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Hocniooceno npoyec nogepxnegoco mepmiyHO20 00pPOONEHHA NOPOWKOBUX WADYEATNUX
3anizogyeneyesux cniagie. Bcmanosneno, wjo ne2ysanns nogepxneso2o wapy Kapoioom xpomy oae
3M02y 30iIbUUMU NOBEPXHESY MIYHICb Mamepianie niciisi 06poOKU eneKMpPOHHUM NPOMEHeM Y 08a
pazu. IIposedeno oocniodcents po3nooileHHs CMPYKMYPHUX CKIA008UX 3AI308)2N1eye8020 CHIABY
8 OMPUMAHUX 3pAa3Kax HNpU NOBEPXHEBOMY MePMIYHOMY O0OpOONeHHI 3aNedHCHO 6I0 MOBUJUHU
NOBEPXHEes020 uapy.

Knwuogi cnoea: nosepxnese mepmiune 06podneHHs, 3MIYHEHH NOBEPXHI, MIKpOmMEepOicmb,
3anizogy2neyesull Cnias, e1eKmpoHHUL NPOMIHb.

Hccneoosan npoyecc nogepxHOCMHOU mMepMUUecKol 00pabomku NOPOUKOBLIX CLOUCHIBIX
Jcenezoyenepooucmolx  Cniagos.  Hccnedosamusmu — yCmMamo8ieHo,  Ymo  J1e2uposaniue
NOBEPXHOCMHO20 CNI0S KAPOUOOM XpOMA NO360J5em VEelIuuums HOBEPXHOCMHYI0 NPOYHOCHb
Mamepuanog nocie 06pabomKu NeKMpPOHHLIM IYUOM 6 068a pasza. Takace npoeedenvl Uccied08aHUs.
no pacnpeoeneHuto  CMpYKmypHvlX —COCMAGIAIOWUX — JHCeNe30Y21epOOUCbIX  CHIAB08 NpU
NOBEPXHOCMHOU MePMUYECKOl 00pabomke 6 3a8UCUMOCIU O MOAUUHBL NOBEPXHOCMHO20 CJLOA.

Knrouesvie cnosa: nosepxmocmmuas mepmuueckas oopabomka, ynpouHeHue Nno8epxXHOCMmU,
MUKDPOMBEPOOCMb, HCeNe30y21epoOUCmblll CIA8, INEeKMPOHHBLU VY.

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

30ipHuk HaykoBux npaub YKpAY3T, 2018, sun. 176
30



30ipHUK HAYKOBHUX Npanb Y KPaiHCHKOI0 AeP:KaBHOI0 YHIBEPCUTETY 3aJi3HUYHOT0 TPAHCIIOPTY

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 poGotu neraneii i By3iiB
oOJlalHaHHs, TIOB'SA3aHOTO 3 TEpepoOKor0 i
TPAHCIIOPTYBAaHHSIM a0pa3MBHUX MarepiaiiB
Ha TipHMY030aradyBajJbHUX MIANPUEMCTBAX,
IPOMHCIIOBOCTI  Oy/iBEJIbHUX MaTepialiB 1
psy IHIIUX Traimy3eid, BU3HAYA€ThCS, B MEPITy
4epry, 3HOCOCTIHKICTIO  IXHIX  poOOYMX
noBepxoHb. [IpakTnyHO BCce oOONaTHAHHSA
NPOMHCIOBUX  MIJOPUEMCTB  HIAJIAETHCA
pI3HMM BHUJAaM 3HOLIyBaHHA 1 MOTpedye
PEMOHTY Ta 3aMiHH, IO B PsJii BUIMAJKIB €
€KOHOMIYHO HEeBUT1IHMUM [1]. ¥V 3B'SI3KYy 3 UM
MOLIYKH 3HOCOCTIMKUX MarepiajiiB i TEXHOJIO-
riff, mo 3abe3neuyroTh 30UIbIIEHHS TEPMIHY

cnykOu  JeTamed MamWH, M0 [IBUIKO
3HOIIYIOTHCS, CTA€ MEPIIOPSTHUM TEXHIYHUM
3aBJIAHHSIM.

AHaji3  ocraHHix gocaimkeHb i
nyoaikaniii. Bimomo 6arato  cmoco6iB
MIIBUIIEHHSA SIKOCTI 3aITI30BYTJICTICBUX
CILIABIB, SIK1 BUKOPHUCTOBYIOTBCS K

KOHCTPYKULIHHI MaTepiaiu, OJHUM 3 SIKUX €
MMOBEPXHEBE TEepMiuHe 00poOIeHHS
BHCOKOKOHIICHTPOBAaHUMH TIOTOKAMH €HEepTii
[2,3]. Le mae MOXIUBICTh BHUpIIIyBaTH
3a/1a4y JIOKQJBHOTO TEPMIYHOTO OOpOOJICHHS
JeTati, 1o JIa€ 3MOTy IHTEHCUBHO INepeaaBaTu
€HEePTi0 y BUOpaHi IUISTHKU MaTepiary, B SKUX

MOTPIOHO MICIICBO TMIABHUIIATHA TBEPIICTh 1
3HOCOCTIMKICTh [4]. Jlo Takux METOHiB
HajJeXaTh HarpiB 3a JOMOMOTOI0 J1a3epa,
SJICKTPUYHOI JIyTH, IJIa3MH, HarpiBy 3 BUKO-
PUCTaHHSIM KCEHOHOBHX JIaMII Ta EJIeKTPOH-
Horo npomeHst [5—7]. [lepeBaror eneKTpOHHO-
IIPOMEHEBOT'0 HArpiBy € MOXKJIHMBICTH IUIABHO 1
B IIMPOKHX MEXaX 3MIHIOBATH TMOTYXHICTh

TEIa, IO  3aKJIaJaeTbCs, a  TAKOXK
KoH(irypamito  30oHuM  HarpiBy.  [lpore,
HE3BAKAIOUM Ha IIEpEeBaru  E€JIEKTPOHHO-

IIPOMEHEBOT0 0OPOOIIEHHS, OCHOBHI Halpallto-
BaHHS B Taly3i IOBEPXHEBOTO TEPMIYHOI'O
3MIIIHEHHS JIeTajeil CTOCYIOTHCS IEPEBAYKHO
JUTUX  CIUIaBiB.  BmimB  enekTpoHHO-
MPOMEHEBOTO HarpiBy Ha CTPYKTypy Ta
BJIACTUBOCTI MOPOIIKOBUX MeTaJOKepaMiyHUX
MaTepiajiiB MPaKTUYHO HE JOCIIIKYyBaBCA.

BusHaueHHsi MeTH Ta 3aBJAaHHA
pocaizkeHHst. Mertoto  naHoi  pobOoTH €
JOCITIJKEHHS nporecy €JIEKTPOHHO-
IIPOMEHEBOTO  OOpOOJIEHHS  JBOIIAPOBOIO
CIIEYCHOTO  3aJi30BYIJIEIIEBOIO CIJIaBy Ta
BUBYCHHS BIUIMBY TOBIIMHH BEPXHBOTO IIApy
Ha CTPYKTYPOYTBOPEHHS 1 TBEPHICTh CILIABIB
TICIIsE TOBEPXHEBOTO TEPMIYHOTO 0OpOOIICHHS.

Jisi  JTOCATHEHHS METH JIOCIiIKEHHS
OyJ10 MOCTaBJIEHO TaKi 3aBIaHHS:
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1. JlocmiguTd BIUIUB  TEXHOJOTIYHHX
napameTpiB €JIEKTPOHHO-TIPOMEHEBOTO
00pOOJICHHS Ha CTPYKTYpPY Ta (ha30BUN CKIIAL
CIIEYCHUX MaTepialiB Ha OCHOBI 3aJli3HOTO
MOPOIIKY 3 fJoOaBKkaMu rpadiry.

2. BuzHauntu BIUIMB TOBIIUHH
MOBEPXHEBOTO IApy Ha TeMIepaTypHUi
TPAJi€EHT TPH  EJICKTPOHHO-IIPOMEHEBOMY
OoOpoOJICHHI ~ TIOBepXHI  MaTepialiB  Ta
(dbopMyBaHHS CTPYKTYPH.

3. JochiauTy BIUIMB XIMIYHOTO CKIIATy i
TOBIIMHK TOBEPXHEBOTO IIApy Ha TBEPIICTbH
Ta  MIKPOTBEPIICTh  MarepiajiB  MiCiA
€JIEKTPOHHO-TIPOMEHEBOTO 00POOIICHHS.

OcHoBHAa  vYacTHHA  JOCJIiIKeHHS.
Opniero 13 mepeBar BHPOOIB, OTPUMAHUX
METOIOM MOPOIIKOBOL MeETaTyprii, €
MOJKJIUBICTH TOYHOTO KOPETYBaHHS XiMI4HOTO
CKJIaJy Ta CTBOPEHHs T'PaJi€HTHUX MIAPiB I10
CTpyKTypi MaTepiany. Lle nae 3mory orpumaru
€KOHOMHO JICTOBAaHI CIUIaBU, IO MICTATh
JErylo4i  eleMEeHTH TIIbKM Ha  poOouiii
noBepxHi BHpoOy. Tak, OCHOBHa dacTHHA
3pa3KiB BUTOTOBIISIACH 13 CyMIlli 3aJi3HOTO
MOPOIIKY 13 BMicToM rpadity 1,4 %, a BepxHii
map i3 cymimii, mo mictutb 91 % 3amiza, 4 %
rpadity i 5 % xap6ixy xpomy (Cr3Cz). Kapbin
XpoOMy BBOJMBCS SIK JIeTyO4a CKJIaJ0Ba, IO

3a0e3neuye BHUCOKY TBEPAICTb Ta
3HOCOCTIMKICTh ~ MaTepialy B  pe3yibTaTi
MOBEPXHEBOTO  TEPMIYHOTO  OOpOOIEHHS

3pa3kiB. [Ipy 1pbOMy TOBIIMHA MOBEPXHEBOI'O
mapy ckiagana 0,5, 1,0, 1,5 ta 2,0 mwm.

3pa3ku BUT'OTOBJISUIN METOJIOM
CTaTUYHOIO NPECyBaHHS Ha TIAPaBIIYHOMY
mpeci mig teckom 800 MIla 3 moganbmum
CHIKaHHAM Yy 3axMCHIi armocdepl mpu
temnepatrypi 1100 °C mporsrom | roauHu.
[ToBepxHeBe TepMiuHEe OOPOOICHHS CIIEUCHUX
3pa3KiB €JIEKTPOHHUM IPOMEHEM MPOBOMIN B
€JIEKTPOHHO-TIPOMEHEBIN ycTaHOBIl «DJIA-6»
IpU pexuMi, 110 3abe3rnevyyBaB OIUIABJICHHS
MOBEPXHI 3pa3KiB, TOOTO Mpu TemrepaTypi
Bumie 3a 1147 °C (temmeparypa yTBOpEHHS
JIETKOIUIAaBKOT €BTEKTUKU JeneOyputy). B
MoTepeAHiX AOCHKEHHSAX OyJao IOKa3aHo
e(pEeKTHBHICTb  TOBEPXHEBOIO  OOpOOIEHHs
3aJT1130BYTJICIIEBUX CIUIABIB MPHU MiHIMAIBHOMY

gaci sutpuMku 1-10c¢ [8], mo 3a0e3mnedye
IIBUJIKE OXOJIOPKEHHS 1 YTBOPEHHSI MapTeH-
CUTHHX 3€pPEH BHACTIJOK TEMIEPATypHOTO
rpaJiiEHTa M>K TIOBEPXHEIO 1 OCHOBOIO.

[ToBepxHeBe OOpPOOICHHS EIEKTPOHHUM
MIPOMEHEM JBOMIAPOBHUX 3pa3KiB MoKa3alo, mo
MIKPOCTPYKTYpa MaTepialiB  BiAPI3HAETbCS
3aJICKHO BiJl TOBIIMHU ITOBEPXHEBOTO IMIAPY
(puc. 1).

Taka BIIMIHHICTh CTPYKTYPH IOB’s3aHa
3 TUM, OO0 TpU MIHIMAIBHIA TOBIIUHI
BiIOYBA€THCS MEPEPO3NOALT BEPXHBOTO IIapy
3 OCHOBOIO IPHU OIUIABJIEHHI €JIEKTPOHHUM
MPOMEHEM, uepe3 M0 CTPYKTypa MOBEPXHi

BIJIIIOBIAA€E CTPYKTYpi JIOEBTEKTUYHOI'O
yaByHy (puc. 1, a, 6). [Ipu Oinbiiii TOBIIKHI
MTOBEPXHEBOTO mapy CIIOCTEPITaeThCs

CTPYKTypa OUIOr0 3aeBTEKTMYHOI'O YaBYHY,
0 CKJAJAEThCs 31 CBIMIMX  IUIACTUH
LEMEHTUTYy 1 Jeaedypury, 1iap OCHOBHU
BIJIMTOBIIA€ 3aCBTEKTOIMHIN CTaNi, B SIKil 3epHa
MEepJiTy  OTOYEHI  CITKOIO  LEMEHTHUTY
(puc. 1, B, 1).

MiKpOoTBepIICTh ABOLIAPOBUX 3pa3KiB
BIIPI3HSETHCS 3QJIKHO BiJl TOBIIMHU MOBEPX-
HeBoro mapy (puc.2). B cepeauHi 3paskiB
MIKpOTBEPJICT, MPAKTUYHO OJHAKOBa JJIs
BCiX MaTepianiB Ta ckianae onuspko 3—4 ['Tla.
Ha noBepxHi, mpy TOBIIKMHI BEPXHHOTO ILIAPY
0,5-1,0 MM, cepenHi 3Ha4eHHs MIKPOTBEP-
J0CT1 CKIaaaiTh Onusbko 5,0-5,5 I'Tla. Ilpu
30UIbIIEHH] TOBIIMHU wiapy 1o 1,5-2,0 mMm
CepelHl 3HA4YEHHS MIKPOTBEPJIOCTI CATal0Th
omm3pko 7,5-9,0 I'Tla.

Takum 94MHOM, JIETYBaHHS TIOBEPXHEBOTO
mapy KapOiioM XpoMy 1 3acTOCYBaHHS
MTOBEPXHEBOI TEPMIYHOI OOpPOOKM MPHUBOJIUTH
710 301IBIIEHHS MIKPOTBEPI0CTI TOBEPXHEBOTO
[Iapy IMOPOIIKOBOTO MaTepialy y JBa pasH,

mo  BiAOYBa€TbCs  3aBASKH  YTBOPEHHIO
CTPYKTYPH, sKa BiAMOBIAA€E olToMy
3aeBTEKTUYHOMY JIETOBAaHOMY 4YaBYHY, B
SKOMY yTBOpIOIOThCs KapOimai dasm CrrCs,
110 MiATBEP/KYIOTh pe3ynbTaTu
peHTreHodaszoBoro  anamizy. IloBepxHeBa

TBEPAICTh MaTepiajiB TAKOX 30UIbIIYETHCS 10
68 HRC mpu TBepaocTi B cepenrHi OIH3BKO
35-40 HRC.
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Puc. 1. MikpocTpyKTypa crieueHUX 3pa3KiB Miciis 00pOOJIEHHS €JIEKTPOHHUM IIPOMEHEM 3 Pi3HOI0
TOBIIMHOK BepxHboro mapy (x 500): a— 0,5 mm; 6 — 1,0 Mmm; B — 1,5 Mm; T — 2,0 MM
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Puc. 2. 3anexxHicTh MIKPOTBEPAOCTI JBOLIAPOBUX MaTEpiajiB Bil TOBIIMHU
MTOBEPXHEBOTO LIapy
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BucHoBkH. Bcranosieno, 110
3aCTOCYBAHHS  TIPAJIEHTHHX  IOPOIIKOBHX
MaTepialiB i3 3aJ1i30BYIJIELIEBOTO CIUIABY IpHU
JIOKAJIBHOMY  TTOBEPXHEBOMY  TEPMIYHOMY
00poOJIeHHI J1a€ 3MOTY OTPUMATH CTPYKTYpPY
MOBEPXHi, IO BIAMOBIa€ 3a€BTEKTUYHOMY
4yaByHy 3 TBepaicTio 7,5-9,0 I'Tla, mpu upomy

CTPYKTypa OCHOBM Martepialy BiAmoBigae
3a€BTEKTOIIHIN craii 13 TBEPICTIO
2,5-3,5 I'Tla. Pe3ynbTaT AOCTIIKEHb MOXKYTh
OyTH BHUKOpPHCTaHI MPHU CTBOPEHHI €KOHOMHO
JETOBAaHUX  KOHCTPYKIIIMHMX  3a/i30BYIJIe-
IEBUX CIUIABIB 3 BHCOKOI ITOBEPXHEBOIO
TBEPICTIO Ta BUCOKOIO 00’ €MHOIO MIIHICTIO.
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