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HOBbBII CHIOCOB HUTPOLIEMEHTAILIUU CTAJIBHBIX
MOBEPXHOCTEM

Ilpennoxen HOBBIE cHOCOO  HHUTPOLEMEHTAIMM  CTAJIbHBIX  J€Talied, BKJIIOYAIOIUN
3JEKTPO3PO3nOHHOE JierupoBanue (DDJI) yriaeposoM B COYETAaHMH C MOHHBIM a30THPOBAHHEM
(UA), npu »5TOM HMOHHOE a30THPOBAHHUE OCYLIECTBISAIT JO WIH mnmocjie omnepauuu
JNEKTPOIPO3MOHHOr0 JIETHPOBAHHs B TEYCHHE BPEMEHH, JOCTATOYHOTO [UIS HACHIIICHHS
MeTajula a30TOM Ha TIyOMHY 30HBI TEPMHUYECKOro BIMAHHUA. IIpUBEIEH aHIN3 MHKPOCTPYKTYP
uccienyembix o0p3uos craiau 40X mocie pa3IMnyHbIX METOI0B YIPOUHEHUS.

KiroueBble  €j10Ba:  HUTPOLIGMEHTALUS,  3JIEKTPOIPO3HMOHHOE  JIETUPOBAHUE,  HOHHOE
a30TUPOBaHME, TOBEPXHOCTHBIH CIIOH, YIpOYHEHHeE.

BBez[elme. OJIHHM 13 OCHOBHBIX ITOKa3aTelIek KauecTBa MAIMH SIBIISCTCS HX
HaJieKHOCTh. Hanbonee pacnpocTpaHeHHOH MPUYMHOW OTKA30B MAILMH SIBIISIETCS HE
MIOJIOMKA, & M3HOC M MOBPEXKAEHUE Pabounx MOBEPXHOCTEH MX JeTaned u pabodmx
opraHos. Kak npaBuiio, Bce pa3pyLeHHs JeTaneid HAUMHAIOTCSI C TOBEPXHOCTH.

Hcnonp3oBaHne YHOPOUHSIONIMX M 3allUTHBIX IOKPBITHH CYIIECTBEHHO
MOBBIIIAET KAa4eCTBO NMPOAYKLIHMU B MAIIMHOCTPOEGHHH, OOECIeUMBACT HAJCKHYIO
paboTy y3710B M meTaneil B TSDKENBIX YCIOBHAX JKCIUTyaTallud OOOpYIOBaHHUS,
MI03BOJISIET CHU3UTh MaTepUalbHbIE M SHEPreTHUECKHE 3aTpaThl HAa AKCILUTyaTallUio
MAIlliH, YMEHBIIUTb PACXOJ, JOPOrOCTOSIIMX KOHCTPYKLMOHHBIX MaTepHasoB.
ITosToMy HccnenoBaHus B HAIPaBJICHUH CO3aHMs HOBBIX 3allUTHBIX MOKPBITHH U
TIOBBIIIEHUE KaYeCTBA CYIECTBYIOUINX aKTyaJlbHbI U CBOEBPEMEHHBI.

AHaJIN3 OCHOBHBIX IOCTHKEHHUI M MyOInKanmii

OmarM w3 Hambonee MPOCTBIX C TEXHOJIOTMYECKOH TOYKM 3pPEHHS METOIOB
TIOBEPXHOCTHOTO JIETHPOBAHKS SIBIISIETCS AIIEKTPO3PO3HOHHOE. Ero mocromHCTBAMHU
SIBJISIFOTCS! JIOK&IBHOCTD BO3JICHCTBHSL, MAJIbIA PACXOZ 3HEPTHH, OTCYTCTBHE OOBEMHOIO
HarpeBa MaTepuasa, [pOCTOTa  aBTOMATH3ALMM W «BCTPAaMBAaeMOCTH» B
TEXHOJIOTMYECKUII ~ TIPOIIECC M3TOTOBJICHWS JIeTaliel, BO3MOMKHOCTH COBMEIICHHS
ornepanuil.

[Ipu momoImy! 31eKTPO’PO3UOHHOTO JerupoBanust (33J]) MOKHO TTOBBICHTH
TBEPJOCTh METAJUIMYECKON MOBEPXHOCTH, HAHECEHHEM Ha Hee MmaTepuana Oonee
BBICOKOW TBEpAOCTH WM MU(PPY3NOHHEIM BBEACHHEM B TTOBEPXHOCTHBIA CIIOI
HEOOXOANMBIX XHMHYECKHMX 3JEMEHTOB W3 OKPYXKAIOMIEH Cpeapl, WM U3
MaTepHana aHoAd; WJIM TOHW3WUTh_ TBEPJAOCTh, HAHOCS Ha MOBEPXHOCTH Ooiee
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MSATKHE MaTepuais [1].

Omnako 23JI TepMo0oOpaOOTaHHBIX JeTanel, MOJBEpraeMbIX B YCIOBHX
9KCIUTyaTallid BBICOKMM YAEIbHBIM HarpyskaM (IeTaqd INTamIioB, BaJIbl
MIPOKATHBIX CTaHOB W Jp.) HE BCErJa IPHUBOAUT K JKEIaeMOMY pe3yibTaTy.
[MpyuunHO# BBIXOJA M3 CTPOSI HEKOTOPBIX W3 HUX SIBISETCS TO, YTO IOJ CIIOEM
MOBBIIIEHHON TBepaocTH 1mocie OJJI mosABnsercs 30Ha OTMycka — 30HA
CHIDKEHHOH TBEPAOCTH. DTO MPUBOIUT K MPOJABINBAHUIO YIIPOYHEHHOT'O CJIOS U,
KaK CIIe/ICTBHE, K OBICTpOMY HM3HOCY netanu. DDJI B maHHOM ciydae MpHHECET
Bpel, OCOOEHHO €CIM JOMyCTHUMBIA HW3HOC JIETMPOBAaHHOW IOBEPXHOCTH
MIPEBBIIAET TOIIMHY CJI0S IIOBBIIEHHON TBepaocTH [1].

CornacHo [2] «mpoBai» TBEPAOCTH B 30HE TEPMHUYECKOrO BIIMSHHS MOXKHO
YCTPaHUTh IMyTeM MNpuMeHeHus mocie DDJ] MOomomHUTEIBHOH 00pabOTKU ISt
CO3JJaHUS HAKIIENa METOJIOM IMOBEPXHOCTHOTO TUIACTUYECKOTO Je(OopMHUpOBaHHSI.
OnHako, cieayeT OTMETUTD, YTO B JAHHOM ClTy4ae OOLIEro MOBBIIICHHS TBEPIOCTH
B MEPEXO/IHON 30HE HEe HAOIrOIaeTCsl.

Cornacho [3] npoBeaenue nonHoro azoruposanus (MA) mo mmu nociae D3J1
IO3BOJIACT YCTPAHUTL 3O0HBI MOHWKEHHOU TBEPAOCTU TIIpHU HUCIOJIb30BaHUU
OJICKTPOJAOB M3 YHCTBIX TBEPABIX M3HOCOCTOMKUX METAJJIOB. KpOMC TOro,
HaOmofaeTcss Ooiee IUIaBHOE W3MEHEHHE TBEPJOCTH YNPOYHEHHOTO CIIOS |
yBEUYEHHUE OOLIeH TTTyOUHBI 30HBI MTOBBIIIEHHON TBEPOCTH.

W3BecteH cmoco0 LEMEHTAMU CTaJbHBIX JCTaJICH 3IEeKTPO3PO3UOHHBIM
nerupoBarueM (LID3JI) [4], xoTopelii MMeEeT PSS IOCTOMHCTB, OCHOBHBIMU H3
KOTOPBIX SIBJISIOTCS:

- noctmwkenre 100% CrIoOmHOCTH yHpOYHEHHS IOBEPXHOCTHOTO CJIOST;

- TOBBIIIEHHE TBEPJOCTH IIOBEPXHOCTHOTO CJIOSI JETaJd 3a CUeT
1 y3MOHHO-3aKAJIOYHBIX ITPOLIECCOB;

- JIETUPOBAaHHME MOXHO OCYILIECTBIATh B CTPOrO YKa3aHHbIX MecTaX, He
3alyIIas Ipyu 3TOM OCTAIbHYIO IIOBEPXHOCTD JETally;

- OTCYTCTBHE OOBEMHOrO HarpeBa JAETald, a CIeJOBATeNbHO  IOBOJOK U
KOpOOJICHHH.

C 1menplo CHWKEHMS IIEPOXOBATOCTH MOBEPXHOCTH JAETajlell MalluH, ¢
COXpaHEHHEM KadecTBa IIOBEPXHOCTHOrO ciosi (OTCYTCTBHE MUKPOTPEIIHH,
HAJIWYHE CJOA TOBBIMIEHHOH TBepAocTH, 100%-1 CIDIOMHOCTE M Ap.) U TaKuM
o0pa3oM pacmpeHus OOJAacTH WX TPUMEHEHHs, MNpemiioxkeHo mociae O3JI
yriepoaoM (TpaUTOBBIM DJIEKTPOAOM) NPOU3BOAUTH JIETHPOBAHHE OTHM IKE
3JIEKTPOIOM, HO ITO3TAIHO [5].

IocranoBka 3agaum. Ilo cpaBHEHMIO C LIEMEHTAIlMEN M 3aKaJIKOW IPOLECC
a30THPOBAHMS IPOTEKAaeT NpH Oojee HU3KOM TeMIeparype; a30THpOBaHHAS
MIOBEPXHOCTh MMeEET Oosiee BBICOKYIO TBEPAOCTb, M3HOCO - M KOPPO3HOHHYIO
CTOMKOCTb, JYYIIYI IOJUPYEMOCTh; CBOICTBA a30TUPOBAHHOW IOBEPXHOCTH
COXPAHAIOTCS TMPAKTUYECKH HEN3MEHHBIMH IPH MOBTOPHBIX HAarpeBax BIUIOTH IO
500 - 600 °C, B To BpeMs Kak NpH HATPEBAX HEMEHTHPOBAHHON M 3aKaJICHHON
noBepxHOCTH 10 225 -275 °C TBEpIOCTH €€ CHIKACTCH.
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YuuThIBast 5TO CBOWCTBO B NPEBAPUTEIHFHO a30THPOBAHHOW MTOBEPXHOCTH HE
CIIEIyeT OKUJAATh CHIKEHHS TBEPJOCTH B 30HE TEPMHMYECKOTO BIHMSIHUS MOCIE
93JI yrnepoaom.

[pu 23J1 yrneponom (rpadUTOBEIM 3JEKTPOIOM) CTAIHHOW a30THPOBAHHON
TIOBEPXHOCTH TPOUCXOUT IPOLECC aHAJOTUYHBIN IMaHHUPOBAHHIO, TOJIBKO NpHU
0OBIYHOM IIMAHUPOBAHUH MPOHUCXOIUT OJHOBPEMEHHOE HACHIIICHNE TOBEPXHOCTH
A30TOM H YIJIEPOAOM, a B JAHHOM CITy4dae TI004YepeJHOE.

Crnenyer oTMeTHTh, 4TO MeToa MA WMeeT 3HauyWTeNlbHBIE MPEUMYIIECTBA
mepen  OOBIYHBIM ~ A30TUPOBaHMEM (MHUHMUMAalbHbIE TIOBOAKH, CHIDKEHHE
SHEpro3aTpaT M JUIMTEIBHOCTH Tpoliecca M Ap.) ¥ LIMPOKO MPUMEHseTCs MpU
YIIPOUHEHWH  TOBEPXHOCTEH  JeTaylieil  KOMIIPECCOPHOIO M HACOCHOIO
00opynoBaHusl, pabOTAIONIMX B TSKEIBIX YCIOBHSX. DTO NITOKH, CEPBIH, MOPIIHHY,
3alUTHBIE BTYJIKU H JIp.

VYyureiBast, To 4yro npu O3JI HauMeHbIIas IIEPOXOBATOCTh IOBEPXHOCTH
(dopMupyercs TpH HCHONB30BaHWM TPa(QUTOBBIX 3JIEKTPONOB (JETMpPOBaHHE
YIIIEpOIOM) TPENCTABISICT Hay4HbIA M NPAKTHYECKUH WHTEpeC MpoBeleHHe
MeTtaliorpa@uueckux M JIOPOMETPHYECKUX  HCCIEJOBaHHH  CTalIbHBIX
noBepxHocTet mocne IID3JI w  HMA  npoBOogMMBIX B pa3iIHYHBIX
HOCJIEIOBATENLHOCTSIX.

Takum oOpa3oM, WedbI0 pabOThl SBJISETCS MOBBINICHUE KadyecTBa
MOBEPXHOCTEN CTaNbHBIX AeTajei nmocne [[IDJI mpoBoaumoit 1o, unu nociie UA.

MeTtoauka uccjie10BaHU

Hmxe npuBeneHa METOIUKA U PE3YIbTAaThl IPOBEACHHBIX HCCIIEIOBAHUMN.

Hus UA u 1IDDJI ucnionb3oBany crieruaibHbie 00pasiibl, H3rOTOBICHHBIE U3
cranu 40X B BUAE KaTYIIKH, COCTOSIIEH M3 ABYX AMCKOB, auamerpoMm 50 MM U
mmpruHON 10 MM, COSIMHEHHBIX MEXIy cOOOM MPOCTaBKOi auameTpoMm 15 MM u
UMeoIeil Ba TEXHOJIOTMYECKHX YdJacTKa Takoro e auamerpa (puc. 1,a).
[MoBepxHocTH JHcKOB HUTH(OBaIHCh 10 Ra = 0,5 MKM.

[Iponecc 1[DDJI mpousBogmics B aBTOMATHYECKOM DEXHME C MOMOIIBIO
ycranoBku Mozenu «OUJI — 8A». O6pa3upl 3aKpeIUIIINCh B MaTPOHE TOKAPHOTO
CTaHKa, IIOCJEe Yero NnpousBoamiack nodtamHas L[D3JI, myrem mnocienyromiero
nerupoBaHusi rpadUToBbIM AekTpogoM Mapku DI-4 (OCT 229-83) ¢ sueprueii
paspsma 0,42 JIx (1-# stam) u 0,1 Ix (2-i 3Tam) ¢ MpPOM3BOAMTENBHOCTHIO,
COOTBETCTBEHHO 2 U 5 MHUH/CM® (puc. 2).

W3 ynpo4yHeHHBIX 00pa3IoB BhIPE3ali CETMEHTHI U3 KOTOPHIX U3rOTaBINBAIN
s (puc. 1, 0).

IInuder wuccmemoBanu Ha onTHdeckoM MuKpockorne «Heodort-2», rame
MIPOBO/IMIIACH OIIEHKA KAa4eCTBAa CJIOsI, €r0 CIUIOMIHOCTH, TOIIINHBI M CTPOCHUS 30H
mofciost — G y3nOHHON 30HBI M 30HBI TEPMUYECKOro BIHAHUS. OTHOBPEMEHHO
MIPOBOAWIICSL TIOPOMETPUUYECKAN aHAIN3 Ha pPACHpeieNieHNe MHKPOTBEPIOCTH B
MMOBEPXHOCTHOM CJIO€ W MO0 TiyOmHe muMda OT TOBEPXHOCTH. 3amep
MHUKPOTBEPAOCTH TPOBOIWIN Ha MuKpoTBepaomepe I[IMT-3 BrpaBmuBaHmEM
aNMa3HOW mupaMuabl o Harpyskoi 0,05 H.
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Puc. 2 — I199J1 cranu 40X ¢ ucnonb30BaHUEM TOKAPHOTO CTaHKA.
HonHoe a3oTrpoBaHKe 00pa3oB MPOBOIMIM pH TeMnepatrype 520 OC B reuenne 12 u
Ha ycranoske HI'B-6,6/6-111

Ha Bcex sTtamax o0pabOTKM W3MEPSUIM LIEPOXOBATOCTH IOBEPXHOCTH Ha
npubope mpodunorpade - npopunomerpe mox. 201 3aBoaa «Kamubdpy.

PesynbTaThl Hccae10BaHUI

Ha puc. 3 u300paxkeHbl MUKPOCTPYKTYpbl 00pasiioB cramu 40X mocne MA
(a), 93J1 yreponom (6) u A ¢ npenpinymum 1 mociexyroumm 93J1 yriaeponom,
coorBerctBeHHO (B) u (r), a B Tabm 1. mpeacraBieHO pacmpenerieHue
MHUKPOTBEPAOCTH TI0 TTTyOHHE CIIOS.

Ha Bcex wmukpodororpadusx dYerko mnpocMarpuBaercs «OeNblil», He
TOIAOIIUICS TPABJICHUIO OOBIYHBIMH PEaKTHBaMH cioi. Ero MHKpoTBepmocTbh
HanboJsiee BBICOKAs W B 3aBHCHMOCTH OT BHIA yMpodHEHHs konebnercst ot 7010
MIla nmpu HMA u DO3J1 yrmepomom mo 8250 m 11190 Mlla mpu HA,
COOTBETCTBEHHO, C MPEABIYINM 1 nocaeayomum O3J1 yriepoaom.
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B r
Puc. 3 — Ctpykrypa obpasuos cranu 40X mnocie:
a—UA; 6-030JI OI'-4; 8—30JI OI'-4+ UA; r— A + 23] OI'-4

Tabmuua 1 — IllepoxoBartocTh W paclpeelieHne MHUKPOTBEPIOCTH B

MOBEPXHOCTHOM ciioe ctany 40X 1nocie ynmpouHeHHs pa3JIMuHbIMH CIIOCODaMH

Bun MuxpoTseprocts, MIla (mar usmepenns ~ 30 Mkm) Ra,

YIPOYHECHUSA MKM

1 2 3 4 5 6 7 8 9 10

A 7010 | 5010 | 4800 | 4800 | 4800 | 4010 | 3700 | 3000 0,5

95JIrp 7010 | 5010 | 4010 | 3860 | 3100 0,8

O0JIrp+HUA | 8250 | 5490 | 5010 | 5010 | 4600 | 4410 | 4410 | 3580 | 3000 0,8

WNA+DDJIrp | 11190 | 5490 | 5220 | 4600 | 4410 | 4410 | 4230 | 3860 | 3700 | 3100 0,8

Hwmwxke pacnonaraercs mnepexonHas, AupQy3uoHHas 30Ha, C IUIABHO
CHIJKAIoUIeicss MHUKPOTBEPAOCTBIO, MepeXxolsmied B MHKPOTBEPAOCTh OCHOBBI
(3000-3100 MITa).

I'mybuna 30HBI TOBEIMIEHHON TBepmoctu npu IDJI yrimepomom cocraBiser
60-70 mxm nipu UA o 190 mxwm, a mpu UA ¢ npenpiaymum u nocieayromum D1
YIJIEpPOIOM, COOTBETCTBEHHO, 220 1 250 MKM.

BoiBoabI:

1. IpenmoxeH HOBBIA CHOCOO HUTPOIIEMEHTAIWH CTANBHBIX NeTajel, Korma
cTanbHYyI0 aetans moxsepratoT OJI yrmepomoM (TpadMTOBBIM 3JIEKTPOAOM) B
couerannu ¢ A, nipu atom MA ocymecTBisitor 10 wim mnociue oneparmu O3] B
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TEUEeHHE BPEMEHH, JOCTATOYHOrO JJIsi HACBHIIMCHUS METala a30TOM Ha TIyOuHY
30HBI TEPMHUYECKOTO BIIASHHUS.

2. Haubonblmas TONIIMHA W MHKPOTBEPAOCTh IOBEPXHOCTHOTO CJIOS
(OpPMHUPYIOTCSI TIPH HUTPOLIEMEHTAIIUH, OCYIIECTBIIAEMOI B MOCIEI0BATEIBHOCTH
HA + 331 yrnepono (rpadUTOBBIM 3JIEKTPOIOM).
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