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Abstract. The paper presents the transmission electron microscopy investigations of the phase composition of
the type 34XIM steel modified by electrolytic plasma nitriding. It is shown that nitriding results in significant
modifications of the steel structure, namely the phase composition and observed phases, including their

morphology.

BBenenue. Hapsimy ¢ TpaaWIIMOHHBIMH METOJAMH XHMHUKO-TEPMUYECKON 0O0pabOTKH MpPHUMEHSIOTCS
HOBBIC METOJBI YIYYIICHUS JKCIUTyaTal[HOHHBIX CBONCTB MarepuanoB. OIHHM K3 TaKHX METOJOB SIBISCTCS
JJIEKTPOIIMTHO-TUIa3MEHHasi 00paboTka. Bo3aeiicTBHE AIIEKTPOIUTUICCKOM TIa3MOM, IPU KOTOPOM MPOUCXOTUT
HACBHIIICHUE TIOBEPXHOCTH PAa3IMYHBIMH XHMHUYCCKAMHU DIIEMCHTAMH, COIPOBOXIACTCS (opMUpOBaHHEM
MMOBEPXHOCTHU cO crieruduueckoil Mopdoorueii. I3MeHsst cOCTaB 3JIEKTPOIUTA, MOKHO TPOBOIUTH 00PAOOTKY
TIOBEPXHOCTH C OOJBIIMMH CKOPOCTSMH, 3HAYUTEIHLHO MPEBHIIIAIOIINMA XapaKTePHbIE CKOPOCTH TEPMUIECKUX
ra3o()a3HbIX U JEKTPOTUTHUECKHUX TPOIIECCOB.

Hemnpro HacTosimeidt paboTHI SIBISETCA WCCIEAOBAaHHE 3aKOHOMEPHOCTEH W3MEHEHHS CTPYKTYPBl H
(hazoBoro cocraBa ctayim 34XHIM o neiicTBUEM IIEKTPOIUTHO-TIA3MEHHOTO a30THPOBAHUS.

Martepuaan uW Meroabl mHcciemoBanusa. OOBEKTOM HCCIIENOBaHUS sBisUIack cranb 34XHIM.
Xumnueckuii coctaB uccneayemon cramu (0,34% C; 1,34% Cr; 0,67% Mn; 0,36% Si; 1,62% Ni; 0,24% Mo;
0,028% P; 0,033% S; ocransroe Fe) coorBerctBoBan TY 24-1-12-179-75.
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HccnenoBanochk CTPYKTYpPHOE COCTOSIHME MaTepHana METOJOM IpocBeYHBarolieil audpakunoHHOM
JJIEKTPOHHON MHMKpOocKonuH. M3ydyeHue o0OpasLoB IMPOBOAMIOCH B JBYX COCTOSHUSIX: 1) 10 Moaudukauuu
(mcxomHOE COCTOSIHWME) M 2) TIOCIE a30THPOBAaHWS. JJIEKTPOJIMTHO-IUIa3MEHHass 00paboTKa IPOBOIMIACH
a30THPOBAaHMEM B a30TOCOJCpIKAIleM BOIHOM pAacTBOpPE B TedeHHe 5 MHUHYT mpu Temiepartype 600 °C.
HccrnenoBanus BBIIOJNHEHB Ha TOHKUX (OJBraXx € IOMOIIBIO AIIEKTPOHHOTO MHKpockoma DOM-125 mpu
yCKopsifomeM HarpspkeHnn 125 kB. Pabodee yBenmdeHnne B KOJIOHHE MUKPOCKOMA BEIOHpaock paBHEIM oT §000
1o 50000 kpar.

Ionyyennsbie pe3yJabTaTbl. bblI0 YCTAaHOBIGHO, YTO B UCXOOHOM COCMOAHUU CTPYKTypa CTalH

MIPEACTABISICT: MIACTHHYATHIN NEPInT, PeppUTO-KapOUaHYI0 CMECh U ()parMEeHTHPOBAHHBIN (eppur.
[nacTHYATBI ~ NEpIUT  NPHCYTCTBYET B BHIE INPAKTHYECKH  uueansHoro  (puc.la) w
¢parmertupoBanHoro (puc.16). WneanpHBIM (MIM TPAaKTHYECKW WACANbHBINA) IUIACTHHYATHIA TIEPIIUT
MpeACTaBIsieT CcOOOH uepemyromIuecss NapajuleNbHble IUIaCTHHBL o-(asel  (deppura) W IIEMEHTHTA,
pacrioyio)KeHHbIE Ha KpaTHBIX PAaCCTOSHUAX APYr OT Apyra. dparMeHTHpPOBaHHBIA NEPAUT (MIM NEPBHYHO
(parMeHTUPOBAHHBIHM MEPIUT) NPEICTABISET COOOH CTPYKTYPY, B KOTOPOH HEPIUTHBIC KOJOHHH B OCHOBHOM

coxpanstotcs. O0beMHas 10Js nepianTta cocTaBisieT 35% (uneanbHoro — 10%, hparmentupoBanHoro — 25%).

K

.

DnekmpoHHO-MUKpOCKOnuueckoe u3obpasicenue moHkou cmpykmypol cmanu 34XHIM 6 ucxoonom cocmosinuu:
MunYamell nepaum (a), ppazmenmuposannulii naacmunyamoli nepaum (6), peppumo-xapouonas cmecs (8),
dpaemenmuposannviii peppum (2)

Oeppuro-kapOumHas cMmech (puc.16) axkTudeckn mpeacTaBiIsseT co60il BTOPUIHO (parMEeHTHPOBAHHBINA
TIEPIHT, T.€. pa3pylleHHbIE MEPIUTHBIE KOMOHWH. OOpa3yroTcs M30TPOIHBIE (QparMeHTH O-(a3bl, TPAHHIEI
KOTOPBIX YaCTHYHO OKalMIICHBI LIEMEHTHTOM. LleMeHTHT pacrnonaraercsi He TOJBKO 110 I'paHUIaM (parMeHTOB,
HO M B UX CTbIKaX. [I03TOMy Takue y4acTKH CTPYKTYpbhI MaTepuana (pakTHUECKH MpPEACTAaBISIOT cO0ON CMech
3epeH o-(pa3bl M IEMEHTUTA M UX CJeQyeT Has3bIBaTh «(peppuTo-KapOuaHoW cMechbio». OObeMHas m0isi 9TOM
MOp(OIOTHUECKOI CTPYKTYPHI B Marepualie cocraBisieT ~45%.

®parMeHTHPOBaHHBIA (PEeppUT MpencTaBiseT coboii n3oTpomHble GparMeHTH a-¢a3sl (puc.lr). Hu mo
rpaHAIaM (ParMeHTOB, HM B MX CTBIKAX IEMEHTUT HE OOHapyXuBaeTcs. TeM He MEHee, HAIpaBICHHOCTb
(parmMeHTOB O-(ha3bl COXPAHAETCS MO TUIY HEPIUTHBIX KOJOHUH. OObeMHas OIS 9TOH CTPYKTYpPhI COCTaBIISIET
B MaTepuaine 20%.

Azomuposeanue obpaslia IPUBEIO K TOMY, YTO MOP(OJIOrHs TOHKOH CTPYKTYpHI IpEICTaBJIEHa Tereph
IUTACTHHYATHIM He()parMEeHTHPOBAHHBIM nepauToM (45%) u pparMeHTHpOBaHHBIM (heppuToM (55%).

JletanbHOE HMCCIIEOBAHUE CTPYKTYPHI IUIACTHHYATOTO HE(PAarMEHTHPOBAHHOTO MEPIMTa MOKA3aslo, YTOo
OH HaXOJUTCs 1OCJIE a30THPOBaHMS B TpexX cocrosHusX. IlepBoe cocrosuue (15%) — mpakTudecku uaeanbHbIH

IIACTHHYATBIM mepnuT (puc.2a). Bropoe cocrosaue (10%) — mimacTHHYATBIA HEPIUT € pPa3pyMICHHBIMHU
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acTiHaMu neMeHtuta (puc.26). U tperbe coctosinue (20%) — nedeKTHBINH IUIaCTUHYATHIA NepiuT (puc.2e).
JudpakumMoHHBIM aHaIM3 IOKa3al, YTO BO BCEX COCTOSHUSX KpPOME JIETHPOBAHHOro wnemeHTHTa M;3C
MIPUCYTCTBYIOT dacTubl (a3el FesMosN. Otiandne cocToUT Wb B TOM, YTO B IIEPBOM U BTOPOM COCTOSTHHSIX
yactuusl (Gasel FesMosN npucyTcTBylor B o-(hase Ha AHUCIOKanusIX, 00pas3yst KpamdaTblii KOHTPACT, a B TPEThEM
COCTOSIHUM OHM HaXOJsTCS BHYTPH IITACTHH LIEMEHTHTA. YacTHIIBI, PACIIOJIOKEHHBIE HA TUCIOKALHUAX, 00IalatoT
okpyrioi Gopmoii. CpemHuil pazmep 4acTull B 000MX COCTOSHUSIX OJUHAKOB U paBeH 12 HM. OObeMHast OIS X
B o-(a3e B KaXKIOW cocTaBisiomel nMeeT Bennuuny ~1%. Yactusl ¢assr FesMosN, pacrionoxeHHbIe BHYTPH
IUTACTHH IIEMEHTHTA, TakXKe 0071aIaloT OKpyTaoi GopMoii, HO cpeanuit pasmep ux kpymnaee (25 am). O6bemMHas

JOJIS MX BHYTPH IUTACTHH [IEMEHTUTA TPEThEil COCTAaBISIONMEH HehparMEHTHPOBAHHOTO NepinTa cocTaBisieT 3%.

Puc.2. Dnekmponno-mukpockonuueckoe uzobpasicenue monkou cmpykmypol cmanu 34XHIM nocne
a30Muposanus.; a — NPAKMU4ecKy U0eanrb bl NIACMUHYAMbLI nepaum (nepgoe cocmosHue
HeppazmMeHmupo8anno2o nepauma), 6 — NIACMUHYAMbIL REPAUM C PA3PYUIEHHBIMU NIACMUHAMYU YeMeHMUmda
(8mopoe cocmosnue HeppacMeHMUpPosanHO20 NePauma,), 8 — OepeKmmublil NIACMUHYAMbIL nepaum (mpemoe

cocmosiHue HeghpazmeHMuUpoB8aHHO20 NePIUma), 2 — pasmeHmupo8aHHvlil peppum

@®parMeHTHpPOBaHHBIH (EPPUT — ITO BTOpAsk COCTABISIOIIAsl CTPYKTYPhl B a30THPOBAaHHOW CTajH
34XHIM (puc.22). Kak 1 HCXOJHOM COCTOSIHWH, 3Ta CTPYKTypa IpeAcTaBiIsieT co00i M30TpONHbIE (hParMEeHTHI.
[IpoBeneHubIi IU(PAKINOHHBIN aHANW3 TI0Ka3aj, YTO BO (parMEeHTHpPOBAaHHOW CTpPYyKType ¢(eppura
MIPUCYTCTBYIOT YacTHUIIHI TpeX (a3, a uMeHHo, HuTpuaa FesMosN, kapoorutpuna CrCo.61No.30 ¥ TETHPOBaHHOTO
memerTuta M3;C. Yactumel mutpuga FesMosN obmamaior okpyrioi ¢opMod W pacmloNoXeHBl BHYTPH
(parMeHTOB Ha JUCIOKAlMsAX, a Takke Ha rpaHunax ¢parmenrtoB. Cpenuuii pasmep yactun FesMosN,
HaXoJIIIMXCS KaKk BHYTPH, TaKk M Ha TpaHunax QparMeHToB, cocTtaBisier 20 HM, oObeMHas OIS BO
(parmMeHTHpOBaHHOM (peppHTE TaKXKe KaKk BHYTPH, TaK U Ha IpaHunax GparmeHToB, cocrasiuser 1,5%. YacTuus
kapOonutpuga CryCoeNo3o pacnosaraloTcss Ha IpaHUIAX UM B CTBIKaX ()parMEeHTOB, MMEIOT HENPABHILHYIO
¢dopmy, OompImoi o cpaBHeHMIO ¢ yacTuaMu (assl FesMosN pasmep (<d> = 150 am). O6peMHAS 101 HX BO
¢parmenTuposanHoM (eppure cocrasisieT 2%.

3aknoyenue. MeTogoM THpocBeYMBArOIMEH AUGPAKIHOHHON SJIEKTPOHHONH MHUKPOCKOIHHU BEIIOJHEHO
nccieoBanne (ha3oBOro coctaBa MOBEPXHOCTHOTO cios ctann 34XHIM mocne 3JeKTpOMTHO-TIa3MEHHOTO
A30TUPOBaHMA. Y CTAHOBJIEHO, YTO a30THPOBAHUE ITPUBOJIUT:

1) K n3MeHeHHIO MOP(OIIOTHYECKUX COCTABIISIIONINX MaTPHIIBI CTalIH,
2) K HOBOMY BBIJIENICHUIO BTOPHYHBIX (a3: kapoounutpuaa CroCoe1No39 1 HUTpHaa FesMosN.

Paboma evinonnena npu ¢hunancosou noooepacxke PODH 6 pamkax Hayuynozo npoexma Ne 16-48-700198.
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