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CTPYKTYPA TIOBEPXHOCTH BBICTPOPEXYIIEN CTAJIM P6M5 ITOCJIE
JIEKTPOHHO-JIYUYEBOM OBPABOTKH

Pestome: B cTatbe npeacTtaBneHbl pesynbsraTtbl MCCNEAOBaHNS MOBEPXHOCTHOW CTPYKTYpbl BbicTpopexyLuer ctany P6M5 nocre anekTpoHHo-
ny4eBoii 06paboTkM C MCMONb3oBaHNMEM METOAOB JMEKTPOHHOW MuKpockonuu. [locre aneKkTpoHHO-My4eBo 00paboTku npoucxoauT
YMeHbLUEeHNe pa3Mepa kapOuaHbIX YacTuL, U Ha NonepeqyHoM cedeHun obpasua hopMUpyeTcs 3akaneHHbI Croi, NpeacTaBnsoLwmii cobom
6onee parMEHTUPOBAHHbBIN MapTEHCUT. [py 3TOM MOAMMDULMPOBaHHSIA CIOW NaBHO NEPEXOAUT B OCHOBY. TOMLMHA MOANMDULIMPOBAHHOTO
cnosi ctann P6M5 coctaensiet B cpeaHem 20 MkM. [poBegeHnem sHeprogucnepcroHHOro aHanmnsa nosepxHocTn crtann P6M5S oo n nocne
BMNEKTPOHHO-Ny4EBON 06PabOTKM YCTAaHOBIEHO, YTO MOCIE 3NEKTPOHHO-My4YeBOM 06paboTkM He HabmoaalTCs 3HAYUTENbHbIE M3MEHEHMUS
3MEMEHTHOrO CoCTaBa MOBEepXHOCTU Mmartepuana. CTpyKTypa cTanei cocTouT M3 mapTeHcuTa u kapbupa. Mpy aTom onpegeneHo, 4To
cBeTnble cdepuyeckue kapbuabl oboralleHbl BonbcpamMoM M MonubaeHoM, a cepble - BaHagueM. OneKTPOHHO-MUKPOCKOMUYECKUM
METOAOM MOATBEPXKOEHO, UTO MOCHE 3MNEKTPOHHO-TNy4eBO 06paboTkn Ha NMOBEPXHOCTHOM crioe BbicTpopexyluer ctanm P6MS5 obpasytotcs
MerKoaMCnepcHble YacTulbl BTOPUYHBIX has, npeacTasnaowme coboit kapbuabl M,,C,.. OnpegeneHo, 4to yacTuubl kapbupa M,,C,
HaxoOaTcst BHYTPU KpUCTannoB a-MapTeHcuta. OxapaKkTepu3oBaHbl BTOPUYHbIE ¢hasbl, 06pa3oBaBLUMECS MOCIIE STIEKTPOHHOTO OBnyyeHus,
B MOBEPXHOCTHBIX Crosix BbicTpopexyLuer ctanm P6MS. MpeanonoxeHo, 4To ob6pasoBaHve parMeHTMPOBaHHOIO MapTeEHCHUTa 1 kapbuaoos

M,,C.. NpYBOANT K NOBBILLEHUIO TBEPAOCTM U M3HOCOCTOMKOCTY cTanmn P6MS.
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Beenenue. B nocneanue rozxpl moay4nin pas3Bu-
THE HOBBIE CIOCOOBI 00PaOOTKM TOBEPXHOCTH, HC-
MOJIB3YIOIINE KOHIIGHTPUPOBAHHbBIC MOTOKH SHEPTUH
(KII3). OHHM MO3BOJSIOT CYIIECTBEHHO (/10 HECKOJb-
KHX CEeKyH]I, a IPU UMIYJIbCHBIX IpoLeccax - 10 J0-
Jei CeKyHIIbI) COKpaTuTh BpeMs o0paboTku. DTo B
HEKOTOPBIX CIIy4asx JaeT BO3MOKHOCTb BCTPaUBATh
COOTBETCTBYIOIEE 0OOPYIOBAaHHE B CAMHYIO TEXHO-
JIOTUYECKYIO0 LIeNb HM3TOTOBJCHUS ACTANICH, a Takke
MO3BOJISIIOT CHMDKATh SHEPro3aTparhl Ha MPOBEICHUE
00paboTKM 3a CYET TOTO, YTO BO3ACHCTBUIO KOHIICH-
TPUPOBAHHBIX IOTOKOB SHEPTUH MOIBEPTraIOTCS TE Ya-
CTH IIOBEPXHOCTH, KOTOpPbIC B HAaUOOJbIICH CTENECHH
HY)KIalTcs B yrpouHeHnn U 3amuTte [1]. Bee 6ob-
1iee NPUMEHEHHE B HPOMBIIIJICHHOM IPOU3BOACTBE
HaXOISAT METOAbI YIPOYHEHHS METAJUIOB U CIIJIABOB C
HCTIONIb30BAaHUEM KOHLICHTPUPOBAHHBIX HMCTOYHHKOB
Harpesa - 3JeKTPUYECKON YTy, IOTOKOB HOHOB, ILIA3-
MBI, JTA3€PHBIX U AIEKTPOHHBIX Jyuel u ap. [2].

TexHonoruss BHEBaKyyMHOH 3JE€KTPOHHO-IIyde-
BOH 00pabOTKH, KOTOpPas pPealn3yeTcsi ¢ IOMOILBIO
MIPOMBIILITICHHBIX YCKOPUTEJICH 3JIEKTPOHOB, OTIIH-
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4aeTcsl MPOCTOTOM U 00BEMHBIM BBOAOM 3HEPIHH
HEIOCPEICTBEHHO B 00BeKT oOmyueHus. Takxe,
JaHHAs! TEXHOJIOT'HSI COOTBETCTBYET COBPEMEHHBIM
TEXHUYECKUM, 3KOHOMHUYECKHM, SKOJIOTHUYECKUM H
couMalbHbIM TpeOoBaHUSIM. BHeBakyymHas siiek-
TPOHHO-JIy4eBasi 00paboTKa B yCKOPUTENIAX CEPHUH
OJIB oOecneunBaeT CKaHMPOBAHUE BICKTPOHHBIM
My4KOM B BO3JYyXE€, YTO IO3BOJSET 3HAYUTEIHHO
YBEJIMYUTh IUIOLWAAN 00pabaTbIBaGMbIX H3ICIHH
U TOBBICUTH INPOU3BOAUTENIBHOCTD mpoiecca. Bol-
BEJCHHBIH B aTMoc(epy cPOKyCHPOBAHHBIN 3JIEK-
TPOHHBIN MYYOK MO3BOJISICT IPOU3BOJUTH MOBEPX-
HOCTHYIO 3aKaJIKy CTaJbHbIX m3nenuil. Ilocne 3a-
KaJIKK COXPaHSETCs] BBICOKOE KaueCTBO 3aKaJIEHHO-
r'o IOBEPXHOCTHOTO cJiosi. B GoNMbLIMHCTBE cilydaes
KJIACC YUCTOTHI IOBEPXHOCTHU B PE3YJIbTATE 3aKAJIKH
HE M3MEHSETCSl U, CIIeJJOBAaTEIbHO, AaHHAs olepa-
uust MoxeT ObTh ¢uHMImHONH. K mpenmymecrsam
00paboTKH (3aKaJIKH) DIIEKTPOHHBIM ITYYKOM HYXK-
HO OTHECTH OTCYTCTBHE JOMOJHUTEIbHBIX OXJIAXK-
JAOUINX KUAKOCTEH, BBICOKYIO 3 (EKTUBHOCTD U
MIPOU3BOIUTEIILHOCTH mporecca (10 200 cm?/c).



I/ICCJIGI[OBaHI/Ie MeTaJINIMYECKUX CHUCTEM

B mnpouecce 00pabOTKH BIEKTPOHHBIM ITyYKOM
MIPOUCXOAST 3HAUUTENIbHbIE W3MEHEHHs CTPYKTYp-
HO-(a30BbIX COCTOSHUI M CBOICTB Marepuajia B
TOHKHX MOBEPXHOCTHBIX CIIOSIX BCJIEACTBUE (hu3nye-
CKOTO BO3JIEMCTBUA 3apspKEHHBIX 4dacTull. Pa3zBuBa-
IOIIUECS] TIPU 3TOM IPOLECCHl MEPECTPOUKH CTPYK-
TYpBl, CTPYKTYpHO-(a30Bble NpeBpaIleHHs] HpOHC-
XOIST B YCJIOBHSX, AAJCKHX OT TEPMOAWHAMHUYECKH
PaBHOBECHBIX COCTOSIHMM, U OHU TO3BOJISIOT IOJTY-
4aTh MOJU(HULIMPOBAHHBIC MOBEPXHOCTHBIE CIIOH C
YHUKAJIbHBIM KOMIUIEKCOM (DU3HKO-MEXaHUYECKUX
cBoiicTB [3]. B cBsi3u ¢ aTuM B JaHHON pabote ObLia
HCcclieoBaHa CTPYKTYpa MOIU(PHUIHMPOBAHHBIX IIO-
BEPXHOCTHBIX CJIOEB ObIcTpopexyluei crtaimu P6MS
[IPY BHEBAKYyMHOM JIEKTPOHHO-TY4eBOI 00padoTke.
[Ipumenenne ObICTPOPEKYIIMX CTANICH I PEKYIIETro
HMHCTPYMEHTA M03BOJISIET TIOBBICUTH CKOPOCTh PE3aHUs
B HECKOJIBKO pa3, a CTOMKOCTh MHCTPYMEHTa — B Jie-
caTku pa3 [4]. [maBHOW OTIMYMUTENLHOW OCOOCHHO-
CTBIO OBICTPOPEXKYILMX CTaJICH SBISETCS UX BBICOKAS
TEIUIOCTOMKOCTh WK KpacHocToikocTh (600-700 °C)
MIPY HaJIM4IKMHU BBICOKOH TBeproctH (63-70 HRC) u us-
HOCOCTOMKOCTH HHCTPYMEHTA. YHUKAJIbHbIE CBOMCTBA
OBICTPOPEKYLIMX CTalle JOCTUTAIOTCS MOCPEACTBOM
CIHELUAIBHOTO JIETUPOBAHUSA U CIIOKHON TEPMUUYECKOI
00paboTku, 00ecreurBaroIX ONpeaeIeHHbIH (a3o-
BBII cocTas [2].
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PucyHok 1 — Cxema yckopuTens anektpoHos JJ1B-4

JKCNEePpUMEHTAJIBLHAS YacTh. 3aroTOBKH 00pas3-
LOB JUI MCCIEAOBaHUN B BHJE MapaslIesICUIEI0B
¢ pazmepamu 8x20x20 MM® BbIpe3all M3 PEKYIIETO
HHCTpyMeHTa (IUCcKoBBIX ¢pe3) cramu POMS anmas-
HBIM JIUCKOM, TOJIIMHON B 1 MM, KOTOPBII HOrpyxeH
B OXJIXKIAIOLIYIO >KUAKOCTh. IIpn Manbix oGoporax
pe3anus n = 350 06/MuH U HU3KOH Harpy3ke m=250 T,
o0pasell He UCTIBITHIBACT 1e(hOPMALIMU U TEPMUYECKO-
IO BO3ACHUCTBHL.

BHeBakyymHasi 3J€KTpOHHO-IIy4deBasi o00palboTka
(DJIO) o0pastoB W3 OBICTPOPEIKYLIMX CTaICHd OCy-
LIECTBJSUIACh Ha MPOMBIIIJIEHHOM YCKOPUTEIE 3JIEK-
TpoHOB DJIB-4 B AO «Ilapk snepHBIX TEXHOIOTHID».
Ha pucynke 1 npencraBieHo cxemaTuueckoe u300pa-
JKEeHHUE HCII0JIb3yeMOTo 000pYI0BaHus, KOTOPOE BKJIIO-
YaeT YCKOPUTEIIb, CHCTEMY BBIITyCKa SJIEKTPOHOB B aT-
Mocdepy, BaKyyMHYIO CUCTEMY, CHCTEMY YIIPaBIICHHUS,
CHCTEMY CHJIOBOTO IIUTAHUS U Ta30BYI0 CUCTEMY.

BHyTpu cocyna pacnonaraiorcs nepBUvHast 00-
MOTKa, BBICOKOBOJITHBIM BBINIPSAMHUTENL CO BCTPO-
C€HHOH YCKOPHUTEIIbHOM TPYOKOH, BBICOKOBOJBTHBIH
3JIEKTPOA U OJIOK yIpaBiieHUs] HHKeKTOpoM. K Hik-
Hell 4acTH yCTAHOBKU MPUKPEIUICHBI 3JIEMEHTHI Ba-
KYyMHOHW CHCTEMBI C BBIIYCKHBIM YCTPOHCTBOM.
YCTpoHCTBO BBINTYCKa 3J€KTPOHOB B BO3AYIIHYIO
arMocepy cocrtout u3 Tpex kamep [5]. Kamepsr
MOCJIEIOBATENIbHO COEIMHEHBI MEXIy CcOo00H Iu-
apparmMamMu C OTBepCTHsIMH. B Kaxkaod u3 kamep
MOJACPKUBACTCA BakKyyM M IO Mepe NpHuOIIKe-
HUSl K YCKOPHUTEIBHOW TPYOKEe OH YIydIlaeTcs 110
Beauunubl 10 Tla. TIpoxoasimuii mydoK 3aeKTpo-
HOB (hoKycupyeTcsi BONMM3M OTBEpCTHH B nuadpar-
M€ MarHUTHBIMM JHuH3aMu. Ha BeIXoze u3 yckopu-
TEJLHON TPYOKH 3JIEKTPOHBI MMEIOT SHEPTHIO — el
(rne e~1,6-10" K — 3apsn snekrpona, a U — ycko-
pstolee HanpsikeHue). Jlid 3a1uThel BAKYyMHOMU CH-
CTEMBI OT MONaJAaHus 3arPA3HSIIOINX YACTHIL U 00e-
CIIEYEHHsI JOIOJIHUTEIBHOTO OXJAaXKIEHUS B IPO-
Hecce HarjIaBKy OCYIIECTBISIETCS] 00yB MIIOCKOCTH
BBIIIYCKHOTO OTBEpCTUsl CTpyeil Bozayxa. OOpala-
ThIBaeéMas JeTajlb paclojiaraeTcsi Ha JBUKYIIEMCS
CTOJIMKE T10J/1 BBIITYCKHBIM OTBEPCTHEM. YCKOPUTEIh
anekTpoHoB DJIB-4 obnamaer creaylomMMH Xa-
paKkTepucTUKaMU: dHeprus aekTpoHoB — 0,8...1,4
Mb5B; MakcumanbHBIA TOK Myd4Ka JIEKTPOoHOB — 50
MA pU MOLIHOCTH Myuka B 50 kBT.

Pesxumbl - 251eKTpOHHO-TTy4eBol  00paboTku  00-
pas3uoB cranu P6MS: sueprus myuxa 1,2 M»3B, Toka
nyuka 40 MA, Bpemst oOmydenus 1,6 c. 3aroToBku
HaXOAWIMCh Ha paccTossHUU 130 MM OT BBIIIYCKHOTO
otBepctusl. [Ipu 3Tom oOpabaTbiBaeMas MIIOMIAAb CO-
craisuia 1000x80 mm?. [epen oOmydeHremM oOpasiibl
cTany ObUTHM OTHLIM(OBAHBI U OTIIOIUPOBAHBI.

55



KomiiekcHOe nCcIIoIb30BaHNEe MUHEPAJIbHOTO ChIpba. Ne 3. 2017.

Metamnorpaduyeckue ucciegoBaHus MpoBele-
HBI Ha ontudeckoM Mukpockorne «ALTAMI-MET-
IM». Mopdonoruto cTpyKTypsl HOBEPXHOCTH H3-
ydajlud Ha pacTPOBOM DJIEKTPOHHOM MHUKPOCKOIIE
(POM) JSM-6390LV, ocHalieHHOM MPUCTABKOMH
SHEPrOAMCIEPCUOHHOIO aHAJIM3a, HAa IIPOCBEYMBA-
IOIIEM 3JIEKTPOHHOM MUKpockone OM-125. Uccne-
JOBaHUSI MPOBOIWINCH METOAOM IU(PaKIUOHHOM
9JIEKTPOHHOH MHUKPOCKONUHU TOHKUX (OJBI IPH
yckopsitoiieM Hanpsbkenun 125 xB. PaGouee ye-
JMYEHUE B KOJIOHHE MHUKPOCKONA BBIOMPAIOCH OT
10000 no 80000 xpar.

PesyabTaThl nccaeoBaHuil M UX 00Cy/KAeHHeE.
MHUKpPOCTPYKTYpa HOBEPXHOCTHOTO CJIosS OBICTpO-
peXyIuX CTajgell 10 U IOCIe dIEKTPOHHO-Iy4eBOU
00paboTKK mpuBegeHa Ha pucyHke 2. U3 pucynka
BUJIHO, YTO B UCXOJHOM COCTOSIHUU MHUKPOCTPYKTY-
pa cranu P6MS cocTouT M3 MapTeHCUTa OTIIyCcKa U
CrelMaIbHBIX KapOuI0B.

a) po A0o; 6) nocne 310
PucyHok 2 — MykpocTpyKTypa noBepXHOCTHOro crnos ctanu P6M5

Panee B pabore [6] Ha OCHOBE PEHTI€HOCTPYKTYP-
HOTO M 3JEKTPOHHO-MHUKPOCKOIIMYECKOTO aHAIIN30B
HaMH YCTaHOBJICHO, YTO MOCJIE CTaHAAPTHOW TEPMHU-
yeckoi 00padoTku (3akainka npu 1230 °C B macie u
TpexKparHblil oTmyck pu 560 °C naurensHOCThIO 1 1
C TIOCJICTYFOLIMM OXJIJK/ICHHEM B BO3yXE) B CTPYKTY-
pe crany NpUCYTCTBYIOT MapTEHCUT U ClIELUAIbHBIE
KapOuabpl. Metaiorpaguyeckuii aHaau3 IoKasall,
yt0 nocie DJIO B MUKPOCTPYKTYpe He HaOIHOIar0T-

csl 3HauuTeNbHble 3MeHeHus. [Ipennonaraercs, 4ro
M3MEHEHHs IPOUCXOAAT B TOHKON CTPYKTYpe 3a CUeT
oOpazoBaHusi Oonee (HparMeHTHPOBAHHOIO MapTEH-
cuTa.

Ha pucynke 3 nokazansl POM-u300pakenus no-
BepxHocTu ctajeil POMS no u nocne 3JI10, a Takxke
n300pakeHUe MOMEPEYHOro cedeHus: oopasia nocie
3J10.

Pe3ynbrarel monTBEpKAAIOT YMEHBIIEHUE pa3Me-
pa kapOunHbx yactul nocie 2J10. Ha nonepeuHom
ceyeHnu oOpasua BUIHO (popMUpOBaHHUE 3aKaICHHO-
o CIIosl, Ipe/cTaBIsitoNIee coboi bonee GpparmeHTu-
poBaHHBIM MapTeHcuT. Ilpu 3TOM TeMHOTpaBsIIasics
30Ha IUIAaBHO MEPEXOIUT B OCHOBY. TonmumHa MOAM-
¢unupoBanHoro cnosi cranu P6MS5S cocrasisier B
cpenHeM 20 MKM, pUCYHOK 3B.

C 1enplo BBISBICHHS U3MEHEHHS 3JIEMEHTHOIO CO-
CTaBa MOBEPXHOCTH ObLI MIPOBENIEH SHEPrOAUCIIEPCH-
OHHBIN aHAJIU3 MOBEPXHOCTHU cTanu POMS o u nmocie
OJ10, pucyHnok 4. AHanu3 nokasaiu, 4ro nocie IJ10
He HaOMIoNAoTCs 3HAYUTENbHbIE H3MEHEHHS »dlie-
MEHTHOI'0 COCTaBa MOBEPXHOCTH Marepuana. CTpyk-
Typa cTaJleil COCTOUT U3 MapTeHcHuTa 1 Kapouna. [lpu
3TOM OIIPEEIICHO, YTO CBETIbIe chepruueckue Kapou-
Ibl oboraieHsl BoibppaMoM U MOIUOAEHOM, a ce-
pble — BaHaJAHEM.

Kak yxe ormeuanocs Metogom POM onpeneneHo
o0pa3zoBaHue (QparMEeHTUPOBAHHOTO MAapTEHCHUTA C
MEJIKOAUCIIEPCHBIMHM YacTHLAMH BTOPBIX (a3 mocie
OJI0. C uenbto BBIABICHU KPUCTAIUIMYECKUX CTPYK-
Typ BTOpBIX (a3, oOpasyroumxcs Npu 0OIydeHHH,
Obu1a HCcIeJ0BaHa TOHKAsl CTPYKTypa 00pa3LoB cTa-
1 P6MS nocne 2JI0, ¢ momoIpio mpocBeYnBaroe
UIEKTPOHHON MUKPOCKOIINH, PUCYHOK 5.

ONeKTPOHHO-MUKPOCKOTTHYECKUM METO/10M
MOJATBEPKACHO 00pa3oBaHHE MEJIKOIUCIEPCHBIX
BBIJCJICHUN 4YacTHIl BTOPLIX (a3, MpeacTaBisio-
mux co0oii Kapoug MZBCG, B IIOBEPXHOCTHOM CJIO€
cramu P6MS nocne DJIO. U3BecTHO, 4TO KapOuUj
M,.C, conepxur B cebe xene3o u xpom. [losromy

o —

a) NoBepxHOCTb ucxogHoro obpasua; 6) noBepxHocTb nocne AJ10; B) nonepeyHoe ceveHne obpasua nocne 310

PucyHok 3 — POM uzobpaxeHus ctann P6M5
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Mo W
16.64
852
36,37
1L11
530

Cr Fe
445 3082 1182
453 6713 808
331 3085 26,05
419 7485 803
462 8450 425

Fe

75.34
68.19
3113
41.09
86.73

Ma
6.93
284
2551
1389
341
267
3.90
20.87
2,01

w
9.05
EX1)
37.74
1452
463
474
5.25
3170
3.33

527
6.18
3.18
540
4.16
450
462
n
547

2510
[ Cnecrp 5 By
223
 Cnexrp 7 BBE]
 Cnexrp § JPXC)
EIT 2448

a) go ANO;

85.10
4162
66,52

PucyHok 4 - PesynbraTbl peHTreHOCNeKTpanbHOro MykpoaHanmaa ctanu P6M5

ero xumuueckas ¢popmyia J0JKHA OBITH 3allMcaHa
kak (Fe, Cr),,C,. Takum 06pa3oM, XpoM SpKO Tpo-
SBIISIET ce0s Kak KapOua000pasyroluii 3JIeMEHT,
KaKk U B ciydyae oONydeHHus sJIeKTpoHamu. YacTu-
bl kapouna M,,C, HaXo[ATCs BHYTPU KPUCTAIIOB
o-mapreHcuta. Jto Menkue (d<l0 HM) yacTULBI,
pacrmoyio)KeHHBIC B y3/1aX AMCIOKAIMOHHBIX CETOK.
C yMeHbLICHHEM pa3MepoB KapOWAOB, H3HOCO-
CTOWKOCTh M TBEPAOCTH OBICTPOPEKYIIUX CTalcH
yBenuuuBaercs [7].

a) 6) 12 002
1T0,—~ y T/lz—
-

r
) i
[ .
- "
- -
0T1, 101,
113,
133,

1To, £20¢
a - ceTronosbHoe n3obpaxeHue; 6 - ero MHAMUMPOBaHHas
MUKPOANMPaKUMOHHASA KapTUHA: MPUCYTCTBYIOT pediriekchbl, OTHOCALMECs
k nnockoctu {111} a - hasbl, B - CBETNOMNONBHOE N306paxeHue (Menkue
dparMeHTbl); I - ero MUKpoANMPaKLUMOHHASA KapTUHa: MPUCYTCTBYIOT
pedpnekchbl, oTHocsLWwMecs k nnockocTam {111} o - dasbl n

{114} kapbupa M,,C,

PucyHok 5 — OnekTpoHHO-MUKPOCKOMUYEeCKne n3obpaxeHns
TOHKOW CTPYKTypbl cTannm P6M5 nocne 3110

6) nocne 3110

“;’w Takum 00pa3zoM, MbI OXapak-
100.

{6600 TEPU30BAIM BTOPUYHBIC (Das3bl,
100,00 00pa3oBaBIIKECs TI0CIE  DIIEK-
ig% TPOHHOTO OOJIyYeHHSI B MOBEPX-

HOCTHBIX CJIOSIX OBICTPOPEXKY-
meit cramu P6MS. Ilpeamnona-
raercsi, 4ro oOpa3oBaHue (Qpar-
MEHTHPOBAaHHOTO  MapTeHCHUTa
u xapounos M,,C, npusomut K
MOBBILIEHUIO TBEPAOCTH U U3-
HOCOCTOMKOCTH cTanmu  P6MS.
OTH  HCCIIeIOBaHUS  SIBISIOTCS
MPaKTUYECKU 3HAYUMBIMH, TIOTO-
My 4TO MEXaHWYECKHE CBOMCTBa
OBICTPOpEXKYLIEH CTaIH B 3HAYHU-
TENbHOHN CTENEHU ONPEAEIIOTCS
CTPYKTYpOH M COCTaBOM BTOpUY-
HBIX (as.

BriBoabl. AHanu3upys MOTydYeHHbIE B paboTe
pe3ysbTaThl, MOXKHO CJeJaTh CIEAYIOIHE BHIBO-
JUBL:

—mnocine DOJIO Ha MOBEpXHOCTH (QOPMHUPYETCS
3aKaJeHHBIA CIIOH, MpeACcTaBIAIoNMi coboil Oomnee
(parMeHTHPOBaHHbIM MapTeHCHUT. ToJIMHA MOIU-
¢uupoBanHoro ciosi cranu P6MS5 cocraBmsier B
cpenneM 20 MKM;

— DIIEKTPOHHO-MHUKPOCKOMUYECKUM METOI0M
yCTaHOBJIEHO, 4To mocie OJIO Ha MOBEpPXHOCTHOM
cinoe ObicTpopexkymield cramu PO6MS oOpasyrorcs
MEJIKOAMCIIEPCHBIE YacTHLBI BTOPHUYHBIX (a3, mpel-
crapistomue coboi kapouasr M,,C,. Onpeneneno,
4TO yacTullbl Kapouna M,,C, HaXOATCSA BHYTPH KpH-
CTaJJIOB OL-MapTEHCHTA.

Hacmosuwyas paboma ewinonnena npu gunarnco-
601 nodoepaicke Komumema nayku MOH PK no npo-
epamme «I panmosoe unancuposanue HayyHvIX UC-
cnedosanutly. Ha 2015-2017 ze.
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TYWHOEME

Makanaga aneKkTpoHAbIK MUKPOCKONUS 84iCTEepiH NanganaHa oTbipbin, SNEKTPOHAbI-Cayneni eHaeyaeH KeniH xbingam keckiw P6M5
6onaTtTbiH 6eTTiK KypbINbIMbIH 3€PTTEY HATUXKENepi YCbiHbINFaH. ONeKTPOHAbI-Cayneni eHaeyaeH KeliH kapbua 6enwekTepiHiH, menLepi
asasifbl XXaHe YINriHiH kengeHeH KMMacbiHAa TONbIMCbI3 MapTeHCUT 6oMbin TabbinaTbiH WhiHAanFaH kabaT kansintacagbl. COHbIMEH KaTap
e3repTinreH kabatbl 6asy Herisre aybicagbl. P6M5 6onaTTbiH e3repTinreH kabaTbiHbIH KanbiHAbIFbl opTaia 20 MKM. OnekTpoHAbI-cayneni
eHAeyre AeliH xaHe eHaeyaeH keiH PBM5 6onatTtbiH 6eTiHAe aHeprogucnepcusanbik Tangay Xypridy 6apbicbiHAa anekTpoHAbI-cayneni
eHAeyaeH KeliH MaTepuan BeTiHiH aneMeHTTIK KypamblHAa eneyni e3repictep bakanManiTbiHAbIFbI aHbIKTanabl. bonaTTbiH KypbinbiMbl
MapTeHCUT neH kapbuaTteH kypbinagbl. CoOHbIMEH KaTap xapblk cdepanblk kapbuarep Bonbdpam MeH MonubaeHMeH GaibITbifFaHbl,
an cypriapbl BaHaguiMeH GaibITbINfbIHbI aHbIKTanabl. ONeKTPOHAbI-Cayneni eHaeyaeH KeniH xbingaM keckilwn P6M5 6onatTeiH 6eTTik
kabatbinga M,,C, kapbuaTtep 6onbin TabbinateiH ekiHwi dasarnbl ycak 6enwektep KypbinarbiHbl Tabbingsl. M,,C kapbuaiHin 6enwekTtepi
a -MapTEHCUT KpucTanngapbl ilWiHae opHanackaHbl aHblkTangpl. XXeingam keckilw P6M5 6onatTtbiH 6eTTik kabaTTapblHaa anekTpoHab!
ceyrnerneHyaeH KeiiiH nanga 6onfaH ekiHwi dasanap cunatTanfaH. benwekteHren mapteHcut ned M,,C, kapbuaTtepiHiy nanaa Gonybi
PBM5 6onaTTblH KaTTbINbIFbIH XOHe To3yFa Te3IMAINIrH apTTbipyFa aKkeneTiHi bomkamaanraH.

TywiH ce3nep: aneKTPOHAbI-Cayneni eHAeY, XblnaaM Keckill bonat, MapTeHCUT MUKPOKYPbINbIM, kapbua
ABSTRACT

The article presents results of investigation P6M5 fast-cutting steel surface structure after electron-beam processing using electron
microscopy methods. After electron beam treatment, the size of carbide particles decreases and on the cross section of the sample is
formed a hardened layer representing as a more fragmented martensite. In this case, the modified layer smoothly passes into the base.
The thickness of the P6M5 modified layer of steel is average 20 um. Using an energy dispersive surface analysis of P6M5 steel before and
after electron-beam processing it was determined, that there is no significant change in the elemental composition of the materials surface
after electron-beam processing. The structure of steels consists of martensite and carbide. It is determined, that light spherical carbides
are enriched by tungsten and molybdenum, and gray — by vanadium. Electron microscopic method confirmed that after electron-beam
processing the fine-dispersed particles of secondary phases which are M,,C_ carbides are formed on the P6M5 fast-cutting steel surface
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layer. It is determined, that the particles of M,,C, carbide are inside of the a-martensite crystals. Secondary phases which formed on the

P6MS5 fast-cutting steel surface after electron irradiation are characterized. It is assumed, that the formation of fragmented martensite and
M,,C, carbides leads to the increasing of hardness and wear resistance of P6M5 steel.

Key words: electron-beam processing, fast-cutting steel, microstructure, martensite, carbide
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