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Annomayus. 3auTHOE TOKPHITHE HA HU3KOJIErHpoBaHHOH craim Hardox 400 Hammasisuin ¢ HCIONB30BaHUEM MOPOMIKoBoii nposoiokn SK A 70-G

3JIEKTPOIYTOBBIM MeTOIOM. Takie MOKpPBITHS 3b()EKTUBHO pabOTAOT B YCIOBUSX CHIBHOTO aOpa3sWBHOTO W3HAIIMBAHWS WM YIAPHBIX HArpy30K
U TMPUMEHSIOTCS B Pa3IMYHBIX 00JACTIX MPOMBIIUICHHOCTH. MeToaMi CKaHUPYIOIISH 3JIEKTPOHHON MHKPOCKONHH C PEHTICHOCIEKTPAIbHBIM
MHKPOAHAIM30M M PEHTTCHOBCKOTO (Hha30BOr0 aHAIM3a W3y4eH XUMHYCCKHIl U (ha30BbIil COCTABBI, 4 TAKKE COCTOSIHHUE Ae(EKTHON CyOCTPYKTYpBI
nokpbItHs. [To MopdonornueckoMy MpU3HAKY B OKPHITHSX BBIACISIIOTCS TPH €105, [IOBEpXHOCTHBIH CIIOH TOMIUHON 3,5 MM HMEeT PenMyIiecT-
BCHHO CTPYKTYPY SYCHUCTON KPHCTAIUTH3ALNH 1 XapaKTePHU3yETCsl IPUCYTCTBHEM OTPAHCHHBIX YACTHUII, 00OTalIeHHBIX HHOOHEM. [IpoMeXyTOUHBIH
cinoii (mo 0,4 Mm) UMeeT CTPYKTYpy OcTpoBKOBOTrO THIIA. [Tepexommnbiii cioii (0 0,02 MM), HEMOCPEICTBEHHO MPUMBIKAIOIINN K IPaHHUIIE pa3jiela ¢
MO/UTOXKKOM, XapaKTepH3yeTcsi CTONOUATOl U ICHAPUTHON CTPYKTYPOit. 30HA TEPMUUYECKOTO BIHSHHS HMEET OOILYIO TOMIUHY 4 MM. YCTaHOBIICHO,
YTO M3HOCOCTOMKOCTD MOKPBITHI B 2,3 pa3a BhIIIE, YeM Y HOUIOKKH. ITO 00yCIOBICHO (GOPMHUPOBaHHEM CYOMHUKPOPa3MEPHO CTPYKTYpPhI KpHC-
TaJUTH3AIlNH, BBIICICHHEM OOJIBIIIOr0 KOIMYECTBA BEICOKOPOYHBIX YACTHII YIPOUHSIOMIX (a3, a Takke GOpPMHPOBAHUEM MAPTEHCUTHON CTPYKTY-
pbl 0-hasbl HOKpBITHA. YiipounstomuMu pasamu seistorest Fe,C, oobemuas jons kotoporo coctasiser 10 %, kapOubl HUOOHS 1 XpoMa COCTaBa

NbC un Cr3C2, cymmapHasi oobemHast 105151 Kotopsix 20 %, u 6opu xenesa cocraBa Fe3B, obwveMHast 1o1s kotoporo 10 %.

Kniouesvle cnosa. HariaBKa, IopomIKoOBas IPOBOJIOKA, HU3KOJIETUPOBAHHAS CTaJlb, HSHOCOCTOﬁKOCTL, CTPYKTYypa KpUCTAJIN3ALINH, XUMHUYECKHI COCTasB,

(ha3oBbIii cocTaB, KapOUIbI, GOPHIBL.
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B nociesiHye Tobl MOMYYMIIH pa3BUTHE HCCIIEA0BAHHS
B obOmacty HarIaBku [1 — 3] KOMITO3UIIMOHHBIX TIOKPBITHH,
YIPOYHEHHBIX MEJIKOJUCIICPCHBIMH YacTHIAMH KapOHUIOB,
OOpHIOB M IPYTHX BBHICOKOTBEPIBIX W BHICOKOMOIYIBHBIX
¢a3 [4—-10]. Takue mokpsITHs 3DPEKTUBHO pabOTAIOT B
YCIOBUSX CHJIBHOTO a0pa3MBHOTO HM3HANIMBAHHS M TPH-
MEHSIOTCS B PA3NIMYHBIX OOJIACTSAX IPOMBIIIIEHHOCTH.
OCHOBHBIM (paKTOPOM, OMPEACIAIONINM HX JKCIUTyaTall-
OHHBIE CBOWCTBA, SIBISIOTCS XUMHYECKUH M (ha3oBBIil co-
CTaBbI MaTepuala MoKpeITUs. 111 000CHOBaHHOTO BBIOOpA
MaTepHaloB IOKPBITHH, COOTBETCTBYIONIUX YCIOBHUSIM HX
SKCIUTyaTalliK, HeOOXOAMMO MPOBEICHUE MOAPOOHBIX HC-
CJI€JOBaHUI UX CBOMCTB U CTPYKTYPHI.

Lenp HacTOsIIEH paOOTHl — aHAJIN3 XUMHYECKOTO | (ha-
30BOTO COCTaBOB, COCTOSIHUS A€(DEKTHOM CyOCTPYKTYpHI U

* UccrnenoBanue BBIIOMHEHO NP ((MHAHCOBOM MOIIEPIKKE TOC3a/1a-
Huii MunoOprayku Ne 2708 u 3.1496.2014/K Ha BbINONIHEHHE HAYYHO-HC-
clieoBaTeNnbCKoi paboTsl, rpanta IIpesunenta Poccuiickoit denepanyn
JUISt TOCYAAPCTBEHHOH MOIEPKKU MOJOIBIX POCCHHCKUX YUEHBIX —
kanauaaroB Hayk MK-4166.2015.2 u nokxropos Hayk M/I-2920.2015.8,
POOU B pamkax Hayunbix npoektoB Ne 13-02-12009 odu_m,
15-08-03411, 14-08-00506a.

TPUOOJIOTUYECKUX XaPAKTEPUCTUK 3aIIUTHBIX TMOKPBITHH,
c(hOpMUPOBAHHBIX Ha HU3KOYIJICPOIUCTOM ci1aboiernpo-
BaHHOHM CTajlM METOJIOM JJIEKTPOIYrOBOW HAIJIaBKU I10-
POLIKOBOM MPOBOJIOKOH.

B kauecTBe MOJTOKKH UCTIONH30BAIN HU3KOJICTHPOBAH-
nyto cranp Hardox 400 ¢upmer SSAB (IlIsenus) mMapren-
CHUTHOTO KJiacca (tabi. 1), KoTopast IUpOKO MPUMEHSCTCS B
TOPHOOOBIBAIOIIEH W JTOPOKHO-CTPOUTEIILHOW OTPACIISIX.
IToxpbiTst TOMIMHON 4 —5 MM HaIUIaBJsUTA DJIEKTPOAY-
TOBBIM METOJIOM TopomkoBoi mpoBosiokoli SK A 70-G
¢upmer Cynoxkeii (Benbrust) (tabm. 1). B mocienaue romst
HaOMIOaeTCs POCT MPUMEHEHUSI MTOPOIIKOBEIX POBOJIOK
B Pa3INYHBIX OTPACIAX MPOMBIIUICHHOCTH, YTO CBSI3aHO,
B YaCTHOCTH, C BEICOKOH MPOM3BOMUTEIHHOCTEIO TIpOIIecca
CBapKH M HAIUIABKH C UX MCHOIb30BanueM [11].

®daxrop m3HOCAa KaKk 00BEM BBITHPACMOTO Marephaa
MOKPBITHS, PACCUYMTAHHBIH HA EIMHUIY HOPMAIbHOM Ha-
rpy3Ku u myTH TpeHus [12], onpenensiim ¢ HCHOIb30BaHH-
eM Tpubotectepa Tribotechnic. B kauecTBe KOHTpTENA HC-
MOJTL30BATM MApUK U3 TBepaoro ciiaBa BK8 muam. 3 mm,
HIapUK TepeMeIlalicsl MO TMOBEPXHOCTH o0paslia BIOJb
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Taobnuma 1

XumMnyeckuii cocTaB MaTepuaJIoB

Table 1. Chemical composition of the materials

Conep:xanue, % (1o mMacce), 3IIeMEHTOB*

Marepuan -
C Si Mn P

N B S Mo Cr Nb

Crans Hardox 400 | 0,18 | 0,70 | 1,60 | 0,01

0,004 | 0,025 | 0,01 | 0,25 - -

SK A 70-G 2,60 | 0,60 | 1,70 -

- 2,2 - - 148 | 4,7

IIpumeduanue. OcTalbHOE — KENE30.

OKPY)KHOCTH JtMaM. 4 MM C JIMHEWHOH CKOpOCThiO 2 cm/c
pu HOpMalibHOU Harpy3ke 5 H. Uucno 060poToB KOHTpTE-
na cocrasmio 5000.

HccnaenoBanuss XUMHYECKOTO M ()a30BOTO COCTABOB,
cocTosiHUSL Ne(PEeKTHOH CyOCTPYKTYphl HAIUIaBICHHO-
IO TOKPBITHS OCYIIECTBISIN METOJAMU CKaHUPYIOMICH
aneKTpoHHON Mukpockonuu (mpubop Philips SEM-515
¢ mukpoanaguzaropom EDAX ECON IV) u pentreHosc-
koro (a3oBoro aHanmu3a (PEHTICHOBCKUIl AU(PpAKTOMETp
JOPOH-7). i TpaBjieHWs HAIUIABKA HCIIOJIB30BAJIH
3 %-blIif CHUPTOBBII PACTBOP A30THOM KHCIOTHI.

Tpubonorudeckre UCTBITAaHUS MOKA3aJd, 4YTO (HaKTOP
u3HOCa TOKphITHA coctaBun 3,5-107 mm®/(H-Mm), uTOo B
2,3 pa3a BbIIlIE, YeM Yy MOIOKKH.

CrpykTypa NOKpBITUS IpuBeAeHa Ha puc. 1. Obpaiua-
eT Ha ceOs BHUMaHHE MPHUCYTCTBHE B HEM OOJBIIOTO KO-
JMYECTBa BKIIIOUCHUI orpaHeHHOU (Gopwmbl (puc. 1, a, 6).

1 mxm
—

Pa3sMmepsl BKIIOUEHHI W3MEHSIOTCS B mIpepenax oT 1 1o
5 MkM. BTopsiM MOP(hOTIOrHIeCKUM 3JIEMEHTOM OKPBITHS
SIBJISIOTCSL CTPYKTYPBI IeHApUTHOM (puc. 1, 6, 6) u stuewuc-
toii (puc. 1, 6, 2) kpuctayum3anun. Pa3mMepsl siueek u3Me-
ustotest B npenenax ot 0,3 go 0,8 mxm. TommuHa mpoco-
€K, KOTOpbIe pa3uenstoT sueiiku, coctasiseT 50 — 100 Hm.

MUKPOPEHTICHOCTIEKTPAIbHBINA aHAIM3 YYaCTKOB I10-
KpbITHs (0003HAYCHHBIX HA pHC. 1 paMKamu) TOKa3all, 4To
YaCTHIIBl OrpaHeHHOM (GOopMBI 00OTraleHbl aTOMaMH HHO-
oust (puc. 1, 6, obmacts 1); obmactu AEHIPUTHON KpHC-
tayummsanud (puc. 1, 8, obmacTs 2) oOoraiieHsl aToMaMu
xKesae3a, xpoma u yriepoma. OCOOCHHOCTBIO CTPYKTYPBI
STYEMCTON KPUCTAJUIU3AINHI, TaK)Ke C(hOPMHUPOBAHHOM TIpe-
HUMYIIIECTBEHHO aTOMaMH JKeJIe3a, SIBICTCS HaTudue 00JIb-
IOW KOHI[CHTPAIIMU aTOMOB yriieposa u xpoma (puc. 1, 6,
obmactp 3). B KOJIMYECTBEHHOM OTHOIICHHH TH PE3yJIbTa-
ThI IPUBEICHBI B TAOII. 2.

10 mrm

1 mxm
—

Puc. 1. XapakrepHast CTpyKTypa HariaBky, GOpMHpPYIOLIEHCS HAa TOBEPXHOCTH CTAIN B CEUCHUH, TApaJUICIIEHOM TOBEPXHOCTHU HAIJIABKH
(paMKaMu BBIICICHBI yIaCTKH MUKPOPEHTICHOCTICKTPAIbHOTO aHAIM3a MaTepraa)

Fig. 1. Characteristic welding structure, formed on the surface of steel in the section, which is parallel to the welding surface
(the frames show the sections of microroentgenospectral analysis)
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Tabnumna 2

Pe3yJibTaThl MUKPOPEHTIEHOCIEKTPAJILHOI0 AHAIN3a CTPYKTYPbI HATJIABKH,
copMHPOBAHHOI HA IOBEPXHOCTH CTAJIH

Table 2. Results of microroentgenospectral analysis of welding structure, formed on the surface of steel

Conepixanue, % (o Macce), ISTHPYIOIINX SIEMEHTOB
OGnacts C Si Ti Cr Mn Fe Nb Hror
1 0 0 1,02 6,50 0 7,07 85,42 100,00
2 3,74 1,40 0 7,89 1,44 85,53 0 100,00
3 4,11 0,71 0 13,07 1,71 80,40 0 100,00

PentrenoBckuii (ha3oBbiil aHamu3 mokasain (puc. 2), 4to
OCHOBHOM (ha30il MOKPBITHSI SBISCTCS O-)KEJIC30, CPESITHUMI
pasmep D obnacreii KOrepeHTHOTO paccesiHus KOTOPOTo
coctapisieT 30 HM. MUKPOUCKaXKEHHUST KPHUCTATNIECKOM
pemterku Ad/d = 0,0010 + 0,0005. TTapamerp KpuCTaLIH-
yeckoll pemietkn o-xernesa a =0,28740 + 0,00010 um He-
CKOJIBKO BBIIIIE, YeM Y O-)KeJie3a, He COAEPIKAILEero mpuMe-
cu (a, = 0,28668 nm [13]). D10 BBI3BaHO (HOpPMUPOBAHHEM
MEPECHIIIEHHOr0 aToMaM# yIJIepoaa TBEPIOro pacTBopa,
MO9TOMY Takasl CTPYKTypa OTHOCHTCS K CTPYKType 3aKa-
JIOYHOTO TUIIa, TO €CThb ABJISCTCA MAPTCHCUTOM.

[Ipenrmonaras, 4to yBEeIMYCHHE MapamMeTpa KpHCTaI-
JIMUECKOHM pemeTku 0-(a3bl MOKPHITUS BBI3BAHO (hOpMU-
pOBaHHMEM MEPECHIIIEHHOTO TBEPIOTO PAacTBOpa IPH HC-
TOJIb30BAHUUN OIICHOYHOI'0O BBIPAXCHUSA, MPUBECACHHOIO B

paborax [14, 15], AC = %103 (rme AC — KOHIIEHTpALHs

YIIIepoa, PacIoIOKEHHOTO B KPHCTAITHICCKON PEIIeTKe
Ha OCHOBE 0-3KejIe3a), MOXKHO ToKasaTh, uto AC = 0,018 %
(o macce).

VYropouHsomuMa  (Ga3zaMu CHOPMUPOBAHHOTO TTOKPHI-
TUs ABJIAIOTCA KapOun skenesa cocrasa Fe,C (uementur),
obbeMHast 1011 KoToporo coctapisieT 10 %, kapOusl HHO-
6us u xpoma coctasa NbC u Cr,C,, cymmapnas oobemHast

nons kotopeix 20 %, u 6opun xenesza cocrasa Fe,B, 00b-
emHas 105151 kKotoporo 10 % (ta6i. 3). Cinemyer OTMETHTB,
4TO 3TH (1)331)1 SABIIIFOTCA OKUAACMbIMH, TaK KaK B COCTaB
HOPOIIKOBOW MPOBOJIIOKK KPOME JKejie3a B CPaBHUTEIBHO
OOJIBIIIOM KOJIMYECTBE BXOMAAT ymiepoxd, 0op, HMOOMH u
xpoM (Tabm. 1).

AHamU3 TMOMEPEYHOr0 CEYCHUsS] CHCTEMbI IOKPBI-
THE— OJIJI0XKKA MMO3BOJIHJI BBISIBUTH MHOTOCIIOWHYIO CTPYK-
TYPY, KOTOPYIO 10 MOP(OIOrHYSCKOMY MPH3HAKY MOXKHO
NPEJICTaBUTh MOBEPXHOCTHBIM (pHc. 3, @, cioii 1), mpome-
JKYTOYHBIM U MEPEXOAHBIM ciosimu (puc. 3, a, cioun 2 u 3
COOTBETCTBEHHO), a TAK)K€ 30HOH TEPMHUYECKOTO BIIHMSHHS
cranu (puc. 3, cnoii 4). [ToBepXHOCTHBIN CIION MMEET Tpe-
UMYIIECTBEHHO CTPYKTYPY SYEHCTON KPUCTAIUIM3AIUU U
XapakTepu3yeTcss MPUCYTCTBUEM 4YacTHUl], OOOralleHHBIX
auoobuem (puc. 3, a, 6). Pa3Mepsl sueex KpUCTAIUTH3AIMN
uaMeHstoTest B npexpenax ot 0,5 mo 1,0 mxMm; TommmHa
npocioek, ux pasaessromux, cocrapisger 0,1 — 0,3 Mkwm.
ITpomexxyTounblil croit (puc. 3, cioii 2) UMeeT CTPYKTY-
py octpoBkoBoro tumna. OctpoBku pazMepamu 5 — 10 MM
pas3aciieHbl MPOTAKCHHBIMU HpOCHOﬁKaMH, UMCHOILITNMMHU
CIIOKHYIO CyOCTPYKTYpY, pa3Mepbl 3JIEMEHTOB KOTOPO H3-
mensitorest B mpezenax 0,3 — 0,6 mxm (puc. 3, 6). Iepexon-
HBIM CJIOM, HEMOCPEICTBEHHO MPUMBIKAIONIUN K TPAHULE
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Puc. 2. Y4acTok peHTreHOrpaMMbl, MOJTYUEHHOW C TOBEPXHOCTHOTO CJIOSI HATUIABKH

Fig. 2. Section of X-ray pattern, obtained from the surface welding layer
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Puc. 3. Crpykrypa (a) monepednoro numda HarIaBKe, ChOPMUPOBAHHON Ha CTaJH, U CTPyKTypa obnacteit 1, 2 u 3 (6, 6 u 2):
1 — cnoii HarutaBky; 2, 3 — MEPEXOIHbIC CIIOH; 4 — CIION TEPMHUYECKOTO BIUSHUS CTAITH

Fig. 3. Structure (a) of cross thin welding section, formed on steel, the structure of zones 1, 2 and 3 (6, ¢ and 2):
1 - welding layer; 2, 3 — transition layers; 4 — heat-affected layer of steel

pasfena ¢ moIOKKOH, cpaBHUTENBHO TOHOK (10 — 20 MkM)
W XapaKTepu3yeTcsl CTOI09aTON IEHAPUTHON CTPYKTYPOH,
(bopmupyroLIeiicst OT rpaHuilbl paszaena (puc. 3, 2).

CTpyKTypa TIOKpPBITHS XapaKTepH3yeTCs HaJIudYueM
MHUKPOTPENMH U MUKPOIIOp (puc. 4). TpelrHbl BbISBICHBI
BO BCEX CJIOSIX MOKPBITHS, HAaHOOJIee MPOTSHKEHHbBIC U3 HUX
pacronararotcst B cioe 1 ¥ pacrmonaratoTcs mpenMyInecT-
BEHHO MapauICIbHO MOBEPXHOCTH MOKPBITHs (puc. 4, a).
VcTouHMKaMu TPEIIMH SIBISIOTCS KpymnHbie (1 — 2 MKM)
BKJIFOUCHUST 4acTHUIl BTOpo (asel (puc. 4, 6), ACHAPHUTHI
kpuctamuzaiun (puc. 4, ¢), 001acTH OCTPOBKOBOM KpHC-
tayu3anuu (puc. 4, 2).

Takum 00pa3oM, BHICOKAs H3HOCOCTOUKOCTD TIOKPBITHIA
oOycioBiieHa (OPMHPOBAaHHWEM B HHX CyOMHUKpoOpasmep-
HOM CTPYKTYPbI KPUCTAIIU3AIMH, BBIICICHUEM OOJBIIOTO
(oxosmo 40 %) koryecTBa BBICOKOIIPOYHBIX YACTHUI] YIIPOU-

772

HIOIUX (a3, a Take (GopMHPOBAHHEM MApPTCHCUTHOW
CTPYKTYPbI OCHOBBI OKPBITHSL.

Bob16oovr. TlokpeiTHs, HAIUIaBJICHHBIE Ha IOBEPX-
HOCTh HH3KOYTJIEPOIUCTON CJIa00JETMPOBAHHON ~CTaJH
Hardox 400, umeroT W3HOCOCTOMKOCTH B 2,3 pasa BBIIIE,
4eM Mo/I0KKa. [TOKPBITHSI COCTOSIT U3 TPEX CIIOEB, KOTOPbIE
pasnu4arTcs MOp(hOJIOTHEH DIEMEHTOB CyOCTPYKTYpHI.
[ToxpeITHs chopMHupoBaHBl MHOTO(pA3HBIM MaTEPHATIOM
U TPE/ICTABIICHBI 3¢pPHAMU TBEPIOTO PAcTBOPa HA OCHOBE
0-XKeJIe3a, YacTuliamMu Kapouma sxenesa cocrasa Fe,C (te-
MEHTHT), 00beMHast 10Jist KoTopbix 10 %, kapOu0B HHOOHS
u xpoma coctaBa NbC u Cr,C, (cymmaphnas o6bemHas 10715
xap6unos 20 %) u Gopuna sxenesa cocraa Fe;B, oobem-
Hast joiist kotopbix 10 %. BeIsiBIIeHO, YTO MOBBIIIICHHAS W3-
HOCOCTOMKOCTB TOKPBITHI 00YyCIIOBIICHA (POPMUPOBAHUEM
CYOMHMKPOKPHUCTAINTUYECKOM MAapTEeHCUTHOH CTPYKTYPHI
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1 mxem
—

2 MKM

2 MKM
—

Puc. 4. ledekThI CTPYKTYPBI (TPELIMHBI yKa3aHbI CTPEIKAMH), IIPHCYTCTBYIOIIHE B CHOPMHPOBAHHOM Ha CTAIIM HAILTABKE

Fig. 4. Structure defects (the cracks are shown by the pointers), presented in the formed welding on steel

o-(a3bl ¥ BBIICJICHHEM Ha CTaMU KPUCTAIIH3AIMN 0O0JTb-
moro (mpumepro 40 %) o6beMa BBICOKOITPOYHBIX YACTHIL
KapOHUIHBIX U OOpUIHOI (ha3.
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Abstract. The protective coating on low-alloy steels Hardox 400 has been

welded by electric arc method using the flux cored wire SK A 70-G.
Such coating works effectively in conditions of strong abrasive wear
and shock loads and is used in various industries. Chemical and phase
composition and defect substructure condition of the coatings has been
investigated using scanning electron microscopy with EDA-technique
and x-ray phase analysis. The coatings can be divided in three lay-
ers by morphological features. The surface layer with the thickness of
3.5 mm has the property cellular structure crystallization and can be
characterized by the presence of faceted particles enriched in niobium.
The intermediate layer (0.4 mm) has the structure of an islet type. Tran-
sition layer (to 0.02 mm) adjacent to the interface with the substrate, is
characterized by columnar and dendritic structure. Heat-affected zone
has a total thickness of 4 mm. It has been established that the wear
resistance of the coatings is in 2.3 times higher than of the substrate.
This is due to the formation of the submicrodimensional structure of
crystallization, the release of large amounts of high strength particles
of hardening phases and forming a martensitic structure of the a-phase
of the coating. The reinforcing phases are Fe,C, the volume fraction of
which is 10 %, the carbides of niobium and chromium NbC and Cr,C,,
with total volume fraction of 20 %, and iron boride Fe,B, with volume
fraction of 10 %.

Keywords: surfacing, flux-cored wire, low-alloy steel, wear resistance,

structure of crystallization, chemical composition, phase composi-
tion, carbides, borides.

DOI: 10.17073/0368-0797-2015-10-769-774

REFERENCES

Sosnin N.A., Ermakov S.A., Topolyanskii P.A. Plazmennye tekh-
nologii. Svarka, nanesenie pokrytii, uprochnenie [Plasma tech-
nologies. Welding, coating, hardening]. Moscow: Mashinostroenie,
2008. 406 p. (In Russ.).

Ryabtsev I.A. Naplavka detalei mashin i mekhanizmov [Welding
of machine components and mechanisms]. Kiev: Ekotekhnologiya,
2007. 160 p. (In Russ.).

3.

10.

11.

12.

13.

14.

15.

Ryabtsev I.A., Senchenkov |.K. Teoriya i praktika naplavochnykh
rabot [Theory and practice of welding works]. Kiev: Ekotekh-
nologiya, 2013. 400 p. (In Russ.).

Vainerman A.E., Belyaev N.V. Argon-arc welding of powder based
on tungsten carbide on steel for obtaining wear-resistant coatings.
Voprosy materialovedeniya. 2002, no. 2, pp. 43-46. (In Russ.).
Kobernik N.V., Chernyshov G.G., Mikheev R.S., Chernysho-
va T.A., Kobeleva L.I. Argon-arc welding of wear-resistant compo-
sition coatings. Fizika i khimiya obrabotki materialov. 2009, no. 1,
pp. 51-55. (In Russ.).

Sokolov G.N., Lysak I.V., Troshkov A.S., Zorin I.V., Goremyki-
naS.S., Samokhin A.V., Alekseev N.V., Tsvetkov Yu.V. Structure
modification of welded metal with nano-disperse tungsten carbides.
Fizika i khimiya obrabotki materialov. 2009, no. 6, pp. 41-47. (In
Russ.).

Ryabtsev I.A., Panfilova A.l., Babinets A.A., Ryabtsev I.l., Gor-
dan’ G.N., Babiichuk I.L. Structure and wear resistance at abrasive
wear of welded metal with carbides of different types. Avtomatiches-
kaya svarka. 2015, no. 5-6 (742), pp. 84-88. (In Russ.).

Kapralov E.V., Raikov S.V., Budovskikh E.A., Gromov V.E.,
Kosterev V.B. Increase of steel wear resistance with welding. Stal’.
2014, no. 7, pp. 86-88. (In Russ.).

Raikov S.V., Kapralov E.V., lvanov Yu.F., Budovskikh E.A., Gro-
mov V.E. Structure Gradient in Wear-Resistant Coating on Steel.
Steel in Translation. 2015, Vol. 45, no. 2, pp. 120-124.

Kapralov E.V., Budovskikh E.A., Gromov V.E., Ivanov Yu.F. Nano-
structural states and properties of the surfacing formed on steel by a
cored wire. Russian Physics Journal. 2015, August, 7 p.

Mazur A.A., Makovetskaya O.K., Pustovoit S.V., Brovchenko N.S.
Flux cored wires in the world and regional markets of welding ma-
terials. Avtomaticheskaya svarka. 2015, no. 5-6 (742), pp. 68-74.
(In Russ.).

Vershinin D.S., Smolyakova M.Yu., Manokhin S.S., Druchini-
na O.A., Akhmadeev Yu.Kh. Studies of tribological properties of ni-
trated titanium alloy VT16. Zavodskaya laboratoriya. Diagnostika
materialov. 2010, Vol. 76, no. 12, pp. 45-49. (In Russ.).

Babichev A.P., Babushkina N.A., Bratkovskii A.M. etc. Fizicheskie
velichiny. Spravochnik [Physical quantities. Reference book].
Grigor’ev 1.S., Meilikhov E.Z. eds. Moscow: Energoatomizdat,
1991. 1232 p. (In Russ.).

Kurdyumov V.G., Utevskii L.M., Entin R.l. Prevrashcheniya v
zheleze i stali [Transformations in iron and steel]. Moscow: Nauka,
1977. 236 p. (In Russ.).

Fasiska E.J., Wagenblat H. Dilatation of alpha-iron by carbon.
Trans. Met. Soc. AIME. 1967, Vol. 239, no. 11, pp. 1818-1820.

Acknowledgements. The research was performed with the financial support

of state tasks of the Ministry of education and science no. 2708 and
3.1496.2014/K for the implementation of the research work, grant of
the President of the Russian Federation for the state support of young
Russian scientists, Candidates of Sciences MK-4166.2015.2 and Doc-
tors of Sciences M/1-2920.2015.8, RFBR in the frames of scientific
projects no. 13-02-12009 ou_wm, 15-08-03411, 14-08-00506a.

Received July 31, 2013

774



