEHHS
eHeprii, MIKpOCIIOTBOPEHb KPUCTATIYHOI PEIITKH, MIKPOHATIPYT, 3BapIOBATLHUX HAIIPYT, IIUTHHOCTI
JICIIOKAITii, 3pOCTaHHS MIBUAKOCTI HAIJIaBJIEHH Ta KpUCTaJli3allii, opiOHEHHS MIKPOCTPYKTYPH,
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3MEHIIIeHHS MDKAaTOMHOI BiJICTaHi, MIBHUIIEHHS MDKaTOMHHUX 3B’S3KiB, TPIIMIMHOCTIMKOCTI Ta
3HOCOCTIHKOCTI.
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Aryshyn O.V., Makarov O.V., Mykhailiv Y.V., Trofunenko LS.

NATURE OF HOT AND COLD CRACKING IN HIGH-SPEED WITH HIGH-SPEED
WELDING AND SURFACING

Based on X-ray structural analysis using a DRON-3 diffractometer, it was established that
during electric arc surfacing, under the action of the arc and the thermal deformation cycle, the
equilibrium in the deposited metal is disturbed, micro-distortions ofthe crystal lattice, micro-stresses,
dislocation density arise, and welding stresses are formed. Micro-cracks lead to intense crack growth
and crack growth. The nature of crack formation is electromagnetic. Hot and cold cracks form, when
welding stresses exceed the tensile strength, so to improve crack resistance, it is necessary to ensure
minimal welding stresses.

Crystallization or hot cracks are formed in the temperature range Tl — Tc, liquidus — solidus,
close to the solidus line, due to the formation of a low-melting eutectic FeS, the melting temperature
of which is TFeS = 11500 C. Hot cracks are formed in the brittleness temperature range TIH, in
which the ultimate strength is significantly reduced. To prevent the formation of hot cracks and
increase the crack resistance of high-carbon steels, it is recommended to weld a buffer layer with
low-carbon silicon-manganese welding wire Zv08G2S, which reduces the temperature brittleness
range by reducing the sulfur content by binding sulfur into the MnS compound and high-speed
surfacing at low heat input, which reduces welding stresses and refines the microstructure due to an
increase in the crystallization rate.

When surfacing high-carbon steels, to prevent the formation of cold and hot cracks, it is
recommended to first carry out preliminary and subsequent heating to 250 - 3000 C and surfacing of
a buffer layer with low-carbon wire, which, due to the diffusion of carbon from the base metal into
the weld reduces carbon content, welding stresses, prevents crack formation, and increases crack
resistance. In nature, everything moves randomly from greater to lesser, elements move from areas
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of high concentration to areas of low concentration, which leads to a random equalization of
concentrations. Therefore, the carbon content in the deposited metal decreases and crack resistance
increases.

1t is recommended surfacing the first two passes of the buffer layer on high-carbon steels to
carry out with low-carbon wire, which ensures a reduction in carbon due to the diffusion of carbon
from the base metal into the weld metal, pores form in the weld metal due to the release of CO. To
prevent the formation of pores when surfacing the first two passes of the buffer layer, it is
recommended to use Zv08G2S silicon-manganese wire instead of Sv08A wire, which, due to the
increased content of silicon and manganese, which have a high affinity for oxygen, ensures the
deoxidation of the weld pool liquid metal, prevent CO pores the formation and increase wear
resistance.

High-speed surfacing prevents the hot and cold cracks formation, reduces linear energy, the
brittleness temperature range, crystal lattice microdistortions, microstresses, welding stresses,
dislocation density, increases the surfacing and crystallization speed, grinds microstructure, reduces
interatomic distances, increases interatomic bonds, crack resistance and wear resistance

A process has been developed for high-speed, low-energy surfacing of working rolls of rolling
mills with heating and surfacing of a buffer layer using low-carbon silicon-manganese welding wire
SvO8G2S, which ensures a reduction in the temperature range of brittleness due to a reduction in the
sulfur content by binding sulfur into the MnS compound, preventing the formation of hot and cold
cracks and pores, reducing energy, crystal lattice microdistortions, microstresses, welding stresses,
dislocation density, surfacing and crystallization speed, refining the microstructure, reducing
interatomic distances, increased interatomic bonds, crack resistance and wear resistance.

Keywords: rolling mill rollers, hot and cold cracks, the brittleness temperature range, sulfur,
high-speed surfacing low energy, the buffer layer, surfacing with low-carbon, pores, welding
stresses, silicon-manganese welding wire Zv08G2S, crack resistance, wear resistance.
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BIIJINB ®OPMHU BUPOBY HA MATHITHE ITIOJIE IIPU 3BAPIOBAHHI TA
HAILTABJIEHHI

Ilpu 36aprosanni ma naniasnenni mpyo ons 2a3o- i Haghmonposionux mazicmpaneil, iHOYKYis
MA2HIMHO20 NOJIsL NIOBUWYEMBCSA, BHACAIOOK KOHYEHMPAyii CUNOBUX JIHIL Y 3aMKHeHiU mpyoi, wo
8071001€ 8eIUKOI0 MACHIMHOW NpoHUKHicmI0. Cmpym meye Wisaxom HatMeHuio2o onopy, CUN08i 1iHii
MACHIMHO20 NOJNA — WIAXOM HAUMEHWO020 MAacHImHO20 onopy. AodekeamHicms MemoouKu
BUMIPIOBAHHS MACHIMHO20 NOJSL PeAlIbHUM YMOBAM NIOMEEPOHNCEHA NPU BUMIPIOBAHHI THOVKYIL noJs
cmpymy, wo meye 8uUpoOOM, ¥ BUPOOHUYUX YMOBAX NPU OOHOCIMOPOHHLOMY BUCOKOUBUOKICHOMY
3gaprosanni mpyo oiamempom 0,426 m, 3 moswunoro cminxu 0,008m.
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