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BBenenne. Pa3paboTka HayKOEMKHMX PELICHMH B OOJACTH TEXHOJIOIMYECKOro oOecredeHHs CTaOMIbHOCTH
MOJTYYCHHUSI KauecTBa 00pabOTaHHOM MOBEPXHOCTH M PAbOTOCIIOCOOHOCTH PEKYIIEr0 MHCTPYMEHTA SIBISETCS CO-
BPEMEHHBIM HAIIPABJICHUEM MOBBIIECHUS Y()(YEKTUBHOCTH TEXHOJIOTUYECKUX MPOLIECCOB MEXaHUYECKOI 00pabOTKH.
Ocoboe 3HaueHHe JaHHas MpodiemMa MpuoOdpPeTaeT Ul IMPOU3BOJICTBEHHBIX CHCTEM, HCIONB3YIOMINX aBTOMATHU3H-
poBaHHOE 000py/ZOBaHHE, B YACTHOCTH, Juis U(poBbIX nmpousBoacTBeHHbIX cucteM (LITIC), T. e. oHa cBsi3aHa ¢
peanu3anueil KoHIenuun «uHIycTpus 4.0» B IpOMBIIIIEHHOCTH. HecTaOuIbpHOCTS mporiecca pe3aHus BbIpakaeTcst
B KOJICOaHHHU TeMIIePaTyPHO-CHIOBBIX XapaKTEPHUCTHK IPOIIECCOB CTPYKKOOOPA30BaHHUS U KOHTAKTHOTO B3aHMOJIeH-
CTBHS U IPOBOLIUPYET HEMOCTOSHCTBO MOJIy4aeMOTo KayecTBa 00pabOTaHHBIX IIOBEPXHOCTEH 1 paboTOCIIOCOOHOCTH
PEXKyILIEro HHCTPYMEHTA. AANITUBHOE YIPABICHHE IO3BOJACT HOBBLICUTH CTAOMIBHOCTD BBIXOJHBIX HMApaMETPOB
mporecca pe3aHus IpH KOJTeOaHUSIX COCTOSIHHUS TEXHOIOTMYECKoH cucTeMbl. Ha 0CHOBe HCIOIb30BaHUS BO3MOXK-
HOCTel coBpeMeHHOro obopynoBanus ¢ UITY npemaraercs aqanTuBHOE yIpaBIeHUE PEKUMaMU PE3aHUS C 1IEJIBI0
MOBBIIIEHHS 3()(HEKTUBHOCTH TEXHOJIOTMYECKHUX MTPOLIECCOB MeXaHn4Yeckoi 00padoTku. Llesnn padoThi: papaboTka
1 000CHOBaHME MATEMaTHYECKUX MOJIENIeH BIMSHMS PEKHUMOB U IapaMETpoB Ipolecca 00paboTku Ha (yHKIH-
OHAJIbHBIC U BHIXOAHBIC ITapaMEeTPhl TOUCHUS U (pe3epoBaHHUs AT TEXHOIOTHYECKOH IOATOTOBKH IPOH3BOACTBA
(TIIIT) m apantuBHOTO ymparieHus npoueccom pezanus B LIIIC. Mertogamu ucces1e10BaHus SBISIOTCS TUIAHUPO-
BaHUE MHOTOYPOBHEBBIX HOJHBIX (PaKTOPHBIX IKCIEPUMEHTOB C yIETOM aHAIN3a HanbojIee PacIpoCTPaHEHHBIX 00-
pabaTbIBaeMbIX ¥ HHCTPYMEHTAJIBHBIX MAaT€PUAIIOB, PEXKUMOB U YCIIOBUI 00pabOTKH NPH TOYEHUH U Gpe3epOBaHU
Ha crankax ¢ YIIY, craructuueckas oOpaboTka pe3yabTaToB SKCIEPUMEHTOB M PETrPECCHOHHBIN aHAIN3, aHAJIN3
Ppa3paboTaHHBIX MaTeMaTHYECKUX MOJIENEH ¢ MO3UINH TeopHH U (U3MIECKUX OCHOB IIporiecca pe3anus. Pesyabra-
ThI M 00cyskaenne. Ha ocHOBe mpoBeIeHHBIX YKCIEPUMEHTAIbHBIX HCCIICIOBAHUI, TOCTPOCHHS MaTeMaTHIECKHX
Mozienell ¥ aHallu3a MOTyYeHHBIX Pe3yIbTaToOB MOIyUeHBI pacueTHbIE (hOPMYIIBI UL ONpeeeHHs CpeHero apud-
METHYECKOTO OTKJIOHEHHUS MPOouiIs Ra U CpeIHEro 11ara HepoBHOCTEH npoduits Sm 00paboTaHHOM MOBEPXHOCTH,
MI0/1a4! ¥ CUJIBI Pe3aHHs IPH ToueHHHU U (ppesepoBanuu. [IpencraBnenHble MaTeMaTHUECKUE MOZICIIH OMHCHIBAIOT 3a-
KOHOMEpHOCTH (hopMUpPOBaHHs (PYHKIIMOHAIBHBIX U BBIXOIHBIX ITAPaMETPOB 00pabOTKU pe3aHueM U Mpe/iHa3Haye-
sl Juist TIIT u ast aanTHBHOTO yHpaBiIeHUs] COBPEMEHHBIM aBTOMATH3MPOBaHHbIM 000pynoBanuem ¢ UITY B LIIIC
JUIS MEXaHUYECKOW 00paboTKu. AHann3 pa3pabOTaHHBIX MAaTEMATUYECKUX MOJENIEH 0OHAPYKHUI 3aKOHOMEPHOCTH
(opMHpPOBaHHA MHKPOT€OMETPHH 00pabOTaHHOH MOBEPXHOCTH M CHJIBI Pe3aHMs, T.€. HArPy3KH HAa HHCTPYMEHT, C
MO3UIUK TEOPHU Pe3aHus U TeMIIepaTypHO-1e(pOPMALOHHBIX 3aKOHOMEPHOCTEH BBICOKOCKOPOCTHOTO IIACTHYE-
cKoro 1e(hOpMUpOBaAHUSL.
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Beenenne

Peanuzanus koHuenuuu «usayctpus 4.0» B
MIPOMBINICHHOCTH O3Ha4aeT BHeIpeHHe Iudpo-
BbIX mnpou3BoAcTBeHHBbIX cucteM (LIIIC), B koto-
PBIX TEXHOJIOTHYECKOe O00OpYIOBaHHWE M OCHAIIe-
HUE, MaTepHaIbl U U3JIEHS SBJSIOTCS aKTUBHBIMU
CHUCTEMHBIMU  KOMIIOHEHTAaMH, CaMOCTOSATEIbHO
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VIPABISIONMMA CBOMMH TEXHOJOTHYECKUMHU U
JIOTHCTUYECKUMH Tiporieccamu. [IpenmymecTBa oT
BHeApeHus: LIIC nomkHbl ObITH pealn30BaHbl Mpe-
KJEe BCET0 B MEXaHOOOpaOaThIBAIOIIEM MPOU3BO/I-
cree [1-3].

Pa3paboTka HaykOeMKHX pelIeHU B 00JacTh
TEXHOJIOTHYECKOTO oOecreueHnus CTaOMIbHOCTH
MOJIy4yeHHs] KaduecTBa 00pabOTaHHON MOBEPXHO-
CTH M PabOTOCTIOCOOHOCTH PEXKYIIEro HHCTPY-
MEHTa SBJISETCS COBPEMEHHBIM HANpPaBICHHEM
NOBBIIEHUS 3()(PEKTUBHOCTH TEXHOJIOTUYECKUX
MPOILIECCOB MeXaHW4Yeckoil oOpaborku. Ocoboe
3HaYeHWE MJaHHas npodiieMa mpuoOperaer s
MPOU3BOJICTBEHHBIX CHCTEM, MCIOJB3YIOINUX aB-
TOMAaTU3UPOBAHHOE O0OOpYIOBaHHE, B YaCTHO-
CTH, U1l TH(PPOBBIX MPOU3BOICTBEHHBIX CHCTEM
(LIIC).

HectabunbHOCTh Tpoliecca pe3anus BhIpaka-
eTCs B KOJICOAaHWHM TEeMIEepaTypHO-CHUIIOBBIX Xa-
PaKTEpUCTUK TMPOIECCOB CTPYKKOOOpa30BaHUS
¥ KOHTAaKTHOTO B3aWMOJICHCTBUS U MPOBOIHPYET
HEMOCTOSHCTBO MOJIy4YaeMoro kauectsa oOpabo-
TaHHBIX IOBEPXHOCTEH M paboTOCIOCOOHOCTH
pexyiiero nuuctpymenra. Cpeau paktopos, oka-
3BIBAIOIINX BIIMSHUE HA BO3MYIIEHUS CUCTEMBI,
OTMETHM CIIeyIOIIHe: HEMOCTOSHCTBO (DHU3UKO-
MEXaHMYECKUX CBOHCTB 00pabaTeiBaEMOTO Ma-
Tepuaja, HEMOCTOSHCTBO MPUIYCKa, KOJIeOaHUs
KECTKOCTU M TeMIeparypHble aedopManuu de-
MEHTOB TEXHOJOTHYECKOH CHCTEMBI, W3HAIIHNBA-
HUE PEXYIIEro HHCTPyMeHTa u 1p. [4, 5].

AanTUBHOE yIpaBiIeHUE MO3BOJISET TO-
BBICUTh CTAOMIJIBHOCTH BBIXOJHBIX IapamMeTpOB
nmporecca pe3aHus NpH KOJIEOAHUSX COCTOSHHUS
TeXHOJOTHUYeCKoM cuctembl [6—8]. Ha ocHoBe Hc-
MOJIb30BaHUSI BOBMOKHOCTEH COBPEeMEHHOTO 000-
pynoBanus ¢ UI1Y [9] npennaraercs ananTuBHOE
YIpaBJICHHE PEKUMAMU PE3aHHS C LEIbIO MMOBHI-
meHus 3(QQPEeKTUBHOCTH TEXHOJIOTHMYECKHUX IpO-
LIECCOB MEXaHUUY€eCKOil 00padoTKH.

[Ipeanaraemblii moaxoa [UIsl peajlu3aluu B
HIIC nns mexaHuueckord 00OpabOTKHU 3aKIIIOYAET-
Cs B CIEAYIOLIEM.

CoBpeMeHHOE MeTauiopexyiee obopyno-
Banue ¢ YIIY mnosBonsgeT mosiydarb JaHHBIE O
TEeKyIllel noTpediseMoil MOIIHOCTU TNPUBOJIOM
IJJaBHOTO JBWKCHHUS WJIH KPYTSAIIEM MOMEHTE,
OCYWIECTBJIATh MOHHUTOPHHT ¥ aBTOMAaTHYECKOE
yIpaBJICHHE HAa OCHOBE JIaHHBIX IO HArpy3Ke Ha
NpUBOJ. YKa3aHHBIE NapaMeTpbl HArpy3Kd He-
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MOCPECTBEHHO OMPENEIISIOTCS CUJIOW pe3aHus.
['maBHOM COCTaBIIAIONIEN CHIIBI PE3aHUS SBIISET-
Cs TaHTeHUHalbHas Pz. BenuunHa CUibl pe3aHus
ABysieTCsl QyHKIIMOHATbHOM, TUHAMUYHOM XapakK-
TEPUCTUKON  TemmeparypHo-ae(OopMaImOHHBIX
MIPOLECCOB CTPYKKOOOPa30BaHUS U KOHTAKTHOTO
B3aUMOJEHCTBUSA. ABTOMAaTH4YeCKas KOPPEKTH-
pOBKa PEXUMOB pe3aHMs, B YaCTHOCTHU IOJAAYU,
[0 3alpOrPaMMHUPOBAHHOMY aJrOpUTMYy BO Bpe-
Mst 0OpabOTKU B 3aBUCUMOCTHU OT U3MEHSIOIIEHCS
Harpy3kH Ha IpUBOJ CTAHKA MI03BOJISET NOBBICUTD
CTaOMIIBHOCTH TIpoIecca oOpa3oBaHus 00pabo-
TaHHBIX MMOBEPXHOCTENW U CTAOUIBHOCTH CTOMKO-
CTU pexyuiero MHcTpymeHTta. Takum oOpasom,
aJJaliTUBHOE YMpaBJICHUE MPOLECCOM pEe3aHUs
JUIl COBPEMEHHOI'O aBTOMAaTU3MPOBAHHOTO 000-
pynoBanus ¢ UITY ¢ nenpro nosydeHus 3aJaHHbIX
3HAYEHUHU BBIXOAHBIX ApaMeTpPOB 00pabOTKH I1e-
Jeco000pa3HO BBINOJIHATH 110 BEJIMYMHE CUJIBI pe-
3aHudA. B xauecTBe BBIXOJHBIX MMAapaMeTPOB MPO-
1ecca pesaHus, onpenensouux 3pPpeKTUBHOCTD
00paboTKH, MenecooOpa3sHO MPUHATH MIEPOXO-
BaTOCTh 00paOOTaHHOW TMOBEPXHOCTH M TIEPHOJ
paboTocnocoOHOCTH MHCTpyMeHTa. Kpome sToro
HEOOXOMMO YUYUTHIBATh (PU3UKO-MEXaHHUECKOE
COCTOSIHHUE NTOBEPXHOCTHOTO CJI0s JIeTanel, u3me-
HEHHOE B pe3yjbTare o0paboTKH.

Cospemennble cuctembl UIIY metamnopexy-
niero o0opynoBaHusi GyHKIMOHAIBHO MO3BOJISIIOT
BBIIIOJIHATH aJalTUBHOE yIpaBieHHe padboueil mo-
nadeid. OIHaKO Ha CEroiHSIIHUM A€Hb OTCYTCTBY-
10T KOMIUIEKCHBIE METOJUKH, MaTeMaThuyecKue
MOJIENIN U MPOrpaMMHBIE MPOAYKTHI YIPABICHUS
KaueCTBOM 00pabOTKU M CTOHKOCTHIO MHCTPYMEH-
Ta Ha OCHOBE yKa3aHHOro (yHKIuoOHana. Beimy-
CKaeMbl€ NMPOIYKThl B OCHOBHOM OTPaHUYUBAIOTCS
3alllUTON UHCTPYMEHTA OT MOJIOMKH, a YIPaBIIsIIO-
1iee BO3/CHCTBUE HEPEJIKO BBIPAXAETCs B Bblaue
MpeAypexAA0NIeEr0 COOOUIEHUsl sl orepaTopa
Ol mnu aBapuilHOW OCTAaHOBKE CTaHKa. TaKuM
o0pa3om, pa3paboTKa MPUHIIUIIOB U MaTeMaTH-
YECKUX MOZENEeH s aJanTUBHOIO YIPAaBICHMS
nporeccom pesanuss B LIIC sBnsiercss akTyanb-
HbIM Hay4HbIM HampasieHueM. llomaua sBisercs
1enaecoo0pa3HbIM Uil BIOOpa YNPaBISAIOMIUM I1a-
paMeTpoM, Tak Kak a/laliTUBHOE yIPaBJICHHUE M0J1a-
Yell TEXHUYECKH OCYIIECTBUMO Ha COBPEMEHHOM
CepHifHO BBITyCKaeMoM oOopymoBanuu ¢ YIIY;
Cpenu peXMMOB pe3aHHs Mojada MMeeT HauboIb-
1iee BIMSHHME Ha ILIEPOXOBATOCTh 00pabOTaHHOI



TECHNOLOGY

MOBEPXHOCTU U OKA3bIBAET CYIIECTBEHHOE BIIMS-
HUE HA CTOMKOCTh MHCTPYMEHTA.

B cBsi3u ¢ 3TUM 1LIeNb HAcTOsIIEH paboTHI 3a-
KJIFOUaeTCsl B pa3paboTke 1 000CHOBAaHUU MaTeMa-
TUYECKUX MOJEJIEH BIUSIHUS PEKUMOB U ITapaMeT-
poB mporecca 0OpabOTKH Ha (PYHKIIMOHAIBHBIC U
BBIXOJ/IHbIE MapaMeTpbl TOUEHUS U (ppe3epoBaHUs
JUISL TIOCJIETYIOUIEro NPUMEHEHUsl MPU TEXHOJO-
rudyeckol moaroroke mnpoussoactea (TIIII) u
aJaliTUBHOM YNPAaBIEHUU MPOLECCOM PE3AHMS
B LIIIC.

Jlnst 1OoCTHXKEHMsT yKa3aHHOW 11eIM HeoO0XOIu-
MO pPELIUTh cleAyolne 3aaadu. Bo-nepBeIX, BbI-
MOJTHUTH BBIOOP XapaKTEPUCTHK (DYHKIIMH OTKIIH-
Ka, a TaKXE€ PEKUMOB M YCJIOBHUM MEXaHUYECKOU
00pabOTKH, MHCTPYMEHTAIIBHBIX B 00pabarkiBac-
MBIX MaTE€pHUajIoB, BHICTYIAIOIINUX B KaU€CTBE BIIU-
sromux (GpakTopoB. Bo-BTOPHIX, OCYIIECTBUTH ILIa-
HUPOBAaHUE, BHINOJIHUTH MHOTOYPOBHEBBIE MIOJIHbIE
(aKTOpHBIE SKCIIEPUMEHTBI U MPOBECTU CTATUCTH-
YECKYy10 00pabOTKy UX PE3YJIBTATOB C MOTYUYCHHUEM
MaTeMaTHYEeCKUX Mojele. B-TpeTbux, nposectu
aHaJMU3 MOJYYEHHBIX MaTeMaTH4YEeCKUX 3aBUCUMO-
CTel C MO3UIUHU TeMIEpaTypHO-Ae(HOpMalIMOHHBIX
3aKOHOMEPHOCTEH Mpolecca pe3aHusl.

MeToanka muccjie1oBaHui

B xauectBe XapakTepuUCTUKH (PYHKIIMH OTKJIU-
Ka mpu 00paboTKe B Marepuanax JaHHOTO UCCIe-
JIOBaHUSl BBICTYNAIOT CpeAHee apuMeTHYecKoe
OTKJIOHEeHHE npoduiist Ra, MKM, CpEIHHI mIar He-
poBHOCTEl mpodwns Sm, MM, U Harpy3ka Ha pe-
KYIIUNA UHCTPYMEHT, KOTOpasi BBIpAXKaeTcs uepes
cuiy pe3anus Pz, H.

CornacHo NMPUHATHIM METOJIMKAM Ha3HAUCHHS
PEKMMOB pe3aHusi Ha OCHOBE CIIPAaBOYHO-HOpMa-
TUBHOU nuTepaTypsl [10—16] rmyOuna pe3anus ¢
JUTSL TIPEIBAPUTEIHLHOTO TOUCHUS U (ppe3epoBaHUs
ObLIa MPUHSTA PABHOUW 2 MM, JJIsl YUCTOBOTO TOYE-
Hus U ¢ppezepoBanus — 0,5 M.

B xadectBe oOpabaThiBaeMbIX MaTepHaIOB
PacCMOTPEHbl KOHCTPYKIIMOHHBIE YTIIEPOJIUCTHIE
U JIeTUpOBaHHbIE CTajdu — rpynmna «P» cormacHo
MexayHapoaHomy cranjaapty ISO u koppo3uoH-
HO-CTOMKHe — Tpymnmna «My», kak HamboJsee pac-
IPOCTpPaHEHHbIE B MallMHOCTpoeHuu. [lns mo-
CTPOCHUS MaTEMATUYECKUX MOJICJIC B HACTOSIIEH
pabote B posu (hakTopa, OmpeeTIOIEro CBOMCTBA
00pabarpiBaeMOTO MaTepuala, OKa3bIBaIOIIETO
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3HAYUTEIFHOE BIUSHUE Ha TeMIIepaTypHO-aedop-
MAaI[MOHHBIE XapaKTePUCTHKH, (DYHKITHOHATIBHBIC U
BBIXOJIHbIE MTapaMeTphl Mpolecca pe3aHus, a Tak-
K€ IIHUPOKO HCIIOJIb3YEMOTrO B MPOU3BOACTBEHHOMN
MpaKTHKe, MPUHATA TBEpAOCTh, HV.

B kauecTBe THUIOBOrO NpPENCTABUTENS KOH-
CTPYKLIMOHHBIX YIJIEPOAUCTBIX W JIETHPOBAHHBIX
ctajneil ucnonp3oBanach ctainb 40X 'OCT 4543—
2016, a KOpPpO3MOHHO-CTOMKHUX CTajieil — cTajib
20X13 I'OCT 5949-2018. [lnsa 3agay MHOTOYpPOB-
HEBOI'O MOJHOro (h)aKTOPHOTO HKCIEPUMEHTa Ha
OCHOBE aHaJIM3a KOHCTPYKTOPCKOM JOKYMEHTALUH
ObUTH OTpenesieHbl Hanbojee pacrnpoCcTpaHEeHHBIE
MEXaHU4EeCKHUE CBOICTBA, IPEABBISIEMbIE K €Ta-
aaMm u3 cranu 40X u 20X13. Ha ocHOBe JaHHOTO
aHanu3a ObUIM HAa3HAUEHbl PEXKUMBI TEPMUUECKOM
00pabOTKH TIPU MPOBEICHUU SKCIIEPUMEHTOB IS
TpeX ypOBHEH BapbUpOBaHHS (DaKTOpa TBEPAOCTH
00pabarpiBaeMOT0 MaTepuarna.

Bre160p reoMeTpuu M KOHCTPYKIHU PEXYIIETO
MHCTPYMEHTAa TAKK€ OCYIIECTBIISUICS HCXOIs U3
CIPaBOYHO-HOPMATUBHBIX PEKOMEHIallUi 1 Ha OC-
HOBE IPOU3BOJICTBEHHOW IMPAKTUKU MeXaHOooOpa-
0aTHIBAIOIINX YYaCTKOB.

HaunbGonee yHuBepcalbHbIMU CMEHHBIMU MHO-
rorpanHbiMu actuHamu (CMII) st TokapHo#
o0Opabotku ¢ UIIY sBusoTCS NIacTUHB poMOU-
gyeckoi Gpopmsl ¢ yriiom nipu BepmuHe 80°, popma
«C» cornacuo ISO 1832—-1991. Haubonee mmupoko
MIPUMEHSAEMBIMU IIPU YUCTOBOM M IOJYYHUCTOBOU
ToKapHOI 00padotke siBnsroTcss CMII ¢ = 0,8 mm.
Takum 006pa3oM, Ha OCHOBE MTPOBEICHHOTO AHAJIH-
3a Opun HazHaueHnsl CMII reomerpun u pasmepa
CNMG 120408 cornacuo ISO 1832-1991.

Bonee yacTo mpuMeHsIeMbIM H YHUBEPCATbHBIM
MHCTPYMEHTOM i Pppe3epHoit o6padoTku ¢ UITY
SBIISIIOTCS KOHIIEBBIE (PE3bI, MO3BOJSIONIUE BBI-
MIOJTHSITH OTIEPAIlMU TOPIIEBOTO (ppe3epoBaHms, 00-
paboOTKM yCTYNOB, OTBEPCTHI M Ia30B, MPOQUIIb-
HOTO W TUTyHXepHoro ¢pe3epoBanus u ap. [16]
B kauecTBe THIIOBOrO MpEeACTaBUTENS JAHHOIO
BHJa MHCTPYMEHTA OBUTM NMPUMEHEHBI KOHIIEBBIC
¢bpe3bl ¢ NUIMHAPUIECKUM XBOCTOBHKOM, OCHA-
uieHubie TBepaocmiaBubiMu CMII. Kopmyce dpe-
31 — ST20-FCM20093-110, nuamerp pexyuien
gactu — 20 mm («Big Daishoway, Anonwus) [15].
B kadecTBe TMMOBOI omeparuu OblIa Ha3HAYCHA
00paboTKa MI0CKOCTH (IIOJIKH yCTYyIa) TOPLIOM HH-
CTPYMEHTA TIPU MOIYTHOM aCHMMETPUYHOM (pe-
3epoBaHuU. lcronb30BaiuCch TBEPIOCIIABHbBIE
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CMII r = 0,4 MM, Kak Haubonee yHHUBEpPCAIbHBIC
JUTSL 9UCTOBOM W TIONYYHCTOBOM (hpe3epHON 00pa-
OOTKH.

B kauecTBe (akropa, Ompenensionero CBou-
CTBa HWHCTPYMEHTAJIBHOTO MaTrepuajia, OKa3bl-
BAIOIIETO 3HAUMUTEIbHOE BIUSHUE HA TEMIIe-
parypHo-1edopmManuoHHbIe XapaKTePHUCTHKH,
(GYHKIIMOHATBHBIE U BBIXOAHBIE MTapaMeTPhI MPo-
necca pesaHusi, a Takke JOCTYNMHOTO M3 cIpa-
BOYHO-HOPMAaTUBHOW JUTEPATyphl WU U3 pas3pa-
OOTaHHBIX NPAKTUYECKUX pexomeHganu [17],
NPHUHSATA TEIJIOMPOBOAHOCTH A, BT/M - K.

Hcxonss M3 pa3inMyYHBIX TEIUIONPOBOIHOCTEN
WHCTPYMEHTAJIBHBIX MaTepuajoB, BHUAOB 00-
paboTKH, a TaKke NPUMEHSIEMBIX HHCTPYyMEH-
TOB Tpu 00pabOTKe paccMaTpUBAEMbIX TPy
cTajeil Ha3HA4YeHBI CIEAYIOIIHE BHUABI TBEPABIX
caBoB [17]. [ns TokapHO# 00pabOTKHM KOH-
CTPYKIIMOHHBIX YTJIEPOIUCTBIX U JIETUPOBAHHBIX
cranei (rpynna «P») — tBepaocmiaBusie CMII
¢ CVD-nokpeituem NC3215, TBepaocmiaBHbIe
CMII 6e3 mokpeiTus HOl u OGe3BosnbdpamoBsie
TBeprocmuiaBubie (kepmeTsl) CMIT Ge3 mokpbI-
st — CN2500 nns npeaBapUTEeIbHOTO TOYEHUS
n CN1500 nnst uucrtoBoro touenus. s Tokap-
HOM 00pabOTKM KOPPO3MOHHO-CTOMKHUX CTa-
neit (rpynma «M») — tBepaocmiaBasie CMII ¢
CVD-nokpeituem NC5330, TBepaocCIIaBHbIE
CMII 6e3 mokpeiTus HOl u OGe3BosnbdpamoBbie
TBepaocruiaBHbie (kepmeThl) CMIT 6e3 mokpbI-
st — CN2500 mist mpeaBapuTEIbHOTO TOYEHUS U
CN1500 nns yuctoBoro ToueHus (Bce «Korloy»,
1O. Kopes) [14]. dns dpe3epHoii 0OpaboTKHU cTa-
ned rpynn «P» u «M» ucnonb3oBaauch TBEPAO-
crmaBHele CMII ¢ PVD-nokpeituem ACP 200,
ACP 300 m ACZ350S (Bce «Big Daishoway
(«Sumitomoy), Anonus) [15].

JunanazoHbl BapbUpOBaHHS (HAKTOPOB CKOPO-
CTH pe3aHus M MONAYM ISl PEABAPUTEIbHON H
YUCTOBONW 00pabOTKM YyCTaHABIMBAIHCH COTJAC-
HO TPHUHATHIM METOAMKAM Ha3HAUYCHHS PEKHMOB
pe3aHuss Ha OCHOBE CHPaBOYHO-HOPMATHUBHOM
muteparypsl [10—16]. O6paboTka BBINOTHSIACH
6e3 COTC, Ttouenue — Ha tokapHom OIl ¢ UITY
moxa. SL-40L, ¢pesepoBanre — Ha TOPU3OHTAITh-
HOM CBepIMIbHO-ppe3epHo-pactounom OIL[ ¢
UITY mox. EC-1600 (Bce «Haas Automationy,
CLIA).

[TocTpoeHne MareMaTHYeCKUX MOJENEH BBI-
MOJIHAJIOCh MCXOJSl U3 PE3yJbTaTOB MHOTOYPOB-
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HEBBIX TIOJNHBIX (PAKTOPHBIX OSKCIEPUMEHTOB.
MuHuMaIbHBIHE 00BEM CTAaTHUCTUYECKOW BBIOOD-
KU, Ha OCHOBAHUH KOTOPOU OCYIIECTBISIIIOCH MO-
JIEJIUPOBAHUE, ONPENEIISIICS 110 3aBUCUMOCTH

koo = 3" =3% =81, (1)

rie Ky, — MHHHMAJTbHO HEOOXOIMMOE U JI0CTa-

TOYHOE KOJMYECTBO HE3aBHUCUMBIX KOMOWHAIMI
OTIBITOB MPHU MOJTHOM (PAKTOPHOM IKCIIEPUMEHTE;
1 — KOTU4YeCcTBO (haKTOPOB.

[Ipu ucciaenoBaHUSX BBITIOIHAIOCH MOCTPOE-
HUE U MOoCeyIolee CPaBHEHNE MAaTEMaTHYeCKUX
MOJIETICH CIACTYIONINX CTICITUPUKALINI: TUHCHHOH,
CTEMEeHHON M TMOKa3aTelbHOW Kak Haumboliee 4a-
cTO paccmaTpuBaeMbiX. OlleHKa CTaTUCTUYECKOM
3HQUUMOCTU M OTpE/eNICHUE CTENEHU BIUSHUS
o0cyxaaeMbIX (PaKTOPOB BBHIMTOIHSIUCH C TTOMO-
mpto Kputepust Crprogenta. OleHka ajeKkBaT-
HOCTH TOCTPOEHHBIX MOJieNiei BBIMOJHSIIACH IO
BenuunHe kpurepus Oumepa. CpeaHsis OTHOCH-
TeNlbHasl MOTPENTHOCTh (PacXOKJIeHHEe 3HAUYCHUH
cpeaHero apumMeTHuyecKkoro OTKIOHEHUs nMpodu-
15 Ra, cpeHero mara HepoBHOCTeH npoduis Sm
U CHIIBI pe3aHus Pz, paCCYUTaHHBIX MO MOJENH U
MOJIYYEHHBIX OMBITHBIM ITyTEM) CTETIEHHBIX MOJIe-
neil He mpesblmaeT 16,6 %, 4TO yaoBIETBOpSET
TpeOOBaHUSAM MPAKTUKU MEXaHUYECKOU 00paboT-
k. CpaBHEHHE TOJNYYEHHBIX MAaTeMaTH4eCKUX
Mojiesieil MyTeM OIIEHKH IMOTPEeIIHOCTH OOHapy-
KUJIO TIPEANOYTEHUE MOJIeNiel CTENEHHOTO BUA.

Ha ocHoBe pa3pabGoTaHHBIX MoJenen s
OTpeNeNIeHUs] CpeaHero apuMeTuuyeckoro oT-
KJIOHEeHUs mpoduias Ra U cpeaHero mara He-
poBHOCTEH mpoduiist Sm, UCXON U3 PEKUMOB U
yclioBuii 00paboTKH, pemieHa u oOpaTHas 3ama-
ya. BpIBeeHbl MaTeMaTH4YeCKHUE 3aBUCHMOCTHU
IUISL ONpeiesieHUsl BEeJIUYUHBI moaaun S s o0e-
CIEYEHHUs IIepOXOBATOCTU 00paboTaHHOI TO-
BEpXHOCTH (MO mapameTpy Ra unu Sm), 3aaaH-
HOW TEXHUUYECKHMU YCIOBUSIMHU HA U3TOTOBICHHE
JeTalH.

Jns  ynoOcTBa UCMOJB30BaHUS — MOJENeEH,
YIPOIIEHUSI BBIYUCICHUN MPU TEXHOJOTHUECKOMN
MOATOTOBKE MPOU3BOJCTBA U JIs 3a]a4 aJanTHB-
HOTO YyMpaBJeHUS aBTOMaTU3UPOBAHHBIM 000pY-
nosaHueM ¢ UIIY oHM BeIpakeHbI B BUJE pacyer-
HBIX (GOPMYI, KOTOpBIe TPUBEICHBI B Ta0. 1 1 2.

3aBUCUMOCTH PEKOMEHJIYIOTCS JJIsl PEKUMOB
1 yclioBuii 00pabOTKH, MPUBEJACHHBIX B Ta0M. 3.
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Taonumoa 1
Table 1
Pacuernbie popmyant aias TIII u atanTuBHOrO ynpapjieHUus: TOKapHOii U (pe3epHoii 06padoTKoii neTanei
U3 KOHCTPYKIIMOHHBIX YIJIEPOIUCTHIX U JIETUPOBAHHBIX CcTaJ€l
Calculation formulas for TPP and adaptive control of turning and milling of parts made of carbon
and alloyed steels

P i H
Bun 06pabotku AcHeTHbII Pacuernas ¢popmyna OMep
rnapamerp opmyssl
Touenne
Ra, MEM Ra = 130’ 7S1’18V_0’097L0’02HV_0’36 (2)
118
Ra
Sy MM/00 S, = [130 7,-0:09; 0,02 1y,-0.36 j 3)
0,940,014 —0,06 0,15
[IpensapurensHOE Stm, MM Sm = 0,575V THY “)
1/0,94
Sm
S_, MM/06 S, = [ 0,575,001, 0.0671/015 J )
Pz, H Pz =16501,75" 727017 0:006py 012 (6)
Ra, MKM Ra =4520,95"98,70:32), 031y ! (7)
1/1,08
Ra
S, MM/00 S, = [4520’ 3,03, 03Ty J (8)
YucroBoe Sm, MM Sm =1,655%87,70:13) 011y ~0.03 )
1/0,87
Sm
S, MM/00 S, = (l 650-0137, 011y 003 j (10)
Pz, H Pz =1227438,35%22y7125), 002y ~0:004 (11
®dpesepoBaHue
Ra, MKM Ra =7,138%8)7021), 039y ~0.06 (12)
1
Ra 0.8
Sz, MM/3y0 Sz = [7 13y-0:219, 039 f1/-0.06 J (13)
IpenBaputenbHOE Sm, MM Sm = 5,9687"83,0:13) 7026y ~0.14 (14)
1/0,85
Sm
Sz, MM/3y0 Sz = [ 506,013,026 014 J (15)
Pz, H Pz =4316,882%2y 013 00 gy ! (16)
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OkoHyaHue Tabn 1

End table 1
Pacuernbiii Howmep
Bun o6pabotku Pacuernas dpopmyna
napamerp (hopmymbl
Ra, MKM Ra =11,4457%8%,701) 009y -0.02 (17)
R 1/0,84
a
Sz, MM/3y0 Sz = (1 Ly 0,0 [y 002 ] (18)
UucroBoe Sm, MM Sm =0,2785z%90:04), 02y 052 (19)
S 10,9
m
Sz, MM/3y0 Sz = (O 2700y 029 7y0.52 j (20)
Pz,H Pz =10658,68""v )19 gy 2 e2))
Tabnuma 2
Table 2

Pacuernsbie ¢popmyast gist TIIHI u axanTuBHOTO ynpapjieHusi TOKAPHOH U (pe3epHoil 00padoTKoi AeTaseil

U3 KOPPO3HMOHHO-CTOMKHNX CTasIei

Calculation formulas for TPP and adaptive control of turning and milling of parts made of stainless steels

P i H
Buna o6pabotku acueTHbIH Pacuernas ¢popmyna OMep
rnapameTp thopmybt
Touenne
Ra, MkM Ra =24,95"00 00Ty 02! (22)
R 11,15
a
S, MM/00 S, = (24’ 55T 0Ty 07 ] (23)
IIpeBapuTeIbHOE Sm, MM Sm = 0,765"58y7 001003 gy 0 (24)
Sm 0.88
S, MM/00 So = [O, 76y 0013 0.03f1y/0.1 J (25)
Pz, H Pz =134662,55%7y7037), 002y 0-04 (26)
Ra, MkM Ra =20, 45"4y70:02) 001y 0,04 (27)
L
Yucrosoe S, MM/00 - Ra b4 28
0 So = (20’ 4y 0:023 0,01 y/-0.04 ] (28)
Sm, MM Sm =1,165%1y7 004 01y —0.04 (29)
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OkoHyaHue T1ab0m 2

End table 2
Pacuernblii Homep
Bun 06paboTku PacueTtnas ¢popmymna
napaMmerp (bopmymsl
S 1/0,91
m
S, MM/006 So = (1,16\/‘0’047»0’1HV_0’04 J (30)
Pz, H Pz =1884646,95%14y 7113, 001 gy ~0.24 (31)
®dpesepoBaHue
Ra, MkM Ra =5,587%31y70:05), 033 gy ~043 (32)
R 1/0,51
a
Sz, MM/3y0 Sz = [ 5,5y~0.05) 03y 08 j (33)
[IpexBapuTenbHOE Sm, Mm Sm =32,5687"0400. 01Ty 10! (34)
g 1/1,04
m
Sz, MM/3y0 Sz = [32’ 56,001 0.77 [y ~L01 ] (35
Pz, H Pz =9891,157%1%70:22) 0-04 gy 0.03 (36)
Ra, MkM Ra = 4,752%7270:02) 018y ~0.13 37)
1
Sz, MM/3y6 - Ra o 38
> MM/BY Sz= [ 4,7y 002 018y 013 ] (38)
Yucrosoe Sm, MM Sm = 14,72.52408,7032), 017y 012 (39)
g 1/1,08
m
Sz, MM/3y0 Sz = [1 e J (40)
Pz, H Pz =36536,287"22)70:5%) 004y 003 (41)
Taonuma 3
Table 3

Pe:xuMbl U yCJIOBUSI MeXaHUYECKOH 00padoTKH, 1J151 KOTOPBIX pa3padoTaHbl pacueTHbIe GOPMYJIbI

Modes and conditions of machining which for the calculation formulas are developed

Bux 06paboTku ®daxkTop | Juanazon ®daxkrtop | Huanazon | HV obpaborka
(TiryOuHa pe3anus) Touenne ®dpesepoBaHne MaTtepuana
S, MM/00 0,3...0,5 Sz, MM/3y0 0,09...0,15
Hpensapuresyias v, M/MuH 60...120 v, M/MUH 60...120
(=2 mm) Cranb 40X
kHHCTp, Bt/™m - K 11...51 }\'HHCTp’ Bt/m - K 37,155,3 HB 230-370
S, Mm/06 0,08...0,25 Sz, MM/3y6 0,06...0,12 | Cram 20X13
HB 190-300
Hucrosaz v, M/MuH 100...200 v, M/MuH 100...200
(t=0,5 mm)
Mperpy BT/M - K 11...51 Mperp BT/M - K 37,1...553
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Pe3yabTaThl U X 00CYy:KIEeHUE

AHanu3, BBINOJHEHHBIN C MO3ULMK Temmepa-
TYpHO-/1e(hOpMaIIMOHHBIX OCHOB MPOLIECCA PE3aHUSL
[18], mo3BodMI CHOPMYIUPOBATH CIIEAYIOIINE 3a-
KOHOMEPHOCTH M3MEHEHHUS IIepOXOBaToCcTH 0Opa-
OOTaHHOW MOBEPXHOCTH U CHJIBI pe3aHus, T. €. Ha-
Ipy3KU Ha PEXKYLIHI HHCTPYMEHT.

3HayeHust KOYPPUIMEHTOB PErpeccuy MaTeMa-
TUYECKUX MOZENeH Ui ONpPENeICHUs BETUYHHbI
CpenHero apu(pMETUYECKOTO OTKIOHEHHS MPOoQu-
751 Ra anst peBapuTeNIbHOTO U YUCTOBOTO TOUCHUS
u (hpe3epoBaHus IEMOHCTPUPYIOT, 4YTO HAUOOIbIIICE
BIMAHUE HAa (POPMHUPOBAHHUE HIEPOXOBATOCTU 0Opa-
00TaHHOM MOBEPXHOCTH OKAa3bIBAET BEJIMYMHA IIO-
nmauu (eMm. dpopmynsl (2), (7), (12), (17), (22), (27),
(32), (37)). C yBenmnueHueM nogayu 1epoxoBaToCTh
pacTeT, 4To coriacyercs C MpeCTaBICHUIMU O Ieo-
METpUYECKHX (akTopax (popMuUpOBaHHSI MUKPOHE-
poBHOCTEN 00paboTaHHOil moBepxHocTH [12, 19].

[Tpy TOueHMM H3MEHEHHE CKOPOCTH pEe3aHus
UMEeT HEOIMHAKOBOE BIMSHUE B 3aBUCUMOCTU OT
BHJIa 0OpabaThiBaeMOro Marepuana. Tak, Mpu TO-
YEHWU THUIIOBOTO MPEICTABUTENS KOHCTPYKIIHOH-
HBIX YIJIEPOAUCTHIX U JISTHPOBAHHBIX CTaJeH — CTa-
a1 40X ¢ yBEeIMYEHUEM CKOPOCTH PE3aHUsl UMEET
MECTO CHIDKEHHE ILIEePOXOBAaTOCTH 00pabOTaHHOM
noBepxHocTH (Kodddurmentsr perpeccun —0,09 u
—0,32 s npeaBapuTebHOTO M YUCTOBOTO TOYE-
HUSI COOTBETCTBEHHO B Qopmynax (2), (7)). Jannas
TEH/ICHIUSI OOBSACHSIETCS YBEIMYCHHEM CKOPOCTH
nedopMaluu M TEMIIepaTypbl B 30HE PE3aHUA U
COOTBETCTBEHHO OOJIETYEHUEM MepeMeIleHHUs] Me-
TaJjla B KOHTAKTHOM 30HE U YIyYIlIEHUEM YCIOBUH
dbopmupoBanus 06paboTaHHOM ToBepxHOCTH. [Ipn
ATOM CJIEAYeT OTMETHTb, YTO JJISi YUCTOBOTO TOUE-
HUS BIUSIHUE CKOPOCTH pE3aHHs MOYTH B YETHIPE
pasa BbIIlIE, YeM IS IIPEIBAPUTEIBHOTO (CM. 3Haue-
HUS KO3((PUIIMEHTOB Perpeccun). ITo 0ObICHICTCS
YBEJIMYEHUEM BIMSHUSA TEIUIOPU3NYECKHX aCIeK-
TOB (opmMupoBaHHs 00pabOTaAaHHOW MOBEPXHOCTH
npu HebonbmMX TIyOuHax pes3anus (¢ = 0,5Mm)
10 CPaBHEHHUIO C TNPEBATUPOBAHUEM T'€OMETpHYE-
CKUX (aKTOpOB IPU MPEIBAPUTEIBHON 00pabOTKe
(t=2 mm).

M3MeHeHne TemIoNnpoBOJHOCTH HHCTPYMEH-
TaJbHOTO MaTepHaja TakKe MMEEeT HEOJIMHAKOBOE
BJIMSIHUE B 3aBUCUMOCTHU OT BHJa oOpalaTbiBacMo-
ro Marepuaia Ha TOKapHbIX omnepauusax. [Ipu Toue-
HUM THUIIOBOTO MPEACTABUTENS KOHCTPYKIMOHHBIX
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YIIEPOAUCTHIX U JIETHPOBAaHHBIX CTajeil — crainu
40X ¢ yBeJIMYEHUEM TEIJIONPOBOJHOCTH HHCTPY-
MEHTAJIbHOTO MaTepHuana BeluyuHa Ra pacTteT
(cm. dopmymel (2), (7)). [anHoe siBieHHE 00BsC-
HSIETCSl YBETTMUEHHEM MHTEHCHBHOCTHU CTOKA Terlia
U3 30HBI pe3aHMsl MPH yBEJIUYCHUH TEIUIOMPOBOI-
HOCTH HMHCTpyMeHTa. BcnencTBue 3Toro cormacHo
TeMIepaTypHO-1e(OPMAIUOHHBIM ~ 3aKOHOMEPHO-
CTSIM KOHTAKTHOTO B3aUMOJECIHCTBHS, ONUCAHHBIM
B pabote [18], uMeeT MecTO yBEeTUYCHHE ydacTKa
MJIACTUYECKOTO KOHTAKTa 30HbI KOHTAKTHBIX IJia-
ctuueckux aedopmanmii (KII/I), yBenumuenue cumn
pe3aHus U yXyallleHue yclIoBuil popMupoBaHUs 00-
paboTtanHoi moBepxHOCTU. [Ipu 3TOM aHaTOrHYHO
(bakTopy CKOPOCTH pe3aHUs IPU YNCTOBOM TOUCHHUH
BJIMSIHUE TEIUIOMPOBOIHOCTH HHCTPYMEHTAIBHOTO
MaTepuaia moyTd B 16 pasa Bbllle, 4YeM Ui Mpe.-
BapUTEIHHOTO TOYCHHUS.

C yBennueHueM TBEpAOCTH 00pabaThIBAEMOro
MaTepuaa Ipy TOYeHUH U (ppe3epoBaHUM 3HAUCHUE
cpenHero apu(pMeTHyecKoro OTKJIOHEHUS TPOPUIIs
camxkaetcs (cMm. popmyansr (2), (7), (22), (27)), uaro
COITIACYeTCsl ¢ UMEIOLIUMHUCS NPECTABICHUIMU 00
obOpabotke pezannem ([12, 13, 18, 20] u np.) 1 00b-
SCHAETCA CTabuiIn3aluel JIMHUU pasliena, yMEHb-
IIEHHEM 30HbI Ouara paspylieHusi Mpu OTACICHUU
CTPY’KKH U COOTBETCTBYIOIIUM U3MEHEHHEM XapaK-
Tepa MPOLECCOB KOHTAKTHOTO B3aWMOJICHCTBUS B
30He pe3anus. [Ipu 5TOM U3 MOTyYEeHHBIX MaTeMa-
TUYECKUX MOJENeH Al TOKapHOi 00paboTKu ciie-
JyeT, 4TO BIUSHUE TBEPAOCTU 00pabaThiBa€MOro
MaTepuana Ha 3Hau€HUE MIEpOXOBaTOCTU 00pabdo-
TaHHOM MOBEPXHOCTH SIBIISIETCS BTOPHIM IO BEJIH-
YHHE [OCJIE BIUSHUS MOAAYH.

W3meHeHue CKOpOCTH pe3aHus ¥ TEIJIOMPOBO/I-
HOCTHM HMHCTPYMEHTaJIbHOTO Marepuajia Ipu To-
YEeHUU KOPPO3MOHHO-CTOWKHUX CTajedl OKa3bIBaeT
BIIUSIHUE HA BEJIMYUHY CPEAHEro apupMeTuyecKo-
ro oTkioHeHus npoduns Ra, 00yCI0BICHHOE 0CO-
OeHHOCTSIMU 00pabOTKHU pe3aHHeM JIaHHBIX MaTe-
pHUajoB.

[Ipu Touenun cranu 20X13 Ha npeaBapUTEb-
HBIX PeKUMaX MPH YBEIUUCHUH CKOPOCTH PE3aHUS
MMeeT MECTO yBEJIMYEHHE IIEePOXOBATOCTU o0pa-
0oTaHHOW TOBEPXHOCTH (KOAP(DHUIIMEHT perpec-
cuu +0,15 B dpopmyne (22)). Kpome sToro yBemnu-
YeHUE TEIJIOMPOBOJHOCTH HMHCTPYMEHTAIBLHOTO
MaTepHaia MPUBOAUT K YMEHBIICHUIO BEJIMYMUHBI
napameTpa Ra (ko3¢ dunuent perpeccun —0,07 B

bopmyne (22)).
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Jlanubie siBneHUs OOBSCHSAIOTCS Teraopuznye-
CKUMHU 0COOEHHOCTSIMU 00pabOTKH pe3aHueM KOp-
pO3UOHHO-CTOMKMX cTajieit [18, 21]. Bo-nepBbix,
ne3BuiiHasg oOpaboTKa JaHHBIX MaTepuaoB Xa-
paKTepU3yeTCsl BHICOKOYACTOTHOM LIMKINYHOCTHIO,
T.6. HEYCTOMYMBOCTHIO Mpolecca CTPYKKooOpa-
30BaHUSI M KOHTAKTHOTO IUIaCTHYECKOro nedop-
MUPOBaHUSI B IIHUPOKOM JHANa3oHE CKOPOCTEil,
YTO HETAaTUBHO CKa3bIBaeTCs Ha (OPMUPOBAHUU
MUKpPOTeOMeTpun 00pabOTaHHOW TMOBEPXHOCTH.
H3menenune QakTopoB mpolecca TOUEHHUS, BbI-
3bIBAIOIEE POCT TEMIEpaTypbl B 30HE pe3aHus,
CIOCOOCTBYET POCTY YaCTOThI LUKIUYHOCTH. Bo-
BTOPBIX, B MPOTHBOMOJIOXKHOCTh KOHCTPYKIIMOH-
HBIM YTJIIEPOAUCTHIM M JIETUPOBAHHBIM CTaJIsIM C
POCTOM TeMIeparypbl TEIIONPOBOJHOCTh KOPPO-
3MOHHO-CTOMKHUX CTajel pacTteT. B cBsi3u ¢ 3TUM
IpU pOCTE TEMIIepaTyphbl pe3aHusi CTOK TEIIOThI
u3 30Hbl KIIJ] B oOpabarsiBaeMbIii MaTepuan WH-
TEHCUDUIUPYETCSA, YTO CHOCOOCTBYET YBeIHYe-
HUIO Y4acTKa IJIaCTUYECKOro KoHTakra 30Hbl KI1/]
U YXYIIICHHUIO YCIOBHHA (opmMupoBaHus 00pabdo-
TaHHOU MOBEPXHOCTH.

[To mpuuymHEe OMHCAHHBIX OCOOEHHOCTEH MpHU
IpeIBapUTEIbHON TOKapHOW 00paboTke, Koraa
UMEIOT MECTO OOJbIlIME CEUeHHUsl cpesa, yBelauye-
HUE CKOPOCTH pe3aHHsl COCOOCTBYET CYIIECTBEH-
HOMY YBEIHMYECHHUIO O0bEeMa TEIIOBBIICICHHUS B
30HE pe3aHusi U Pa3BUTHIO OMUCAHHBIX BBIIIE Me-
XaHU3MOB. YBEJIMUEHHUE TEIIONPOBOJHOCTH WH-
CTPYMEHTAJILHOTO MaTrepuaia coieicTByeT Oolee
MHTEHCUBHOMY OTBOJY TEIUIa B T€JI0 MHCTPYMEHTa
U 00paTHOMY BIMSHHMIO Ha Pa3BUTHE OMUCAHHBIX
BBIIIIE TPOIIECCOB IO CPAaBHEHHUIO CO CKOPOCTHIO
peszanus. Poct TemsoBblAeneHuss MpH yBeIude-
HUU CKOPOCTH pe3aHHsi UMeeT Oolibliiee BIUSHUE,
YeM HM3MEHEHHE TEeIUIOMPOBOIHOCTH MHCTPYMEHTA
(cm. 3HaveHHS KOX(PPUIIUEHTOB perpeccuu B (op-
Mmyse (22)). JlaHHble acrieKThl 0O0yCIIOBIMBAIOT Be-
JUYMHBI U 3HAKU KO3()(PUIIMEHTOB perpeccuu Iuist
(bakTOPOB CKOPOCTH pe3aHMsI U TETIONPOBOTHOCTH
WHCTPYMEHTAJIBHOTO MaTepuaiia B popmyse (22).

[Tpu Touennu ctanm 20X 13 Ha YUCTOBBIX PEKHU-
Max B CBSI3M C OTHOCUTEIBHO HEOOJIBIINM CEUCHUEM
cpe3a U3MEHEeHHE MOUTHOCTH UCTOUHHUKA TeTjia OKa-
3bIBaeT MeHbllee BausHue. [losToMy npu yBenuye-
HUU CKOPOCTH pE3aHusi YMEHBIIAeTcs IIepOXOBa-
TOCTh 00pabOTaHHOW MOBEPXHOCTH (KOIPPHUIIUEHT
perpeccunn —0,02 B dopmyne (27)). Ilpu yBennu-
YEHUH TEeIUIONPOBOJHOCTH HMHCTPYMEHTAIbHOTO
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MaTepuaia MPOUCXOIUT HE3HAYUTENIbHOE YBeIrue-
HUE BeIW4yuHbl mapamerpa Ra (koddduimeHT pe-
rpeccuu 0,01 B popmyne (27)). Ciienyer OTMETHUTS,
YTO MPU YUCTOBOM TOUEHUU KOPPO3MOHHO-CTOMKOMN
CTanu M3MeHeHue (aKkTOPOB CKOPOCTU pe3aHUs U
TEIUIONPOBOIHOCTH HMHCTPYMEHTa OKa3bIBaeT He-
3HAYUTETILHOE BIUSHUE.

Bnusinue (hakTopoB CKOPOCTH pe3aHHs, TEILI0-
MIPOBOIHOCTH HMHCTPYMEHTAJIBHOTO M TBEPAOCTH
o0OpabaTbpiBaeMOro Marepuaia Ha BEIUYHHY CpPEl-
Hero apu(pMeTH4YecKoro OTKJIOHEHHUs npoduis Ra
nmpu ¢pe3epHoil 00pabOTKE XapaKTEPH3yeTCs HX
O0COOCHHOCTSIMHU.

B cBsi3u ¢ KpaTKOBPEMEHHOCTBHIO HAXOXKICHUS
3yba (pe3bl B mpoliecce MOBTOPSIOUIUXCS aKTOB
OTAENICHUSI CTPYKKH, [0 CPAaBHEHUIO C YCTAaHOBHB-
IIUMCSI PE3aHUEM TIPU OAHOJIE3BUHHOMN (TOKAPHOM)
00paboTKe, BIUAHNUE BHICOKOYACTOTHOM IUKINYHO-
CTH CTPY>KKOOOpa3oBaHHs Mpu 00paboTKe KOPPO3H-
OHHO-CTOMKHUX cTajeil nmpu (pe3epoBaHUH OKa3bl-
BaeT MEHbIIIEE BIUSHUE HA KaY€CTBO MOBEPXHOCTH,
YeM MPU TOUCHUU. YBEIMUYEHUE CKOPOCTU PEe3aHUs
P MIPEIBAPUTEIHLHOM M YHCTOBOM (pe3epOBaHUU
KOHCTPYKIIMOHHBIX YITIEPOJUCTBIX U JIETUPOBaH-
HBIX CTaJIE U KOPPO3MOHHO-CTOMKHUX CTaleil Cro-
CcOOCTBYET CHI)KCHHIO BETMYHMHBI Ra (CM. (hOpMYJIIbI
(12), (17), (32), (37)). YkazanHoe BIHsIHHE O0Yy-
CIIOBJICHO YBEJIMUYEHHEM CKOpOCTH Jedopmanuu u
TEMIIEpaTyphl B 30HE PE3aHUs U COOTBETCTBEHHO
oOyeryeHreM NepeMenieHus] MeTayla B KOHTaKT-
HOM 30HE M yIy4lIeHHEM YCIIOBUH (OPMHUPOBAHUS
00pabOTaHHOW MTOBEPXHOCTH.

[Ipu mHOTONE3BUIHONW 00pabOTKE C yBEIMYe-
HUEM  TEIUIONPOBOJHOCTH  HMHCTPYMEHTAIbHOTO
MaTepuaia BeIMYMHA CPEIHEro apu(pMeTHYeCcKOro
oTKIoHeHus npoduiis pacrer (cMm. dopmynsl (12),
(17), (32), (37)). Kak omucano panee, mogoOHOE
BJIMSIHUE TEIUIONPOBOJHOCTH HHCTPYMEHTAIBHOTO
MaTepuaia CBSI3aHO C YBEJIMUYEHHUEM HHTEHCHBHO-
CTH CTOKa TeIlIa U3 30Hbl PE3aHus IPU YBEIUYCHUH
TEIUIONPOBOIHOCTH HWHCTpyMeHTa. B pesynbrare
3TOTO COMIACHO TeMIepaTypHO-aehOpMaluOHHBIM
3aKOHOMEPHOCTSAM KOHTAaKTHOTO B3aWMOJICHCTBUS,
onucaHHeiM B [18], MMeeT MecTO yBEIWYEHUE
y4acTKa IjIacTuyeckoro konrakra 30Hb1 KIIJI, yBe-
JUYEHUE CUJI PE3aHUs U yXyAllleHUe yclnoBuil ¢hop-
MHUpOBaHUs 00pabOTaHHOW MOBEPXHOCTHU. AHAIHU3
MaTeMaTU4YEeCKUX MOJAENeH A OmNpeiesieHus: Be-
TUIuHBl Ra ipu ¢pe3epHoil 00paboTke TOBOPUT O
TOM, YTO TEIJIONPOBOJHOCTh MHCTPYMEHTAIBHOTO
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MaTepuaia OKa3blBaeT BTOPOE MO 3HAYMMOCTHU BIIU-
SIHHE TI0CJIE€ BEJIMUMHBI [10J1aUH.

CrnenyeT OTMETUTh, YTO MPU YUCTOBON MHOTO-
Ne3BUHHON 00paboTke BiMsHUE (AKTOPOB CKOPO-
CTH pe3aHusl, TEeIJIONPOBOAHOCTH UHCTPYMEHTAIIb-
HOTO U TBEPJOCTH 00pabaThiBa€MOro Marepuasia Ha
BEJIMUMHY CPEHET0 apu(hMETUIECKOTO OTKIOHEHUS
npoduias moytu B 2,5 pasa HUXKE, YeM IpH Mpel-
BapUTEIbHOM (Ppe3epoBaHUM (CM. 3HAYEHUS KOA(-
¢bunuenToB perpeccun B popmynax (12), (17), (32),
(37)). D10 OOBsICHSIETCS MEHBIIIUM CEYCHHEM Cpe3a,
MIPUXOASILErocs Ha O/IMH 3y0 (pe3bl, IPU YUCTOBOM
00paboTKe, ", CIeIOBATEIHHO, YMEHBIIICHUEM POJIH
(bakTOpOB, ONpeAESIONINX YPOBEHb HANpPsHKEHU B
30HE pe3aHus (TBEPIOCTbH), MHTEHCUBHOCThH TEILIO-
BbIJIEJIEHUS (CKOPOCTh PE3aHusl) U XapakTep Terio-
pacripeniesieHust (TeTIONPOBOAHOCTh UHCTPYMEHTA).

OTHOCHUTENBHO MIATOBBIX MapaMeTPOB LIEPOXO-
BaTOCTH, K KOTOPHIM OTHOCHUTCSI CPEIHHII I1ar He-
poBHOCTel mpoduis Sm, npu 1e3BUHHON 00padoT-
KE& OHM OTPEJCISIIOTCS B OCHOBHOM mopadeit [12].
DTHM 00BSCHAETCSI OCHOBHOE BIUSHUE (paKTOPa MMO-
JIauy 110 CPAaBHEHUIO C MEHBIINM BIUSIHUEM OCTaJlb-
HBIX (DAKTOPOB B MOJTYUYEHHBIX MaTEMaTHUECKUX MO-
JIeJSIX JI7IS1 OIpeIeIeHNs BEJIUMUMHBI TapaMmerpa Sm
JUIsL TOUueHUs! U (Gpe3epoBaHUsl KOHCTPYKIIMOHHBIX
YIJIEPOIUCTBIX U JIETUPOBAHHBIX M KOPPO3HOHHO-
cTorkux crajueil (cm. hopmynsl (4), (9), (14), (19),
(24), (29), (34), (39)).

Pa3paboTanHble MareMaTHYeCKHE MOIENN IS
onpeseNieHUus] BEJIMYUHBI CWIIbl pe3aHus Pz mpu
TOYEHUH U (pe3epOBaHUU OTPAKAIOT CIEAYIOLIUE
0COOEHHOCTH MPOLECCOB 00PaOOTKH.

C yBenuueHueM MOAAa4YM pacTeT TOJIIMHA Cpe-
3aeMOT0 CJI05l, YPOBEHb HalpsKeHH B 30HE Aedop-
MHUPOBaHUs, pa3Mepbl yYacTKOB IJIACTHYECKOTO U
noiHoro koHtakToB 30HbI KIIJ[ M coorBeTcTBEH-
HO cwia pe3anus (cm. opmynsr (6), (11), (16),
(21), (26), (31), (36), (41)). Ilpu sTom npu npea-
BapUTENIbHOM 00paboTKe Mojavya OKa3bIBaeT Hau-
Oosbliiee BIMSIHME Ha 3HaYeHHE Pz 10 CPaBHEHHUIO
C OCTJIbHBIMH NMPUBEACHHBIMU (akTopaMu (Kodd-
¢unmentsl perpeccun +0,72; +0,72; +0,19; +0,2
JUISL TIPEIBAPUTENILHOTO TOYEHUS M (Ppe3epoBaHUS
craneit 20X13 u 40X cooTBeTCTBEHHO B (hopMyiax
(6), (16), (26), (36)). D10 00OBACHSETCS MpPEBAIH-
pPOBAaHHMEM BIIMSHHUS POCTa IUIOLIAJNA CPE3aeMOro
CJI0S1 110 CPABHEHUIO C BIIUSHUEM JIPYTUX (PaKTOPOB,
HampuMep, CKOPOCTH pe3anud. JIumb npu mpeasa-
putenbHoM ¢pe3epoBanuu ctaiu 40X BeTUUMHBI
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K03 PHUIHEHTOB perpeccuu i (HaKTOpoB MoJaun
U CKOPOCTHU pe3aHus OJIU3KHU.

VYBenuueHue CKOPOCTH pe3aHusi CrocoOCTBYET
YMEHBIIIEHUIO CHIbI pe3anHus (cM. dopmynsl (6),
(11), (16), (21), (26), (31), (36), (41)). Yka3aHnHOE
BIIUSTHUE HAa MpUMeEpe TOKapHOU 00paboTKu 00bsc-
HSIETCS POCTOM MHTEHCHBHOCTHU TEIJIOBBIACIICHUS,
CHIDKEHHEM YPOBHSI KOHTAKTHBIX KacaTeJbHbIX Ha-
nipspkeHnid B 30ue KITJI, yBemmuenuem yra cisura 3,
YMEHBILIEHUEM Pa3MEpPOB YYaCTKOB ILUIACTUYECKOTO
Y MOJIHOTO KOHTAKTOB [ 18]. CinenyeT oTMETUTB, UTO
MpY YUCTOBOM TOKapHOU u (hpe3epHoit 00padoTKe
CKOpPOCTb, B CBOIO OYepelb, OKa3bIBa€T HAMOOIb-
1iee BIMSHUE CPEAN OCTAJbHBIX PACCMOTPEHHBIX
(axkTopoB Ha GOpMHUPOBAHUE BEIMYUHBI CUIIBI pe-
3aHus (koapduuments perpeccuun: —1,13; —1,25;
—-0,55; —0,45 nns 4ucTOBOTO TOYEHUS U dpe3epo-
BaHus crainer 20X13 u 40X COOTBETCTBEHHO B
dbopmynax (11), (21), (31), (41)). D10 0OBsICHAETCS
MpEeBaJIUPOBAHUEM TEIJIOPUZUUECKUX IMPOILIECCOB
B 30HaX cTpykkooOpazoBanus u KIIJ[ mpu mansix
ryOrHax pe3aHus HaJ BIUSHHUEM ILJIOIIAI1 cpe3a-
€MOTO CJIOS.

W3MeHeHne TemIoNnpoBOAHOCTH B  HCCIIENO-
BaHHOM JlMala30HE BEJIMYMH OKa3bIBa€T HE3HAuU-
TeJIbHOE BIMSHME Ha CHIy pe3aHus. B ocHOBHOM
C YBEJIIMYEHHEM TEIJIONPOBOAHOCTU HMHCTPYMEHTA
cuiia pesanus pactet (cM. popmyisl (6), (11), (16),
(21), (26), (31), (36), (41)), uro OOBSICHSIETCS WH-
TeHCU(UKalMel CTOKa Tela U3 30Hbl pe3aHust u
COOTBETCTBYIOLIIUM YMEHBIIIEHUEM YIJia cABHUra 3 1
YBEJIMYEHUEM Pa3MEepPOB YUACTKOB IJIACTHYECKOTO 1
ITOJTHOTO KOHTAKTOB [18].

Cornacno [18] yBenmuueHne MeEXaHUUYECKON
MMPOYHOCTH 00pabaThIBAEMOTO MaTepuajia OKa3bl-
BaeT B3aMMHO IPOTHBOIIOJIOKHOE BIUSHUE HA CHITY
pe3anus. C OMHOW CTOPOHBI, YBEIMYEHUE MTPOYHO-
CTH IPUBOAMUT K POCTY CONPOTUBIEHUS AehOopMu-
pOBaHMIO B 30HaxX cTpyxkkoobpazoBanus u KIIJI, c
JPYTO# — 3TO COCOOCTBYET POCTY MHTEHCUBHOCTH
TEIUIOBBIIETICHUS W COOTBETCTBYIOIIEMY YBEJIU-
YEHHUIO yIlla CABUTA 3 U YMEHBIICHHIO Pa3MepOB
Y4acTKOB IJIACTUYECKOTO M TIOJIHOTO KOHTaKTa.
[IpeBanupoBaHue TOro WJIM MHOTO MEXaHHU3Ma 3a-
BHUCUT OT PEKUMOB U ycioBuil obpabotku. [lox-
TBEP>KJIEHUE JAHHOTO MOJI0KEHNUS UMEET MECTO U B
HACTOSIIEM HCCIIeI0BaHUH B MOJyYEHHBIX 3aBUCH-
MOCTSIX.

[Ipn npenBaputenbHOW TOKapHOH 00pabOTKe
yBEJIMYEHUE TBEPJOCTH 00pabaTbIBaEMOTo MaTepu-
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aja CrocoOCTBYET POCTY CHUJIbI pe3aHus (koddpdu-
IUEHTBl PErPECCUU C MOJIOKUTEIbHBIM 3HAKOM JUIS
npeaBapuTenbHoro ToueHus crainend 20X13 u 40X
COOTBETCTBEHHO B (hopmynax (6), (16)) 3a cuer ot-
HOCHUTENILHO OOJIbIIIEH TUIOIIA I CPE3aeMOro CIIos U
pOCTa KacaTeJIbHbIX 1 HOPMAJIbHBIX HaNpsKeHUH B
30He pe3anus. [Ipu yncToBoil TokapHOit 00paboTKe
UMeeT MeCTO oOpaTHasi TeHACHIMS — yBEIMYEHHUE
TBEP/IOCTH MaTepHaa JeTajal BbI3bIBAET CHIKEHUE
CHJIBI pe3anus (Ko PHUIIMEHTBI perpeccuu ¢ OTpH-
HATeIbHBIM 3HAKOM JIsl YUCTOBOTO TOYEHHUSI cTajeit
20X13 u 40X coorBercTBeHHO B ¢opmynax (11),
(21)), uTO OOBSACHSETCS TPU MEHBIIECH TUTOMIATN
cpe3a MpeBajJUpyIOMIUM BIUSHUEM pOCTa HWHTEH-
CUBHOCTH TEIUJIOBBIZICJIEHUSI U COOTBETCTBYIOLIETO
YMEHBILIEHUS Pa3MEPOB YUaCTKOB IIACTUYECKOTO U
MOJTHOTO KOHTAKTOB.

[Tpu npepbIBUCTOM pe3aHuu B CBSA3H C KPAaTKO-
BPEMEHHOCThIO HaxOXJeHHUs 3yba (pes3sl B mpo-
1[ecCce MOBTOPSAIOIINXCS aKTOB OTIEJICHUS CTPYKKH,
110 CPaBHEHUIO C YCTAHOBUBIIKUMCS PE3aHUEM, POCT
COIMPOTHUBIICHUS 1€POPMUPOBAHUIO HUMEET IpeBa-
JUpYIoIlee 3HAY€HUE HaJ POCTOM MHTEHCHUBHOCTH
TEIUIOBBIICTICHUS, TOATOMY TMpH (pe3epoBaHUU
yBEJIMYEHUE TBEPJOCTH 00pabaTbIBa€MOro MaTepu-
aja CrocoOCTBYET HEKOTOPOMY POCTY CHJIbI pe3a-
HU (KO PHUITUEHTHI pETPECCHH C TTOJIOKUTEITBHBIM
3HakoM B popmynax (26), (31), (36), (41)).

BriBoabI

Takum o0pa3om, pazpaboTaHHBIE pPaCUETHBIE
dbopMynbl MO3BOJISAIOT ONPEAENATh 3HAYCHHS CPe-
Hero apupMETHYECKOro OTKIOHEHHs ipoduiist Ra u
CpeIHero mara HepoBHOCTeW npoduis Sm 06pado-
TaHHOW MOBEPXHOCTH, MOMauu S U CUIIbI pe3anus Pz
npu ToueHuu u (pezepoBanun. OHU TpegHA3HAYE-
HBI ISl TEXHOJOTMYECKOW MOATOTOBKH MPOHU3BOI-
CTBa M Ui AJANTUBHOTO YIpPaBICHUS aBTOMATH-
3upoBaHHbIM oOopynoBanuem ¢ UITY B LIIC mns
MexaHudeckon oopadotku. [IpencraBiennbie mare-
MaTH4YECKHE MOJIETHU OMUCHIBAIOT 3aKOHOMEPHOCTH
dbopmupoBaHus PyHKIIMOHAIBHBIX U BBIXOIHBIX Ta-
pamMeTpoB 00pabOTKH pe3aHueM. AHaau3 pazpado-
TaHHBIX MaTeMaTHYECKUX MOJIENEH I TEXHOJIOTU-
YEeCKOW MOATOTOBKH MPOM3BOJCTBA U aJalTUBHOTO
yIOpaBIEHHS MPOILIECCOM PE3aHUs HAa COBPEMEHHOM
aBTOMaTu3MpoBaHHOM oOopynoBanuu ¢ YIIY o006-
HaApPYKUJT 3aKOHOMEPHOCTH (OPMUPOBAHUS MHUKPO-
reoMeTpur 0O0pabOTaHHOW MOBEPXHOCTH U CHIIBI
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pe3aHus, T.e. Harpy3KH Ha MHCTPYMEHT, C MO3ULIUU
TEOpUU pPE3aHUsl U TeMIepaTypHO-AedopMaIioH-
HBIX 3aKOHOMEPHOCTEH BBICOKOCKOPOCTHOIO ILIa-
CTHUYECKOTO J1e(hOpMUPOBAHUSI.
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