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Annomayusn. J{ns 000CHOBaHHOTO BBIOOpA MaTepuala MOKPHITHIA, COOTBETCTBYIOLIMX YCIOBHSAM SKCIUTyaTAllMU W3JCIHH M PEKMMOB MOCIETYOIIEeH

3JIEKTPOHHO-ITyIKOBOH 00pabOTKH, HCCIe0BaHbl HAHOTBEPAOCTh, MOTYIIb OHra 1 edekTHas CyOCTPYKTypa ClIos, HaIlIaBICHHOTO Ha MApTCHCHT-
HYIO HU3KOYIIIepoaucTyo cTajib Hardox 450 BEICOKOYIIIEpOMCTHIMHU MOPOIIKOBBIMU ITPOBOJIOKAMH AUaM. 1,6 MM pa3iIM4HOrO XMMHYECKOTO COCTa-
Ba (comepKalllMU TaKue 3JIeMEHTHI, KaK BaHAJWil, XpoM, HHOOHI, Bonb(pam, MapraHel, KpeMHHUH, HUKENb, 00p), H JOIOIHATEIEHO ABYXKPAaTHO
00JIy4EHHOTO UMITYIBCHBIM 2JIEKTPOHHBIM ITy4ykoM. (DopMupOBaHHE HAILIABJICHHOTO CJI0S HA IIOBEPXHOCTD CTAIM OCYIIECTBIISUIN B CPEZIE 3aIUTHO-
ro rasa, conepskaiiem 98 % Ar, 2 % CO,, ipu cBapouHoM Toke 250 — 300 A u Hanpsixenuu Ha ayre 30 — 35 B. Moau@uuuposaHne HarasjIeHHOTO
CII0s OCYLIECTBIISIN MyTeM 0OTy4eH s TTIOBEPXHOCTU HAIUIABICHHOTO CJIOS BICOKOMHTEHCUBHBIM JICKTPOHHBIM ITy4YKOM B PEKMME TIABICHUS U
BBICOKOCKOPOCTHOH KpucTamu3auuu. Harpyska Ha unnentop cocrapisina 50 MH. Onpenenenne HanorBeproctu u moxyis FOHra nposoauiu B
30 mpou3BOJIBbHO BHIOPAHHBIX TOYKAX MOAM(DUIIMPOBAHHOW MOBEPXHOCTH HAIUIaBKH. J[e(EeKTHYIO CTPYKTYpy MOBEPXHOCTH MOAM(PHIUPOBAHHOM
3JIEKTPOHHBIM IIyUKOM HAIlJIaBKH M3y4ald METOJaMH CKaHUPYIOILEeH 3IEKTPOHHOM MUKPOCKONUH. BBIsBIEHO KPaTHOE yBEIMUEHHE HAHOTBEPIOCTH
1 Mopyns FOHra HamnIaBIeHHOTO CJI0S NIPH AIEKTPOHHO-MYYKOBOH 00paboTKe OTHOCUTENBHO MaTepuana OCHOBBIL. BBIABICHO, YTO MAKCUMANIbHBIH
ynpousstonuii 3¢ ext HabIogaeTes Ipy HaIIaBKe MOPOLIKOBOIT IPOBOIOKOM, coxepxkameit 4,5 % Gopa. [TokazaHo, 4To Ha IOBEPXHOCTH HaILIaB-
KU, C(OPMUPOBAHHON MPOBOJIOKOH, B 2NEMEHTHbIH cOCTaB KOTOPOi BXoauT 4,5 % 6opa, 1 AOMOIHUTEIBHO 00IyYeHHOH HHTEHCHBHBIM HMITYIIbC-
HBIM 3IEKTPOHHBIM ITyYKOM, QOPMHUPYIOTCS CHCTEMBI MUKPOTpEInH. VccaeoBaHus HAIIaBOK, C()OPMUPOBAHHBIX OPOLMIKOBBIME IIPOBOJIOKAMH,
HE CoIepiKaluMu 00p, Mociae UMITYIbCHOM 00pabOTKM HIEKTPOHHBIM ITYYKOM MOKA3a]1d OTCYTCTBHE MUKPOTPEIIHH HA MOIU(UIMPOBAHHOM MO-
BepxHOCTH. [ToBBIIIEHNE IPOYHOCTHBIX CBOHCTB MOJH(UIIPOBAHHOTO IEKTPOHHBIM ITyYKOM HAILIABICHHOTO CJIOSI 00yCIOBICHO (hOPMUPOBAHIEM
CTPYKTYPBI, pa3Mepbl KPUCTAIIUTOB KOTOPOH M3MEHSIOTCS OT JAECATHIX JI0J€H MUKPOMETpa 10 eMHHUI] MUKPOMETpA, U COZep Kaliell BKIIOYCHHUs
BTOPBIX (a3 (6opubl, KapOubl, KapooGopu Ib). YCTaHOBIICH 3HAYUTEIBHBINA Pa30pOc 3HAYCHHH HAHOTBEPAOCTH U MOxy s FOHTa, 4To 00ycIoBICHO,
OUYEBHJIHO, HEOZHOPOIHBIM PACIpesieIeHHeM YIPOUYHSIONUX (as.
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Jerann MammH W MEXaHH3MOB BO MHOTHX CIIydasix
paboTarT B YCIOBUSX WHTEHCHBHOrO M3HOca. [IpominTh
CPOK WX IIOJIE3HOTO WCIIOJIB30BAaHHUS MOXKHO ITyTeM Ha-
TUTAaBKKM Ha TIOBEPXHOCTH TPEHUS CIIOEB MeTaiia, odiana-
FOIIUX TIOBBIIIEHHBIMU CBOMCTBamHU [1, 2]. @opmupoBanue
B MIOBEPXHOCTHOM CIIO€ CTPYKTYPHO-(a30BOTO COCTOSHHSI
CyOMHUKpO- M HaHOpa3MepHOW oONacTell MO3BONISET CY-
HIECTBEHHBIM 00Pa30M H3MEHSTh (PU3MKO-MEXaHUYECKHE

" MccnenoBanue BBINOIHEHO 3a CYET IpaHTa Poccuiickoro HayuHoro
¢donna (mpoekt Ne 15-19-00065).
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CBOICTBa HE TOJNBKO TOHKOTO MOBEPXHOCTHOTO CIIOS, HO
netanyd B nesiom [3]. K HacTosimemMy MOMEHTY pa3pado-
TaH LEJBIA P MePCIeKTUBHBIX CIIOCO00B MOANDHUIHPO-
BaHUs MOBCPXHOCTHU METAJIJIOB, CIJIABOB, KEPAMHUYCCKUX
U METaJUIOKePaMUYECKUX MAaTepHajoB, OCHOBAHHBIX Ha
HCIOJIb30BAHUN KOHLICHTPUPOBAHHBIX IMMOTOKOB DHEPIUU U
00€eCIIeUYnBAIOIINX BEICOKUE (PU3UKO-MEXaHUIECKUE XapaK-
TEpUCTUKU Marepuaios [4 — 15].

OnmHUM 3 TEPCIIEKTHBHBIM CIIOCOO0B MOIU(DHINPOBA-
HUSI CTPYKTYPBI HOBEPXHOCTHOTO CJI0SI CTATBHBIX M3/ICITHI ¢



MATEPUAJTOBEJEHUE

HECJIbIO MOBLIIICHUA UX SKCIUTYaTAlIUOHHBIX XapaKTECPUCTUK
B HACTOSIIIIEC BpEMs SIBIISCTCS KOMILICKCHas 00paboTKa,
KOTOpas BKJIIOYACT HAIJIaBKy KOMIIO3WMIMOHHBIMH MOKPBI-
TUSIMH, YIIPOYHEHHBIMU YacTUIIAMHU KapOUIOB, OOPHIOB U
JPYTUX BBICOKOMOAYJBHBIX M BBICOKOTBEP/BIX (a3, u mo-
CIIEYIONIYO 3JIEKTPOHHO-ITYYKOBYO 00paboTKy. Mcrmomb-
30BaHHUC UMITYJIBCHBIX DJJICKTPOHHBIX ITYYKOB B Ka4€CTBC
cpencTBa MOAM(UKAIIMKA METaUIOB M CIDIABOB IIPHBOIUT
K CYIIECTBCHHOMY HM3MEHEHHIO CTPYKTYypHO-()a30BOTO CO-
CTOSIHUSI TIOBEPXHOCTHBIX CIIOCB U, KaK CIIC/ICTBHE, K YBe-
JIMYEHUIO0 KOPPO3MOHHOM CTOMKOCTH, M3HOCOCTOMKOCTH,
MHUKpPOTBEPIOCTH, YCTATOCTHOW JONTOBEYHOCTH, HEOCTH-
XKHUMBIX TPU TPAAUIMOHHBIX METOJaX IOBEPXHOCTHOH 00-
pabotku [11 — 16].

Kak mpaBuno, npu o6paboTke MOBEPXHOCTU METall-
JUYECKAX MaTephaloB WHTEHCHUBHBIM JJIEKTPOHHBIM
IIYYKOM MaKCHMAaJIbHbIE IIPOYHOCTHBLIE XapaKTEPUCTH-
KH JOCTHTAIOTCS B CPABHUTEIHHO TOHKOM (CIUHHUIIBI
MUKPOMETPOB) MOBEPXHOCTHOM cioe. [l agexBaTHON
aTTeCTallil MEXaHWYECKUX CBOWMCTB TaKHWX MOBEPXHOC-
TEeH MIUPOKO HCIOJB3YIOTCA METOAblI MHACHTHPOBAHMUA.
OpmHaKo ClIeyeT OTMETHUTH, UYTO 3HAYCHHS MHKPOTBEp-
JAOCTHU CTAHOBATCA BbIIIC NPU YMCHBIICHUN HAI'PY3KU Ha
HHICHTOP, YTO HanOoJIee PE3KO MPOSBISIETCS IPH MaJIBIX
Harpyskax [16, 17].

Lenpro HacTosIIeH pabOTHI ABISETCS aHAIU3 MEXaHU-
YECKUX CBOHCTB CIosi, C(hOpMUPOBAHHOTrO Ha cramu Har-
dox 450 2JIEeKTPOKOHTAKTHOW HAIJIABKOH  ITPOBOJIOKOM
Pa3IN4YHOTO AJIEMEHTHOTO COCTaBa M JOMOJHUTEIBHO 00-
JYYeHHOTO WHTECHCHBHBIM HMITYIIECHBIM DJICKTPOHHBIM
MTyYKOM.

B kadecTBe Marepmana OCHOBBI HCIIONB30BAIH CTAIb
Mmapku Hardox 450 co cienyrommM XUMHYECKHM COCTa-
BoM: 0,19-0,26 % C;70 % Si; 1,60 % Mn; 0,25 % Cr;
0,25 % Ni; 0,25 % Mo; 0,004 % B; 0,025 % P; 0,010 % S
(o macce) (ocTambHOE JKENEe30).

Cranp Hardox 450 xapakrepusyeTcss HU3KUM COAEp-
JKaHUEeM JICTHPYIOMINX JJIEMCHTOB, BCICICTBHE YEro OHa
XOpOIIO CBapuBaeTcss M oOpabareiBaeTcs. Ilytem cre-
[IMAJTLHOW CUCTEMBI 3aKaJIKH JIUCTOB (CYTh KOTOPOH 3aKITIO-
9aeTcst B OBICTPOM OXJIAXKICHUH MPOKATAaHHOTO JIUCTa 0e3
MOCTICAYIOMIEr0 OTITyCcKa) (pOPMHUPYETCS MEIKO3EPHUCTAS
CTPYKTypa CTalll U JIOCTUTACTCS €€ BBICOKAs TBEPJOCTb.
bnarogaps aToMy cTaib 3pPEKTHBHO IPOTUBOCTOUT OOJTh-
IIMHCTBY BUAOB U3HOCA.

dopmupoBaHHE HAIDIABICHHOTO CIOS OCYIIECTBISUIH
MOPOIIKOBBIMHU MPOBOJIOKAMU JHuaM. 1,6 MM, XUMHUYECKUN
COCTaB KOTOPHIX IPUBENCH HIDKE:

Hp?;fﬂ“jm V Cr Nb W Mn Si Ni B
m-1 07 - - — — 20 1,0 20 45
me-2 14 1,0 70 80 12 - - — -
-3 1,3 70 85 14 09 1,1 — -

IIpumeuanue. OcranbHOE — XKene30.

@DopMHUpOBaHHE HAIUIABIEHHOTO CJIOSI HA MOBEPXHOCTh
CTaJll OCYIIECTBIISUIA B Cpele 3allUTHOTO ra3a, Comepika-
mem 98 % Ar, 2 % CO,, npu cBapourom Toke 250 — 300 A
u HanpsbkeHnd Ha ayre 30 —35 B. Moaudunuposanue
HAIUIABJICHHOTO CJIOS OCYIIECTBISUIM IIyTeM OOIyueHHUs
MIOBEPXHOCTH HATUIABICHHOTO CJIOSI BBICOKOMHTEHCHBHBIM
AJIEKTPOHHBIM ITy4KOM Kak U B pabote [14] B pexume miias-
JCHUST W BBICOKOCKOPOCTHOW KpPHUCTAJTH3AIUU. Pexum
o0my4yeHus: CHeIyIOUMiA: Ha IEpBOM ATame IJIOTHOCTh
DHEPTUM IydYKa DJIEKTPOHOB B uMmyabce — 30 Jhx/cm?;
JUIMTENILHOCTh UMIYNIbcoB — 200 MKC; KOJIMYECTBO HM-
mynbCoB — 20; Ha BTOPOM dTare INIOTHOCTh SHEPTHH B UM-
nynbee — 30 JIK/CM?; JUIMTENEHOCTh HMITYJILCOB — 50 MKC;
KOJIMYECTBO HUMIYIbCOB — 1. Pexxumer obmyueHus Obum
BBIOpAHbI UCXO/S U3 PE3YNIBTaTOB pacyeTa TeMIEpaTypPHOTO
oIS, POPMHUPYIOIIETOCS B TIOBEPXHOCTHOM CJIO€ MaTrepua-
Ja Ipu 00Iy4eHUN B OJHOMMITYIECHOM pexxnme. MexaHu-
YECKHE HWCHIBITAHUS MOANGMHUIIMPOBAHHOW ITOBEPXHOCTH:
OTIpeJIeTICHNe HAHOTBEpAOCTH U Moayas HOura (ymbTpa-
mukpoTeepaomep Shimadzu DUH-211S; anma3HbIi uHIeH-
TOp B BUe mupamus! bepkoBuua). B psae padot nokasaso,
YTO MHHUMAJILHOM HArpy3KOH NpH HAHOWHIECHTHPOBAHUH,
koraa 3¢(pexT MacmTabHON 3aBUCUMOCTH TBEPAOCTH (3¢-
(eKT MaNBIX HArpy30K) CYIIECTBEHHO CHIDKCH, SBISCTCS
Harpyska 50 MH [16 — 18]; B HacTosmIel paboTe Harpyska
Ha nHAeHTOp cocTarmsuia S0 MH. HanoTBepmocTs n Momyb
IOnra paccuntsiBanyu o meroauke Onusepa u ®apa [19].
OmnpeneneHne dTHX XapakTePUCTUK MaTepraa OCyIIeCTB-
st B 30 MpOU3BOJIBHO BBIOPAHHBIX TOYKAX MOAU(PUIIN-
POBaHHOM MMOBEPXHOCTH HATUIABKH. JIe(EKTHYIO CTPYKTYPY
MOBEPXHOCTH MOAU(HUINPOBAHHON 3IEKTPOHHBIM ITYYKOM
HAIDTABKH M3y4alll METONAMH CKAaHHPYIOIIEH (CKaHHPYIO-
MU AIEKTPOHHBIH MuKpockoll « SEM-515 Philipsy) anext-
POHHON MHUKPOCKOIIHH.

Cpennue 3HaueHus (ycpenHenue mpoBoawid o 30 BbI-
MIOJTHEHHBIM M3MEpPEeHUSIM) HaHOTBEepAOCTH <H> u Momyrms
IOnra <E> noBepXxHOCTHOTO CJI0s HATUIABJICHHOTO METaslIa,
OOJIy4EeHHOTO WHTCHCHBHBIM HMITYIECHBIM DJIEKTPOHHBIM
MYYKOM, MPHUBEACHBI HIKE (Yepe3 KOCYIO MPHUBEACHO Cpell-
HEKBAIPATHIECKOE OTKIIOHCHNE N3MEPSIEMOM BEITUHHBI):

Mapka npoBonoku  <H>, I'Tla <E>,I'lla
II1-1 20,83/2,53  347,7/26,6
[11-2 6,17/1,48 221,3/29,0
II1-3 13,0/2,2 260,3/33,1

AHamu3 pe3yNbTaTOB IOKA3bIBACT, UTO HAMOONBIICH
TBEPJIOCTBIO 00NaaeT MeTalll HallaBKu, cOPMHUPOBaH-
HOl mipoBosiokoit mapku I1I1-1, XxapakTepHBIM OTIHMYHEM
KOTOPOH OT IBYX IPYT'HX IPOBOJIOK SIBJISIETCS JIETUPOBAHUE
6opom. M3BecTHO, 94TO OOpHPOBAHHBIE CIIOH, CHOPMHUPO-
BaHHbIE HA TOBEPXHOCTH CTAIH, 001a/IaI0T HCKIIFOYUTEIBHO
BBICOKOH TBEPIOCTBHIO U BBHICOKUM COIIPOTHBIICHHEM adpa-
3UBHOMY U3HOCY BCIIE/ICTBHE 00pA30BAHUS HA TOBEPXHOCTH
BBICOKOTBEP/IBIX OopuaoB xkene3a FeB n Fe,B [20 —22].

305



M3BECTHUS BBICIINUX YUYEBHBIX 3ABEAEHUIN. YHEPHASL METAJJIYPrus. 2017. Tom 60. Ne 4

OnHoda3zHbie OOPUIHBIC CIIOU TOJHKHBI OXPYITYUBATH CTaNb
B MEHBIIICH Mepe, ueM AByXdasHbie. MUKPOTBEPAOCThH 00-
punos FeB u Fe,B B 1Byxasnom 60puaHOM cl10€ Ha apMKO-
kenese (mpu Harpyske Ha wHueHtope 0,98 H) cocrasmser
19200 -20600 u 13500 — 14200 MIla coOTBETCTBEHHO.
Mukporsepnocts 6opuna Fe,B B onrHodasHom 60puaHOoM
CJIO€ HECKOIIbKO BBIIIE, YeM B AByX(a3HOM, U COCTABISET
13700 — 16200 MIla. YBenuueHue copepKaHHs yTIEepo-
Jla B CTaJl CHIDKACT TBEpAOCTb Oopuma FeB u mpaktu-
YECKH HE BJIMAET Ha TBepAocTh Oopuna Fe,B. Momubzen,
BoJIb(hpaM, MapraHell 1 XpoM MOBBIIIAIOT TBEPAOCTh FeB B
JIByX(a3sHOM OOPHIHOM CJI0€ CPETHEYITICPOANCTON CTAIH;
HUKeNb, alIOMUHHNA M Mellb CHUKAIOT TBEPAOCTh OopHIa
FeB [20 - 22].

OTpunaTenbHbIM CBOHCTBOM OOPUPOBAHHBIX CIIOEB
SIBISIETCSI X BBICOKAst XpynmkocTh [20 — 22]. JlelicTBUTEb-
HO, BBITIOJHEHHbIE B HACTOsIIEH padoTe HCCieA0BaHUs
MMOBEPXHOCTH HAIUIaBKH, C(HOPMUPOBAHHON MPOBOJIOKOM
mapki [1I1-1, B anemMeHTHBII cocTaB KOTOpO# BXonuT 4,5 %
Oopa (1Mo Macce), W JONOJIHUTEIBHO OOJYYeHHOW WHTEH-
CHUBHBIM HMITYJIbCHBIM JJICKTPOHHBIM ITIYYKOM, BBIABUIIN
(hopMHUpOBaHHE Ha TIOBEPXHOCTH OOJYYEHHUS CHCTEMBI
MHUKPOTPEIINH, XapaKTepHOe N300paKeHne KOTOPbIX MpH-
BeJIcHO Ha puc. 1, a. Jlyig cpaBHeHUs Ha puc. 1, 6 npuBe-
JIEHO H300pakeHHe TOBEPXHOCTH CJIOs, HAILIaBICHHOTO
Ha ctanb Hardox 450 npoBonokoii mapku I1I1-2, B cocTae
KOTOPOi#t 60p oTcyTcTBYeT. OTUETIIMBO BUIHO, YTO JIOMOJ-
HUTEJIbHAS 00paboTKa HAIUIABICHHOTO CJIOS HHTCHCHBHBIM
UMITYJIbCHBIM 3JIEKTPOHHBIM ITy4KOM HE MpHBEIA K (OPMU-
POBaHHIO MUKPOTPEIINH Ha MOTU(PHINPOBAHHON ITOBEPX-
HOCTH HaIlJIaBKHU.

Cpennue 3HaUCHHS BEIIMIMHBI HE BCET/Ia aIeKBAaTHO OT-
pakaloT CBOMCTBA MaTepuaia, TeM Oojee, eCId MaTepHa
SIBIISICTCS. MHOTO(A3HBIM M MHOTOCJIOWHBIM, YTO OCOOCH-
HO XapaKTEpHO JIs1 HaIlJIaBJICHHBIX CJIOCB, O6Hy‘{eHHLIX
WHTEHCHBHBIM HMIYJIBCHBIM AJIEKTPOHHBIM IydkoM. Ha
puc. 2 TpUBEIEHBI paclpeiesIeHUs] HAHOTBEPJOCTH U MO-
nynst KOHTa MoBepXHOCTH CII0EB MOCIIe KOMIUIEKCHOI 00pa-
0oTKH. He3aBrcHMO OT 371eMEHTHOTO COCTaBa HAIJIABOYHOM

MPOBOJIOKH C(OPMHPOBAHHBIE HA CTATH CJIOU XapakTe-
PHU3YIOTCS 3HAUUTEIBHBIM Pa30pOCOM BEIHYMH W HAHOT-
Beproctu (puc. 2, a —8), u monyias FOura (puc. 2,2 —e).
Haubonee cymecTBeHHbBIN pa30poc BBISABICH I HallJIaB-
KH, chopMupoBaHHON mpoBonokoil mapku I1I1-2; Hanme-
Hee CYNIECTBEHHBIH — CJIOM, C(hOPMHUPOBAHHBIH TPOBOJIO-
ko mapku IIII-1.

O4eBUIHO, YTO MPOYHOCTHHIC XapaKTEPUCTUKU CTaIIN
OTIPEEIISIIOTCS. COCTOSHUEM 1e(DEKTHOM CyOCTPYKTYpBI Ma-
tepuana. Ha puc. 3 mpuBeneHs! XapaKTepHBIC YIIEKTPOHHO-
MHKPOCKOIINYECKHE M300paXKeHHs MOBEPXHOCTH HaIUlaB-
kH, chopmupoBanHoit Ha cTanu Hardox 450 HamaBo4HOM
mpoBosokoii Mapku I1I1-2 U AONOTHUTENBHO OOIYYEHHOM
WHTEHCHBHBIM HMITYIIECHBIM AIICKTPOHHBIM ITyJKOM.

IToBepXHOCTHBIH €10 HAIUIABIEHHOIO MeTalla UMEET
CTPYKTYPY, pa3Mepbl KPHCTAILTUTOB KOTOPOW M3MEHSIOTCS
OT JIECSTHIX JI0JIEW MHUKPOMETpA JI0 €IMHULl MUKPOMETpA.
CrnienyeTt 0KUAaTh, 4TO TIPU UCCIICTOBAHUHU JIe(hEKTHOM CyO-
CTPYKTYPBI CTAJIN TPUOOPaMU ¢ OOJBIINM, YEM CKAaHUPYIO-
masi 3JICKTPOHHAsT MHKPOCKOIHS, pa3pelIeHHeM, MOKHO
OyZeT BBISIBUThH CTPYKTYPHBIE 31IEMEHTHI (aCTHIIBI KapOu-
HOU (ha3pl) HAHOMETPOBOTO Pa3MEPHOTO JAWAIla30HA, YTO
00YCIIOBJICHO CBEPXBBICOKUMH CKOPOCTAMH OXJIXICHUS
MIOBEPXHOCTHOTO CIIOSI MaTepuaia, OOTydIeHHOTO HHTEH-
CHUBHBIM HMIIYJIbCHBIM 3JICKTPOHHBIM ITYYKOM MHKPOCE-
KyHIHOU (50 MKC) ITUTEIHbHOCTH BO3JCHCTBHS.

Bb1600bt. BpInonHeHb! UCCIIEA0BaHNSI HAHOTBEPAOCTH,
Moyt FOHTa U JeeKTHON CyOCTPYKTYphl HarlIaBJiCH-
HOTO Ha HU3KOYIIEPOAUCTYIO CTalb c0si, chopMHpPOBaH-
HOTO TIPOBOJIOKAaMH Pa3HOTO XUMHUYECKOTO COCTaBa M JI0-
TIOJIHUTECIIBHO MOJII/I(l)I/IIlI/IpOBaHHOFO myTemM OGJ'Iy‘IeHI/IH
WHTEHCHBHBIM HMITYJTbCHBIM JJIEKTPOHHBIM ITYYKOM JIBYX-
CTYIICHYAaTbIM MCETOAOM. HOKa3aHO, YTO JJICKTPOHHO-ITYy4-
KOBass 00pabOTKa COMPOBOXKIACTCS KPaTHBIM YBeEJHUe-
HUEM HAHOTBEPAOCTU U MOAYJIA IOnra TMMOBEPXHOCTHOI'O
MOAU(HUIIMPOBAHHOTO CJIOSI OTHOCHTEIFHO OCHOBBI (CTaNb
Hardox 450). YcTaHOBIEHO, YTO MOBBINICHUE MPOYHOCT-
HBIX CBOWCTB MOIU(HUINPOBAHHOTO IEKTPOHHBIM ITYIKOM
HaTJIaBJICHHOTO CJI0si 00yClIOBIIeHO (hopMupoBaHHEM CyO-

Puc. 1. CrpykTypa MOBEepXHOCTH HaruiaBieHHOro Ha craib Hardox 450 ciost mociie 00ydeHust 2IeKTPOHHBIM ITyYKOM IIPU MCTIOIb30BaHUH HaIlIa-
BouHO#1 nipoBosnioku Mapku [111-1 (@) u mapxku I1I1-2 (6) (ckaHupyrOIIast ANEKTPOHHASE MUKPOCKOIIHS)

Fig. 1. Surface structure of the layer surfaced on Hardox 450 steel after irradiation with an electron beam using the welding wire of PP-1 grade (a)
and PP-2 grade (6) (scanning electron microscopy)
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W, %

35 45 55 65 75 85 95 105
HV, I'Tla HV, I'Tla HV, I'Tla

W, %

110 130 150 170 190 210 230 250 270 290 190 210 230 250 270 290 310 330350 370 270 290 310 330 350 370 390
E I'lla E I'lla E, I'lla

Puc. 2. Pacnipesenenne HaHOTBepnoCTH (@ — ) U Moxyiist FOHra (e — e) 1o Benu4uuHe JUisl HaruiaBku, copMupoBanHoit Ha cranu Hardox 450
U JIONOJTHUTENBHO 00TY4eHHO DJIEKTPOHHBIM ITy4KOM:
a, ¢ — cioit chopMHpOBaH HAILIABOYHOI IPoBosIoKoil Mapku I1I1-2; 6, 0 — ciioii copMupoBaH HAIIABOYHOH IpoBoioKoit Mapku I111-3;
6, e — cJ10l cpopmMHUpoBaH HamIaBouHoi npososokoi Mapku III-1 (W = N./N — orHocutenbHas yactora; N; — KOJIH4ECTBO M3MEPEHUIH JaHHOTO
pasmepHroro kiacca; N — ofIiee KoIn4ecTBO H3MEPEHHIA)

Fig. 2. The distribution of nanohardness (« — ) and Young elastic modulus (¢ — e) by the volume surfacing formed on Hardox 450 steel and
additionally irradiated by electron beam:
a, 2 — the layer is formed by the welding wire of PP-2 grade; 6, 0 — the layer is formed by welding wire of PP-3 grade; 6, e — the layer is formed by
the welding wire of PP-1 grade (W = N,/N — relative frequency, N, — the number of measurements of the given dimension class, N — the total number
of measurements)

Puc. 3. CrpykTypa MoBepXHOCTH HAIUIABICHHOTO CJIOS [OCIIE OOTyUCHUsI DJIEKTPOHHBIM MTYYKOM TIPU MCIIOIb30BaHUH POBOJIIOKK Mapku [111-2
(CKaHUPYIOIIasi AMEKTPOHHAST MUKPOCKOIIHS)

Fig. 3. Surface structure of the deposited layer after irradiation with an electron beam using wire of PP-2 grade (scanning electron microscopy)
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MUKPOPa3MEPHOU CTPYKTYpBlI, YIPOUHEHUE KOTOPOH BbI3-
BaHO 3aKaJIOUYHBIM d(PPEKTOM 1 HaTM4INEeM BKITFOYEHHH BTO-
peIx (a3 (Oopuasl, kapbobopuabl, kapouasl). BeisBiaeHo,
YTO MaKCHUMAaJIbHBIN YIPOUHSIOMNi 3 eKT HarmaBIeHHO-
TO ¢J1051 HaOJIroaeTCs MPH JIETUPOBAHUN MaTepuaia 00poM.
OJHOBPEMEHHO C 3THM JITUPOBaHNE HAIUIABICHHOTO CJIOS
00poM MPHUBOAUT K €ro oxpymuuBaHuio. llokazaHo, 4TO
(dopmupyromascs CTPYKTypa XapaKTepU3yeTCsl CYIIecT-
BEHHBIM Pa30pOCOM 3HAYCHUII HAHOTBEPAOCTH U MOIYIIS
IOHnra, 9T0, O4YEeBHIHO, 0OYCIOBIEHO HEOTHOPOAHBIM pac-
MpeAEICHUEM YIIPOUHSIONUX (a3.

BUBJIUOT PAOUYECKUI CIIUCOK

1. Yepuousano B.M., T'onmy6es W.I. Boccranosnenue nerasneil ma-
e (Cocrosinue u nepernektussl). — M.: ®THY «Pocundopmar-
porex», 2010. — 376 c.

2. Xupxkun l0.B. HagexxHocTh, sKCTTyaTanys 1 peMOHT METaJLTypru-
YecKuX MaluH. — Marauroropek: uza. MI'TY, 2002. — 330 c.

3. Hanoumxenepusi nmoBepxHocTH. dopmupoBaHne HEPABHOBECHBIX
COCTOSIHMH B TIOBEPXHOCTHBIX CJIOSIX MaTE€pHalOB METOIAMH DIICK-
TPOHHO-HOHHO-TUTa3MeHHBIX TexHonoruit / OtB. pen. H.3. Jlsxos,
C.I". [Icaxbe. — HoBocubupcek: Uzn-Bo CO PAH, 2008. — 276 c.

4.  Konovalov S., Kormyshev V., Gromov V., Ivanov Yu. Metallogra-
phic examination of forming improved mechanical properties via
surfacing of steel HARDOX 450 with flux cored wire // Materials
Science Forum. 2016. Vol. 870. P. 159 — 162.

5. Tpumynun B.A., I'pomoB B.E., MBanoB F0.®D. u np. DBomonus
(bazoBoro cocrasa U Ie(EKTHOH CyOCTPYKTYphI PEIbCOBOM CTAIIH,
MO/IBEPTHYTONH 00pabOTKE BBLICOKOMHTEHCHUBHBIM AIIEKTPOHHBIM
my4kom // [ToBepXHOCTb. PEHTI€HOBCKHE, CHHXPOTPOHHBIC M HEHT-
ponnsie uccnenosanus. 2013. Ne 10. C. 82 — 88.

6. Yun H., LiJ., Chen H.B., Lin C.-J. A study on the N-, S- and CI-
modified nano-TiO, coatings for corrosion protection of stainless
steel // Electrochimica Acta. 2007. Vol. 52. P. 6679 — 6685.

7. ChoT.Y., Yoon J.H., Cho J.Y. etc. Surface properties and tensile bond
strength of HVOF thermal spray coatings of WC-Co powder onto the
surface of 420J2 steel and the bond coats of Ni, NiCr, and Ni/NiCr
// Surface and Coatings Technology. 2009. Vol. 203. P. 3250 — 3253.

8. Jiang P, He X.L., Li X.X. etc. Wear resistance of a laser surface
alloyed Ti-6Al1-4V alloy // Surface and Coatings Technology. 2000.
Vol. 130. P. 24 — 28.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

TepcrieKTHBHBIC PaJHAIMOHHO-ITYYKOBBIE TEXHOJIOTHH 00pabOTKH
Mmarepuanos: Yueouuk / B.A. I'pubkos, ®.U. I'puropses, b.A. Ka-
auH u 1p. — M.: Kpymietit cromn, 2001. — 528 c.

WoHHO-JTy4eBas ¥ HOHHO-TITa3MEeHHAsi MOAU(UKALIMS MaTepPHaIOB
/ K.K. Kagpipxanos, ©.®. Komapos, A.J]. [Torpebusk u ap. — M.:
u3n. MI'Y, 2005. — 640 c.

Walker J.C., Murray J.W., Niea M. etc. The effect of large-area
pulsed electron beam melting on the corrosion and microstructure
of a Ti6Al4V alloy // Applied Surface Science. 2014. Vol. 311.
P. 534 — 540.

Gao Yu-kui. Influence of pulsed electron beam treatment on
microstructure and properties of TA15 titanium alloy // Applied
Surface Science. 2013. Vol. 264. P. 633 — 635.

Golkovski M.G., Bataev 1.A., Bataev A.A. etc. Atmospheric
electron-beam surface alloying of titanium with tantalum // Materials
Science and Engineering A. 2013. Vol. 578. P. 310 — 317.

Paiiko C.B., Kanpanos E.B., Bamyxk E.C. u ap. Crpykrypa mno-
BEPXHOCTHOTO CJIOS H3HOCOCTOMKOW HAIUIaBKH, 00pabOTaHHBIM BbI-
COKOMHTEHCUBHBIM 3JIEKTPOHHBIM Iy4koM // [ToBepXxHOCTH. PeHT-
TCHOBCKHE, CHHXPOTPOHHBIC U HEHTpPOHHBIE HccienoBanus. 2015.
Ne 9. C. 75 -80.

Ivanov Y., Alsaracva K., Gromov V. etc. Evolution of Al-19.4Si
alloy surface structure after electron beam treatment and high cycle
fatigue // Materials Science and Technology (United Kingdom).
2015. Vol. 31 (13a). P. 1523 — 1529.

Oliver W.C., Pharr G.M. An improved technique for determining
hardness and elastic modulus using load and displacement sensing
indentation experiments // J. Mater. Res. 1992. Vol. 7. No. 6.
P. 1564 — 1583.

Milman Yu.V., Golubenko A.A., Dub S.N. Indentation size effect in
nanohardness // Acta Materialia. 2011. Vol. 59 (20). P. 7480 — 7487.
Tomosun 10.M. BBenenue B HaHOTEXHUKY. — M.: MammHocTpoe-
nue, 2007. — 496 c.

Tonosun 10.U. HaHnomHaeHTHpOBaHHE U €T0 BO3MOXKHOCTH. — M.:
Mammnocrpoenue, 2009. — 312 c.

Camconos I'B., CepetdpsikoBa T.1., Heponos B.A. Bopuzpr. — M.:
Artommznar, 1975. - 376 c.

XUMHKO-TepMUYECcKasi 00paboTka MeTa/lIoB U crutaBoB: CrpaBod-
nuk / [Tox pen. JI.C. JIsxoBuya. — M.: Meramnyprusi, 1981. — 424 c.
Enaruna O.10. Texmomormyeckre METOABI ITOBBIMIEHHUS HM3HOCO-
CTOMKOCTH JeTaneil MammH. Yued. nmocodue ais By3oB. — M.: Jlo-
roc, 2009. — 488 c.

Hocrynuna 10 mapra 2017 1.

IzvestiyaA VUZov. CHERNAYA METALLURGIYA = [ZVESTIYA. FERROUS METALLURGY. 2017. VoL. 60. No. 4, pp. 304-309.

SURFACE NANOHARDNESS OF WEAR RESISTANT SURFACING
IRRADIATED BY ELECTRON BEAM

V.E. Kormyshev!, Yu.F. lvanov?3, V.E. Gromov!, S.V. Kono-
valov4, A.D. Teresov?3

I Siberian State Industrial University, Novokuznetsk, Russia

2 Institute of High Current Electronics SB RAS, Tomsk, Russia
3National Research Tomsk Polytechnic University, Tomsk, Russia
4Samara University, Samara, Russia

Abstract. The nanohardness, Young elastic modulus and defect substruc-
ture of the layer surfaced on the low carbon martensite Hardox 450
steel by the high carbon power wires with diameter of 1.6 mm of dif-
ferent chemical composition (containing such elements as V, Cr, Nb,
W, Mn, Si, Ni, B) and two times additionally irradiated by the pulse
electron beam were studied for the purpose of substantiated selection
of coating material corresponding to the product operation conditions
and the modes of subsequent electron beam treatment. The formation

308

of the fused layer on the steel surface was carried out in the shielding
gas medium containing 98 % Ar, 2 % CO,, with a welding current of
250 — 300 A and a voltage on the arc of 30 — 35 V. Modification of the
deposited layer was carried out by irradiating the surface of the depos-
ited layer by a high-intensity electron beam in the mode of melting and
high-speed crystallization. The load on the inductor was 50 mN. Deter-
mination of the nanohardness and Young elastic modulus was carried
out at 30 arbitrarily chosen points of the modified surface. The defect
structure of the surface modified by of an electron beam of the surfa-
cing was studied by scanning electron microscopy. A multiple increase
in nanohardness and Young elastic modulus of the welded layer was
revealed during electron-beam treatment according to the base mate-
rial. It was found that the maximum hardening effect is observed at
surfacing by a flux-cored wire containing 4.5 % of boron. It is shown
that on the weld deposit surface formed by the wire with 4.5% of boron
and additionally irradiated with an intense pulsed electron beam, the
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formation of a microcrack system on the surface of irradiation was
revealed. Investigations of weld deposits, formed by non-boron-con-
taining powder wires, have shown the absence of microcracks on the
modified surface after pulsed electron beam treatment. The increase in
the strength properties of the deposited layer modified by the electron
beam is due to the formation of structures which crystallite sizes vary
from tenths of a micrometer to one micrometer and contain second
phases (borides, carbides, carbborides). A significant spread of the
values of the nanohardness and the Young elastic modulus was estab-
lished, which was apparently due to the inhomogeneous distribution of
the strengthening phases.

Keywords: surfacing, flux cored wire, nanohardness, electron beam treat-

ment, Young elastic modulus, low carbon steel.
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