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MATEMATHYECKAS MOJEJIb ®OPMUPOBAHWS PABOUYEH
IHOBEPXHOCTH KPYT'A 1PN HIVIM®OBAHUU

Hocenko B.A., ®enoroB E.B., lanninenxko M.B.
Boipkckuii mOMUTEXHUYSCKUH HHCTUTYT ((hritnan)
Bousrorpanckoro rocy1apcTBEHHOIO TEXHUUECKOTO YHUBEPCUTETA

The mathematical model of formation of a working surface of the abrasive
tool is developed at grinding taking into account probability of kinds of wear
process and use of the transitive probabilities defining dimensional deterioration
of grains. Tops of grains in the course of grind can be chopped off, pulled out and
used up that defines their dimensional deterioration. Techniques and algorithms of
calculation of distribution of grains, roughnesses of the processed surface, the
program of calculation for the computer are developed.

B ocHoBe ¢opmooOpazoBaHus npu HUTM(DOBAHUU JICKHUT TC€OMETPUUECKOE
KonupoBaHue Gpopmbl paboueill MOBEPXHOCTH abpa3suBHOTO WHCTpyMeHTa. Dopma
U pa3Mepsl eIMHUYHBIX PHUCOK, COCTABIAIOMINX 00pabaThIBaeMyr0 MOBEPXHOCTS,
HETIOCPEICTBEHHO CBsI3aHBI ¢ (DOPMOM M pazMepaMH PEKYIIUX JIEMEHTOB pabo-
Yeil MOBEPXHOCTH aOpa3wBHOrO MHCTpyMeHTa. OmpeeNieHHYI0 KOPPEKTHPOBKY,
MHOT/Ia BeCbMa CYIIECTBEHHYIO, BHOCST TaK Ha3bIBa€MbIe BTOPUYHBIC HIIM CMEXK-
HBIC MPOIIECCHI, K KOTOPHIM OTHOCST yIPYTHE U IJIacTUYeCKue AedopMaIiuu, TeM-
nepaTypHbIe BO3ICHCTBUS, yCTAJIOCTHBIC SIBJIICHUS U TIp. Eciin Bo B3auMoaeiicTBun
NPUHAMAIOT Y4acTHe OTHOCHTEIBHO HMHEPTHBIC Mapbl aOpa3wBHBIA MaTepHasl —
oOpabaTeiBaeMbBIii METas, YTO XapakTepHO, HAMpHUMEp, Ui IIITU(POBAHHUS 3aKa-
JICHHOHM CTalM KPyraMu W3 AJIEKTPOKOPYH/A, OBICTPOPEXKYIICH CTaIN KPyraMH U3
anp00pa U T. M., B 9TOM CJIy4ae ONpeaessiFouM (GakTopoM Mmpu GOPMUPOBAHUU
penbeda oOpabaThiBaeMOi MOBEPXHOCTH SIBIIsIETCS peibed pabouell MOBEpXHOCTU
abpa3MBHOTO MHCTPYMEHTA.

[TosTomy, uccnenoBanue penbeda paboueit moBepXHOCTH aOpa3WBHOTO WH-
CTpYMEHTa, 3aKOHOMEpHOCTeH ero (opMHpOBaHHS MU pa3padoTKa MaTeMaTHue-
CKUX MOJIEJICH, OTIMCHIBAIOIINX 3TOT PeNibe(), CANTACTCS] OJJHUM U3 MIPHOPUTETHBIX
HaIpaBlieHUH B HAyKe O MIITN(POBAHUH.

M3BecTHO 0OJIBIIIOE KOJIMUECTBO PadOT B 310 obnactu [1-7 u np.]. [IpakTu-
YEeCKH BCE MCCIIE0BATENH Mpoliecca NUM(OBaHUs B TON WM WHOW CTETICHH pac-
cMaTpuBaiIH penbed padoyeil MOBEpXHOCTH Kpyra WM €ro COCTAaBIISIIOIINE dIie-
MEHTHI.

dopmupoBaHue peibeda Ha MPOTSHKEHUH BCETO BpEMEHHU padOThl abpasuB-
HOTO MHCTPYMEHTA C yU4E€TOM BEPOATHOCTH B3aMMOJICHCTBHS 3€pEH Kpyra ¢ o0pa-
OaTbIBaEMBIM MaTE€pPUAIIOM, BEPOATHOCTH MPOTEKAHUS PA3TUYHBIX BUIOB H3HA-
[IMBAHUS M Pa3MEPHOTO U3HOCA BEPIINH 3€PEH, OMPENEIIEMOT0 ¢ HCIIOJIH30BAHM-
€M TIEPEXO/IHBIX BEPOATHOCTEH MpeacTaBiieHo B pabdore [3]. Baaumoseiictue 3e-
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peH ¢ o0pabaTbiBaeMbIM MaTepUaIOM PACCMATPUBAIN KaK MapKOBCKHI Mpolecc ¢
JTUCKPETHBIM BPEMEHEM U COCTOSIHHEM, a (popMHUpoBaHUE paboyeil MOBEPXHOCTU
MHCTPYMEHTA - KaK CYNEpHo3uLHrI0 Takux mnpoueccoB. GopmupoBanue pabdboueit
MOBEPXHOCTH MHCTPYMEHTA BKJIIOYAET B ce0s JABa OJTHOBPEMEHHO MPOTEKAIOIINX
JTamna. CKauKooOpa3HbIN MEepeXo BEPIIMH 3ePeH U3 COCTOSHUS I, TAe | — HOMEp
CJ10s1, B KOTOPOM BEPIIHMHBI HAXOIATCS B MOMEHT CONPUKOCHOBEHHS C METAIIJIIOM,
B COCTOSIHHE |, TIC ] — HOMEp CJI0s, B KOTOPBIN BEPIIMHBI TOMAIAI0T B PE3YJIbTATe
B3aMMOJICUCTBUS; CKAaUKOOOpa3HBI MEpexo]l BCeX BEPLIMH pPaccMaTpUBAEMOTO
ciost (KpoMe MepBOro) Ha HUKEJICKAIINM, T.6. YMCHBIICHUE PACCTOSIHUS OT BEp-
IIMH 3€pEH 10 HApYKHOW MOBEPXHOCTU MHCTPYMEHTA HA BEJIMUHUHY PAJAUAIBHOTO
M3HOCA KpyTa 3a OJIuH 000POT.

Marematudeckas MOJIeTb pacipeiesieHrs BEpIIMH 3€peH MO CIosiM pado-
4eil MoBepXHOCTH abpa3uBHOI0 MHCTPYMEHTA MOJIyYeHa B BUJIE BEKTOpa!

N(K)=n(K - 1{ P (K)B(K)Py(K)+C(K)P(K)|+Y (K)IY +

+ NN+M +K-1 “EN+M

rae N(K) u Nn(K-1) — BekTopbl (MaTpHUIla-CTPOKa) paclpeae/iCHUs] BEPIIHH
3epeH Ha K-oM u (K—1)-om obopotax kpyra; Px(K) u ¥(K) —MaTpHIIBI COOTBET-
CTBEHHO BEPOSITHOCTCH KOHTAKTa M OTCYTCTBHS KOHTaKTa BEPIIMH 3€PEH ¢ 00pa-
OatbiBacMbIM MaTepuanoM; B(K) u C(K) —MaTpuIsl BEpOSATHOCTECH W3HAIIMBAHUS
BEPIINH 3¢PCH B pe3ysibrate ckajbiBanus u uctupanus; Pp(K) u Pc(K) — matpu-
IbI TICPEXO/IHBIX BEPOSATHOCTEH U3MEHEHUS COCTOSIHUS BEPIIMH 3¢pEH B pe3yJibTa-
TE CKaJbIBaHUS W UCTHpaHHs; Y — MaTpUIla MEPEMEIICHUS BEPIIUH 3¢PEeH Ha HU-
KENeKAIIMN CIION MPH KaXKIOM 000pOTe KPYyra; Nn+m+k-1 — KOOPAMHATA BEKTOPA
HCXOJTHOT'O PACIIPEICIICHUS BEPIIMH 36PCH; E\+M — CIMHUYHBIA BEKTOp (MaTpuIia-
CTpOKa).

OnHUMU W3 JOMYIICHHUHA, MPUHATHIX B MPEIJIOKCHHOW MOJECIH, SBIISIOTCS
HOpPMaJIbHOE paclpeielicHHe PaaualibHOIO U3HOCA BEPIIMH 3€PEH B PE3yJbTaTe
CKaJIbIBAHUS, PABCHCTBO MAaKCHMAaJIbHON BEIMYMHBI CKAJIbIBAHHS (DAKTHUSCKOU
rIIyOMHE pe3aHus 3epHa.

JIist yTOUHEHMsI CIeIaHHBIX MPEIOI0KCHUN MTPOBECHBI CIICIIUATBHBIC JKC-
nepumenTsl. [Ilnudnopomok mapku 25A 3epaucroctu F60 3anensiBanu B onpas-
Ky Ha BEJIMYMHY PaBHYIO MPUOIU3UTEIHHO MOJOBHHE pa3Mepa 3epHa. Mukpora-
pamaHue 3aKaleHHOHN cTalib 45 OCYIIECTBIISIIM C MOCTOSHHO YBEINYHUBAOIICHCS
rIyOMHON pe3aHus. MOMEHT CKajblBaHUS (UKCUPOBAIM IO XapaKTEPHOMY
YMEHBIIICHHUIO JIMHBI PUCKH HAa (OHE 00IIero e€ yBeIMYCHUs WU TI0 MpeKpaile-
HUIO IapamnaHusi, KOTOPOE MOXET OBITh B PE3yJbTaTe BBIPHIBAHUS 3€pHA U3 OII-
PaBKH WJIM TIPU CKAJIBIBAHUU BEPIIMHBI HA BEJIUYMHY, TPEBBIIIAIONIYIO B JTaHHBIH
MOMEHT TJyOMHY pe3aHus. B mociieHeM ciydae yepe3 HEKOTOpOe Bpems Iiapa-
HaHUEe BO30OHOBIISIIOCH.

[Tocie 3TOro pacCUMUTHIBAIOT BEIMYMHY U3HOCA 3€PHA CKAJIBIBAHUEM 10

bopmyie:
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2 2
Dh = L b + DI ®¥ga
4D,

rae Lx — nnuna K-if pucku, Ha KOTOPOM MPOU30ILIO CKajJbIBaHUE; Lyt —
JUTMHA TTOCIIEIYIOIIEH ociie cKojia pucku; Dl — paccrosiHre Mex 1y puckamu; a -
yroJI HaKJIOHA MTOBEPXHOCTH o0pa3ua; D, — 5KBUBaNeHTHBIN JUaMeETp.

B xaxa0M onbITe pacuuThIBai N TIIyOMHY pe3aHus t, Ha KOTOPO MPOU30ILIO0
CKaJIbIBAaHUE, ¥ BEJIMUMHY paJHaibHOTO M3HOCA BepIIHHBI 3epHa Ah. McXomHbIM
napameTpoM s onpenenenus t u Ah ssisiercs nanmuHa napanuael. COOTBETCT-
BEHHO MOTPeInHOCTh onpereneHus t 1 Ah OyneT omnpenensiTbes MOrPEIIHOCTHIO
u3MepeHus L, 4ro B cBOIO ouepenb 3aBUCUT OT JIOCTOBEPHOCTH OMpEeNeICHUS
MOMEHTA BXOJla U BbIXOJa 3epHa. B pe3ynbrare cnenuaibHbIX UCCIEIOBAaHUN yC-
TaHOBJICHO, YTO JUIsI HICXOJHOM 1epoxoBaTocT noBepxHocTH Ry=0,1 MkM u npu-
HATOW HAMHM METOJIMKW WU3MEPEHUS IMOTPEITHOCTh M3MEPEHMs JIMHBI IaparvuHbl
He npesbimaer 0,07 mm. Toraa makcuManbHasi MOTPEIIHOCTh ONpPENENeHUs ITy-
OuHbI Hapanuubl He OyaeT npessimath 0,1 MM, paauanbHoro uznoca — 0,2 MKM.
breino ucneirano 50 3epeH, o6t 00beM BBIOOPKH U3MEPEHUN paguaibHOTO H3-
HOCa BEPIIMHBI 3¢peH CKajbiBaHueM cocTaBui cBbite 1200.

VY CTaHOBJIEHO, YTO pachpeqereHle paguajbHOr0 M3HOCA BEPIIMHBI 3€pHa
CKaJpIBaHUEM 0€3 ydeTa BIMSHHS TyOMHBI CKAJIbIBAaHUS ¢ HauOOJbIIEH BEpOsT-
HOCTBIO TIOJTYMHAETCS 3aKOHY BeliOyria.

JIs1 BBISICHEHUS! BIUSHUS TUIYOWHBI CKaJIbIBaHUS Ha BEJIMYMHY M3HOCA BCS
BbIOOpKa Obla pa3duTa HA TPYNIBI MO TNIyOMHAM CKalbIBAHMS C UHTEPBAJIOM 2
MKM. B pe3ynbraTte 00pabOTKH 3KCHEPUMEHTANIbHBIX JAHHBIX YCTAHOBJIEHO, YTO
pacnpeiefieHue U3HOCa CKaJbIBAHUEM IMOJIYYeHHBIX BHIOOPOK TaK e OMUCAHO 3a-
koHaMu BeitOymia, cpeansisi BeposiTHOCTh cornacoBanus okoio 0,95. Onpenene-
Hbl KOHCTaHThI 3aKOHA paclpeesieHusl U uX (PyHKIMOHANbHAS CBSA3b C IITyOMHOMN
CKaJIbIBAHMUSI.

C y4eToM HOBBIX 3aKOHOMEPHOCTEH pa3paboTaHa u peanu3oBaHa Ha [[D9BM
porpamMma-MeToJIuKa pacuera pejibeda Kpyra U mepoxoBaTOCTH 00paboTaHHOMN
MOBEPXHOCTH TpHU HUIM(GOBAHUU 3aKaJeHHBIX cTaneil. TeopeTnueckue IaHHbIE
COTIOCTABJICHBI C AKCHEPUMEHTAJIbHBIMH, TOJYYCHHBIMU JIPYTUMH aBTOPaMHU M
COOCTBEHHBIMU HCCIIEIOBaHUSIMHU. MakcumasabHasi OTHOCUTENbHAS MOrPEIIHOCTh
He npesbiaer 15 %.

Jlureparypa:
1. baiikanoB A.K. Bregenue B Teopuro numdoBanus marepuanoB — Kues:
HaykoBa qymka, 1978. — 207 c.
2. Hosocenos 10.K. [lunamuka popMooOpazoBaHus MoBepXHOCTEN Mpu abd-
pa3uBHOI 00paboTke. — CapatoB: U3n-Bo Capart. yn-ta, 1979. — 232 c.
3. Hocenko B. A IllnudoBaHue aare3smoHHO-aKTUBHBIX METaLIOB.— M.:
Mamunoctpoenue, 2000.— 262 c.

ﬂﬂcTPYTfﬂr



67

4. benxun E.A. Ctoxactuueckas Mojielb Ipoiiecca abpa3suBHON 00pabOTKH
/I CnipaBounuk. rxenepHsiii xkypHai. — 2004. — Ne3. C. 20-25.

5. bumytun C.I'. Maremaruueckoe mMojienupoBanre (HOPMUPOBAHUS MHK-
POHEPOBHOCTEHN MOBEPXHOCTU NMPHU HUIMPOBAHUU C YUETOM H3HAIIMBAHUS MHCT-
pymenta // TIpo0GaeMbl MaIIMHOCTPOSHUS U HaleKHOCTH MamuH. — Nel. — 2005.
— C 78-82.

6. KoznoB A. M. Omnpeznenenrie napameTpoB padbodeil moBepxHocTu adpa-
3MBHOTO MHCTPYMEHTa Ha OCHOBe MojenupoBanus // M3s. BY3oB. MammHo-
ctpoenune. — 2005. — Nel. — C. 52-56.

7. OcunoB A.Il. MonenupoBanue aOpa3suBHON MOBEPXHOCTU METOJIOM CY-

HEPIO3UIIMYA OTHOCUTEIBHBIX OMOPHBIX KpuBbIX // CrpaBoyHHK. VH)KEHEpHBI
xypHai. —2005. — Ne2. — C. 38-45.

ﬂﬂcTPYF!'Eﬂ'



