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CHEHUDUKA ITPOLECCA PE3AHUSA MPAMOPA
PERLATO

Yposenv npumenenus npodykyuu usz mpamopa 6au3Ko C6A3aH ¢ KA4ecmeom 0Opabomiu, mo ecmv ¢ MOYHOCMbIO
pasmepos u xausecmea obpabamvigaemou nosepxHocmu. TexHonocuueckue OCHOBAHUS 0N PeHMAOENbHOU 00pabomKu
MPaAMOpa NOOPA3YMeBaIon 4emKoe NOHUMAHUE 83AUMOCEA3U, BOHUKAIOWE MeNCOYy aAOPA3USHBIM 3ePHOM U MAMePUaIom
mpamopa. B oannoil cmamve nokazawvl pesyibmamsl 6 00aacmu 06pA308aAHUSL CIMPYICKU NPU MUKDOPE3AHUU, d MAKHCce
aHanu3 UMEeHeHUsl Cuil pe3anusi U npopuis WaupoearbHozo Kpyea 6 PYHKYuu uMeHeHus d1eMeHmos obpabomxu npu
pesanuu mpamopa Perlato.

The level of application of marble products is closely connected to the quality of machining, that is measurement
accuracy and the quality of the machined surface. The technological basis for economic marble machining implies a
thorough understanding of the interaction which occurs between the abrasive grain an the marble material. The paper
presents the results in the area of filings which form during micro cutting, as well as the analysis of the change of cutting
force and the grinding wheel profile, relative to the change of machined elements, during Perlato marble cutting.

1. Beenenne

Mexanu3M 00pa3oBaHUs MHKpopebedoB npu HUIHOBAHUIO MpaMOpa — 3TO CIOXKHBII POLIECC, KOTOPBIH 3aBUCUT OT
MeXaHH3Ma OOpa30BaHUS CTPYKKH, METO/Aa NUIM(OBAHHS, KOJMYECTBA (UHCIIAa) W PACIONOXKCHUS aOpa3sUBHBIX 3€peH B
peXymieM cioe MOUIM(GOBATBHOTO KPyra, XapaKTePUCTHKHM HUIH(OBATBHOTO Kpyra, pekKuMa MOUIH(GOBAHHA, CHOCO0a
TIepe3aTodKHy | IIp.

Pazpymenue mpamopa mpu ero o6paboTKe MMeeT XPyNKHH XapakTep, TO €CTh XPYNKOe pa3pyIIeHHEe KPHCTAIbHBIX
(a3 ocylecTBISIETCS] pa3/ielIeHUeM 110 OTJEeNIbHBIM KpUCTaJUIOrpaguiecKuM HalpaBlIeHUsIM. B 3THX MaTepuanax Hajandue
tpemwwH QGriffitscha, yMmeHbIIarome CONPOTHBIEHHE B CpPaBHEHWM C TEOPETHYECKMM CONpOTHBIeHHeM. [lpenen
COIPOTHBIICHHSI XPYNKOrO TENA 3aBUCHT OT BEPOSTHOCTH HAIMYMS B HEM TPEIUMH, CIIOCOOCTBYIOLIIMX Pa3pyLICHUIO NP
OIIpe/IeNICHHON Harpy3Ke. Y OOJBLUIMHCTBA MPaMOPOB POJIb MUKPOCTPYKTYPHI 3aKII0YaeTCsl B OCHOBHOM Ha BIIMSIHUE CTETIEHU
ero mnopucroctu. IIpucyTcTByromME MOPHI YMEHBIIAIOT TOBEPXHOCTh IIONEPEYHOTO pa3pes3a CTPYKKH M SBISIOTCS
KOHLIEHTpAIe Harpys3Ku.

Crierin()UIHOCTH TEXHOJIOTUH OKOHYATEIBHOW 00paboTKH TpeOyeT XOpOoLIeTo 3HaHU BCEX XapaKTEPHCTHK Mpamopa,
HayaB C CTPYKTYPHO-TEKCTYPHBIX (KOHTHHYYM, TOMOTEHHOCTH, M30TOITHOCTB) 10 (H3MKO-MEXaHHIeCKUX (yIeNbHBIH Bec,
MIOPHUCTOCTh, BIAXXHOCTH, BOIONPOHUIIAEMOCTb, TBEPAOCTh, CONPOTHUBIICHHE, a0pa3MBHOCTh) W B KOHIIE IO MHHEPOJIOTO-
nerporpaduueckux (pa3mep 3epHa, BUI U COACP)KAHNE [[BETHBIX MHIPEAUCHTOB H IIP.).

V3BecTHO, YTO HHTEHCHUBHOCTh HM3HOCA (M3HAIUMBAHMS) HHCTPYMEHTOB CBsi3aHa C aOpa3MBHOCTBIO Mpamopa,
CKOPOCTBIO PE3aHUSI U COIPOTUBIICHUAMH (CHJIAMH) PE3aHusl.

2. MexaHu3M o0pa3oBaHus CTPYKKHU

O0pabotka muM(OBaHMEM BO3HHKAET 3a CUET CYMMHpPOBAHHUS JCHCTBUS KaXA0W aOpa3sWBHOW YaCTHIIBL,
MIPOSIBIIAIOIINXCST depe3 AedopManuio W paspymeHrne. MexaHm3sM MUKpopedopManul W MHUKPOPA3PYIICHUS B 30HE
00pabOTKH OTJIMYAIOTCSI OT MAapaMeTPOB (PeKUMa) 00pabOTKH M HEOJTHOPOIHOCTH 00pabaThIBAEMOro MaTepHaia.

MHorue uccieoBaTeNy CYUTAIN aHAJIOTHYHOH paboTy ajaMa3sHOro 3epHa B IUIM(OBAIBHOM KPyre M BBLIABICHHE
QJIMa3HBIM HHJICHTOPOM IIPH M3MEPeHHH TBepAoCTH. OUEeBHIHO, YTO KUHEMAaTHKA JIBIDKCHHS U CONPOTHBIICHHE JBIKCHUIO
3epHa 4epe3 MaTephal He COBNANaloT (HE COOTBETCTBYIOT), HO OHa OYEHb MHTEPECHA Ul PAacCMOTPEHMs, TaK Kak ee
NpUMEHEHHe - MPOCcTo. B 3aBUCHMOCTH OT pajfuyca CBA3KM BBICTYIUIEHHUs BEPIIMH WHAEHTOPAa M HArpy3Kd Ha HHAEHTOP
OIIpe/IeNACTCS MONe HANPSLKEHUsI, TAKUM CIOCOOOM, 4TO BO3MOXKHO 3aMETHTh MEPEXoi C XpynkocTd K ympyroctu. Ilpu
YBEIMYEHUH pagdyca 3aKpyTJIEHHOCTH BBICTYIUICHHS BEpIINH HHAEHTOPA, COCTOSHHE HAIpsDKeHHEe — aedopmManus
TIPEBBIIIACT ONpPEACICHHBI KPUTHIECKUI YPOBEHb B 30HE, TPAHUYHT C 3aKPYIJICHHOH (KPYTJOH) 30HOM KOHTaKTa M pacTeT
KOJIbIIe00pa3Hast TpeliHa, KOTOpasi pacIIupsieTcs BCEra B BUE KOHyca.

Bropas rpynma nccienoBareneil BBHIIONHSIIA NPOIECC MUKPOPE3AaHUs BBIACICHHBIM alIMa3HBIM 3€pHOM U IIPOIIECCHI
nUM(pOBaHUS Ha pA3NIMUHBIX MaTepuajiax, BKIIOYas MpaMop, HO JIUTEpaTypHble HMCTOYHHMKH IO THIoTe3aM o (aszax
00pa30BaHuUs CTPY)KKU OTIMYAIOTCS IPYT OT JPyra, JaKe OHM NPOTHBOPECUYHBEL

Pexxymast crnocoOHOCT  (BO3MOXKHOCTh) BBIAEIEHHOIO ajMa3HOTO 3€pHa B IMpoOLEcCce €ro JeHCTBUS Ha
o0pabaTeIBacMBblii MaTepual — MPaMOp ONPEAENAETCS NMPEXJE BCEro €ro (H3MKO-MEXaHUIECKUMH XapaKTEPHUCTHKAMH U
TEOMETPHYECKIMH IapaMeTPaMH, YCIOBHSAMH M CONPOTHBICHHEM CO CBA3KOH (€r0 NPHKPEIUICHHE B CBS3KE), a TaKKe
KMHEMAaTHYeCKUMH U TEPMOAMHAMHUYECKHMH YCIOBHSAMH, B KOTOPBIX NPOHCXOAUT pabora 3epHa. XapaKTepHCTHUKH
CONPOTHBIIEHHS 3€pHA, CONPOTHBIECHHE NEHCTBHIO CHJI M TEMIIEPAaTypHBIM IEHCTBUSM OOYCIIOBIMBAIOT 3HAYUTEIIHHBIC
pa3HHULBI B PEXYIIMX CHOCOOHOCTSX MHCTPYMEHTOB. BHJ aMasHBIX 3epeH BIUSET HAa OCHOBHBIC ITOKA3aTENH pEXyIueit
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CIOCOOHOCTH LIIM(OBAIBHOIO Kpyra: CTOHKOCTb, NPOM3BOJUTEIBHOCTh CHJIbI PE3aHMS, TeMIieparypy UIutMdOBaHUs,
COCTOSIHHE TTIOBEPXHOCTHOT'O CJIOS M T.I1.

B omIM4MM OT HMHCTPYMEHTOB C TI'EOMETPHYECKH ONPEICICHHBIMH DPEXYIIUMH HOBEPXHOCTSAMH (PEXYLIMMU
KPOMKaMH) y LUTH(OBaJIbHBIX KPYTOB T€OMETPHUS U BUA AIMa3HbIX 36PEH — CJIOKHA M HeompeesaeHHa. J{is aHann3a paboThl
TaKAM 3epHaM 3KCIIEPHMEHTAIIBHO ONPEACIISIOTCS pa3Mephl, BUJl U TEOMETPHs B LEISIX 3aMEHBI B OKOHYATEILHOM pacdeTe
TaKMUX HEOIPE/ICJCHHBIX 3¢PCH 3epPHAMH YKBUBAJICHTHOT'O BH/IA.

3. DkcnepuMeHT

OKCIEepPUMEHTHI 110 PE3aHHI0 BBIIOJNHIMCH Ha Mpamope Perlato, y KoToporo ciienyromue XapaKTepUCTHKH:
wiotHocts 2740 xr/m3, Bomomoriomenue 4.0 %, conporuBieHue Ha cxartve 163 Mmna, Young modul 72000 Mra,
compotuBieHue Ha u3rub 12.8 Mma, abpasusHoe conpoTusienue 32, conpotusienue Knoop 2001 Mmna.

B VYcnoBus 06pabotku: MHCTpyMEHT - AnMa3HbIi NUTH(OBAIBHBIN KPYT
z /ﬂ\ P — orpesHoif cermeHTHBI]IAIRSS 230x5x2.4x22.2 D426 M3 50, riy6una
! Ft pe3anns 1o 10 MM cKOpOCTB BpamieHus 24 M/C, CKOpPOCTh MPOAOJIFHOHN MOAa4YH

600 Mmm/MuH. YcnoBust 00pabOTKM BHUMATEIBHO BBIOMpAINCH, TaK KaK OHU
OoJIbIlIE BCETO HCIOJB3YIOTCS Ul JAHHOTO THIIA MpaMmopa. YBEIMYCHHEM
CKOpPOCTH TPOJOJbHON mopaun Oonee 600 MM/MHH OBLIO 3aMEYEHO OYCHBb
BBIPA3UTENNBHOE YXYy[IICHWE KadecTBa OOpa0OTaHHOW IOBEpXHOCTH, BCe
9KCHEPUMEHTBI HOBTOPSUIUCH TPH pa3a M Pe3yJIbTaTOM H3MEPEHHs BBIOPAHO
cpelHee 3HaueHHe.

JU1st n3MEpeHus CUJI MCIOJIb30BAJICS IBYXKOMIIOHCHTHBIH THHAMOMETP
Kistller 5007, akBusuimonnass kaptouka + 10V 105 kHz, xommbrorep,
nasepHslit Mukpockon LSM 510 ¢ Axioskop F32 mot cexueii (Carl Zeiss) .

Ha ocHOBaHMM TEOPETHYECKOTO pPACCMOTPEHMSI CHJI  PEe3aHus,
BO3MOJKHO Pa3JIOKHUTh PE3yJIbTHPYIOLIYIO CHILy PE3aHHUs HA COOTBETCTBYIOIHE
KOMIIOHEHTHI B OOJIbIIIC HAaIpaBieHHH, Kak IOKa3aHO Ha puc.l u morom
HaJIaJIUTh B3aUMO3aBUCUMOCTb MEX/y HUMH.

Ha puc. 2. mnoka3aHbl IIOJy4YCHHBIC pE3yJIbTaThl SKCHEPUMEHTOB
n3MeHeHus HopmanbHoi (Fz) u TanrenunansHo# cun (Fy), B 3aBUCHMOCTH OT

Puc. 1. Cxema cuJ1 pe3anusi W3MCHEHHUS TIyOMHBI pe3aHUsl U MPOU3BOIMTEIBHOCTH. biarogaps pHCyHKY
MOXKHO CHENAaTh BEIBOJ, YTO CHJIA PE3aHMsl M3MEHSETCS MOYTH II0 JIMHEHHON
3aBUCHMOCTH 1 YTO BO3pacTaHHE CHIIBI UyTh O0Jiee BBIPAXKEHHOE IIPHU IIyOHHax Oosiee 8 MM.
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Puc. 2. U3meHenue cuii B QyHKUUHU IJIyOUHBI (2) U TPOU3BOAUTENLHOCTH ()

AHaIM30M CIIE0B MHKPOpPE3aHUs Ha IOBEPXHOCTH
MpaMopa, BO3MOXHO, OIHCaTb MEXaHH3M 0Opa3oBaHUs Ductile mode
CTPYKKH:

IIpn ManeHpkuX rTyOMHAX pe3aHus BO3HUKAET CIE]] OT
QJIMa3HOTO 3€pHa, 00yCIIOBIMBAIONIETO MOSBICHUE YIPYTHX, d B $9s of marble
a MOTOM IUIACTHYECKHX Ae(OpMaIUii, CONPOBOKIAIOIINXCS /
HOSIBJICHUEM  OOKOBBIX, paJHalbHBIX W  IPOHHKAIOIINX
TPEIIUH MaJIeHbKOH HHTEHCUBHOCTH, pUC. 3.

Ilpu yBennueHUIO TIIyOUHBI PE3aHMS BbIICYKAa3aHHbIE
TPEIUHBl 3aTeM YBEIMYMBAIOTCSI M COEIUHSIOTCS, BBI3bIBAS

BBIKpammBaHue (oOimambpIBaHue) OOKOB  0OpaboTaHHOM Radial cracks -—j___...y

moBepxHOCTH. Ha  sToM  MecTe  MOXHO  3aMETHTh

BO3HUKHOBEHHE  BBIKpAIIMBAaHMS,  W3MENBUYEHHS  WIN

BBUIABIMBAHUS ~ LEJNBIX  3€peH  MpaMmMopa,  BEI3BIBas

HEepaBHOMEPHOE BBIKpAlllUBaHUE BJIOJIb KaHaa,

C(l)OpMI/IpOBaHHOFO OT aJIMa3HOI'0 3€pHa. Puc.3. Ilnactnyeckue Lled)opMamm H cJ1e] MUKpPOpe3aHus
IMox  oOpaboTaHHO#  HOBEPXHOCTBIO  OCTAIOTCS Ha Mpamope, X150

TPEIIUHBI, BO3HUKIIME HE TOJBKO B IPOLECCE CO3AaHUA
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MpaMmopa, a B Te4eHHE Ipolecca 00paboTKH, TAKUM 00pa3oM, YTO MOTYT 3HAUMTEJIBLHO MOBJIMATH HA CONPOTHBICHUE AAHHOM
4acTH. DTO yKa3bIBaeT Ha HEOOXOAMMOCTH CTPEMJICHHS K MMHMMHM3ALMU Pa3MEPOB TPELIMH, 00pa30BaBLIMXCS B TEYCHHE
mporecca 00pabOTKH, MOTOMY YTO TOTJA M CKalblBaHWE OJOKOB 0OpadaThiBaeMOro marepuana OyaeT yMEHBIICHHOTO
00BeMa, TO €CTh COOTBETCTBYIOIINE XapaKTEPUCTUKH KauecTBa 00pabaTbIBaeMON MOBEPXHOCTH HIDKE.

M3HOC MHCTPYMEHTOB BO3HMKAET BCIIEICTBHE M3HOCA aIMa3HBIX 3€PEH, UX BBHIKPAIIMBAHUS U CKAIBIBAHMS, @ TAKKE H
HM3HOCOM CBSI3KH, BO3HHKAIOIIEH ITOCIEACTBHEM B3aHMMOCBSI3M ¢ MpamopoM Perlato, uTo Bce BMecTe HPHBOIHUT K ITOTEpe
pexyiei ciocodHocTH. [locie BBINOIHEHHOTO pe3anus NITH(OBATBHBIN KPYT CHUMAJIH, IIOTOM €TI0 OYUCTHIIH OT CTPYXKKH U
3aTeM ero IOBEpXHOCTh CMOTpenu Imox MukpockoroMm (puc. 4.) IlonoxeHue anMasHBIX 3epeH Ha HOBEPXHOCTH
HIIM(OBATBHOTO KPYTa 10 Pa3IMYHOMY KOJIMUYECTBY CHATOTO MaTepuasa MoKa3aHa Ha PUC. 5 U HAOIIOJar0TCs
crenyromue crequdUUHOCTH: OTKpbiTHe 3epHa (A), Oombmie Bcero BbicTymaeT 3epHo (B), cpaBuennoe 3epro (C),
mukpoTpemunaa (D), makporpenmna (E) u ckansiBanue 3epHa (F). Ha pucyHke MoxxHO HaOmrogaTh JBa MecTa: MEpBOE, C
SICHO BBISIBIICHHBIM BO3HHKHOBEHHEM BBICTYIAIOIINX 3epeH npu o0paboTke Mpamopa Perlata, onpenenenHsIM BbIcOTOI hmax
U BTOPOE MPHUOTU3UTENBHO C TIOCTOSIHHOW BBICOTOM aiMa3HBIX 3€peH. B mepBoil 4YacTH MPOMCXOAUT BHIPAKCHHOE
BO300HOBIIEHHE 3epHA, BO BTOPOIl HaCTH SICHO BEIPaXKEH M3HOC — MOJIMPOBKA 3€PHA.
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Puc. 4. Chemka nopepxHocty mingoBaaIbHOro Kpyra Puc. 5. KpuBasi u3MeHeHHUs BbICTYIUIEHUS] BEPUIMH aJIMa3HbIX
3epeH Ha HLIM(oBaILHOM Kpyre

4. BoiBoJ

Pa3BuTHe ¥ BHEApPEHHE HOBBIX AIMa3HBIX MHCTPYMEHTOB IpH 00paboTKe Mpamopa MpeirojaraeT Xopouiee 3HaHHe
MPOLIECCOB, BO3HUKAIOLINX MIPHU B3aUMOCBSI3H a0pa3sBHOE 3€PHO — MPaMop.

Ha BeIOOp pekuma pe3aHHs W XapaKTEePUCTHK WHCTPYMEHTOB BO MHOTOM BIHSIOT (DU3UKO-MEXaHUYIECKUE
XapaKTEPUCTUKH MPaMopa, a MPEKAe BCETO a0pa3sUBHOCTD (COMPOTHBICHUE U3HOCY ), HETIOCPEICTBEHHO BIMSIONIAS HA U3HOC
HHCTPYMEHTOB. MEITKO3EpHHCTHIC M CPETHE3CPHHUCTHIC BUIBI CTPYKTYPHI MpaMopa 0oJiee MOAXOAAT Al 00paboTKH, TOTOMY
YTO TMOSIBJIEHHE BBIKPAILIUBAHUS Yy HHUX MEHbLIE BBIPaXKEHA, YeM Yy KPYHHO3EPHUCTBHIX CTPYKTyp. llpu MOBBILIEHHBIX
TEeMIIepaTypax MpaMop TePIUT MOTU(PHUKALUK, XUMHUUCCKHE MPE0oOPa30BaHUs U CTOPAHUE OTICIIbHBIX MHHEPaIoB. OCOOCHHO
HEOOXOJIMMO YUUTHIBATh BIUSHUC BIQKHOCTH HA YMEHBIIICHHE COMPOTUBIICHHUS MpamMopa.

[poBeneHHbIe UccenOBaHKsT 00SCICYHIIM YCTAHOBICHHE N3MEHEHUsI CHIIBI pe3anus B (GYHKUNH TTyOHHBI pe3aHus 1
KOJIMYECTBa CHATOro Marepuana y wmpamopa Perlito. HM3Hoc wnumdoBampHOro Kpyra, IOKa3aHHbBIA [OCPEICTBOM
XapaKTEPUCTUK MPOHICH, HAM TOBOPUT O MEXaHM3ME M3HOCA aIMa3HBIX 3€PEH U CBS3KH.
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