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3M02Y 30iIbUUMU NOBEPXHe8Y MIYHICIb Mamepianie niciisi 00poOKU eeKMPOHHUM NPOMeHeM ) 08a
pasu. Ilposedeno docnidxcents po3noodiienHs CMpyKmypHUX CKIA008UX 3AI308)2/leyeso2o CHIAB)
8 OMPUMAHUX 3PA3Kax HpU MNOBEPXHEBOM)Y MEPMIYHOMY OOPOONEHHI 3ANeHCHO 6I0 MOBUUHU
NOBEPXHEBO20 WLAD)Y .

Kniouogi cnosa. nosepxnege mepmiune o0poOIenHs:, 3MIYHEeHHs NOBEPXHI, MIKpOmMeepdicmb,
3anizo08y2neyesuti Cnias, e1eKmpoHHUL NPOMIHb.

Hccneoosan npoyecc noeepxHoCmHOU mepmMuyeckou 00pabomku NOpoUKOBbIX CIOUCTIbIX
Jrcenezoyenepooucmulx  cniuasos.  Hccrnedosanuamu — yCmMawosneno,  4mo  Je2uposamue
NOBEPXHOCMHO20 ClI0 KAPOUOOM XpOMA NO360JAem VEeluyUums HOBEPXHOCMHYIO NPOYHOCHb
Mamepuanos nociie 06pabomKu INeKMpPOHHLIM IYUOM 6 08a pasza. Taxace npoeedenvl UcCc1e008aHUs
no pacnpeoeieHur0  CMpYKmMypHbIX —COCMABNAIOWUX — HCeNe30)21epOOUCbIX  CHIA808 NpU
NOBEPXHOCMHOU MePMU1ecKol 06pabomke 6 3a8UCUMOCIU O MOIUUHBL NOBEPXHOCMHOZ0 CJLOA.

Knrouesvie cnosa:. nosepxmocmmuas mepmuueckas oopabomka, ynpouHeHue nO8EpXHOCMU,
MUKDPOMBEPOOCMb, HCeNe30y21epoOUCmblll CRIAB, INEeKMPOHHBIU IVY.

There are many ways to improve the quality of iron-carbon alloys used as structural
materials, one of which is surface heat treatment with highly concentrated energy streams. The
effect of electron-beam heating on the structure and properties of powder-metal ceramic materials
was studied in this work. In order to solve this problem, the following tasks were solved: the study
of the influence of the technological parameters of electron-beam processing on the structure and
phase composition of the sintered materials on the basis of iron powder with graphite additions,
determination of the influence of the thickness of the surface layer on the temperature gradient
under the electron beam treatment of the material surface and formation structure, investigation of
the influence of the chemical composition and the thickness of the surface layer on the hardness and
microhardness of materials after electron beam processing. The advantages of electron-beam
processing are shown in comparison with other methods of hardening the surface of parts. The
influence of electron-beam processing regimes on the structure and phase composition of layered
iron-based powder materials is studied. In the work the process of surface heat treatment of
powdered laminated iron-carbon alloys is investigated. It was established that doping of a surface
layer with carbide chromium allows to increase the surface strength of materials after treatment
with an electron beam twice. Distribution of structural components of iron-carbon alloy under
surface heat treatment depending on the thickness of the surface layer is investigated. Research
results can be used to create economically alloyed structural iron-carbon alloys, which must have
high surface hardness and high bulk strength. It is shown that in the middle of the samples the
microhardness is practically the same for all materials and is about 3-4 GPa. On the surface, with
a thickness of the upper layer of 0.5-1.0 mm, the average values of microhardness are about 5.0-5.5
GPa. With an increase in the thickness of the layer to 1.5-2.0 mm, the average microhardness
reaches about 7.5-9.0 GPa. Surface hardness of materials also increases to 68 HRC with hardness
in the middle of about 35-40 HRC. Research results can be used to create economically alloyed
structural iron-carbon alloys, which must have high surface hardness and high bulk strength.

Keywords: surface heat treatment, surface strengthening, microhardness, iron-carbon alloy,
electronic beam.

Beryn. TepMmin pobotu neraneit i By3iiB MIPOMHCIIOBOCTI OymiBEIbHUX MaTepialliB 1
oOJlaiHaHHA, TIOB'A3aHOTO 3 TEepepoOKOI0 1 pAAy IHIIUX raiy3ei, BU3HAYA€ThCs, B MEPIy
TPAHCIIOPTYBAaHHIM a0pa3WBHUX MarepiajiB 4epry, 3HOCOCTIMKICTIO  iXHIX  poOoYmMx
Ha TipHMYO30arauyBaJbHUX MiJIPUEMCTBAX, noBepxoHb. IlpakTnyHo Bce oOOJNagHAHHSA
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OPOMHCIOBUX  MIJOPUEMCTB  MHIANAETHCA
pI3HMM BHJAaM 3HOIIYBaHHS 1 TOTpedye
PEMOHTY Ta 3aMiHU, IO B Ps/i BHUIAJKIB €
CKOHOMIYHO HeBUTIIAHUM [1]. V 3B'13Ky 3 UM
MOIITYKHU 3HOCOCTIHKMX MarepiajiB i TEXHOJIO-
riff, mo 3a0e3meuyroTh 30UIbIIEHHS TEPMIHY

CIykOu  JeTanmedl MaluH, M0 [IBUIKO
3HOIIYIOTBCS, CTA€ MEPIIOPSTHUM TEXHIYHUM
3aBIaHHSIM.

AHaJi3 oCTaHHIX JocaigkeHbL 1
nyoaikaniii. Bimomo OGarato  cmoco6iB
MIIBUIEHHS SIKOCTI 3aJT1130BYTJICIIEBUX
CILJIaBIB, AKi ~ BHKOPHCTOBYIOTBCA  SIK

KOHCTPYKITIMHI Marepiaiv, OJHUM 3 SKUX €
MMOBEPXHEBE TEepMidHe 00poOIIeHHS
BHUCOKOKOHIICHTPOBAaHUMH TIOTOKAMH EHEepTii
[2,3]. Lle nmae MOXIUBICTH BHUPILIYBATH
3a/1a4y JIOKAJIbHOTO TEPMIYHOTO OOpOOICHHS
JeTai, 1o JJa€ 3MOTy IHTEHCHBHO IepeaBaTu
€HEePTio y BUOpaHi AUISHKU MaTepiany, B SKUX
MOTPIOHO MICIIEBO MIiJBUIIUTH TBEPIICTh 1
3HOCOCTi#iKicTh [4]. Jlo Takux METOJiB
HaJIeXKaTh HArpiB 3a JIONMOMOIOK Jia3epa,
EIIEKTPUYHOI JIyTH, TUIa3MH, HArpiBy 3 BHKO-
PUCTaHHSIM KCEHOHOBHX JIaMI Ta CJICKTPOH-
Horo npomenst [5—7]. IlepeBaroro eaeKTpOHHO-
IIPOMEHEBOTO HArpiBy € MOXKJIMBICTH IUIABHO 1
B IIMPOKHX MEXaX 3MIHIOBATH TOTYXHICTh

Tela, 10  3aKJIaJaeThCs, a  TaKOXK
KoH(iryparmito  30HM  HarpiBy. IIpore,
HE3BKAIOUM Ha TMepeBaru  eJIeKTPOHHO-

MIPOMEHEBOTO 0OPOOJICHHS, OCHOBHI HaIpalto-
BaHHS B Taly3i IMOBEPXHEBOTO TEPMIUHOTO
3MIIIHEHHS JeTajlell CTOCYIOThbCS MEPEeBaKHO
JUTUX  CIUIaBiB.  BIumB ~ e€MeKTpOHHO-
IIPOMEHEBOTO HAarpiBy Ha CTPYKTypy Ta
BJIACTUBOCTI MOPOIIKOBUX METaJOKepaMiyHUX
MarepiaiaiB MPaKTUYHO HE TOCIIKYBaBCS.

Bu3zHayeHHsi MeTM Ta 3aBJaHHS
aocaimkenHsi. Meroto gaHoi  pobotH €
JOCIIKSHHS nporecy eJIEKTPOHHO-
MIPOMEHEBOTO  OOpOOJICHHS  JBOIIIAPOBOTO
CIIEYCHOTO  3aJi30BYIJICIEBOIO CIUIaBy Ta
BHUBUCHHS BIUIMBY TOBIIMHU BEPXHHOTO IIAPY
Ha CTPYKTYPOYTBOPEHHsI 1 TBEPIICTh CILIABIB
TiCJIS TOBEPXHEBOTO TEPMIYHOTO 0OpOOICHHS.

JUis  [OOCATHEHHST METH JOCHIKEHHS
OyJ10 MOCTABJICHO TaKi 3aBIaHHS:

1. JocmiguTd BIUIMB TEXHOJOTTYHHX
napaMmeTpiB €JIEKTPOHHO-TIPOMEHEBOTO
00poOIeHHS Ha CTPYKTYpPY Ta (a3oBUU CKIax
CIIEYCHUX MaTepiajliB Ha OCHOBI 3alli3HOTO
MOPOLIKY 3 J00aBKaMH rpagiTy.

2. Buznauutu BILJIUB TOBIIMHU
MOBEPXHEBOTO IApy HA TeMIepaTypHUi
TPaiEHT TpU  EJIEKTPOHHO-IIPOMEHEBOMY
0o0poOneHHI  TMOBEpXHI  MarepiagiB  Ta
(dhopmyBaHHS CTPYKTYPH.

3. ocaiauTu BIIMB XIMIYHOTO CKJIATy i
TOBIIMHU TTOBEPXHEBOTO IlIapy Ha TBEPIICTh
Ta  MIKpOTBEpIICTh  MaTepiajiB  MicCiA
€JICKTPOHHO-TIPOMEHEBOTO 00OPOOIICHHS.

OCHOBHA YacTHHA  JOCJiIKeHHS.
Opniero 13 mepeBar BHUPOOIB, OTPUMaHUX
METOAOM MOPOIIKOBOI  METaIyprii, €
MOXJIMBICTh TOYHOTO KOPETYBaHHS XIMIYHOTO
CKJIaJy Ta CTBOPEHHS T'paJi€HTHUX LIapiB IO
CTpYKTYpi Martepiany. Lle mae 3mory orpumaru
€KOHOMHO JIETOBAaHI CIUIaBU, WO MICTATh
JEryodl  €JIeMEeHTH TUIbKM Ha poOodii
noBepxHi BHpoOy. Tak, ocHOBHa dYacTHHA
3pa3KiB BHTOTOBJUIACH 13 CYMIIIl 3aJli3HOTO
nopouiky i3 BMicToM rpadity 1,4 %,a BepxHiii
map i3 cymin, mo mictuth 91 %3amniza, 4 %
rpadiry 1 5 % kap6iny xpomy (CrsCy). Kapoin
XpoMy BBOJMBCS SIK JIETylO4a CKJIaJ0Ba, IO

3abe3mneuye BHCOKY TBEPIICTh Ta
3HOCOCTIMKICT, ~MaTepialy B  pe3yibTaTi
MOBEPXHEBOTO  TEPMIYHOTO  OOpOOJICHHS

3pa3kiB. [Ipy 1bOMYy TOBIIMHA IOBEPXHEBOTO
mapy ckianana 0,5, 1,0, 1,5a 2,0mm.

3pa3ku BUTOTOBJISUTU METOZ0M
CTaTUYHOTO TIPECyBaHHS Ha TiAPaBIIYHOMY
npeci mig TuckoMm 800MIla 3 momampium
CHIKaHHSIM Yy 3axHCHiIi armocdepi npu
temmniepatypi 1100 T npotsirom 1 roaunu.
[ToBepxHeBe TepMiuHE OOPOOJICHHS CIIEYCHHX
3pa3KiB €JIEKTPOHHUM IIPOMEHEM IIPOBOJWIN B
eJIEKTPOHHO-TIPOMEHEBIN ycTaHoBLI «DJIA-6»
pu pexuMi, Mo 3a0e3MedyBaB OIUIABICHHS
MOBEpPXHI 3pas3KiB, TOOTO MpH TeMIeparypi
Buiie 3a 1147 T (remmneparypa yTBOpEHHS
JIETKOIIABKOT ~ eBTEKTHKH JieneOypury). B
MOTIEePEIHIX JOCHIHKEHHIX Oyllo IOKa3aHo
€(eKTUBHICTh MOBEPXHEBOTO  OOPOOJICHHS
3aJT130BYIJICIIEBUX CIUIABIB MPU MiHIMAJIbHOMY
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yaci Butpumku 1-10c [8], mo 3abe3mneuye
IIBUJIKE OXOJIOPKEHHS 1 YTBOPEHHSI MapTeH-
CUTHHX 3€pPeH BHACTIZOK TEMIEPaTypHOTO
rpaJlieHTa MI>K TIOBEPXHEIO 1 OCHOBOIO.

[ToBepxHEeBe OOpPOOICHHS €IEKTPOHHUM
MIPOMEHEM JIBOIIAPOBHX 3pa3KiB MOKa3allo, o
MIKPOCTPYKTYpa MaTepialiB  BiAPI3HAETbCA
3aJIeKHO BiJl TOBIIMHU ITOBEPXHEBOTO MIAPY
(puc. 1).

Taka BiAMIHHICTH CTPYKTYPH IIOB’si3aHa
3 TUM, WII0 TpU MIiHIMAIbHIA TOBIIWHI
B1IOYBA€ETHCS MEPEPO3NOAIT BEPXHBOTO APy
3 OCHOBOIO TIPH OIUIABJIICHHI EIEKTPOHHUM
MPOMEHEM, Yepe3 M0 CTPYKTypa MOBEpXHi
BiJITIOBiTa€ CTPYKTYpi JIOEBTEKTUYHOTO
yaByHy (puc. 1,a,6). [Ipu OinbImiii TOBIIMHI
MTOBEPXHEBOTO mapy CIIOCTEPITaeThCS
CTPYKTypa OI1J0TO 3a€BTEKTHYHOIO YaBYHY,
0 CKJIQJaeThCsA 31  CBITAMX  IUTACTUH
IIEMEHTUTY 1 JeaeO0ypuTy, Imap OCHOBH
BIJIMTOBiIa€ 3a€BTEKTOIMHIN CcTali, B SKiii 3epHa
MepJiTy  OTOYEHI  CITKOK  IIEMEHTUTY
(puc. 1,8, 1).

MiKpOTBEpaICTh JBOIIAPOBUX 3pa3KiB
BiJIPI3HSAETHCS 3aJICKHO BiJ] TOBIIUHU TOBEPX-

HeBoro miapy (puc. 2). B cepeamHi 3paskiB
MIKPOTBEP/ICTh TMPAKTUYHO OJHAKOBA IS
BCiX MarepiaiiB Ta ckianae o6auspko 3—41Tla.
Ha moBepxHi, nMpu TOBIIMHI BEPXHBOTO IIapy
0,5-1,0mM, cepeani 3HaYEHHS MIKpPOTBEp-
JocTi ckianarTh 0au3bko 5,0-5,5TTIa. Ilpu
30iMbpIIeHH] TOBIIMHU miapy a0 1,5-2,0 mm
CepelHI 3HA4YeHHS MIKPOTBEPIOCTI CSTalTh
omus3pko 7,5-9,00 T]a.

TakuM 9uHOM, JETyBaHHS IOBEPXHEBOTO
mapy KapOiqoM XpoMy 1 3acTOCYBaHHS
MMOBEPXHEBOT TEPMIYHOI OOpOOKHM MPUBOIUTH
110 301IBIIEHHS. MIKPOTBEPIOCTI TOBEPXHEBOTO
mapy TMOPOIIKOBOTO MaTepialy y JBa pasd,

o  BigOYBaeThCS  3aBASKH  YTBOPCHHIO
CTPYKTYpH, sIKa BIJIMTOBI/1a€ oi0My
3a€BTEKTHYHOMY JICTOBAHOMY 4YaByHY, B

SIKOMY YyTBOPIOIOThCS KapOimHi dazu CrCs,
110 HiATBEPIKYIOTh pe3ynbTatu
pentreHodazoBoro  aHam3y. IloBepxHeBa

TBEPIICTh MaTepialliB TAKOXK 301TIBIIYETHCS 710
68 HRC npu TBepaocti B cepennHi ONHM3BKO
35-40 HRC.
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Puc. 1. MikpocTpyKTypa crieueHUX 3pa3KiB Miciisg 00poOICHHS €IEeKTPOHHUM IIPOMEHEM 3 Pi3HOI0
TOBIIUHOIO BepxHbOro mapy (x 500):a — 0,5mm; 6 — 1,0mm; B — 1,5MMm; T — 2,0MM

MikpoTtBepaicts, I'Tla

0,5 1

15 2

ToBIMHA MNOKPUTTH, MM

Puc. 2. 3anexxHicTh MIKPOTBEPAOCTI JBOIIAPOBUX MATEPiajiB Bl TOBIIMHH
MIOBEPXHEBOTO LIapy

BucHoBkH. Bcranosieno, 10
3aCTOCYBaHHS  TPaJi€HTHHX  ITOPOIIKOBHX
MartepialiB i3 3aJ1i30BYIJIELEBOrO CIUIABy HpU
JOKaTbHOMY  TIOBEPXHEBOMY  TEPMIYHOMY
00poOJIeHH] Ja€e 3MOTY OTPUMATU CTPYKTYPY
MOBEPXHi, IO BIAMOBIIA€ 3aCBTEKTUYHOMY
yaByHy 3 TBepaicTio 7,5-9,0I'Tla, npu npomy

CTPYKTypa OCHOBM MaTepially BiANOBigae
3a€BTEKTOITHIN craii 13 TBEPIICTIO
2,5-3,5Tla. Pe3ynpTaTl AOCHIIKEHb MOXKYTh
OyTH BUKOpPHCTaHI MPHU CTBOPEHHI €KOHOMHO
JICTOBAaHUX  KOHCTPYKILIHHHUX  3aJi30BYyTJie-
[EBUX CIUIABiB 3 BHUCOKOI TIOBEPXHEBOIO
TBEPJICTIO Ta BUCOKOIO 00’ EMHOIO MILIHICTIO.
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