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MOJAEJIMPOBAHUE ITPONECCA MAI'HUTHO-ABPA3ZUBHOI'O
IHOJIMPOBAHMUA

Kyuepenko C.B., I'yceB B.B., (xagp MCull, /JonHTY, /loneyx, Yrpauna)

BBenenne. PaboTococoOHOCT, MHOTHX TBEPAOCIUIABHBIX M KEPAMHUYECKUX JeTaiei
U UHCTPYMEHTOB 3aBUCHT OT COCTOSIHHS MOBEPXHOCTHOTO CJIOSl, KOTOPHI B 3HAYUTEIHHOU
Mepe OmIpeleNsieT UX OHKCIUIyaTalMOHHBIE CBOMCTBA. /[l wu3nenuii M MHCTPYMEHTOB, K
KOTOPBIM TPEIbSIBISIOTCS TPEeOOBAaHHUS [OJITOBEYHOCTH M HAICKHOCTH, BaXKHBI TaKHe
XapaKTEePUCTUKUA MOBEPXHOCTH, KakK: KOI(PPUUUEHT TPEHUs, UIUTEIBHOCTh NMPUPAOOTKH,
M3HOCOCTOMKOCTh, Hajguuue JAe(EeKTOB B BUJEC MHUKPOTPEILMH, BHYTPEHHHE OCTATOYHBIC
HaIpPsDKEHUs, KOPPO3HOHHAs! CTOMKOCTb.

ViMeHHO Ha 3T mapaMeTpbl OOpaliaT 0co00e BHUMAaHHME HA MOCIETHHX CTaTUsIX
M3TOTOBJICHUSI MHCTPYMEHTA MPU (POPMHUPOBAHUU MHUKPOT€OMETPHH pabOuMX MOBEPXHOCTEH
AeTaneil M pexymero MHcTpymMenta. OJHUM M3 TaKUX MHCTPYMEHTOB SBISIETCS «BOJIOKA».
Ona npenHa3zHaveHa Uil BOJOYEHUS MPOBOJIOKH. K «BOJOKE» MPEeNbsIBISIOTCS BBHICOKHE 10
TOYHOCTH M TapaMeTpaMm Mukpopenbeda pabounx mnosepxHocterd (Ra=0,12 mxm).
OOecnieyuenne 3TOro  TpeOOBaHMS B  IMPOU3BOJACTBEHHBIX  YCIOBHSAX  BBIINOJHICTCS
MOJIUPOBAaHMEM Ha PY4YHOH ONEpaly C HCHOJb30BaHHWEM a0pa3uBHOW macThl. JlaHHAas
orepanusi TO3BOJIAET OOecleuYuTh HEeoOXOoauMble TpeOOBaHMSA IO IIEPOXOBATOCTH, HO B
MOBEPXHOCTHOM CJIO€ OCTAIOTCSl OCTaTOYHbIE HANPSHKEHMsS], YTO OTPULIATEIIBHO CKa3bIBACTCA
Ha JOJNTOBEYHOCTH paboThl MHCTpyMeHTa. Hamu mpeyiokeHa 3aMeHa Omeparuu
MOJIUPOBAHMS C MCIIOJb30BaHHEM aOpa3MBHON MacThl HA MarHUTO-aOpa3MBHOE MOJUPOBAHHE
(MAII).

MaruauTtHo-a0pasuBHOe modupoBaHue [1,2] sBisSeTCss OJHUM W3 TEPCHEKTHBHBIX
METOJI0B (PMHUIIHONW 00pabOTKU MHCTPYMEHTOB. CyIIHOCTh METO/A: MarHUTHO-aOpa3uBHbIN
MOPOLIOK pacHojaraeTcs MeXIy [OJIIOCaMH 3JIEKTPOMArHuTOB, CO3JaBas PEXYIIUN
MHCTPYMEHT B BHJIe cBOeoOpa3Hoi "monupyromeil merku'. [Ipu 1BHKEHUU 3arOTOBKH 4yepes
pabouyro 30HY MOPOIIOK OKa3bIBAaET JaBJICHUE HA JIETab B KaXKIOW TOUKE MOBEPXHOCTH, YTO
NPUBOAUT K CBhEMy MeTajlla M CIIaXWBAHUIO MUKpPOHEpPOBHOCTeH. B ponm cBs3ku
aOpa3uBHBIX 3€pPEH HCMOJb3yeTCs MAarHuTHOE Tojie, oOjajaroliee YHOPYrUMH CUJIaMU
BO3JICHCTBUSl HAa €AWHUYHBIE 3epHA. llpuyeM cTeneHb YNPYrocTH OSTOW CBSA3KHU JIETKO
peryaupyercss M3MEHEHHEM HaNpsDKEHHOCTH MAarHUTHOTO TI0Jis, oOecreuuBas pas3indHbIe
sTanbl  00paboTKM (d4epHOBOe, YHMCTOBOE mosmpoBanue). Tem cambiv MAII 3a cuer
M3MEHEHHsI HAalPSHKEHHOCTH MarHUTHOTO T10JISE MOYXKET 110 XapaKTePUCTUKaM MpUOINKAThCS K
nM(pOBaHNUIO CBOOOJHBIM  MJIM  CBSI3aHHBIM ~ a0Opa3uBOM, TMO3BOJISIS  HMCIIOJIb30BATh
IpeuMyIlecTBa NEpBOr0 WJIM BTOPOro B OAHOM paboueM Iukie. B oOmem ciaydae npu
MarHuTHO-aOpasuBHOW o0Opabotke (MAO) B KadecTBE WHCTPYMEHTAa HCIIOJB3YETCS
deppoadpasusHbiii nopoiiok (DPAII). BoibIIMHCTBO TEXHOJOTHYECKHX MpoieccoB MAO
peann3yercst ¢ UCIOJIb30BaHUEM CMa304YHO-oXIaxaaronmx xunkocreit (COX), cymecTBeHHO
NoBbIIIAONIMX 3()(PEeKTUBHOCTH 00pPaOOTKH.

OcHoBHasi yacTb. CTaOMIBHOCTh W HA/AEKHOCTb PabOTHl MAarHUTHO-aOpa3UBHOTO
000pyIOBaHUS 3aBHCAT OT NPABWIBHOIO pacyera HANPsSHKEHHOCTH MAarHUTHOTO IIOJIA.
[TosTomMy mccienyeM NpH KakKUX 3HAYEHUSAX BEIMYMHBI MAarHUTHOM MHAYKIUU BO3MOKEH
IpoLecC pa3pyLUIeHUs: MUKPOHEPOBHOCTEH IOJ| JAECHCTBHEM 3€peH abpa3uBHOTO IMOPOILKA.
s 3TOro HaM HEOOXOJUMO HAWTU 3aBUCHUMOCTh HEOOXOAMMOM CHIIBI pe3aHus, Ui
paspylleHUs] MUKPOHEPOBHOCTEH, OT BETMUHUHBI Bpe3aHHsl B 00pabaThIBaeMblii MaTepua.
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Jlis HaXoKJeHHsT HeoOXOAMMOM CHJIBI pe3aHus, ObUIO MPOM3BENEHO HCCIIEOBAHUE
HANPSDKEHHO-1e(hOPMUPOBAHHOTO COCTOSIHUSI 00pabaThIBaeMO MOBEPXHOCTHU MO ICHCTBUEM
3epHa B MarHuTHOM rmoje. Hamu Obuta mocTpoeHa Mojenb (pparmMeHTa CUCTEMBI 3€po -
IIOBEPXHOCTh C  HUCIOJb30BAaHUEM  BO3MOXHOCTEH METOAA KOHEUHBIX 3JIEMEHTOB,
peanusyemoro ¢ nomoibio nporpaMMmel ANSYS. bbeuia cocraBieHa mporpaMma Ha si3bIKe
APDL, xotopas MO3BOJII€T ONPEACIUTb pacHpeieieHUs Harpy30k U jedopmanuii B
IIOBEPXHOCTHOM CJIOE.

B kayecTBe HMCXOIHBIX MaHHBIX JJIS PpEIICHUs 3adayd ObLIM B3SATHI, CBOWCTBA
Mmarepuasia oOpadaTbIBacMOll MOBEPXHOCTH (KEpaMHKH) M YYT'YHHOTO 3epHa. Kak mokasadn
aHaJu3 JINTEPAaTypHbIX HUCTOYHUKOB, (opMy 3epHa MOXKHO paccMaTpuBaTh Kak
peanu3ainuio ciydyahHoW (yHKUMH, IpecTaBisionield co00i COBOKYNHOCTh CHHYCOUJ
pPa3IMYHBIX YacTOT CO CIy4YaWHBIMH aMIuiuTygamu u (aszamu. Bmecte ¢ Tem, mnpu
TEOPETUUYECKUX pacyerax, CIOXKHas reomeTpuueckas Gopma peanbHbIX aJIMa3HBIX 3€peH
3aMEHSETCS  YNPOIUEHHBIM TE€OMETPUYECKUM TEJIOM. IIapoM, MHPSIMOYIOJIbHBIM
napajuiesienune oM, MIWIMHAPOM. B kauecTtBe 3epHa OyaeM MCIOJIB30BATh CILIOUIHOM
map ¢ paguycoM paBHBIM CpEJHEMY 3HAuyE€HHUI0O pPa3MEpOB UYIyHHBIX 3€peH
ucnoyb3zyemelx npu MAO. Monenb B3aUMOJEHCTBUS 3€PHA C TPEYrOJIbHBIM 3JEMEHTOM
oOpabaTbiBaeMOl ~ TOBEpXHOCTH  IOKa3aHa  Ha
pucynkel.

Ha  pucynke 2 [I0OKa3aH  MOMEHT
CONPUKOCHOBEHUS  3epHa ¢  oOpabaTbiBaeMOi
MIOBEPXHOCTHIO, M3 PUCYHKA BUIHO pACIpPEAEICHHE
HanpspKeHU B 00pabaThiBaeMOil MOBEPXHOCTH TOJ
BO3JIeHicTBUEM 3epHA. [Ipu mponomkeHun ABUKEHUS
36pHa MOJ BO3ACHCTBMEM MAarHUTHOM CHJIBI IIO
oOpabaTbIBaeMO MOBEPXHOCTH MPOUCXOIUT CKOJ. B
IIPOLIECCE PELIEHUS KOHEYHO-DJIEMEHTHBIX 3ajay
olnpesensyiach CUila HeoOXoaumasi i pa3pylieHUs

Puc. 1. Mogens 3epHa u  SJIEMEHTa MOBEPXHOCTH MOA JeiicTBHeM 3epHa. [pu
00pabarbiBaeMOil  MOBEPXHOCTH  MOJICIMPOBAHMU MEHIACh BEJIMYMHA BPE3aHUS B
nocne pa3OMBKM Ha KoHeuHble  NpU3MYy. CKOpOCTh JBIKCHHs 3€pHA OCTaBajach
AJIEMEHTBI MOCTOSIHHOM 2Mm/c.

Heo0xo1uMyt0 HaM MarHUTHYIO
MHIYKIHIO JUISl CO3/1aHUsl 9TON CHJIBI MBI
MOYKEM paccYuTaTh Mo GopMylie IOJYyIEHHYIO
u3 ypaBHeHus: Makcpeia [3]
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MOBEPXHOCTH, M*, OIIpeIeNICHHAs U3 YCIOBUS,
YTO OHA PKBUIMCTAHTHA 00pabaThIBAEMOMY
Puc. 2. Dntopa HanpspkeHU B cucTeMe  U3JEIUIO,
3€pHO-MUKPOBBICTYII oOpabaTbiBacMOM o - MarHUTHAs IPOHUIIAEMOCTh
MIOBEPXHOCTH MaTepuana;
F- cuna HeoOxoaumas asst
OCYIIECTBIICHUS MPOLIEcCca PE3aHH.
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Ha pucynke 3 mokazana HeoOXoAMMass MarHWTHAas MHAYKLUUS UL OCYIIECTBIICHHS
mpolecca paspylieHUs BBICTYHAa MHUKpopenbeda o00paOaThIBaeMOi TMOBEPXHOCTH B
3aBHCUMOCTH OT BEJIMYMHBI IUIOIMIAJKH KOHTaKTa 3epHa ¢ Hel. C yBenMYEeHUEM IUIOIIAIN
KOHTAaKTa 3€pHa C MHUKPOHEPOBHOCTHIO HEOOXOIUMasl CUiIa Ha 3epHeE, a, CIEel0BaTelIbHO, U
BEJIMYMHA MarHUTHON MHIYKLIUU BO3PACTAET.
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Puc. 3. Tpapuk BimsHms Iomamd kKoHTakta S (M%)  sepua abpasuBa Ha
HEOOXOAMMYI0 MarHuTHYI0 UHIyKnuto B (Tin)

[TosToMy mpW NONMPOBAHMM YNAIAIOTCA HauOoJee BBICTYNAIONINE BEPIIMHEI
MHUKPOHEPOBHOCTEH, JJIsl yAAJCHUs KOTOPBIX HEOOXOIUMO 3HAYUTEIHHO MEHBIINE 3HAYCHUS
CWJI, TPHUKIAJBIBAEMBIX K 3€pHY. B pesyabTate 3TOro paauychl OKPYIJICHHS BEpLIUH
MUKpoHepoBHOcTeld npu MAO yBenuuuBarorca. B nanbHeiiem mnpouecc yAajaeHUs
MaTepuaia C IOBEPXHOCTH 3aroToBkH 3amersierca. KonrakrtupoBanuwe 3epen DAIL ¢
oOpabaTbiBaeMOil TOBEPXHOCTHIO MPUHUMAET XapakTep ympyroro aedopmupoBanus. Takum
o0Opa3oMm, B mpolecce OOpabOTKHM OIHM 3epHa OyIyT NPOU3BOAMUTH YIPYroe, a Jpyrue
IUIACTHYECKOE JIe(OPMHUPOBAHUE B COTIPOBOXKICHHH KMUKPO»- H «CYOMUKPOCKOONeHUs». [lis
uHTeHcupukauu mnporecca MAO He00X0IMMO HHTEHCU(UKAIMS MArHUTHOTO TOJIS.

BobiBoabl. B x011€¢ paGoThl MPOBEACHO MCCIEAOBAHUE HANPSDKEHHUN, BO3HUKAIOIIMX B
MUKpPOBBICTyIax oOpabaTsiBaeMoii moBepxHocTd moxa BoszzaeiictBuem DAIl mpu MAO.
CocraBnennas nporpamma B nakere ANSY'S no3BosisieT uccienoBarh npouecc NoIMpOBaHUs
C pa3JIMYHBIMU CBOICTBaMHU U KOH(pUTyparuei 06padaTbiBaeMON TOBEPXHOCTH.

Pe3ynpTaThl MCCNENOBAHMN TOKa3aiM, YTO pPa3pylIeHHME MHUKPOBBICTYIIOB Ha
NoBepxXHOCTH oOpabaTeiBaeMoii 3arotoBku moj aerictBueM PAIl mpu MAII mpoucxoaut
JMILb TPU ONPECTICHHBIX YCIOBUAX, KOTOPbIE ONPEENIOTCS BEJIMYMHON Bpe3aHus 3epHa B
00pabaThIBaEMyIO MOBEPXHOCTH (ILIONIA/IbI0 KOHTAKTA) U BEJIMYNHON MAarHUTHOM WHAYKIIUU
MPUIIOKEHHOM K HEMY.
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