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BBEOEHWUE

TpaguUMOHHO B NPOMBILIEHHOCTUN LUMPOKO MUCMNOMb3YHTCA pasfnyHbie
MaTtepuansl NOBbILIEHHOW TBEpAOCTU (TBepable cCniiaBbl, WU3HOCOCTOWKUE
HanmaBKM N NOKPbITUS, anMasbl, KepaMUKn n eppuTbl, TEXHUYECKOE CTEKIIO
n xpyctanb, u 1.4.), 00paboTka KOTOPbIX BbI3blBAET 3HAUYMUTENbHbIE TPYOHO-
cTn. OCHOBHbLIM MeTOAOM UX 0b6paboTKkn siBNdeTcs abpasvBHast obpaboTka,
BKNtovatoLwwasa obpaboTky cBsidaHHbIM U cBO6OAHbIM abpasmeBom (LnudoBa-
HWe, XOHWHroBaHue, 4OBOAKY, NPUTUPKY, nonupoBaHue n T1.4.). B 1960-e ro-
Abl B CBSA3U C MPOMBbILITEHHBIM OCBOEHMEM CUHTETUYECKUX anmMasoB U apyrmx
CBEPXTBEPAbIX MaTepuanoB nonyduna npuMeHeHue anmasHo-abpasmsHagd
obpaboTka, B OCOOEHHOCTU anMasHbIMU Kpyramy Ha MeTanin4yeckux CBA3-
Kax, KoTopble, obriagas BbICOKOM pexyLuen cnocobHocTblo, obecrneumBatoT
ahdpeKkTUBHOE WINNGOBaAHME HEMETANNIMYECKNX U MeTanIM4Yecknux marepmva-
noB noBblWeHHON TBepaocTn. OQHaKo, Kak rnokasblBaeT NpakTuka, 3TN Kpyru
B CWUIly MNPOYHOro yaepXaHua anmMasHblX 3epeH B MeTanSfIM4ecKom CBSA3KEe
ObICTPO 3aTyNNSATCS, 3acanuBaloTCa U TEPSIOT pexXyLLyto cnocobHoCTb. [Mo-
9TOMYy AN HEenpepbiBHONO BOCCTAHOBIIEHUS UX pPeXyllen CnocobHOCTU B
npouecce wWnndoBaHust Heob6xoanMMo MUcnonbL3oBaTb IPPEKTUBHbIE METOAbI
NpaBkKW, U3 KOTOPbIX Hanbonbllee NpUMEHEHME MONyYnn MEeTOoL dNIEKTPOXM-
MUYECKON NpaBKW, OCHOBAHHLIA Ha 3NEKTPOXMMUYECKOM PaCTBOPEHUN Me-
TannmMyeckon CBA3KW B cpede anekTponuta. Ewe 6onbwmnmMm TeXHonornde-
CKUMWN BO3MOXHOCTSIMM pacnofiaraeT MeTod 3NeKTPOXMMUYECKOro Lwnundo-
BaHWSl, OCHOBAHHbIAN Ha HEMPEPbLIBHOM 3M1EKTPOXMMNYECKOM BO3LENCTBUN Ha
obpabaTtbiBaeMbll MaTepuan M MeTanIMYecKyrd CBA3KY ariMasHoro Kpyra,
4yTO obecrneymBaeT HenpepbIBHYK MpPaBKy ariMasHoro Kpyra u noBbllIEeHWE
NPOU3BOANTENBLHOCTM U KadyecTBa 0b6paboTkn. Bmecte ¢ TeM, MCNOMNb30BaHNE
CUIbHbIX 3NEKTPOSIMTOB B MNPOLIECCE ANIEKTPOXMMMUYECKOro LWNNgoBaHna ”
SNIEKTPOXMMUYECKON MpaBKM Kpyra orpaHudmBaeT UX NMpPUMEHEHWe, TakK Kak
9TO, BO-MEPBbIX, BbI3bIBAET KOPPO3UO MeTannopexyuwero obopyaoBaHus u
npeXaeBpeMEHHbIN BbIXOL €ro U3 CTposi, BO-BTOPbIX, OTpMUATESNIbHO CKas3bl-
BaeTca Ha 300poBbe paboyero. Tak, ycTaHOBIEHO, YTO npu obpaboTke B
30He wWwnmgoBaHus obpasyeTca TyMaH U3 3NeKTponmTa, cogepxalmn spea-
Hble COCTaBnsalLWMe AN opraHM3ma YerioBeka, KoTopblid Heobxoammo yna-
NATb BbITSXKHBIMW YCTPONCTBAMM.

[Monyymn Takke NpUMEHEHNE METO XMMUYECKOro TpaBneHNs pexyLLemn
NOBEPXHOCTU ariMasHOro Kpyra Ha meTtannuyeckon csaske. [Ina ero peanu-
3auum anmasHbl Kpyr Ha MmeTannmdeckon ceaske M2-01 nomewialoT B KOH-
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LEHTPUPOBAHHYKO KUCIOTY (B 42 NPOLIEHTHLIN PacTBOP a30THOW KUCIOTbI) U
BblOEPXXUBAKOT ornpefeneHHoe Bpems. [ocne xvmuyeckoro TpasreHus arn-
MasHbln KpPYr NPOMbIBAOT C LESbI0 NpefoXpaHeHUs CBA3KM OT KOpPO3vun Wt
HenTpanu3ayum npouecca TpaBfieHUs. OTOT MeTod AOCTaTOYHO adpdeKkTu-
BEH, He TpebyeT crnoxHoro obopyaoBaHUA U NPUCNOCOBNEHUA, KPOME BEH-
TUNALUNOHHBLIX YCTPONCTB, OOQHAKO He SBNSieTCs aKonornveckn esonacHbiM
MeToaoM. [103TOMY BMECTO 3IEKTPOXMMUYECKOTO LUNIMAIOBAHNSA, ISIEKTPOXM-
MMUYECKOM MPaBKN U XUMWYECKOro TpaBfieHUs ariMasHoro Kpyra npeasioXeHo
NPUMEHATL 3NIEKTPOIPO3NOHHYK MPaBKy ariMasHoOro Kpyra, OCHOBaHHYK Ha
BBEOEHUN B 30HY pe3aHus UNuU aBTOHOMHO K KPyry OOMOSMHUTENbHOM 3i1eK-
TPUYECKOM IHEPINN B BUAOE INEKTPUYECKUX pa3psaoB, YTO NPUBOAUT K yaap-
HO-TEPMUYECKOMY PpaspyLUEHNIO MeTarin4eckom CBA3KM N UHTEHCUBHOMY
obHoBEHNIO pexyLero penbeda kpyra. B pesynbtate obecneymBaeTcs Bbl-
coKasi pexyliasi cnocobHOCTb anmMasHOro Kpyra, n OCTuraeTcsl NoBblLleHne
NPOn3BOAUTENBHOCTUN U KayecTBa 06paboTkM B nNpoLecce WngoBaHus.

HeobxoanmMo OTMETUTb, YTO METOA JfEKTPOIPO3MOHHON NpaBKU an-
Mas3HOro Kpyra He TpebyeT NpMMeHeHNsa BpeaHbIX 3NIEKTPONINTOB — OH NpoTe-
KaeT ¢ ucrnonb3oBaHMeM 06bIMHOM TEXHUYECKOW BOAbl, KOTOpas He Bbi3blBaeT
oTpuuaTenbLHOro BO34enNCTBUS Ha paboyero Kak aTo MMeeT MeCTO Mpu anek-
TPOXMMUYECKOW NMpaBKe arnmasHoro kpyra. CnegoBaTtefibHO, METO, ANEKTPO-
9PO3MOHHOW MNpPaBKU ariMasHoOro Kpyra SBIISIETCS 9KOSMOrMYECKN YUCTbIM U
6e3onacHblM, T.€. 3aMeHa BpedHbIX AN 300p0oBbs pabounmx CUSbHBLIX AMEK-
TponuTtoB 6e3BpeaHON OObIYHOM TEXHUYECKOW BOAOW B MpoOLECCE INEKTPO-
9PO3MOHHOW MNPaBKW OTKPbLIBAET HOBLIE TEXHOMOIMMYECKNE U IKOSOrnmveckme
BO3MOXXHOCTU B WUCMOSIb30BaHUN ariMa3sHbIX KPYroB Ha BbICOKOMPOYHbLIX Me-
Tanan4yeckux cBsi3kax.

MeToa 3feKTPO3PO3NOHHOW MpaBKM arniMasHoro Kpyra B 3aBMCUMOCTMU
OT WMHTEHCUMBHOCTM €ro M3HOcCa W 3aTynreHus (3acannBaHusl) B npouecce
LWNMEOBAHNA MOXET OCYLLECTBIIATbCA HENpPepbiIBHO U MNepuoanyeckn BO
BpeMeHU. Npn MHTEHCMBHOM 3aTynfIEHUN N 3acanuBaHMM anMasHoro Kpyra B
npovecce WnMgoBaHus LenecoodbpasHo MCNonb30BaTb HENPEPBIBHYHO 3r1EK-
TPO3PO3NOHHYIO MPaBKy, Tak Kak Mpu MCMNonb30BaHUM NEPUOLNYECKON dNEK-
TPO3PO3NOHHOM MpaBKM anMasHbi Kpyr He OyaeT ycnesaTb BOCCTaHaBMU-
BaTb CBOI PEXYLLYI CMOCOOHOCTb, YTO NPUBEAET K CYLLECTBEHHOMY CHWKE-
HUIO NPOU3BOAMUTESTIbHOCTU 00pPabOoTKM, YBENIMYEHUIO CUNbI U TeMnepaTypsbl
pe3aHud, yxyaweHuto kadectBa obpabaTbiBaeMor NOBEPXHOCTN.

[Monyumn wmnpokoe npuMeHeHWe Ha npakTuke 3P@PEeKTUBHbLIN MeTon
9NEKTPOIPO3NOHHOIO WnoBaHus (anmMasHO-UCKPOBOro WngoBaHus) an-
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MasHbIMM KpyraMmm Ha MeTanimnyeckmx CBS3Kax, OCHOBAHHbLIN Ha HenpepbiB-
HOM BBEOEHUM B 30HY pe3aHusi AOMONHUTENbHOW 3MEKTPUYECKON 3HEPINN B
dopMe 3NEKTPUYECKUX pa3psiaoB, KOTOPbIN Takke Kak U MeToq 3NeKTpo3po-
3MOHHOWM MpaBKM ariMasHOro Kpyra OCyLLEeCTBAAETCA C MPUMEHEHMEM NULLb
6e3BpegHON 0BbLIYHOM TEXHMYECKOW BoAbl. B pesynbTate OenCTBUS SNeKTpu-
YeCKMX paspsidoB B 30HE pe3aHns NPOUCXOOUT yaapHO-TEPMUYECKOE paspy-
LUEHNE MeTansmyeckon CBA3KM ariMasHoro kpyra n obpabartbiBaemoro mare-
pnana, 4To obecneumBaeT NOCTOSIHHOE MNoadepXxaHue Ha paboyen NoBepx-
HOCTW Kpyra pasBUTOro pexylero penbeda n CoOOTBETCTBEHHO €ro BbICOKOW
pexyLen cnocobHOCTU. OTO NPUBOAMUT K CHUXKEHWUIO CUIT U TEMNepaTypbl pe-
3aHUs, NOBbLILLEHNIO MPOU3BOAUTENBHOCTU N KadecTBa 06paboTKu.

Takum obpasom, MeToa arnMasHOro 3NeKTPO3IPO3NOHHOIO LWNNdoBaHNA
B OT/NIMYME OT MeToda anMasHOro 3NeKTPOXMMUYECKOro LWngoBaHUs ABMS-
€TCS 3KONOrM4Yeckn YMCTbiM 1 Be3onacHbiM, obecrnevmBaoWMM BbICOKME TEX-
HUKO-3KOHOMMYECKMe rnokasaTtenn obpaboTtkn. OH nonyynn NnpuMeHeHne npu
0bpaboTke maTepunanoB MOBbILEHHOW TBEPAOCTN, B OCOBEHHOCTM Ha onepa-
UMAX LWANGOBaHNA N 3aTOYKM TBEPLOCMNMABHbLIX MHCTPYMEHTOB. [loaTomy
HacToswas paboTa nocesilLeHa OBGOCHOBaHMIO ONTUMAaribHbIX YCIIOBUA arn-
Ma3HOro 3NeKTPO3PO3NOHHOMO WANGOBAHUS Pa3NNYHBLIX METanfIMYecKknx U
HeMeTannMyeckux mMmaTepuanos MOBbILLEHHON TBEPOAOCTU, BKOYAsS 3MeKTpu-
Yyeckne M MexaHum4yeckume napameTpbl 0b6paboTku, koTopble obecneudnBaroT
BbICOKME TEXHUKO-3KOHOMWUYECKME MnoKasaTenu LnmgoBaHus nNpu oaHOBpPeE-
MEHHOM YnyuLLIEHNN 3KONOrMM Npom3BoacTBa. Ha nx ocHose paspaboTtaHbl U1
BHeApPEeHbl B NPOU3BOACTBO 3MEKTUBHbBIE N 3KONOMMYECKN YUCTbIE U 6es-
OnacHble TEXHOSOMMN anMas3Horo 3N1IEKTPO3PO3NOHHOIO WNNGOBAHNA U 3NeK-
TPO3PO3NOHHOWM MpPaBKM arMasHbliX KPYroB Ha MeTanfIMyecKmx cBsi3kax npu
obpaboTke nsgenun mn3 TeepablX CniaBoB, NW3HOCOCTOMKUX HaMNMaBOK U Mo-
KPbITUN, KEPaMUK N DEPPUTOB, TEXHNYECKOIO CTEKNA U XpycTans, Npu orpaH-
Ke HaTyparnbHbIX arnMas3oB B 6punnuaHTbl 1 T.4.

B paboTte Takke 3HaunTENBHOE BHUMAHUE yOEMNEeHO TEOPETUYECKOMY U
9KCNepUMEHTaNbHOMY OnpeaeneHnto TEXHOSTOrMYEeCKNX BO3MOXHOCTEN an-
Ma3HOro LWNMgoBaHNA C TOYKN 3PEHUS MOBLILLIEHUS MPOU3BOAUTENBHOCTH,
Ka4yecTBa M TOYHOCTU 0O6paboTKkM 3a CYET NPUMEHEHUS NPOrPECCUBHbBIX KUHE-
MaTU4YECKMX CXEM W ycnoBun wnudoBaHus. MokazaHo, 4YTO HamMbOombLUYH
NPON3BOAUTENBHOCTL 00PabOTKN U3AENUI N3 TBEPAbIX CMaBOB NPU KPYriom
Hapy>XHOM LWMOBAHUM C YH4ETOM OrpaHMYEHNN NO OTHOCUTENBHOMY pPacxo-
Ay anmasa v napameTpam KayecTtBa U TOYHOCTM 06paboTKM MOXHO LOCTUYb
B yCrnoBuax rnybuHHOro wnngoBaHuUst ¢ OTHOCUTENbHO HEOOSNbLIOW CKOPO-
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cTbto getanu (B npegenax 0,5 ... 5 M/MUH) 1 goneBon NPoAOSIbHON Nogadven,
6nmnskon K eanHuue. [ns yMeHbLLUEHUS CUibl U TeMNepaTypbl pe3aHust B 3TUX
yCnoBusx Heo6XxoaMMo CTPOro perfaMmeHTMpoBaTb BENIMYUHY JIMHENHOIO U3-
HOCa anmasHbIX 3epeH 40 MOMEHTa UX 0ObEMHOro paspylleHns 1 nocneay-
loWero BbiNageHUa U3 CBA3KM anMasHOro Kpyra 3a cdeT noAaBoja B 30HY
LWNMUEOBAHNA UM aBTOHOMHO LOMOSTHATEINTbHOW 3SIEKTPUYECKON IHEeprnn B
dopmMe anekTpudecknx paspsgoB. [JokasaHo, UTO AN Kaxgoro pexmma
LWNNAOBAHUA U KaXKOOW XapaKTEPUCTUKM ariMasHoro Kpyra u obpabartbiBae-
MOro maTepuarna CywecTByeT ONnTUMarnbHOe 3Ha4YeHne 3TOW BENUYUHLI, NpU
KOTOPOM OTHOCUTESbHbIA pacxoq anmasa npuHUMaeT MUHMMaribHOe 3Haye-
Hue. lNoaToMy noggepaHve B MNpoLecce arMasHOro 3feKTPo3PO3MOHHOIO
LUNIMpoBaHNSA ONTUMANbHOWN BENUYMHbBI FIMHENHOIO M3HOCA ariMasHbIX 3epeH
M COOTBETCTBEHHO OMTUMANbHOINO pexyLllero penbeda anmasHoro Kpyra
obecneumBaeT ero BbICOKYI0 PEXyLLY CNOCOOHOCTbL M MNO3BOSISIET NOBLICUTL
TEXHUKO-9KOHOMUYECKME N IKONOrM4eckme rnokasatenm obpaboTku.

B paboTte npuBegeHbl coBpeMEHHble 3(PPEKTUBHLIE N IKONOrMYECKN
YnCTble N Be3onacHble TEXHONOMMM MexaHudeckon obpaboTkn ne3BUnHbIMU
PEXYLMMN NMHCTPYMEHTaMM U 0606LLEH NPaKTUYECKNIA OMNbIT UX BHEOPEHNS B
NPoOn3BOACTBO, HaKOMNSEHHbIN B TexHudyeckom LleHTpe "Bapuyc" (r. OHenp).
TeopeTnyeckn obOCHOBaAHbI ONTMMAarbHbIE YCNOBUS OCYLLECTBIIEHUSA BbICO-
KOCKOPOCTHOIO pe3aHusi, npeasioXeHbl HOBbl€ KOHCTPYKUUW MeTannopexy-
Wwux ctaHkoB ¢ YIY tuna "obpabaTbiBaowmn LeHTP" U cOOPHbLIX TBEPOO-
CMNaBHbIX PEXYLMX UHCTPYMEHTOB C M3HOCOCTOMKUMU MOKPLITUSIMU, B YacT-
HOCTUW, NPON3BOACTBA HXKHO-KOpPEenckon komnaHum TaeguTec. [JaHbl npakTu-
Yyeckne pekoMeHgauuMm no Mx paumoHanbHOMY MCNONb30BaHUK Ha pasnuy-
HbIX onepaumnsax mexaHm4yeckon obpaboTkn geTanemn, U3roToBMNeHHbIX U3 Ma-
Tepuasnos NOBbLILEHHOW TBEPAOCTM.

[MpnBeaeHHble B paboTe TEXHOMOMMM MexaHudeckon obpaboTku nosny-
YMNKN LLUMPOKOE NPUMEHEHME B NPOMbILLIEHHOCTU N BHEAPEHbI, B YAaCTHOCTH,
B NAO "CBet waxtepa" (r. XapbkoB), ['TT XM3 "®31", NMAO "[dHenpnonu-
Mepmaw” (r. JHenp) n Ha MHOrMX ApYrnx NpeanpuaTuaxX YKpauvHol.

PesynbTatbl nccrnegoBaHWn LUMPOKO MCMOMb3yKTCs B y4ebHOM npo-
uecce Ha kadpegpe "ECTeCTBEHHble Haykm u TexHonornm" XapbKOBCKOro
HaLMOHaNbHOro 9KOHOMMNYECKOro yHnuBepcuteTa nmeHn CemeHa KysHeua npu
N3y4YeHUN ONCUUMNITUH TEXHOSOMMYECKOro HasHavyeHna Ha ocHoBe STEM koH-
uenuum, a Takke OUNCUUNMKWH, CBA3AHHbIX C pa3pabOoTKOW 3KOMOrMYeckn Ym-
CTbIX 1 Be30nacHbIX TEXHONOIMIN, TEXHONOMIM 3aLMThl OKpYXatoLLen cpeabl U
NpW BbINOMHEHUN AUNIIOMHBLIX paboT.



Paspen 1
TexHONorn4yeckue u aKosorndyeckue npoodrnemsol
anmMmasHou oO6paboTKu maTtepuanosn
NOBbLILWEHHOWU TBEPAOCTHU

1.1. KoHuenuuu pa3BuTUa MexaHU4ecKkom oopadboTku
MaTepuanoB U Co3AaHuUsI MeTansopexyLmx cCTaHKOB

CosgaHne coBpeMEHHON KOHKYPEHTOCNOCOOHOM MaLLUMHOCTPOUTENBHON
npoaykumm TpebyeT LUMPOKOro MPUMEHEHUSI HOBbIX HAaYKOEMKUX TEXHOSIOMMM
MeXaHn4yeckon n usnkKo-TexHm4eckon obpaboTknm martepuanos, obecneuyu-
BalOLLMX MHOroKpaTHOEe MNOBbILLEHNE NPON3BOAUTENLHOCTU Tpyda, KadecTsa,
TOYHOCTU U 3KOHOMWYHOCTWU U3rOTOBIIEHNSA AeTanen n malwuH [5; 65; 72; 78;
139; 145; 147; 164; 165; 170]. lna Toro 4tobbl OLLEHNUTL OCHOBHLIE Hanbonee
9 EKTUBHbIE HaMpaBEHUS Pa3BUTUA MEXAHUYECKUX TEXHONOMMin obpaboT-
KW, criegyeT npoBecTu aHanna aHannTuyeckon 3aBUCUMOCTU On4a onpegene-
HUS NpoM3BOANTENBHOCTM 06paboTkun Q:

Q:S-V=P—Z-V, (1.1)
o
roe S — nnoLasb NonepeyHoro ceveHus cpesa, M
V — cKopoCTb pe3aHusi, M/c;

P, — TaHreHunanbHasa coctasnsawoLlas cunbl pesaHuns, H;
o — YCIOBHOE HanpsbxeHune pesanust, H/m?.

YBenuuuTb Npon3BoaUTENbHOCTL 06paboTkm Q MOXHO yBenMyeHuem
napameTpoB S 1 V unu ysenudeHnem P, ,V n ymeHblieHneM o . YBenude-

HWe TaHreHumanbHOW CoCTaBnALEN cunbl pe3aHmsa P, — aTo ocyliecTsre-

HMe CUMNOBOro pe3aHusi, a YBenu4eHne CKOpoCcTU pe3aHus V — ocyllecTBere-
HME CKOPOCTHOrO (BbICOKOCKOPOCTHOIO U CBEPXBbICOKOCKOPOCTHOIO) pe3aHus.
YMeHbLLEHNE YCITOBHOMO HanpsikeHUsl pe3aHusi o — OCYLLECTBMEHNE ynpas-
NEeHUs NPOLIECCOM CTPYXKOOOpa3oBaHMs Npu pe3aHun 1 B NepByto odepedb
KOHTaKTHbIMK NpoLeccaMu, NPoOUCXoasaWMMM Ha pabounx NOBEPXHOCTAX WH-
CTPYMEHTa.

YcrnoBHOe HanpshkeHne pes3aHust o ONUCbIBAETCS aHanUTUYeCcKoWn 3a-
BMCUMOCTbIO:



o =200 tglv-7), (1.2)
roe ogc — Npeden npovYHoCcTM Ha cxatve obpabartbiBaemoro marepuana,
H/m?;

¥ — YCIOBHbIN Yronl TPEHUSA Ha nepegHen NOBEPXHOCTU MHCTPYMEHTA
(tgw =f — KOa(pPULUMEHT TpeHUs);
y — NepeaHun yros MHCTPYMEHTa.

YMEHbLUNTb YCIOBHOE HamMpsiKeHWe pPe3aHusi ¢ MOXHO YMEHbLUEHUEM
yrna y —y, T.e. YMEHbLUEHMEM YCINOBHOIO yrra TpeHus y  (koadpduumeHTa

TpeHus f) u yBenndeHnem nepeaHero yrna MHcTpymeHTa y. [Mpu onpenenex-
HbIX YCNoBUSIX  —y — 0, YTO MO3BONSET CYLIECTBEHHO YMEHbLUWUTbL YCMOoB-

HOEe HanpshkeHne pesaHus o U yBENWYUTbL Nrowanb NonepeyHoro ceyveHus
cpesa S n npoussoautTenbHocTn obpaboTkn Q. OgHako yBenuyeHne S npwu
pe3aHnn Ne3BUNHBbIMU MHCTPYMEHTAMMN OrPaHMYEHO MPOYHOCTbID Ero pexy-
wen vyactu. NMoatomy Gonee npeanoYTUTENbHBLIM MyTEM YBENMYEHUS MPOU3-
BOAUTENBHOCTN 06paboTkm Q criegyeT paccmaTpuBaTb YBESIMYEHUE CKOPO-
CTn pesaHus V, cornacHo 3asucnumocTn (1.1).

Kak n3BecTHO, C yBENIMYEHMEM CKOPOCTU pe3aHnsa V ymeHbluaeTcsl KO-
ahpuumneHT TpeHus f Ha nepegHen NOBEPXHOCTU UHCTPYMEHTA, YTO CNOCO6-
CTBYET YMEHbLUEHUIO YCMOBHOMO HanpshkKeHUsi pes3aHns o N YBENUYEHUHO
npounssoauTenbHocTn 0bpaboTkn Q. CpeaHss TemnepaTtypa obpasytowencs
CTPYXKK 6 onpepnensieTcst NpubnNmKeHHON 3aBUCMMOCTbIO:

(o)

6 = ( hj, (1.3)
a

roe c— yaenbHas TennoemkocTb obpabaTbiBaemoro matepuana, [x/krK;
p — NNOTHOCTbL 0BpabaTbiBaeMoro matepuana, Kr/m>;

a — TornuMHa cpesa, M;
h — TonwuHa HarpeToro crosi obpabaTtbiBaeMoit MOBEPXHOCTH, M;

D:J 4 , (1.4)
a c-p-a-V-tgp

A — KOahdMUMEHT TennonpoBoaHOCTN obpabaTbiBaeMoro martepuana,
B1/m-K;
S — ycnoBHbI yron casura obpabaTtsiBaeMoro marepmana.
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C yBenuyeHnemM CKOpoCTU pesaHust V yCrnoBHbIWM yron casura obpaba-
TbiIBAEMOro Matepmana [ yBenMyMBaeTCH, a OTHoWeHue h/a ymeHbluaeTcs.

CnepoBaTtenbHO, YMEHbLLAETCHA KONMYEeCTBO Tenna, yxoasuero B obpabatbl-
BaeMyl geTanb, U yBENM4MBaeTCs KONMUYecTBO Tenna, yxoasdulero B obpa-
aytowytoca cTpyxky. CpeaHas TemnepaTypa CTpyxku 6 (paBHas npnbnuau-
TeNnbHO TemnepaType MNOBEPXHOCTHOro cnosi obpabaTbiBaemMon petann) C
yBENUYEHNEM CKOPOCTM pe3aHust V yBenuyumBaeTcsl, aCUMNTOTUYECKU Npu-
brnnxasace K 3HayeHuto o/c-p (puc. 1.1), T.K. cornacHo 3asucumocTu (1.3)
MHOXUTEeNb (1+h/a)—1. B aTOM cocTouT CyTb (hbmsndeckoro acpdekra BbICO-
KOCKOPOCTHOIO U CBEPXBbLICOKOCKOPOCTHOIrO pe3aHusi, OCyLeCTBNSAeMOoro co
ckopocTamu pe3saHus cebiwe 100 m/c, NOCKONbKY B 9TOM Criydae Temnepary-
pa NOBEPXHOCTHOro crnosi obpabaTtbiBaeMon getanu octaeTca dakTU4eCKu
NOCTOSIHHOM C YBENN4YeHneM CKOpoCTu pe3aHuns V.

0 v'
Puc. 1.1. 3aBUCUMOCTb TeMnepaTypbl MTOBEPXHOCTHOrO Cros
obpabaTtbiBaemoun getanu 0 ot ckopocTu pesaHua V

HeobxogMmMo OTMETUTb, YTO TpaaUUMOHHbIE MeToabl 0bpaboTkm nes-
BUNHLIMW MHCTPYMEHTaMWU peanua3yloT CKOPOCTM pe3aHusi, Kak npaBuno, He
bonee 2 wm/c. Kak nokasbiBaeT OnbIT BeAyLMX MHOCTPAHHbIX CTaHKOCTPOU-
TenbHbIX PUpM, nepexoq B 0651acTb BbICOKOCKOPOCTHOIO pe3aHunsi No3BoNseT
bonee yem B 10 pa3 yBennunTb Npon3BoaANTENBHOCTL 06paboTKkn Npu 0gHO-
BPEMEHHOM MOBbLILLEHMN Ka4yecTBa N TOYHOCTU obpabaTbiBaeMblX MNOBEPXHO-
CTEeW, YTO SBNSETCA KapAMHanbHbIM pelleHneM npobrieMbl MeXaHUYEeCKOM
obpaboTkn matepmasnos.

[na npaktnyeckon peanusaumm 3TMX npoueccoB 06paboTkm Heobxo-
AMMO co3daHne OTeYeCTBEHHbIX CTaHKOB, paboTalwwmx CO CKOpPOCTAMMU pe-
3aHna nopsgka 10 000 m/mMuH. B €BA3M C 3TUM, BaXXHO HanpaBuUTb YyCUIUA
YYEHbIX—TEXHOMNOrOB Ha rryboKoe M3yyYeHue NpPoLecCOB BbICOKOCKOPOCTHOIO
N CBEPXCKOPOCTHOrO pe3aHus n pa3paboTKy pekomeHaauum no onTuMmnsaumm
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PEXMMOB pe3aHusi, Hay4yHo 0BOOCHOBaHHOMY BbIGOPY, NPOEKTUPOBAHUIO U U3-
FOTOBMNEHNIO MPOrPEeCCUBHbBIX KOHCTPYKUUA MHCTPYMEHTOB, paboTaroLwmx npwu
BonNbLUMX CKOPOCTSAX pe3aHusi. Heobxoammo B KpaTyanlume CPoKM OCBOUTL U
BHEAPUTb B MPOM3BOACTBO 3(M(EKTMBHbBIE MPOLIECCHI BLICOKOCKOPOCTHOIO W
CBEPXBbICOKOCKOPOCTHOIO TOYEHMS!, pacTaynmBaHus, ppesepoBaHusi, CBeprie-
HUSt U T.0. DTO CTAHET BaXXHbIM LLUAromMm NogbemMa Npou3BOACTBA, NOBbILLEHUS
KOHKYPEHTOCMOCOOHOCTM MaLLUMHOCTPOUTENBHOW MPOAYKUMM U YBENUYEHUS
NpoM3BOANTENBHOCTK TpyAa.

BbisiBNeHHble 3aKOHOMEPHOCTU CrpaBeanuBbl NPU pe3aHuu MeTannu-
4yecknx martepuanoB. [pn pesaHnn HemeTannM4Yecknx mMaTtepuanoB MpakTu-
YecKku BCe Tenno YXOAUT Ha HarpeBaHWEe PEXYLLEro MHCTpyYMeHTa. B aTom
criyyae yBenuMYeHne CKOPOCTWU pe3aHusi OrpaHUYeHO U ONpeaensieTcsl ypoB-
HEM CMMOBOW HaMNPSPKEHHOCTU NpoLecca U YCNoBUSIMU TEMNNOOTBOAA M3 30HbI
pes3aHus, T.e. TENNONPOBOAHOCTbI MHCTPYMEHTaNbHOrO MaTtepuana.

Mpun wnudoBaHUK MaTepuanos, B CBS3M C OTpuLaTeNbHbIMU NepeaHu-
MW yrriaMu pexyLumx 3epeH Kpyra, 3aBUcMMocTb (1.2) npuHMMmaeT BuA:

o =200 toly +7). (1.5)

Mpn ycnosun (y +y)—90° umeem tg(y +y)—> o (puc. 1.2). Ans

YMEHbLLEHMST YCINOBHOIO HanpshKeHuUst pe3aHusi o HeobXOAMMO YMEHbLUUTb
yrmbl ¥ Wy, NpUMeHss adpeKTUBHbIE TEXHOMOrMYECKNe cpeabl (CHMXato-

lwmne KoadpduUMEHT TpeHus), obecneumBasi BbICOKYIO OCTPOTY PEXYLUMX 3e-

PeH U T.A.
20 o /
3 /

2 /
1
/
0 225 45 67,5(@ +7)°

Puc. 1.2. 3aBUCUMOCTb OTHOWEHUA G /20, OT yrna (v +y)
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CpaBHuBasg 3asucumoctu (1.2) n (1.5), BugHo, 410 Npu Ne3BUmMHON ob-
paboTKe yCNOBHOE HaMpshKeHne pe3aHust o MeHbLUe, YeM Npu WM oBaHNN.
Mpy WnNudoBaHNN MeHbLUE CyMMapHas MrHOBEHHas nnowaab NonepevyHoro
CeyeHusi cpesa BCeMU OAHOBPEMEHHO paboTatolwmmm 3epHamu S = Q/V,, 1,

COOTBETCTBEHHO, NPOM3BOANTENBHOCTL 06paboTkn Q. MoaTomy yBenuunMTb Q
MOXHO YBEMUYEHNEM CKOPOCTU Kpyra Vg, .

B obwem Buae npu wnmdoBaHUM MaTepuarnoB MPOM3BOAMTENbHOCTb
obpaboTkm Q onpenensieTcs 3aBUCUMOCTbIO:

2
Py Vg -KE

2.O-C>K

, (1.6)

roe Py — paguanbHaga coctasnaowasa cunbl pesanus, H;

Ky =P, /Py — KOapPUUMEHT WnndoBaHmA.

Ncxops 3 3aBucumocTtu (1.6), yBenumunTb NpomnsBoauUTESNIbHOCTL 0bpa-
60Tk Q MOXHO, Npexae BCEro, yBennyeHMem KoaduumnmeHTa wnmgposaHus
Ky, 3a cyeT noBblleHUs pexyllien cnocobHocTu kpyra (K, n3ameHsietcsa B

npegenax f ... 1, rae f — k03 PMUNEHT TpeHUs 3epeH Kpyra ¢ obpabaTbiBae-
MbIM MaTepuanom). MNapameTpbl Py 1 V,, oka3biBaloT o4yHaKoBOe BNUsiHME

Ha NPoOV3BOAUTENBLHOCTL 06paboTkn Q, T.e. 3IPPEKTUBHO MPUMEHEHME KaK
CcUNoBoro (rnyGbuHHOro), Tak M BbICOKOCKOPOCTHOIO (CBEPXBbICOKOCKOPOCTHO-
ro) WwindgosaHna. APdeKT yCcunmBaeTcsa B Criydae COBMELLEHUS rMyOMHHOIo
N BbICOKOCKOPOCTHOIO LWnoBaHuS.

B HacTosLee BpemMs BedyLUMMN MHOCTPaAHHbIMU CTAHKOCTPOUTESbHbI-
MU oMpMamMM OCBOEHO MPOM3BOACTBO LWNMAEOBasnbHbLIX CTaHKoB, paboTato-
LLMX CO cKopocTsimu pedaHus nopsigka 300 m/c. Heobxoammo oTMETUTb, YTO
B 1987 — 1991 rogbl B 3KCNepMMeHTarbHOM Hay4HO-UCCreaoBaTENbCKOM
MHCTUTYTE MeTannopexywux craHkos (QHUMC, r. Mocksa) ¢ y4yactmem aB-
TopoB paboTbl paspabaTtbiBanMCb TEXHUYECKME NPOEKTbI MO CO34aHUI0 ram-
Mbl CTAHKOB OS5 CBEPXBbLICOKOCKOPOCTHOIO pe3aHusi, B TOM 4ucre wningo-
BallbHbIX CTAHKOB, peanuaylLlmx CKopocTn pesaHus go 600 m/c. OgHako B
cBsa3n ¢ pacnagom CCCP aTuM pelueHusM He yaanocb OCYLLECTBUTLCS, YTO
B KOHEYHOM UTOre NpMBESIO K OTCTaBaHUIO OTEYECTBEHHOIO CTAHKOCTPOEHMUS.
[MoaTOMy BaXXHOM M aKTyarnbHOW 3aJayen crieqyet paccMmaTpuBaTb CO3gaHue
CTaHKOB AJ151 BbICOKOCKOPOCTHOIO M CBEPXCKOPOCTHOrO WndoBaHus. B aTom
HanpasneHun UMerTCa 3P EKTUBHbIE HayYHble pa3paboTku, KOTopble MOryT
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ObITb MCNOMNb30BaHbI MPU CO34aHNN HOBLIX CTAHKOB [2; 56; 65; 64; 66; 69; 73;
76; 106; 107; 108; 110; 123].

[Mpoueccbl MexaHndeckon 0bpaboTKM 4Ype3BblMaWHO CROXHbLI U Maro
n3ydeHbl. K coxaneHuto, 1 B HacTosiLee BPpeMSI OTCYTCTBYET YETKOe Hay4yHoe
npeacraBneHne 0 MexaHuKe NoBeaeHNs TEXHONOIMYECKON CUCTEMBbI NpU 00-
paboTke. OTO orpaHn4MBaeT BO3MOXHOCTU MPOEKTUPOBAHNSA HOBbIX CTaHKOB
N co3gaHna BbICOKOIEEKTUBHBIX METO40B 00paboTku. [nsa BbIpabOTKN HO-
BbIX peLleHnn HeobxoauMmo MNEpPEnTUM OT TPaOAULUMOHHBIX IMMAUPUYECKUX K
Hay4yHbIM aHanUTUYeCKUM noaxodam, MCNosb3yst OrpOMHbIE OOCTUXKEHUS
Haykm B obnactm mexaHukn gecdopmmpyembix cuctem. Hanpumep, paccum-
TbiBasi BENIMYMHY YNPYroro nepemMeLlleHnss y n npomsBogmTenibHOCTbL obpa-

6oTkn Q npn KpyrsioMm Hapy>HoM LLIJ'IVICbOBaHMVI, yaanocb nony4vyntb MHTEpecC-
HO€ N BaXXHO€ peLllueHne:

Q= QHOM_(QHOM_QO)'G(_IB‘T); (1.7)

y ZYyCT_<YyCT_YO)'e(_'B'T)1 (1.8)

rae Qo — HOMUHAMNbLHAs NPOM3BOAUTENLHOCTL 06paboTkK, M°/C;

Yo Vip Ky -
o
Ha4arnbHOro HaTsra B TEXHONOMM4YeCcKkon cucteme Yo M3/C;

Qo — NMpon3BoanUTENTIbHOCTb O6pa6OTKM npun AOCTUXEHUN

Yo — Ha4yarnbHbIW HATAr B TEXHOSTOMMYECKOW CUCTEME, M;

Vio
Kw =P, /IPy;

— TaHreHunarnbHada un pagunalribHasa CoCTaBJiAloWNE CUIbl pe3a-

— CKOPOCTb Kpyra, M/c;

Hus, H;
C — XXECTKOCTb TEXHOSI0rnm4yeckon cuctemsol, H/m;

7 Vip ‘K -€
D

7-Dper “lper -0
pet» lper —AMAMETP U AnnHa obpabaTbiBaeMol AeTanu, m;

T — Bpemsi 06paboTku, c;
Yoer = o - Quom
YT Ve Ky ¢

HUA B TEXHONOMNMYECKON CUCTEME, M.

— YCTaHOBMBLUAACA BEJIMYNHaA YNPYroro nepemMeLle-
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Xapaktep n3meHeHus napameTpoB Q u y c Te4eHneMm BpemeHun obpa-
boTkn nokasaH Ha puc. 1.3a,6. Mpn Qo <Qg U Yyer <Y BbIMOMHAOTCS

ycnosus Q> Quon M Y >Yyer (kpuBas 1). Tpn Qo > Qg ¥ Yyer > Yo Bbl-
nonHstoTes ycnosust Q< Quoy U Y <Yyer (kpuBas 3). Mpu Quoy =Qq ¥

Yyer = Yo BbINonHstoTes yenosus Q = Quoy W Y = Yyer (KpyBas 2).

Qg Yo
1 1
2 ! _ 2 ! _
QHOM I yyCT I
3 ! 3 I
i |
[ I
i |
[ |
! > ! >
0 T4 T 0 T4 T
a o
Q 4 y 4
Qg Yo
0 T > 0 1:>
B r

Puc. 1.3. 3aBucumocTu npousBoauTenbHocTn obpadbotkm Q (a, B)
M ynpyroro nepemewieHms y (6, r) ot BpemeHu o6paboTku 7

CpeaHsis npov3BoanUTENBHOCTE 06paboTkK 3a BpeMsi 71 AN TpexX Kpu-

BbIX, NpeAcTaBneHHblX Ha puc. 1.3a, 6yaeT pasnuyHa. Tak, ecnv yepes ouk-
CMPOBaHHYIO TOYKYy C koopaumHatamu Q, 71 NPOBECTU CEMEWCTBO KPUBbIX
Q-17, TO Hambonbluas cpeaHas NPou3BOAUTENbHOCTL 0b6paboTkn Oyner
MMEeTb MEeCTO Mpu YCMOBUN Yycr < Yq, @ HaVMeHbLUasi — npu ycrnosun yg =0

(puc. 1.36).
OuyeBnaHO, Yem Oornblle HavanbHbIM HATAr B TEXHOMNOMMYECKOW cucTe-
Me Yo, TeM Bonblue cpeaHsis Npon3BoaUTENbHOCTL 06paboTku.
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N3 npeobpasoBaHHOM 3aBucumMocTu (1.8)
y= yyCT . [1 — e(_ﬂ'T)J+ yo . e(_B’T)

criegyeT, 4Tto Hambornbluee 3HayeHue Yo (AnS 3adaHHbIX 3HAYEeHUn y U
7 = 71) AOCTUraeTcs Npu ycrnoeum yy.; =0. CnefosarernbHo, Havbonee npo-
N3BOOUTENBHOMN CXeMon 00paboTKM C y4EeTOM OrpaHMYeHust No TOYHOCTU 06-
paboTkn (onpenensieMon BENNYMHOM YNPYroro NepemMeLLeHns y) siBNseTcs
cxema LWnndoBaHna 6e3 nonepedHon nogaun (Q, oy = 0) ¢ Ha4anbHLIM HaTA-
OM Yo B TEXHOMornyeckom cucrteme. Tekywme 3HadeHms Q um y B AaHHOM
Crny4yae onpegensatTca 3aBucumoctsamu (puc. 1.3B,r):

 VKyer

Q= QO .e ”’DneT'IneT'g; (1.9)

~ Vip K€t

y=Yp-€ 7Dperlpero _ (1 K 0)

Yewm Gonblue 3HaveHns Vy,, K, ¢ 1 MeHblwe Yg, Dper, lper, o, TEM

ObiCTpee gocTuraeTcda 3agaHHas TOYHOCTb obpaboTkn. OueBMaHO, Hanbonb-
Lee 3HayYeHne yo MOXeT OblTb paBHO BenuuMHe cHumaemoro npwurnycka [1.

[ns BbINOMHEHNSA 3TOrO yCrnoBusi, ncxogs ms 3asucmmoctn (1.9), Heobxoau-
MO, 4YTOBbI MakcMmaribHO BO3MOXHasd Mpou3BOAUTENBbHOCTb 06paboTkn Q,
o0ycnoBneHHas pexyLmMmm cBOMCTBaMM LWINUGOBaNbHOro Kpyra, obina pas-
Ha UM consmepuma co 3HadeHnem Qg npu ycnosumn 7 =0,

3asucumocTu (1.9) n (1.10) onucbiBatloT "MaeanbHy" cxeMy pesaHns C
TOYKN 3peHusi obecneyeHns TOYHOCTU U NMPOU3BOAUTENBHOCTU 0BpaboTKu,
T.€. CXeMy pe3aHusd, KoTopasa B OyaylieM MOXeT cTaTb OCHOBHOW Npu Mexa-
Hu4eckon obpaboTke maTtepmanos. V13 npMBeAeHHbIX OAaHHbIX BbITEKAET, YTO,
co3faBas B TEXHOITOMMYECKOW cucTeMe npeABapuUTerNbHbIA HATAr Y, MOXHO

peanu3osaTb ycnosue Q > Q,,,,, [146].

C y4yeToM yCTOMYMBOCTU Mpouecca wnmudoBaHna BO BpeMeHn apdex-
TMBHO  Takke peanusoBatb cnyvan Q=Q,,,, T.e. ycnosue

QHOM:yO kp ~ L

. CyLecTBYIOT ABa NyTW Ero OCYLLECTBINEHUS:
o
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1. YCKOpeHHOoe Bpe3aHue WnngoBanbHOro kpyra B obpabaTtbiBaemyto
Aetanb A0 co3faHusa Tpebyemoro Hatsra yo B TEXHOMOrM4yeckon cucteme, a

3aTeM WNUdOBaHME C HOMWHANbHOW MPOU3BOAUTENBHOCTBIO 006paboTKM
Q=Qou (oTan yepHosoro wnudosaHua). [Ona obecneveHna Tpebyemon
TOYHOCTU 06paboTKkn, paBHOW BeENMYMHE Y, HEoBXoOMMO YMEHbLUNTb
HayanbHbIN HATAr B TEXHONOMMYECKON CUCTEME OT 3HAYEeHUs Yo OO0 3HaYeHUs
y. OTO [JOCTuUraeTcs BBeJeHMEeM dTana BbiXaXuBaHuA (LWNnUdOBaHUA C OT-
KMoYeHHoW nonepeyvHon nopadven, 1.e. Qg =0). B pesynbTate peanusyertcs

N3BECTHbLI aBTOMAaTU3NPOBAHHbBIA LMK KPYrfiOro Hapy>XHOro WwnndoBaHus
(kpmBaga 1, puc. 1.4 [70]), BKNoYaOLWMA 3Tan yCKOPEHHOrO Bpe3aHus LWnngo-
BanbHOro kpyra B obpabaTbiBaemMyto getanb (ydactok AB), 3atem atan 4vep-
HoBoro wnmdgoBaHus (ydactok BC) n atan Bbixaxusanusa (yyactok CE). Ha
puc. 1.4 nokasaH Takke xapaktep U3MEHEHUs YyNpyroro nepemMeLleHuns ¢ Te-
YyeHneM BpemeHu obpaboTkn Ana HeyCTaHOBUMBLLErocs npouecca wnndgosa-
HUA (KpuBas 2).

y
ty ___"_Z*W __/_.ﬂ_
1/ -~ !
| RN
2 i N
| ]
0 A B C E

Puc. 1.4. Xapaktep nameHeHus ynpyroro nepemeLieHus

C TeYeHMeM BpeMeHn obpaboTku
YcnogHble 0603HavyeHUsi: 1 — aBTOMaTU3MPOBAHHbLIN LMK WNNGOBaHNA; 2 — HeyCTaHO-
BMBLUMICA Npouece WNUdoBaHUS.

Ha npakTtuke paccmaTpvBaeMbii aBTOMaTU3MPOBAHHbLIW LMK KPYrinoro
HapY>XHOro WMoBaHNs NPUMEHSETCA NPU CbeME OTHOCUTESIbHO HEBOMb-
LUMX NPUMNYCKOB Ha AOBOAOYHbLIX onepaumsx. B aencteBMtenbHOCTM ero BO3-
MOXHOCTU 3HAYUTESIbHO LUMPE U OH MOXET ObiTb MCNOMb30BaH NP ChbeME
BonbLIMX NPUNYCKOB, KOTOPbIE, HAaNpUMeEpP, OCTalTCs Nocne npenBapuTenb-
HOW NE€3BUNHOM W OKOH4YaTernbHOW abpasnBHOM 0OpaboTkn. DddeKT 3Toro
uuKna wnndoBaHMa COCTOUT B obecneyeHnn makcumMmarnbHO BO3MOXKHOW MPo-
N3BOOUTENBHOCTU ONA 3a4aHHOM TOYHOCTU 06paboTKM, a OCHOBHbIM €ro
OrpaHUYEeHnEM SBMSIETCS CO3[aHMe HadanbHOro HaTara B TEXHOSIOrMYecKom
cucTeme, paBHOroO BENMUYUHE CHMMAEMOro Mpunycka, KOTOpbIA MOXET OOCTU-
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raTb OoNbLWNX 3HaYeHUn 1 ... 2 MM 1 Bornee. B aTUX ycnoBusix Ha NpakTuke
NPUHATO OCHOBHYIO YacCTb NpUNycka yaandaTb MO XXECTKOW cxeme ¢ 3agaHHOWN
pagmnanbHOM Unn NpPoaofibHOW nogayen UHCTPYMEHTa U Nub HeBOomMbLUYH
YacTb npunycka — No paccMaTpuBaeMon CXxeme (C HayanbHbIM paguanbHbIM
nepemMeLleHnem Yy ).

2. WnndgosaHrne no ynpyron cxeme c (PUKCUPOBaHHbLIM pagnanbHbIM
Qo e

v , KOTOpOEe no3BondeT CT86I/IJ'II/I3I/IpOBaTb BO
Kp ~"hw

ycunmem Py =c-yq =
BpeMeHu npouecc wnmdoBaHms n obecneunTb 3adaHHy0 NPou3BOAUTENb-
HOCTb 06paboTKM.

Takum obpasom, KapAuHanbHbIM pelleHneM npobremMbl NOBbILLEHUS
Npon3BOANTENBHOCTN 06PaboTKM NPU HEOOCTATOYHOWN XKECTKOCTU TEXHOSOIMM-
4YeCKOM CUCTEMbI SBNSETCS MNPUMEHEHNE aBTOMATU3MPOBAHHbLIX LMKITOB
LWNMdoBaHUA MO KECTKOW CXeme C npenBapuTernbHbiM CO30aHMEM HaTdara
Yo, @ TaKkKe NMpMMeHeHne ynpyrov cxembl LWNUGOBAHNA C PUKCUPOBaAHHBLIM

pagunarnbHbIM YCUMEM.

Heobxoanmo oTMeTuTb, YTO 06paboTka no XeCcTKon cxeme (KpmBasi 2
Ha puc. 1.30) BedeT K YBENIMYEHNIO BESTMYMHBI YNPYroro nepemMeLLeHuns (CHu-
XEHU ToYyHOCTU obpaboTkm). CrnegoBaTenbHO, NPUMEHSAEMbIE HA NpaKTUKe
mMeToabl 06pPaboTKN NE3BUNHBIMU U aBpPa3nBHBIMU UHCTPYMEHTaMM MO XKECT-
KO cxeMe C TOYKM 3peHunst obecnevyeHnss TOHHOCTM 06paboTkm aBnaATCA Ma-
nonpoussoguTenbHbiMK. HeobxogmMmo umcnonb3oBaTb cxemy 6e3 nogauynm c
Ha4anbHbIM paguanbHbIM NepemMeLlleHneM, yMeHbLuas npunyckn nog obpa-
B6OTKy M orpaHn4MBasiCb (PUHULIHBIMX OnepauuMsiMn ¢ npumeHeHnem abpa-
3UBHbIX N NE3BUNHbLIX UHCTPYMEHTOB. 10 CyTW, NpUMEHseMble Ha MpakTuke
XXECTKME CXEMbl pe3aHus ABNAITCS BbIHYXXOEHHOW MEpPOW B CBSA3M C HEOOXo-
ANMOCTBIO CbeMa OTHOCUTENBHO BONbLLMX NPUMYCKOB.

1.2. lpobnembl anmasHoro wnucgpoBaHna getanen
M3 TBepAbIX CNyiaBoOB U BbICOKOMNMPOYHbIX CTaneun

C MOMEHTa NPOMBbILLITIEHHOrO OCBOEHUS anMasHbIX KPYroB MX OCHOBHbLIM
noTpebuTtenem crano MHCTPYMeEHTanbHOE NPOM3BOACTBO: onepaummu wnmdo-
BaHUS M 3aTOYKM TBEPAOCMNABHbLIX U ObICTPOPEXYLUNX UHCTPYMEHTOB. OTO
06ycnoBneHo, BO-NEPBbIX, BbICOKMMU TpeboBaHMAMM K kadecTBy 06paboTku
NHCTPYMEHTOB (MCKMOYEHNe TpaguUMOHHBLIX Ans abpa3vBHOro WNndgoBaHus
AedeKkToB B BUAE TPELUUH, CKONOB U NPUXKOroB N obecrneyeHne BbICOKON Yu-
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CTOTbl U TOYHOCTM 06paboTkKM), BO-BTOPBIX, 60SbLLIMM 06 bEMOM NOTPebNeHus
TBEPOOCMNaBHbIX N ObICTPOPEXYLLMX WMHCTPYMEHTOB. [nuTenbHoe Bpems
NPUMEHeHME arnmMasHbIX KpyroB OrpaHM4mMBasriocb ornepauysimm 4YMCTOBOro U
A0BOJOYHOMO LWANGOBAHNSA, CbeMOB HEBOSMbLUNX MPUMYCKOB, YTO CBS3aHO C
OTHOCUTESIbHO BbICOKMM M3HOCOM Kpyra v HU3KOW NPOou3BOAUTENbHOCTBI0 06-
paboTku [47; 57; 114; 115; 126; 140; 144]. C co3gaHMeM anmasHbIX KpyroB
Ha NPOYHLIX MeTann4Yecknx cBsaskax, obecrnevmBaroLLmMx CHUKEHNE pacxoaa
anmasa v NoBbllleHne MPon3BOAUTENBHOCTU, NOSIBUNIAaCb BO3MOXHOCTb Mne-
pexofa Ha NosHyk anmasHyo o6paboTKy TBepAoCnaBHbIX U BbICTpoOpexy-
LLINX MHCTPYMEHTOB 6e3 npeaBapuUTENbHOrO WANGOBaHMA Kpyramm n3 obbly-
HbIX abpas3unBoB [21; 22; 47; 57; 121; 168]. 310 NO3BONMNO B pAge Cryyaen
KapOuHanbHO pewmnTb Npobremy BblCOKOKa4YeCTBEHHOM 06paboTkM 3a cyeT
NCKNtOYeHNs gedekToB WwrmgoBaHus, obpasylowmxcs Ha onepauusix npea-
BaputenbHon 06paboTkM Kpyramm n3 06bluHbIX abpasnBoB, KOTOpble, Kak
npaBuno, TPyAHO YCTpaHUTb nocnegyrowen anmasHon gosoakown [48; 118;
121; 124; 140; 141; 143; 154; 160].

BmecTe ¢ Tem, B NonHOM Mmepe npobrema BbICOKOKa4eCTBEHHOW obpa-
BOTKM MHCTPYMEHTOB anmasHbiMU Kpyramum Ha MeTanfIMyeckmx CBA3KaxX Ha
npakTuKe He pelueHa. 1o 0bycrnoBneHo, BO-NepBbIX, Ype3BblHaNHO BbICOKUM
YPOBHEM MPOU3BOAUTENBHOCTU, OOCTUTHYTLIM Ha onepaumsax npeaBapuTenb-
Horo abpasuBHOro wnngoBaHna (HaNpPUMep, Ha onepawmsix KPyrnoro Hapyx-
HOro 1 NfIockoro wnudgosanma oH coctasnsaeT 20 ... 40 ToIC. MM3/MUH, 4TO B
HECKOMbKO pa3s Bbllle MPOU3BOAMTENBHOCTM anMasHoro wnudgoBaHus), BO-
BTOPbIX, HU3KON CTOMKOCTbIO ariMasHbIX KPyroB Ha MeTansiM4yeckon CBS3KE B
YCMOBUSIX BbICOKOMPOM3BOAUTENBHOIO LWnndoBaHusa (Bcrneacrteme nx ObICT-
poro 3aTynfieHns, 3acanuBaHmsa U NOTEPU pexyLlen cnocobHoCcTn, B 0COBEH-
HOCTM Npu coBMeCTHON 06paboTke TBEPLOro Cnrasa Co CTanblo).

[ns NOBbILWEHNS NPOM3BOAUTENBHOCTU anMasHoro LWnndoBaHna pas-
paboTaHbl MeToabl rMy6unHHoro wnudgosanus [21; 47; 103; 142]. Ux adbdekT
COCTOUT B BO3MOXXHOCTU YBENIMYEHNSA NPOM3BOAUTENLHOCTU 06paboTkn 6e3
yBeNu4eHus pacxoga anmasa. lNpuyem, ¢ yBennyeHnem BennynHbl CHUMae-
MOro npunycka, 3 eKTUBHOCTb LWNMGOBAHUS BO3pacTaeT.

Mo aaHHbIM paboT [103; 143], npuMeHeHne meToga rinyomMHHOIo Kpyrno-
0O Hapy)XHOro anmasHoro LwnudoBaHna TBEPAOCMMAaBHbIX MHCTPYMEHTOB
NO3BONSIET MOBLICUTL MPOU3BOAUTENBHOCTL 06paboTkn 0O ypoBHA 20 TbiC.
MM’/MUH W Bbille NPU 3KOHOMUYECKM OBOCHOBAHHOM pacxode anmasa
(puc. 1.5, puc. 1.6). 310 gocTUraeTcs 3a c4eT yBenuYeHus rnyouHbl WwWnmdgo-
BaHUA 0O 3HavyeHun t~0,5 mm 1 Bbile NpyM OQHOBPEMEHHOM YMEHbLLUEHNN
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CKOpOCTW geTanun (B npegenax VneT =0,5 ... 5 M/MKUH) 1 wWnudcoBaHun ¢ oo-

neBown NpoaonbHON nogaden, 61M3kon K eguHULE.

Q-10°, //2
M::) // //1
5 '/

0 0,2 0,4 t, MM

Puc. 1.5. 3aBucumocTb nponsBoanTenbHOCTU 06paboTkm Q
OT rnyOuHbI wnudoBaHusa t npn PUKCMPoOBaHHON CKOPOCTHU

FINHEeMHoOro nsHoca Kpyra h
Ycnosusi obpabomku: 1 —h = 0,005 mm/MuH; 2 — h = 0,01 mm/MuH; o6pabaTbiBaembin Ma-
Tepuan — BK8; kpyr — 1A1 300x 25 AC6 250/200 M1-01 4; V,, = 35 m/c; S;=0,9.

mr/mm® mr/r
o401 [ 6 )(5 4
/ 3
0,35 25 5\1 / (/ }
0,301 204 / / / /
T 0,251 56 / X / 1
0,204 15 <
a S » A
0,151 1o
0,104
L s
0 0,2 0,4 0,6 0,8 1,0
ttMM ——

Puc. 1.6. 3aBucumMoCTb yaeribHOro pacxopa anmasa q

OT rMyoumHbI wnudgoBaHusn t
Ycnosusi obpabomku: 1, ..., 6 — Vger = 1, ..., 6 M/MUH; OobpabaTbiBaemMbln mMaTe-
puan — BK15; kpyr — 1A1 300 25 AC6 250/200 M1-01 4; V,, = 35 m/c; S, =0,9.

B pabotax 3axapeHko W. I. [47; 115; 137] npepnaraetca rnybuHHoOe
KpYrrnoe Hapy>XHoe anmasHoe LnndoBaHne TBepaocniaBHbIX MHCTPYMEHTOB
OCYLLECTBNATb C TAKOW e CKOPOCTbIO AeTanun, Kak U npu oB6bIMHOM MHOrO-
npoxoAHoM wnmgoBaHun (V,er =30 M/MWH), HO ¢ HEOOIbLLIOW NPOAOBHO

nogayent (Sppon =0,05 M/MUH), Tabn. 1.1. Mo cpaBHEHUIO C MHOTOMPOXOAHBIM

LunMdpoBaHneM 3To obecneymBaeT yMeHbLLEHUE B ABa pa3a yAernbHOro pac-
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Xoda anmasa npu ogMHaKoBOW npounsBoauTernibHoCcTU obpaboTku. [na ocy-
LecTBneHmsa rmybuHHOro wnmgoBaHns pekoMeHOyeTcss UCMoNnb3oBaTb ar-
MasHble Kpyrn Ha meTannuyeckmx ceaskax M1-01, M1-10 mn T.4., KOTOpbLIE
CKMNOHHbI K camo3aTadnBaHuto. lNpumeHeHne 6onee NPoYHbIX MeTanIMYEeCKnX
cBa30k (Tuna M2-01) okasanocb Mano3addeKTMBHO B CBA3M C ObICTpOn noTe-
pen pexyllien cnocobHOCTM Kpyra B npouecce WwnmudoBaHus.

BaxHbIM pe3epBOM MNOBbILLEHUS 3PIPEKTUBHOCTM 0bpaboTkn TBEPAO-
CMNaBHbIX U ObICTPOPEXYLLUNUX WHCTPYMEHTOB CTarnio MCMOfb30BaHWUE 3rek-
TPOXMMUYECKOTO U 3NEKTPO3PO3MOHHOIO WNMUGOBaHNS, COYeTalLWmnX Mexa-
HUYEecKoe pe3aHne ariMasHbIMU 3ePHaMU, IANEKTPOXUMMUYECKOE PaCTBOPEHUS
Matepuana n anekTpo3pPO3NOHHOE paspyLLUEHNe NPOAYKTOB 06paboTkn n me-
Tannm4eckomn cBA3KM anmMasHoro kpyra [9; 10; 16; 22; 25; 47; 77; 168]. Takoe
coyeTaHue huanyecknx npoueccoB obecrneymBaeT MNoBbILWEHME MPOU3BOAN-
TENbHOCTU M KayecTBa 06paboTKKN, CHUXXEHME CU U TemnepaTypbl pe3aHus,
YyCTpaHSeT 3acanmMBaHue anMasHoro Kpyra v MnoBbllLIAeT ero pexyLlyr cno-
COBHOCTb.

Tabnuya 1.1

3aBUCUMOCTb OTHOCUTENBHOro pacxona ayqimasa

oT cnocoba wnudoBaHus
(Ycnosusi obpabomku: kpyr 1A1 300x16x203 AC4 125/100 MO4 4, onameTp 3aroTos-
kn — 100 mm)

PacuetHas OTHOCUTENbHBLIN
Cnocob VKp: Vier: S.—.poﬂ, t, | npousBoauTEnb-
pacxop anvasa
LunMgoBaHns mic | m/MuH | m/Mue | MM HocTb Q,
3 q, mr/r
MM”/MWUH
M
HOTOTPOXOAROE | 35 | 22 10 |002 3140 26,44
(aB. xon)
"ny6uHHOEe (xoa) 35 22 0,033 | 0,4 4 145 13,15

MeTon aneKTpOXMMUYECKOrO LUNNGOBAHUSA OCYLLIECTBIISIETCA Ha Crneum-
anbHbIX UNN nNepeobopyaoBaHHbLIX LWNMAOBArNbHbLIX CTaHKaX, YKOMMIEKTO-
BaHHbIX NUCTOYHMKOM TEXHONOrM4YecKoro Toka. [ns ero peanusauumn K anmas-
HOMY Kpyry (kaToay) noaknoyaeTcs oTpuuaTenbHbI NOMC NCTOYHMKA TOKa,
a K obpabartbiBaemon getann (aHody) — NONOXuUTenbHbIA nontc (puc. 1.7).
B 30HY kOHTaKTa Kpyra c geTanbio NogaeTcsl aNeKTPONUT, KOTOPbIN 3aMblKaeT
SNeKTPUYecKyo Lenb 1 obecrneymBaeT NpoTeKaHNe NpoLecca 3MNeKTPOXUMU-
4YEeCKOro pacTBOPEHUs1 N 3NeKTpoapo3un. B kayectBe anekTponuta criegyet
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NPUMEHATbL BOAHbLIE PacTBOPbl a30THOKUCIIOrO HATPUA U Kanus, Tak Kak OHU
A0CTaTOYHO 3MEKTPONPOBOAHbLI, obecnevnBatoT CPaBHUTENbHO MHTEHCUBHOE
ANEKTPONIUTUYECKOE PACTBOPEHME MeTansna n He obnagatT arpeCcCuBHbIMU
CBOMCTBaMM, KaK Hanpumep, KMcrnota unm Hekotopble conu. B pabote [17]
NoKasaHo, YTO NPU 3NEKTPOXMMUYECKOM LUNMPOBaHNK C HanpsxxeHnem 14 B
Temnepatypa anekTponuta nHoraa gocturaet 80 °C. B aTux ycnosusix anek-
TPOSNIUT MOXET 3aKuMnaTb, YTO PE3KO CHMKAET MHTEHCUBHOCTb 3NEKTPOXUMMU-
4YeCKOro pacTBOPEHUS 1 NOBbLILIAET pacxos anMasos.

Hanbonee wwunpokoe npuMMeHeHWe MeTo[ 3INEeKTPOXUMWUYECKOro LUn-
boBaHMSA MNONyYMn Ha onepauusix 3aTO4KK, KPYrroro U naockoro MHOronpo-
XOOHOro wnngoBaHns MHCTpyMeHTOB [3; 22; 68; 121; 168]. B pabote [57]
NoKasaHo, YTO MpU 3NEKTPOXUMUYECKOM LINMEOBaHUN UCNOMb3YIOTCA: He-
Bbonbluoe HanpsikeHne 6 ... 8 B 1 OTHOCUTESIbHO BbICOKasi MSIOTHOCTb TOKa
60 ... 100 A/cm?, KOTOpble MO3BOMSAT UHTEHCUMULMPOBATL MEXaHUYECKMiA
pPeXUM LWNNdoBaHUS.

Puc. 1.7. MpnHuuMnmnanbHas cxema anmMmasHoro
3neKTpoxummyeckoro wnudoBaHus

OpHako, BcneacTemve HelOCTaTOMHO MHTEHCMBHOIO 3NEeKTPOXMMUYECKO-
ro BO34ENCTBMS Ha pabo4vyto NOBEPXHOCTb Kpyra B npouecce WwnindoBaHus
NONMHOE BOCCTAHOBIIEHNE €ro pexyllen crnocobHocTu, He npoucxogut. [Mo-
9TOMYy 3(P(PEeKTUBHO UCMOSb30BaTh JIMLb anmMasHble Kpyru Ha meTtannuye-
CKMX CBSI3KaX, KOTOPble CKIMOHHbI K caMmo3aTaymMBaHuio. Hanpumep, anmasHbin
Kpyr Ha cBaske M2-01 (kak n npy obblMHOM WNMdoBaHMM) BbICTPO TepsieT
PeXyLLY CNOCOBHOCTb, N UCMONb30BaTh €ro He 3PEPEKTUBHO, B OCODEHHO-
CTV NpW NOBbILWEHHbIX rMyduHax wnngoBaHna (T.e. B YCNOBUSAX ryOGUHHOro
LWwnudoBaHus).
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Kak nokasbiBaeT npakTuka, NMOBbICUTb PEXYLLYK CNOCOBHOCTb anmMas-
HbIX KPYroB Ha MeTanfIM4eckux CBA3KaxX MOXHO 3a CYET NPUMEHEHUs1 aBTO-
HOMHOW HEeNpepbIBHOW 3nekTpoxmmudeckon npasku [24; 114; 142]. 3gecb
NONOXUTENbHBbIM 3NEKTPOAOM (aHOLOM) SIBNAETCA anMasHbIi Kpyr, a OTpu-
LaTernbHbIM 3MEeKTPOAOM — creunaribHbI KaToAd, BbIMOMHEHHbIN B BUOE U30-
FHYTOM NNacTUHKM N3 Meaun, npunerarwen K Kpyry no gyre. B 3asop mexay
anmasHbIM KpYyroMm M 3reKkTpodoM Yepes LUenb B 3reKTpoae, nepekpbiBato-
LLIYKO BCHO BbICOTY Kpyra (T.e. Yepe3 BHYTPEHHIOK MOSIOCTb), NoAaeTCs anek-
TponuT. BenuunHa 3a3opa ycTtaHaBnmMBaeTcs NOCPeaCcTBOM MUKPOMETpUYe-
CKOrO BUHTA, PacnofOXEHHOro nepneHankynapHoO ocu Kpyra. 9To no3sonsieT
perynupoBaTb TEXHOSIONMYECKUA TOK B LENN U COOTBETCTBEHHO WHTEHCUB-
HOCTb 9NEKTPOXUMMUYECKON NPaBKMU.

B kadecTtBe anekTtponuta MoxeT ObITb MCNOSb30BaH BOAHbLIA pacTBOp,
cogepxawmn: HuTpat HaTpus NaNOsz — 5 %; HuTpat HaTpusa NaNO, — 0,5 %;
yrnekmcnbin Hatpun Na,CO; — 2 %, a B Ka4yecTBe MCTOYHMKA TOKA — OAHO-
drasHbI Unn TpexdgasHbii BbIMPAMUTESTb C BbIXOAHBIMU HANPSXXEeHUAMU [0
20 B n cunon Toka go 50 A.

MeTo aBTOHOMHOW HEMPEPLIBHOW 3NEKTPOXMMUYECKOW NpaBKu armas-
HOro Kpyra Ha MeTanfiMyeckom CBA3KE MOSy4yun MpuMeHeHue npu 3aTtoyke
WHCTPYMEHTOB, B OCOBEHHOCTU WUHCTPYMEHTOB U3 CUHTETMYECKUX MNONUKPU-
ctannuyecknx matepuanos [24; 23; 138; 157]. Ha ero ocHoBe paspaboTaH
NPOrpeccuBHbIN  Npouecc MNpPOLOSIbHOrO KPYrfioro Hapy)XHOro arnmasHoro
LWndoBaHUa OBbICTPOPEXYLIMX U TBEPAOCMNABHbIX MHOrONE3BUNHbBIX WH-
CTPYMEHTOB (bpes, pa3BepToK, 3€HKEPOB U T.4.), XapaKTepusyLNNCcs BbiCO-
KAM KadecTBOM 06paboTkm n cbemMom npunycka 4o 1,2 MM Ha CTOPOHY 3a
oauH npoxopg [125].

B oTnuume ot cywecTtByrOWMX MPOLLECCOB MMyOMHHOIO WMdoBaHus,
roe npopornbHas nogada Ha obopot aetann By He npesbiwaet 0,1 WMPKUHLI

kpyra B, a ckopocTtb BpalleHus petanu Vo, coctaenset 20 ... 30 m/muH,

wnnudosaHne no npegrnaraemon cxeme ocyuectengetrca ¢ B4 =09-B wu
Vyer =1,5 M/MUH, 4TO NO3BONSET NPY IKOHOMUYECKM NPUEMITEMbIX 3aTpaTax

Ha pacxod anmasHoro matepuwana B 1,5 ... 2 pasa NoBbICUTb NPOU3BOAM-
TenbHOCTb 06paboTkn Q.

O PEKTUBHOCTL NPUMEHEHNA TakKoro mMeTtoda wnudoBaHMA cTana
BO3MOXXHOM Bnarogapsi cneumarnbHO pa3paboTaHHbIM NpUHUMNAM Ha3Ha4e-
HUA NapameTpoB peXxuma pes3aHusi, CornacHo KoTopbiM Ans noboro penve-
dra Kpyra He3aBMCUMO OT 3EePHUCTOCTM U KOHLIEHTpauuu cyuiecTByeT Oony-
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cTumaga (NpOYHOCTHAas!) TOMLWMHA cpe3a MakCMMasibHO BbICTyMawLwmMm 3ep-
HOM, NPV OOCTMXKEHUM KOTOPOM yAernbHbIA pacxoq anmasa npuHumaeT Mu-
HUManbHOE 3Ha4yeHue, 1 NO3TOMY MOUCK ONTMMAasbHbIX PEXUMOB LLNMGOBA-
HWA cnegyeT NPoOn3BOAUTbL U3 YCroBUsS obecnevyeHns NosiHOro cbema MeTarn-
na Ha ypoBHe JornycTUMON (MPOYHOCTHOW) TOMLLNHBI Cpeasa.

BbINonHEHHbIE aHanNUTUYeckMe uccrnenoBaHWs Mokasanun, YTo Mmexay
OCHOBHbIMM MapameTpamun WMdoBaHUA CyLLeCTByeT OAHO3Ha4YHasa CBSA3b U
Ans onpefeneHns oNnTMManbHOrO pexumMa WwnngoBaHna AOCTaTOYHO 3HaTb
A0NYCTUMYHO (MPOYHOCTHYIO0) TONWMHY cpe3a H,.x, KOTOpas ycTaHaBrvea-

eTCs pacyeTHO-3KCcnepnmMeHTarnbHbiM nyTem (puc. 1.8):

tgy -k-V,g -H>
VneT = P__TMex , (1.11)

9.b-4/2-t-

roe 2y — yros rnpu BepLiviHe 3epHa;
K — NOBEPXHOCTHAs KOHLIEHTPaLMs 3epHa, WT./M;
b — MakcumanbHaga BbICOTa BbICTYNaHUS 3€peH Hag CBA3KOW, M;
R net s RKp — paguycbl getanu u Kpyra, M;

t — rnybuna wnmndoaHus, m.

0 1
|
10,
Rep ! 2
|
max ‘I‘ tH /VKp
n
trq 3
(@) / R
4
R
V / aet
aer
O,

Puc. 1.8. PacyeTHas cxema napameTpoB

KPpYrnoro Hapy>Horo wrnucgpoBaHus
YcnosHbie 0603HaqYeHuUsi: 1 — Kpyr; 2 — pexywme 3epHa Kpyra; 3 — CNol OCTaTOYHON Lue-
poxoBaTtoCcTn 0b6paboTaHHOM MNOBEPXHOCTWU; 4 — NUHUA MNOSIHOMO Cbema MaTepuana,
5 — anemeHTapHble uMnNuHapu4eckne obonoYkn npunycka.
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[Ana cpaBHEeHWA NpeanoXXeHHON CXeMbl U NMPUMEHSAEMON Ha MNpaKkTUKe
CXeMbl FMyOGUHHOro LWNMOBaHNS MNofyYeHa aHanuMTu4eckasi 3aBUCUMMOCTb
ons onpegenenns Hpyax:

, (1.12)

koTopas noaTBepxaaeT 3PdEKTMBHOCTb YMEHbLUEHUS CKOPOCTW AeTanu
Vjer C TOYKM 3pEHMA yBENMYEeHUs npousBoamTensHocT obpabotkn Q wu,

cnegoBaTtesibHO, NPENUMYLLECTBO CXEMbI WANGOBAHUA C NPOAOSbHOM noa-
yen B4, npubnunsntenbHoO paBHOM LIMPUHE Kpyra B, B ycrnoBuax nosbilleH-
HbIX rNYOUH WnndoBaHnA.

MakcumarnbHas BblcOTa MUKPOHEPOBHOCTEN 06paboTaHHOM MNOBEPXHO-
CTW (NapaMeTp LLepoxXoBaTOCTU NOBEPXHOCTN) R, ax ONpeaenseTcs:

18'104'77'>_<6'V;2leT'B' LJFL

R R
Rmax =Hmax? Mmax E -1 2 2 /2 = -
4t B; tg®y -m~ - Vg, -By

,(1.13)

roe X— 3epHUCTOCTb Kpyra, MKM;
m — o6beMHas KOHUeHTpauna anmasHoro kpyra (100; 50; 25; n 1.4.).

[octoBepHOCTb aHanuTU4eckon 3asncmumocTtu (1.13) oueHnBanach 3Kc-
NepuUMEHTanbHO Ha OCHOBE MapamMeTpa LWepoXoBaTOCTU MNOBEPXHOCTH
R; = 0,2-Rax- B 1abn. 1.2 npvBeaeHbl akcnepuMeHTarnbHble N paccynTaH-

Hbl€ NO 3aBUCUMOCTHU (1.13) 3Ha4YeHns Ra, KOTOpble NOKa3blBalOT AOCTATO4-

HYyl0 CTeneHb CXOAMMOCTWU MNOSyYEHHbIX pe3ynbTaToB. McxoaHble OaHHble:
anmasHbin Kpyr — 1A1 300x25x5 AC6 250/200 M1-01 4; obpabaTbiBaemMbii

MaTepuan — TBepabin cnnas BKS,; R/J,eT =100 mm; X =200 mMkm; m=100;
tgy =1; Vip =30 M/c; By =20 mm/06.; t=0,1 Mm/xog.
Kak BUOHO, C yMeHblUEHWEM CKOPOCTU BpalleHus aetann Voo, (B

yCcnoBuax FJ'Iy6I/1HHOFO LIJJ'II/I(*)OBaHVIFl) napamMmeTp wepoxoBaToCT MNMOBEPXHO-
CTH Ra YMEHbLUAETCA, YTO NO3BOJIAET obecneunTb BbICOKOE Ka4ecTBO o6pa-
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6OTKM NpU OLHOBPEMEHHOM YBENUYEHUN NPOU3BOLAMTEIIBHOCTU arMasHOro
LWnmMdoBaHusa bonee YeM B 2 pasa 1 YMEeHbLUEHUM M3HOCA ariMasHoro Kpyra.

Tabnuua 1.2

PacuyeTHble 1 aKcnepuMeHTalrbHble 3Ha4YeHns napameTpa
LLepoxXoBaTOCTU NoBepxHocTn R,

Vier, MiMuH 1 3 4 6
R:;KC, MKM 1,1 1,65 2,05 2,17
RPEC 136 211 2,36 2.78

YoenoHasa pexuMHas Mnpou3BOaUTENbHOCTb 06paboTKM  pasnUYHbIX
TUMNOpPa3mMepoB TBEPLAOCMNSIaBHbIX MHOIMOMNE3BUNHBLIX MHCTPYMEHTOB B YCINOBU-
AX npeasiaraeMoro npolecca anMasHoro wnudgoBaHus (C HenpepbiIBHOW aB-
TOHOMHOW 3MIEKTPOXMMMUYECKON MPaBKOM anMasHoro Kpyra Ha metannuye-
ckoii cBs3ke) cocTaBnsieT 800 ... 1 000 MM*/MUH-MM, @ UHCTPYMEHTOB U3
BbicTpopexyllen ctanu — 700 1 6onee MM /MUH-MM Npy SKOHOMUYECKW NpPU-
eMNIeEMOM M3HOCE arMasHbIX KpYyros, YTO MO3BOSISET MOSIHOCTBIO UCKMIOYNTL
NPUMEHEHNE TPagULMOHHbBIX abpasvBHbIX MaTEpPManoB Ha onepauusx Kpyr-
noro o6aupoyHoro wnungosanHus. LLlepoxoBaTocTb 06paboTaHHON NOBEPXHO-
cTn He npesbliwaeT R; — 0,5 ... 1,5 mkm. OTCcyTCcTBME Ha 0b6paboTaHHbIX Mo-

BEPXHOCTSIX NPUXOroB U MUKPOTPELLUNH B 3TOM Cryvyae nNpuBOaUT K NNMKBUOA-
uun 6paka B NPOM3BOACTBE M K MUHMMarbHOMY o6bemy nocnegyowmx u-
HULLHbIX onepauuin. JKCnepMMeHTasribHO YCTaHOBMNEHO, YTO npouecc Wwnudgo-
BaHWA NpoTeKaeT B BUOPOYCTONYMBOM peXMME, MPUMNYCK CHAMAETCH 3a O4uH
Npoxon Kpyra, a 3f1IeKTPOXMMUYECKON MpaBKOW yOanaAtTcAa NPOAYKTbl 3aca-
NMBaHUSA ariMasHoro Kpyra, U NocToAHHO NOAAEepPXMBAETCHA ero BbiCOKas pe-
XyLiasa crnocobHOCTb.

C ucnonb3oBaHMeEM MeTo4a aBTOHOMHOW HenpepbiBHOW 351EKTPOXUMMU-
YeCKOW NpaBKM anMasHOro Kpyra Ha MeTtaniinyeckon cBsiske paspaboTaH u
BHeOpeH B MNPOU3BOACTBO 3(PPEKTMBHLINM MPOLECC anMasHoro rriybuHHoro
KPYrmnoro Hapy>HOro LUANGOBaHNA PeXYLUUX Mrawek 13 3akaneHHOW ctanwu
XBCI" Ha cTaHke-aBTOMAaTeE, M3roTOBNEHHOM Ha 6as3e ctaHka mopaenun 3612,
T.e. B aBTOMaTuyeckom uukne. lNpouecc obecnevnBaeT cbeM npunycka no
0,2 MM Ha CTOPOHY 3a OAMH MPOAOSIbHbIN XO4 Kpyra, YTO yBenndinBaeT npo-
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N3BOANTENBHOCTL 06paBoTkM A0 12 Thic. MM /MUH, T.e. B 6 pa3 [143]. Pas-
MepHasi CTOMKOCTb Kpyra u3 kyboHuta 1A1 300x25x5 KP 200/160 4 MO-16
rapaHTUpyeT BblCOKOKayYeCcTBEHHY0 06paboTky 2 000 nnaluek TMnopasmepos
M5 — M12 6e3 nogHanagku nnu 150 000 nnawek ogHuUM Kpyrom. B npouecce
LWNMdOBaHUA NOAOEPKMBAETCS "OCTPbIN" peXyLmMn penbed Kpyra, yCcTpaHs-
eTCce 3acanuBaHue CTpyXkamn paboden NoBepxHOCTU Kpyra n obecnednsa-
€TCs ero BblCOKasa pexyuiast cnocobHocTb. LLnngoBaHme ocywecTBnseTcs ¢
pexumamu pesanust: t = 0,1 ... 0,3 MM; Ve = 30 M/MuH;  V,; =30 ... 35 M/c;

pornesas npogosnibHasa nogada — 0,2 ... 0,5.

Hapsagy ¢ nonoXuTenbHbIMU CTOPOHaMK, 3MEKTPOXMMUYECKasT NnpaBka
obnapgaet cywecTBeHHbIMU HegocTaTkaMun, CBA3aHHbIMU C yXyALIEeHNEM KO-
normn npoussoactBa [91]. B npouecce obpaboTkm obpasyeTcsas TymaH u3
9eKTponuTa, YTo oKasblBaeT BpeaHOEe BO3AENCTBME Ha opraHn3m pabouero,
a Takke MpuBOOAMT K KOPPO3UW WU MPEXOEBPEMEHHOMY BbIXO4y W3 CTPOS
wnudoBanbHoro obopyaoBaHus. OTo TpebyeT co3gaHna OONONHUTENbHbIX
BbITS)KHbIX YCTPOMUCTB U OPYrMX CPeacTB 3awmThl paboyero mecra.

[MoaTomy Ans ob6paboTKM MHCTPYMEHTarNbHbIX U KOHCTPYKUMOHHBLIX Ma-
TepunanoB LLUMPOKO UCMOSb3YEeTCA METO/ 3NeKTPO3PO3NOHHOIO LWNNGoBaHNA,
CYLLIHOCTb KOTOPOro COCTOMT B TOM, YTO 06paboTKy BeayT B cpeade Ananek-
TpyKa, a Mexay anmasHbliM Kpyrom n obpabaTbiBaemon getanbio Bo30yxaa-
0T UMNYNbCHbIE dnekTpuyeckune paspsagbl (puc. 1.9) [8; 9; 10].

l Prp

~G

/77777

Puc. 1.9 . Cxema anmMmasHOro aneKkTpo3po3MoHHOro wnuncgpoBaHusa
M 3KCNepuMeHTarnbHaA ycTaHOBKa ANA onpeAerieHUus CUnbl pe3aHus

npu o6paboTke NoO ynpyron cxeme
YcnosHble o6o3HadeHusi: 1 — Banka; 2 — TeH3oMeTpuyeckme gatyuku; 3 — rpys; 4 — an-
Ma3HbIN Kpyr; 5 — TOKONOABOAHOE YCTPOWMCTBO.
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OTO NO3BONSAET NOCTOAHHO NOAAEPKUBATL BbICOKYIO PEXYLLYIO COCOb-
HOCTb Kpyra. B kayecTtBe paboyen cpefbl MOryT ObiTb UCMONb30BaHbI MPO-
CTble Nno cocTaBy 0e3BpefHble TEXHONOrMyeckne XUOKOCTU (Hanpumep,
0OblYHbIE MPUMEHSIEMbIE MPU WNMGOBaHNN 3MYITbCUN), pEKOMeHayeTCs 2 ...
3 NPOUEHTHbIM BOOHbIN PacTBOP KayCTUYeCKoM cofbl. ICTOYHMKaMKU nuTaHus
CnyXaT BbICOKOYACTOTHble reHepartopbl umnynscos (tTuna LUIMA), cneynans-
Hble reHepaTopbl ATT, B HEKOTOPLIX cryyasax Boinpamutenu (tnna BAKP).

[Mpon3BoOANTENBHOCTL 3MEKTPO3PO3MOHHOIO ariMasHoro LwnndoBaHud
coctasnseT 800 ... 5 000 MM*/MUH Ha onepaumsx KpYrioro Hapy>HOro LUMu-
cdosaHus, 300...1 100 MM’ /MMH Ha onepauusix BHYTPEHHero LWnundoBaHus,
500 ... 1 600 MM*/MWH Ha onepaLmMsX NNOCKoro WnudoBaHus. Mo cpaBHEHMIO
C OObIYHbIM WG OBaAHMEM MPON3BOAUTENBHOCTbL Bo3pacTtaeT B 1,5 ... 5 pa3
npu OOMHAKOBOM yaesibHOM pacxode anmasa, a NpoAoSKUTENbHOCTb pabo-
Tbl MIHCTPYMeHTa (6e3 npaBkun) yBenmymBaeTca B AECATKM pas.

[0 nmerowmnmMcs AaHHbIM, NPOLLECC 3NEKTPO3PO3NOHHOIO LWNndoBaHNA
9(PPeKTMBHO NpoTEKaeT Npu MCNONb30BaHUM ariMasHbiX KPYroB Ha Maro-
NPOYHbIX (CKMOHHBIX K camo3aTadnBaHuIO) MEeTanIMYeCcKkUx CBA3Kax, YTO He
pellaeT, Hanpumep, B NofHON Mepe NpobrieMbl BbICOKOMPOM3BOAUTENBHOIO
lWnNudoBaHUA anmasHbiMU Kpyramum Ha bonee npoyHou ceBsaske M2-01, no-
CKONbKY Kpyr paboTaeT B pexume 3aTynfieHnsa (3HEPrnmn anekTpuyecknx pas-
pAoOB HEOOCTaTOYHO ANs ero adpdpeKTMBHOW npasku). M3 aTOro MOXHO 3a-
KNIOYUTb, YTO pelleHne npodbnembl MNOBbILWEHUS NPOU3BOAUTESNLHOCTU LUSN-
doBaHNA 3a CYET NPUMEHEHUSA ariMasHblX KPYroB Ha MPOYHbLIX MeTannude-
ckmx cBdaskax (tuna M2-01) saBnsgeTca akTyanbHOW, MMeWen BaXHoe
HapOAHOX03ANCTBEHHOE 3HAYEeHME.

OAQHUM 13 NepcnekTUBHbIX NyTEN ee peLleHus cregyeT paccMmaTpuBaTtbh
MCNonb3oBaHME KpynHorabapuTHbIX KPYroB, XapakTepuayoLwwmnxcsa yBenn4eH-
HbIMW 3HAYEeHUSIMU AnameTpa, LWNPUHbI 1, COOTBETCTBEHHO, MMOWAAN pPexy-
LLIler NOBEPXHOCTN, YTO NO3BONHAET YMEHbLUNTL MHTEHCUBHOCTbL 3aTyMieHUs U
3acanmBaHus Kpyra, NOBbICUTb €r0 CTOMKOCTb. B coyeTaHum ¢ HenpepbIBHLIM
9NEKTPO3PO3NOHHBIM BO3AENCTBMEM Ha Kpyr 3TO obecnevmBaeT noggepxa-
HME pPasBUTOrO PEXYyLLUEero penbeda Kpyra M CyweCTBEHHOE YyBenn4eHue
Npon3BOAUTENBHOCTN 0OpPabOTKN.

HeobxogMmMo OTMETUTb, YTO yKa3aHHbIA BbillE BbICOKUA YPOBEHbL MPO-
N3BOOUTENBHOCTU NpeaBapuTenbHOro abpasmBHOro wnudgoBaHna TBepao-
cnnaBHbIX UHCTPYMEHTOB (20 ... 40 TbIC. MM°/MUH) AOCTUTHYT C MPUMEHEHM-
eM KpynHorabapuTHbiXx abpa3uBHbIX KpyroB (anametpom 600 mm n Gonee).
EcTtecTtBeHHO, 4OOUTBLCSA TaKoOW BbICOKOM NPOM3BOAUTENBLHOCTU Ha onepaumsax

26



anmMasHoro wnngoBaHMA MOXHO IUWb C WUCMNOMb30BaHMEM aHasIOrMYHbIX
KpynHorabapuTHbIX anMasHbIX KPYroB, TakK Kak MpuMMeHsieMble Ha MpakTuke
anmMasHble Kpyrun npamoro npodpunsa guametpom 300 MM M MeHee OKasanucb
He KOHKYpeHToCcrnocobHbiMn. OTCYyTCTBME OMbiTa 3KChyaTauumn KpynHorada-
PUTHBIX anMasHbIX KPYroB Ha NPOYHbIX MeTannyecknx cBaskax npu wnngo-
BaHUN TBEPAOCNNABHbIX U BbICTPOPEXYLLMX MHCTPYMEHTOB, a Takke OpYrnx
aetanen U3 TBepAblx CNiaBOB N BbICOKOMPOYHbLIX CTanen TpebyeT nposene-
HUA KOMMJIeKCa UCCregoBaHUn Mo onpeaesieHNIo TEXHONOrMYeCKUX BO3MOX-
HOCTEN KpynHorabapuTHbIX anMasHbIX Kpyros, YCNOBUA NOLAFOTOBKN UX K pa-
6oTe 1 apdeKTMBHOM IKCNTyaTaunu.

CyLLeCTBEHHbIM OrpaHUYEeHMEM MOBbILWEHUS NPOU3BOAUTESTBHOCTU
lWNudoBaHNA crnegyet paccmaTpuBaTtbh B pAge CrydaeB HU3KYHO XKECTKOCTb
TEXHOJTIOMMYECKOMN CUCTEMBI B CBA3N C HEBO3MOXHOCTbLHIO XECTKOro KpenneHus
AeTtarien Ha cTaHke. YCTaHOBEHO, Hanpumep, YTO BCeaCcTBME HU3KOW XKeCT-
KOCTWU TEXHONOrM4YeCcKon CUCTEMbl MpPU LWIMgOoBaHUM TBEpPLOCMNAaBHbIX U
BbICTPOPEXYLLUNX UHCTPYMEHTOB, MaTpUL, BCTABOK U APYrMx AeTtanen npoms-
BOOMTENIbHOCTb M TOYHOCTb 0OpPabOTKM CHMXKAKTCA B HECKONbKO pas, a
yOenbHbIN pacxod arnmasa CyLleCTBEeHHO Bo3pacTaeT. JTO yKasblBaeT Ha
HeoOXoANMOCTb pa3paboTKM BbICOKONPOMU3BOAMUTESbHbLIX MPOLLECCOB LUNGO-
BaHMA Ha OCHOBE YMpaBfieHUs YrnpyrmMm nepemMeLeHnsaMn B TexXHornormye-
CKOM cucTeMe (C y4eTOM OrpaHuyeHuin No CUMOBOM HaMPSXKEHHOCTU LWNngo-
BaHUS) NyTeM MpUMEHEHUS 3GPEPEKTUBHBIX aBTOMATU3MPOBAHHbLIX LIMKITOB
lwnndoBaHus. HeobxoanMoCTb AaHHbIX peLleHuin obycrnoBrieHa TeM, YTo pe-
KOMeHAyeMble ONTUMarbHble YCTOBUA ariMasHoro LWnnudoBaHnAa NoslyyeHbl B
OCHOBHOM [J151 YCTAHOBMBLLErocs npoLecca U He oTpaxarT cneumduky ne-
pexogHoro nepuoga, KoTopbli COU3MEPUM C ANUTENBLHOCTLIO 06PabOTKN KOH-
KpeTHOW AeTarnim Ha CTaHKe.

1.3. MeToAabl BOCCTaHOBJIEHUA peXyLUuen CNOCOOHOCTHU
anMasHbIX KpyroB Ha MeTanfn4ecknx cBsiskax

Oco6oe MecTo B paclumpeHun obnactn addeKTUBHOIO NPUMEHEHUSs
anMasHoro wnudgoBaHMsa 3aHMMalT METOAbl BOCCTAHOBMEHUS pPeXyLleWn
CNocobHOCTK anMasHbIX KpyroB. [MockonbKy B HacTosiLee BpeMs pa3paboTa-
Ha OOCTaTovyHO Oornbluas HOMEHKNaTypa CBS30K anMasHOro Kpyra, Kotopble
3HaYNTENbHO OTNMYAOTCA MeXay COobOoN Mo MPOYHOCTU U APYrUM (OU3UKO-
MEXaHUYEeCKUM N XUMUYECKUM XapaKTepUcTukam, To U Mepa BO3[AENCTBUSA Ha
HUX [0MKHa ObITb pasnuyHoi. OCHOBHOW 3afa4el NpaBkM anMasHoro Kpyra
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ABNSETCA yAaneHue cnosi CBA3KM Ha ornpeneneHHyl rnybuHy u BCKpbITUE
HOBbIX PEXYLLMX 3EPEH.

Hanbonee npocTbiM, HalleawnM NOBCEMECTHOE NPUMEHEHNE, ABNAET-
CSA MEexXaHM4YecKnn meTod npaBku abpasmBHbiMM Opyckamu. OH nos3Bonser
OOHaXXMTb HOBbIE CINOU PEXYLLUMX 3epeH B arnMasHbIX Kpyrax Ha OTHOCUTENb-
HO MArKMX OPraHNUYecKuUx N Kepamuyeckmx cBsaskax. [NpumeHeHue aToro me-
ToAa ONsa npaBku anmasHblX KPYroB Ha MeTansiMyeckux CBsA3Kax ABnsieTcs
ManoaddEKTMBHLIM, TaK Kak NpuUBOoANT K BONbLUOMY pacxody anmMasoB U He
No3BonseT 00ecneynTb BbICOKYH pPeXYLLYH CNOCOBHOCTL Kpyra.

OPPEKTUBHbIM METOAOM MpaBKM anMasHoOro Kpyra, Kak MokasaHo
B n. 1.2, cneagyeT paccmMatpuBaTb 9N1EKTPOXUMUNYECKNIA METO[, NPaBKU, OCHO-
BaHHbIN HA TEXHONOrMYECKOM MCMNOSIb30BaHUN OCHOBHbLIX 3aKOHOB 3I1EKTPO-
XUMWUK, YCTaHaBNMBAKLLNX BO3MOXHOCTb NepeBoda MeTasnna B MOHHOE Co-
CTOSAHME, T.e. paspyLleHne MeTarnna nyTem Bo34enUCTBUSA Ha Hero afiekTpuye-
CKMM TOKOM B Cpefie afieKkTponumra.

[Mpn npaBke anmMasHbl KPYr COEOUHSIETCA C MOJSIOXKUTESNbHBbIM, a npa-
BALLIMIN 3NEKTPOL C oTpuuaTenbHbIM NOStcaMn HU3KOBOSIbTHOMO UCTOYHUKA
TeXHOMorMyeckoro Toka. llocne nogaymn anekTponuta B 30HY MpaBKku B pe-
3ynbTaTe 3feKTponiM3a MeTannmnyeckasl cBsiska anmMasocoepkallero criosd
Kpyra nogsepraeTca pacTBOPEHUIO, YTO NPUBOAUT K BCKPbITUIO HOBbIX PEXy-
LLMX 3epeH. YemM MeHbLUe NoTeEPUN TEXHONOMMYECKOro ToKa, TEM BbilLE MPOn3-
BOOMTENBHOCTb CbeMa MeTanna ceasku. OgHako, Ha nNpakTuke obutbes
9TOro CIIOXHO, TaK Kak YaCTb SHEPrnn pacxogyetcs Ha obpasoBaHMe Ha aHo-
Ae coeauHeHNn pacTBoOpAeMOro metansna, obnagarowmx NOBbILLEHHbLIM J1EK-
TPU4eCKMM conpoTmsrieHneM (naccvBauus aHopa), 3SIeKTPosiu3  BOAbI,
HarpeB anekTponuta u T.4. B 3aBMCMMOCTM OT NAOTHOCTU TOKA MHTEHCUB-
HOCTb CbeMa anmasoconepxallero cros kpyra gocturaet 1 000 MM3/MUH
bonee [22; 52; 68; 121; 168]. NEeKTPOXUMNYECKYIO NPaBKY ariMa3HOro Kpyra
MOXHO MPOU3BOAUTL KaK HENoCpeACTBEHHO B 30HE LUNNAOBaAHUA, TakK U aB-
TOHOMHO BHE 30Hbl 06paboTKMK.

Hapsagy ¢ nonoXuTenbHbIMU CTOPOHaMU, 3MEKTPOXMMUYECKas rnpaBka
NMeeT psag HedocTaTKoB. B nepByto oyepenb 3TO CBSA3aHO C BPEAHOCTbIO pa-
6oTbl Npu ocylwiecTBneHnn npaBkn. Kak otmevanocb B n. 1.2, B npouecce
npaBkn obpasyeTcss TyMaH M3 3MEeKTponmnTa, KOTOPbIN COOEPXKUT BpeaHble
ANs opraHn3amMa 4efioBeka COCTaBfdAloLlMe U KOTOPbIM HEOBXOANMMO yaansaTb
BbITS)KHbIMW YCTPOMCTBaAMWU. ONEKTPONUT OTpULATESNIbHO BO3AENCTBYET Ha
obopynoBaHMe: NPMBOAUT K KOPPO3UN CTaHKa U NpexaeBpeMeHHOMY BbIXo4y
€ro n3 cTpos.
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[MfpMeHeHMe MeToda anMasHOro 3feKTPOIPO3MOHHOMO LWNNGOBaHNUSA
(anmasHo-uckposoro wnugosanus, puc. 1.10a) [7; 8; 9; 10; 53; 55; 58; 116;
118; 153], aBTOHOMHOWN 3MEKTPO3PO3MOHHOM MpPaBKM anMasHoro Kpyra (pwc.
1.106B) 1 anMasHoro 3MeKTPO3PO3MOHHOMO LWNNGOBaAHUA C HENPEPLIBHOW aB-
TOHOMHOW 9NEKTPO3PO3NOHHOW nMpaBkon anmasHoro kpyra (puc. 1.10r, g) nos-
BONSIET Ao0OUTbLCA Bonee 3HaYUTENbHOrO TEXHONOMMYECKOro U 3KONOMMYECKO-
ro agppeKToB, YTO 06bACHSAETCA cneundnieckuMmn ocobeHHOCTSIMUN INEKTPO-
9PO3MOHHOr0 BO3OENCTBUS Ha anmasHbii Kpyr n obpabartbiBaemyto AeTarnb
[117]. Hannune 3a3opa mexay B3aMmMoOenCTBYHOLLUMU NOBEPXHOCTAMMU MO3-
BOSIIET OCYLLECTBNATbL BECKOHTaKTHOEe hOPMMPOBaHME PEXYLLEN MOBEPXHO-
CTWU Kpyra C MUHMUMarnbHbIM YCUITIUEM N U3HOCOM MpPaBALLEro anekTpoaa; ms-
GupaTenbHOCTb U OUCKPETHOCTb npouecca obecneymBaeT HeobOXoaAnMYHO
TOYHOCTb 00paboOTKM N Ka4yeCTBO peXyLlen NoBepXHOCTU; TEPMUYECKUIN Xa-
pakTep KOpPpPO3UM He CTaBUT AaHHbIN METOA MpaBku B 3@aBUCUMOCTb OT (pu3un-
KO-MeXaHW4YeCKux CBOMCTB arimasocofepikailero cnos kpyra [9; 27; 58; 77,
79; 86; 116; 118; 135; 159; 161; 166; 167].

1~ (+) 1~ (+)
un un
(+)- *+(-)

nmn 5

- (+)
*un |- un
+(-)

r A
Puc. 1.10. dnekTpnyeckme cxembl NOAKNHOYEHUSA UCTOYHUKA

MUTAHUA K 30HE INNTeKTPO3PO3NOHHOIO BO34eUCTBUA

Ha anmasHbIn Kpyr [117]
YcnosHoe obo3HauveHue: 1 — anmMasHbiv Kpyr; 2 — obpabaTbiBaemas getarnb; 3 — UICTOYHUK
NUTaHMS TEXHONOrMYECKOro ToKa.

[ins HopManbHOro OCYLLIECTBMNEHUA MeToa 3NeKTPO3PO3NOHHON Npas-
KW anmasHoro Kkpyra Heobxoammo NOnoXWUTEenbHbIN 3apsaa OT UCTOYHMKA Tex-
HOJOrMYEeCcKOro Toka NoAaTth Yepe3 TOKOMPOBOAsLLEE YCTPONCTBO Ha anMas-
HbI Kpyr (aHOA), @ oTpuuaTenbHbIi 3apsa — Ha NpaBsALWMi anekTpo (katon).
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B HacTosiLlee BpemMs MPOMbILLNIEHHOCTb M3roTaBnueBaeT 6GonbLUOe Konnye-
CTBO pPasfinyHbIX MCTOYHUKOB TEXHOSIOMMYECKOro TOKa, KOTOpble MOryT
yCreLwHO UCnonb30BaTbCs OS5 ANEeKTPO3PO3NOHHOM NPaBKU aniMa3Horo Kpyra
Ha MeTannunyeckon ceaske. K HAM crieqyeT OTHEeCTU BbICOKOYACTOTHbIE reHe-
paTopbl MMynbcoB Toka Tuna UM n NCTOYHMKN NOCTOSAHHOIO TOKa.
CyLLHOCTb 9NEKTPO3PO3NOHHOW NpPaBKM ariMasHoro Kpyra npu MUCrorsib-
30BaHNN BbICOKOYACTOTHOIO reHepaTtopa 3anekTpuYeckux MMMnynbCoB npea-
cTaBnsieTcsa crnegyowmm obpasom. MNpu cOnNmxXeHnMn npaBsLwWero anekTpoaa c
anmasocofepXxawum crnoem kpyra u nogaden B 3asop COTC (ucnonbsyetcd
TexHM4yeckasi Boga ¢ aHTUKOPPO3NOHHOM aobaskon, 1,5 — 3 NPOLEHTHbIN CO-
AOBbIN pacTBOpP) MO KpaTyaulMM PaCCTOAHUAM MeXOy TOKONPOBOAALLMMM
ydacTKkaMn MeTansIM4eckon CBS3KM Kpyra U dnektpoda rnpu Hannmynum noTel-
umana npoucxogat paspagbl (puc. 1.11). Tepmuyeckoe BO3OENCTBUE WUM-
NyfnbCHOro paspsiga npuMBOAMT K 9p0O3MM Y4acTKOB CBSI3KM M 0Bpas3oBaHUIo
NyHOK. MNpoayKTbl 3p03UKN CBA3KU B BUAE 3aCTbIBLUMX YaCTUL, BbIMbIBAKOTCS U3
30Hbl 06paboOTKN MEXaneKkTpoAHoM cpedbl. B pesynbtaTte cyMMapHOro apo-
3MOHHOro BO3ENCTBUS ANEKTPUYECKUX paspagoB yaanseTca onpegeneHHoe
KONIMYECTBO CBSA3KW, YTO MPUBOAUT K OBHaXKEHUID 3€peEH U BOCCTAHOBIIEHUIO
pexyLien cnocobHOCTN anmasHOro Kpyra Ha metannmyeckomn caaske [85].

Puc. 1.11. Cxema 3neKTpo3poO3MOHHOro AenCcTBUA
Ha MeTanfM4yecKyr CBS3KY ariMa3Horo Kpyra

B npouecce wnndoBaHns Ha pexyLlen NoBepXHOCTN ariMasHoro Kpyra
ckannmBaeTcsl MHOro nNpoAdykToB ob6paboTku B Buae 06pasyroLmnxXcsi MUKPO-
cTpyxxek. Mpu NpoxoxaeHnn paspsaHOro Toka Yepes MeXIaneKTPOAHbIN Npo-
MEXYTOK 4YacTb 3HEPrnm pacxoAdyeTcs Ha 3PO3UOHHbIE MPOLIECCHI, NPONCXO-
Aswmne Ha cTpykax. B utore obpasyrowmecs CTpyXKM YaCTUHYHO UCMNapsItoT-
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CSl, YaCTUYHO OMNNABNATCA U C OXNaXaaroLwen XXUOKOCTbIO yaanstoTca ¢ no-
BEPXHOCTWN Kpyra. HenpepbiBHOE 3NEKTPO3PO3NOHHOE BO3OENCTBME Ha ar-
Ma3HbIN Kpyr B npouecce wnudoBaHns obecnedmBaeT ero BbICOKYID pPexy-
LLIYO CNOCOBHOCTb Ha NPOTAXEHUN BCEro TeXHONOrM4Yeckoro npowecca obpa-
6oTkuM (puc. 1.12).

Q4

0 g

Puc. 1.12. 3aBUCUMOCTb Npou3BOAUTENBLHOCTM 00paboTkn Q

OT BpeMeHn obpaboTku 1
YcrnosHbie 0603Ha4YeHuUs: 1 — anMasHoe 3NeKTPO3PO3NOHHOE WNUdoBaHUE; 2 — anmasHoe
lwnundosaHue.

HeobxoauMo OTMETUTb BaXHOCTb MPUMEHEHUSA BbICOKOYACTOTHbLIX re-
HepaToOpOB UMMYJIbCOB AN OCYLECTBEHNA npouecca 3NeKTPo3PO3NOHHOM
npaBku. B reHepaTopax Takoro tuna amnnutyga, AnuTenbHOCTb, YacToTa U
dopma MMnNynbCcoB npu paboTe hakTUYeckn He 3aBUCAT OT PMU3NYECKOro Co-
CTOSIHUSI 3PO3NOHHOIO NMPOMEXyTKa. OTO MO3BOMSET B LUMPOKOM AnanasoHe
BapbMpOBaTb 3IEKTPUYECKME PEXMMbI NPaBKW, 3HAYUTESTbHO MOBLICUTL MPO-
N3BOANTENBHOCTb NPaBKK, YNPaBNATb TOYHOCTbIO U KAYECTBOM peXyLLen no-
BepxHOCTU Kpyra. OCHOBHbIMW 3fIEKTPUYECKMMM MNapamMeTpamu npouecca
NpaBKu ABNAOTCA YacToTa CrieA0BaHUS UMMYNbCOB N X CKBAXXHOCTb.

YacTo B KayeCcTBe UCTOYHMKA TEXHOSOMMYECKOro ToKa UCMONb3yHT UC-
TOYHWMK NOCTOSIHHOIO Toka. CyLecTByOT HEKOTOopble 0COBEHHOCTU Npu pabo-
T€ C 9TUM UCTOYHUKOM. [1pn CONPUKOCHOBEHMM MpaBsLLero anekTpoda ¢ an-
Ma3HbIM KPYroM pexyLlime 3epHa cpes3aloT C NOBEPXHOCTM afnekTpoaa ane-
MEHTapHbIE CTPYXXKW, KOTOPblE NPU ONpeaeneHHbIX YCrOBUSX MepeMbIKaloT
MEXANEKTPOaHbIN 3a3op. [loa BNUSHMEM BbICOKOW TemnepaTypbl, pa3BuBa-
OLLENCa NpWU  MPOXOXKAEHUM 4Yepe3 OrpaHUYEHHYI MNowWaaky KoHTaKTa
CTPYXXKM CO CBA3KOW, 3aMblKaloOLNIN ee KOHeL, pacnnasnsieTcd, YTo npuBoguT
K BO3HMKHOBEHMIO 3NEKTPUYECKOro paspsga, OCTaBMASOLWEro 3PO3VOHHbIN
cnep B CBA3KE.
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ArnvasHble 3epHa OrpaHuYMBalOT BO3MOXHOCTb HEMNOCPeLCTBEHHOIO
KOHTaKTa CBA3KW C anekTpoaoMm. [pn npaBke anmMasHoOro Kpyra B pesynbtaTe
€ero BpalleHns JOCTUraeTcs npepbiBaHue anekTpuyeckux paspsgos. C yBe-
NIMYEHNEM CKOPOCTU BpaLLEHUS Kpyra yBennmymBaeTCA KONIMYECTBO 3J1IEMEH-
TapHbIX CTPYXEK, CHUMaeMbIX 3epHamMu B eOVHWULY BpPEeMEHW, a, crneposa-
TEeSIbHO, YBENMYMBAETCS KOMMMYECTBO BO3HMKAOLLMX pa3pagoB N yMeHbLUAET-
CS ONUTeNbHOCTb UX aencteuns. OQHaKoO KOHKypupoBaTb MO YacToTe crnefo-
BaHMSA UMNYJIbCOB C BbICOKOYACTOTHbIM reHepaToOpOM BecbMa CIlOXHO. Bme-
CT€ C TEM, 3SIEKTPOIPO3NOHHBIN CNOCOD NpaBkM OT MOCTOSAHHOrO MCTOYHMKA
TOKa BCe X€ Hallen nNpuMMeHeHne npu wnimgoBaHUM pasnnyHbiX TPYyaHOOb-
pabaTblBaeMbIX MaTepMaros.

Hapsgy ¢ meTtogom nepuoamyeckon 3eKTPO3PO3NOHHOM MpaBku an-
Mas3HOro Kpyra, Kak rnokasaHo B M. 1.2, Ha npakTuke nony4mn npuMeHeHue
MeTO[, asfiMasHOro 3JIeKTPOIPO3NOHHOIO LWNNdoBaHUA (MeToq anmasHo-
nckposoro wnudgosaHna [10; 53; 55; 58; 116; 118; 153]). B atom cnyvae
areKTpuyeckas 3Heprusi B popme 3MeKTPUYECKUX paspsaoB HernpepbiBHO
NoABOAUTCA B 30HY LUINEOBaHUSA, YTO NO3BOMAET HEMPEPLIBHO BO BPEMEHM
BOCCTaHaBNMBaTb PEXYLUY CNOCOBHOCTbL anmMasHoro kpyra. [lpumeHeHue
MeTo4a afiMasHOro 9NeKTPO3PO3NOHHOIO WMoBaHus LenecoobpasHo npu
WHTEHCUBHOM 3aTynneHun 1 3acanmBaHum paboven NnoBEPXHOCTU ariMasHOro
Kpyra, Hanpumep npu obpaboTke cTanemn, BbICOKOMPOYHbLIX MOKPbLITUA U
HannaBoOK, KOrga MMeeT MecTo MHTEHCUMBHOE 3acanuBaHme paboyen noBepx-
HOCTM Kpyra obpasyowmummncsa ctpyxkamu. NpumeHeHne meTtoga anmasHoro
3NEKTPOIPO3NOHHOIO WNNUGOBAHNSA B YCNOBUSAX 06paboTKn Xpynkux matepu-
anoBs, Hanpumep TBepPAbIX CNiaBOB, MOXET OKa3aTbCA 3KOHOMWYECKU He-
060CHOBaAHHLIM B CBSI3M C MOBbILLEHHBbIM OTHOCUTENBHBLIM PAacxo4oM anmasa.
B aTom cnyyae ans ymeHbLleHUs OTHOCUTESNIbHOIO pacxoja anmMasa Leneco-
obpa3HO McnonbL3oBaTb MNEPUOANYECKYHO IFIEKTPOIPO3MOHHYIO MNpaBKy ar-
masHoro kpyra [10; 11; 71; 85; 118; 167]. OgHako npu 3TOM MOXET UMETb
MECTO yXyAlleHne kadyectBa ob6paboTkm B CBA3N C HEAOCTATOYMHO BbICOKOW
pexyLien CcnocobHOCTbIO anmasHoro Kpyra. [loaToMmy akTyanbHa 3agada
onpegeneHunst ycnosum a@eKTUBHOrO NCNOMb30BaHNA ariMasHOro 3S1eKTPo-
9PO3NOHHOIo LWNUOBaHNA U NEPUOONYECKON IEKTPOIPO3NOHHON MNPaBKU
anmMasHoro Kpyra.

[na peweHns aToM 3agavym NpoBeAeH KOMMIIEKC SKCrnepuMeHTanbHbIX
nccrnegoBaHMn  arMasHoOro  dNeKTPO3PO3MOHHOINO  WNNdoBaHNA  TBEPLO-
CMnaBHbIX MHCTPYMEHTOB (bpes, pa3BepTOK, 3E€HKEPOB W OPYrnx) Ha Kpyr-
nownucoBanbHOM CTaHKe MOCre ero MOAEPHMU3AUUU: INEKTPOM3ONALUN
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LWNNHOENS Kpyra U NOAKMIYEHNS UCTOYHMKA TexHosorndeckoro toka. Obpa-
6oTka npou3BogMnacb anmasHbiM KPyroMm Ha MeTanfmyeckon CBs3Ke
1A1 300x25x5 AC6 125/100 4 M1-01. B kayecTBe UCTOYHUKA TEXHOSOMN-
4YeCKoro Toka WMcnosib3oBarnca crneumanbHbli reHepaTop UMNYJSIbCOB MOBbI-
LLeHHOM MowHocTU (8o 4 kBT), a B kayecTBe paboyen cpeabl NCNONb30BaHbI
npocTble No coctaBy 6e3BpedHble TexHonorndeckme xuakoctn (1 — 3 npo-
LEHTHbIN pacTBOp coabl). [lepBoHavarnbHO B TeyeHne 20 MUHYT npou3Bee-
HO BCKPbITME ariMa3oHOCHOrO CIiosi aniMasHoro Kpyra M yCTpaHeHo ero ouve-
Hue. [Mpn 9TOM MNONOXUTENBbHBIA NOMC UCTOYHMKA TEXHOSIOMMYECKOro Toka
NOAKIIoYarcs K WeTKe Ha Kpyre, a oTpuuaTesbHbIK MOSIoC — K Kopnycy 3aa-
Hen 6abkun WnnudoBanbHOro CTaHka.

YCTaHOBMEHO, YTO WMOoBaHNE BHOBL 3anpaBfneHHbIM anMasHbiM Kpy-
rOM C OTKSTHOYEHHbBIM MCTOYHMKOM TEXHOSTOrMYECKOro Toka obecrnevmBaeT Bbl-
COKOMPOU3BOAUTENBbHbBIN CbEM MpUMNyCcka U LWEepoxXoBaTOCTb 0BpaboTaHHOM
NOBEPXHOCTWN Ha ypoBHe 7 — 8 knaccoB 4nctoTbl. Hepes 30 — 40 MuHyT pabo-
Tbl Kpyra HeobXxoaMmMoO MPOM3BOAUTb €ro ANEKTPOIPO3MOHHYK MpaBKy (T.e.
NoABOAUTL ANEKTPUYECKYIO SHEPTUIO B 30HY pe3aHusi) B TedeHne 1 — 5 MUHYT
c paspsgHbiM TokoM 20 — 40 A. [1nsa obecneveHuns 9 knacca YNCToTbl HEOO-
XOOMMO MoOcCne 31IeKTPOIPO3NOHHOW NpaBKM MPOU3BECTU MPUTYMNIeHue an-
MasHbIX 3epeH Kpyra anmasHbiM kapaHgawom Ttuna "Cnasytnd" unm anmas-
HbIM pe3uom (puc. 1.13) [29; 91; 94]. 3Tnm obecneunBaeTcs aPPEKTUBHOCTb
NPUMEHEHNS aniMasHbIX KPYroB Ha MeTanfIM4ecKnx CBS3Kax Ha ornepaumsx
Kak npeaBapuUTenbHOro, Tak U OKOHYaTEeNbHOro WANgOBaHUS.

R, Mkm
3,0
2,0 \\
—1__
1,0
2
0 10 20 T,MWUH

Puc. 1.13. 3aBUCUMOCTb NapameTpa LLepoxXoBaToOCTH
obpaboTtaHHOM NoBepXHOCTU R, OT BpemeHn o6paboTku 7

YcnosHble 0603HavyeHusi: 1 — nocne anekTPO3PO3NOHHOW MpPaBKM ariMasHoro Kpyra;
2 — nocrne NpuUTYNIeHns anMasHbIX 3epeH Kpyra.
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YcTaHOBMEHO, YTo nocrne wnnudoBaHns (C OTKMHOYEHHLIM UCTOYHUKOM
TEXHOMNOIMMYeCcKoro Toka) Ha obpabaTbiBaeMOW MOBEPXHOCTU OTCYTCTBYIOT
cregbl NPMXKOroB N MUKPOTPELLMH, OQHAKO MMEKT MECTO OTAeSNbHblE MUKPO-
CKOJIbl peXywen KPOMKW TBepAoCnsiaBHOM MNacTUHbl MHCTPYMEHTA, 4TO,
HECOMHEHHO, CHMXaeT KadecTBO 00paboTkn. OCHOBHbIM MyTEM UX yCTpaHe-
HUS ABNSETCS NOBbLILLEHME PeXyLlen CNocOBHOCTU anmMasHOro Kpyra 3a cyeT
ocyLlecTBreHus 6oriee 4acTom ero aNeKTPO3PO3MOHHOW MPaBKu.

HeobxogMmMo OTMETUTb, YTO Mpu WIMGOBaAHMM C HEMPEPLIBHO BKIO-
YEeHHbIM WUCTOYHUKOM TEXHOJSIOMMYECKOro Toka M obecneyeHnn BbICOKOW pe-
XKyLlen cnocOoBHOCTU anmasHOro Kpyra, MUKPOCKOSbl Ha PeXyLlen KpoMKe
TBEPOOCNSIaBHOW MNAaCTUHbLI MHCTPYMEHTa dpakTuyeckn oTcyTcTBytoT. OgHako
AaHHbIA BapmaHT obpaboTkn NpMBOAMT K MOBLILUEHHOMY M3HOCY anMasHOro
Kpyra.

Takas e 3akOHOMEPHOCTb Habntoganacb U Ha onepaunn 3aTouKu
TBEPLAOCMSIaBHOMO MHCTPYMEHTa arniMa3HbiM KPpYyrom Ha MeTasnimyeckon CBA3-
ke 12A2 45° 150x10x3x32 AC6 125/100 4 M1-01. Mpu NOCTOSIHHO BKMHO-
YEHHOM UCTOYHMKE TEXHOSTOMMYECKOro ToKa MUKPOCKOSIbl Ha PEXYLLEN KPOMKE
TBEPAOCMIaBHOW MSIACTUHbI MHCTPYMEHTa pakTUYEeCKN OTCYTCTBYIOT, a Mpwu
nepmoanyeckoM BKIMHOYEHUM UCTOYHMKA TEXHOMOMMYECKOro Toka B rnpouecce
LWNMUdOoBaHUA — NOSBNAIOTCA BCreACTBUE 3aTynreHns anmMasHoro kpyra. bo-
nee 4yacrtas npaska Kpyra pakTu4yeckm UCKITtoHaeT NosiBIieHNe MUKPOCKOSOB.

[MoaTomMy npu nNpenBapuUTenbHOM LUNNGOBAHUN 3NEKTPOIPOIUOHHYHO
npaBKy anmasHoro Kpyra uenecoobpasHo nponssoantb Yyepes 30 — 40 MUHYT
ero paboTbl, @ NPM OKOHYaTENbHOM LWNNGOBaHUN — YalLle.

OueBNOHO, Ha onepauusix OKOHYaTeNnbHOro wWnndoBaHMa Lenecoob-
pa3HO UCMONb30BaThb aniMasHble Kpyrn Ha Bornee MSArknx cesiskax (opraHude-
CKMX U KeEpaMMUYECKUX), KOTopble paboTaloT B pexmme camo3aTaymBaHusl, He
TpebyloT npaBkn n obecneunsBatoT 6oree BbICOKME NokasaTenu Kadectsa 06-
paboTKN, YeM anmMasHble Kpyrm Ha MeTannuyecknx ceaskax [46; 47; 48; 130;
132; 134]. CnepoBaTenbHO, anMasHble Kpyrm Ha MeTasnfiMyecknx CBA3Kax
9 (peKTUBHO MCMNOMb30BaTh Wb Ha ornepauusx npeaBapuTenbHOro LWin-
doBaHNA B pexXnume Nepuognyeckon 3neKTpo3pO3MOHHON nNpaBku. Takum o6-
pa3oM, Ha OCHOBE MPOBEAEHHbIX 3KCNEPMMEHTamNbHbIX UCCneaoBaHnn oboc-
HOBaHbl pauUnoHanbHbIE YCMOBUSA UCMOSIb30BaHNA ariMasHblX KPYroB Ha me-
Tannuyeckux cBd3kax, paboTalwWwmx B pexmMme nepnognyeckon 3neKkTpospo-
3MIOHHOW NpaBKW.

[na npakTnyeckon peannsaunu npegBapuTenbHOro Kpyrnoro Hapy»KHo-
ro NPOAOSIbHOro WNMEOBAHUA anMasHbIMA Kpyramum Ha MeTanimndeckmx
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cBs3Kax LeniecoobpasHO MCNOSb3oBaTb CXEMY MHOronpoxogHoro wnudosa-
HWSI, OCYLLECTBNAEMYI0 CO CKOPOCTbIO BpalleHua kpyra 25 — 30 m/c; ckopo-
cTbto BpaweHna getann 20 — 60 M/MUH; CKOPOCTbO MPOAOSfIbHOW nogayum
10 — 20 mm/06. nNpu BbICOTE Kpyra 25 MM; CKOPOCTbIO MOMEepeYvHon nogayu
0,1 mm/xog. MNpwn Kpyrnom Bpe3HOM LUNNEOBAHUMN CKOPOCTb MOMEpPEYHOn Mno-
Aadn HeobxoaMmo ycTaHaBnmBaTb 40 6 MM/MUH.

[Ons npakTnyeckon peanusauum Kpyrrioro HapyXHoro rnyouHHoro
LWNMdoBaHUSA CKOPOCTb BpalleHust AeTann Heobxogumo ycTaHaBnvBaTb B
npegenax 0,5 — 5 M/MuH; ckopocTb npoaonbHon nogadun 0,02 — 0,2 M/MuH;
rnybunHy wnudgosaHms — oo 1 MM Ha npoxog. Npu 3TOM CKOpPOCTb BpaLleHUs
aeTtann HeobxooMMO yMeHbLIaTb 3a CYET NPUMEHEHNA Ha CTaHKe peayKkropa.
OKcrnepuMeHTanbHO YCTAaHOBMNEHO, YTO UCMOMNb30BaHME MMYyOMHHOIO WG O-
BaHWSA NO3BONSAET YBENUYUTL NPOM3BOAUTENBLHOCTL 06paboTkn JoO 5 pas npu
OOHOBPEMEHHOM YMEHbLUEHNUN M3HOCA Kpyra U YnydlleHun KayecTtBa obpa-
BoTaHHOMW MNOBEPXHOCTU (rMaBHbLIM OOPA30M YMEHbLUEHUS LWepOXoBaTOCTU
NOBEPXHOCTN).

[Mpn aNeKTPO3PO3MOHHOM LN OBaHUN LieriecoobpasHO MCNonb30BaTb
anmasHble kpyrn guametpom 300 — 400 mm m BbicoTon 20 — 40 MM 3epHU-
ctocTbto 100/80 n HMXKe (C Lenblo YMEHbLUEHNSA LLEPOXOBATOCTU MOBEPXHO-
CTn), KoHUeHTpaunen 3epeH 50 — 100 % Ha meaHoO-antOMMHUEBOW (MeTannm-
yeckon) cBaske M1-01. T[lpumeHeHue anmasHbIX KpPYroB Ha MeaHo-
ONoBAHUCTLIX cBA3kax M2-01 npu obpaboTke TBepAbIX CMiaBOB, BbICOKO-
MPOYHbIX HamnmaBOK U CTanen BO3MOXHO JIMWb B YCHOBUAX HENPEPbLIBHONO
MHTEHCUBHOIO 3SIEKTPOIPO3NOHHOIO BO3AENCTBUS Ha HUX (T.e. B YCIOBUSAX
9NEKTPOIPO3NOHHOIO LLNNGOBAHNSA), MOCKOSbKY 3TU Kpyrn BbICTPO 3acanu-
BaAlOTCHA U TEPAIOT PEXYLLYK CMOCOOHOCTb.

1.4. TeopeTnyeckoe ob6ocHoBaHue ycrnosuun acppeKkTMBHOro
NPUMEHEHUA 3NIeKTPO3IPO3UOHHOMU NpPaBKU ariMa3HbIX KPyros

Ons adpPeKTUBHOIro NPUMEHEHUS 3NIEKTPOIPO3NOHHOW MNpaBKu anmMas-
HbIX KpYroB TpebyeTcs ornpeerneHne B KaXXAOM KOHKPETHOM cryyae onTu-
MarbHbIX YCroBui 06paboTku, T.e. NpOBEAEHNE KOMMNEKCA TEOPETUYECKUX U
9KCNepuUMeEHTasbHbIX MCCeaoBaHUM AN BbISIBIEHUS HOBbIX TeXHOMornye-
CKMX BO3MOXHOCTEN 06paboTKu.

B obuwem cnyyae rnybuHa BHeOpeHUs pexyllero 3epHa B obpabatbl-
Baemblil maTepuan H onpegensetca TBepaocTbio (Mo Bukkepcy) obpabatbl-
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Baemoro matepuana HV 1 paguansHbiM ycunvem Pyy, AeNCTBYOWUM Ha pe-

Kylllee 3epHO, KOTOpoe NpPeACTaBreHo B BMOE KOHyca C yrrioM 2y npu ero
BEPLUNHE:

Py1
H= — . (1.14)
-9y -HV

Kak cnegyet na sasucumoctn (1.14), yem 6onblue TBEpPOOCTL 0bpaba-
TbiBaemoro matepuana HV n meHblie cuna Py1, TeM MeHbLue rnybuHa BHea-

peHns 3epHa H. CneposatenbHo, Npu wnndgoBaHum TpyaHoobpabaTbiBae-
MbIX MaTepuanoB mybuHa H 6yger Hebonbwon. KoadduumneHT

(1-g)=H/X, onpeaensiowmin CTeneHb BbLICTYNAHMA 3epHa Had YPOBHEM

CBSI3KM ariMasHoro Kpyra u namensowmnmnca B npegenax 0 ... 1, npu ycnosum
b=H Takke 6yaeTr Hebonbwum (rge b — mMakcumanbHasi BbICOTa BbICTyNa-

HWUS1 BEPLUMH 3€pPEeH Hag YPOBHEM CBS3KM Kpyra, M; X — 3epHUCTOCTb Kpyra,
Mm). OgHaKoO 13 3TOro He cnefyeTt YMeEHbLUEHUE NPon3BOAUTENBHOCTM 0bpa-
6oTkn Q, onpegendemMon 3aBMcUMOoCTbio [158]:

Q:S-tgy-m-VKp-(1—g)3-(1—772) (1.15)
600 - 7 ’ '

roe S — nnowagb nonepevYHoro cevyeHms obpabaTbiBaemon NpAMONUHENHOM
aetanu (NNacTuHbl), ABMXKYLLENCS C NOCTOAHHOWM CKOPOCTbIO Vo MO HOpMa-

nn k paboyeli NOBEPXHOCTY anmMasHoro kpyra, M> (puc. 1.14);

n=x/H — 6e3pasmepHblii KOIPPUUNEHT, YYNTLIBAKOLLNN CTEMNEHb 3a-
TynneHus 3epeH, namensietca B npegenax 0 ... 1 (n > 0 — gnga ocTporo 3ep-
Ha, n > 1 — OnAa 3aTynJIeHHOro 3epHa);

X — BEeNMYMHA JIMHENWHOro M3HOCA MaKCMMasibHO BbICTyMNawLwlero Hapg
YPOBHEM CBSA3KM Kpyra ariMasHoro 3epHa, M;

H — ycnoBHas makcumarnbHasi rinybuvHa BHegpeHust obpabaTtbiBaeMoro
Matepuana B pabo4yto NOBEPXHOCTb Kpyra, oTcuMTbiBaeMasa OT YPOBHSA MakK-
CYManbHO BbICTynawLwero (HEeN3HOLEHHOro) 3epHa, M.

OTO CBSA3@HO C TeM, YTO OQHOBPEMEHHO C YMEHbLUEHMEM MaKCUMasb-
HOW BbICOTbI BbICTYNaHUs BEpPLUNH 3epeH HaL YpOBHEM CBSA3KM Kpyra b =H
yMmeHbLuaeTcs 6e3pasmepHbl KOahPUUMEHT
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9'V;1eT
tgy -k Vi -b?

n= - (1.16)

a 9TO MO3BOMSIET KOMMEHCUPOBATb CHUXEHWE MPOW3BOAUTENLHOCTU 0Bpa-
60Tk Q C y4eToM ymeHblueHnsi 6eapaamepHoro koadduumenta (1-¢), roe

Vper — CKOpOCTb ABMXKeHUsi obpabaTbiBaeMoro obpasua no Hopmanu K pa-

Bouyell MOBEPXHOCTW Kpyra, M/C; k — MOBEpXHOCTHAs KOHLEHTpauus 3epeH
Kpyra, WT./M>.

N\
A A /N ]

S S S S S S S
VKp——>

Puc. 1.14. Pac4yeTHasa cxema napameTpoB npouecca wnuncgpoBaHus
YcnosHbie 0603Ha4YyeHusi: 1 — ypoBeHb CBSA3KM; 2 — pexyLiee 3epHo; 3 — obpabaTbiBaeMbii
obpaseu.

Taknm obpa3omMm yCTaHOBMEHO, YTO OCHOBHbLIM YCIOBMEM MOBbILLEHMS
npounssoanTenbHOCTN 06paboTkn Q nNpu WnNMgoBaHMM MaTepmnanoB BbICOKOW
TBEPOOCTU ABNSAETCA nogaepKaHve Ha anmMasHoM Kpyre "ocTporo” pexyLliero
penbeda (7 — 0). 310 gocTuraeTcs paboTon anMasHoOro Kpyra B pexume
camo3aTadnmBaHus NyTeM MPUMEHEHUS OTHOCUTENBHO ManonpPOYHbIX OpraHu-
YECKMX U KepaMMUYeCKNX CBA3OK, UM paboTor anmMasHoro Kpyra Ha npou-
HbIX MEeTanfM4YecknX CBSI3Kax B PEXMME ero HenpepbIBHOW 31EKTPO3PO3NOH-
HOW NpPaBKMW.

N3BECTHO, YTO C YBENMYEHNEM 3EPHUCTOCTU ariMasHoOro Kpyra npouy-
HOCTb 3epHa Ha pasfaBnvMBaHue (onpefenseMon paspyLuarlen Harpyskon,

paBHou P;) yBenuumnsaeTtcsa no 3aaBucuMocTu Py = a AP toe a u f <1 —-no-

cTosHHble. Toraa koapduumneHt (1-¢)=H/X ¢ yueTom saesmcumocty (1.14)
onpeaenuTcs:
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1 o
(1-¢)= <057) .\/”.tgzy.HV . (1.17)

Kak BuaHo, koadbduumeHT (1—¢) Tem 6onblue, YeM MeHblue 3epHN-

CTOCTb Kpyra X u Gorblue napameTp o, KOTOpblii onpeaensieT OTHOCUTENb-
HYI0 MPOYHOCTb 3€peH pasnunyHbiX Mapok anmasoB. CnepoBaTtenbHO, OO-
BGUTLCA NOBLILWEHNS NPOM3BOAUTENBHOCTM 06paboTkn Q, cornacHo 3aBuCU-
mocTi (1.15), npn obpaboTke mMaTepuanoB BbICOKOM TBEPLOCTU MOXHO 3a
CYET NPUMEHEHUSA MESKO3EPHUCTBIX arnMasHbIX KPYroB C NMOBbILUEHHOW MPOY-

HOCTbIO anMasHbix 3epeH. C yueTom Toro, 4to napameTtpbl X u HV BxoasT B
3asucumocTtb (1.17) npumepHO C oaMHakoBou cTeneHblo (pasHom 0,5), 3ep-
HUCTOCTb anMasHoro Kpyra cnegyet BblbupaTb 06paTHO NPONOPLINOHANTBHOM
TBEpAocTn obpabaTbiBaeMoro matepuana.

YMeHbLUEHME 3epHUCTOCTU Kpyra X, cornacHo 3sasucumoctu (1.17),
NPUBOANT K YBENUYEHUIO KO dULUNEHTa (1—5), T.€. NOBbLILWEHNID CTEMNEHN
BbICTYNaHUs 3epHa HaL YPOBHEM CBSA3KM Kpyra U yMeHbLUEHUIO YacTu 3epHa,
pacnosiokeHHON B cBsA3Ke Kpyra. [1oaToMy MpOYHOCTb yaepXKaHusi 3epHa
YMEHbLUNTCA N AN ee yBenudeHns Heobxoanmo ucnonb3oBatb 6onee npou-
Hble MeTannMyeckne CBA3KN arMasHoro Kpyra.

CTOMKOCTb anmasHbIX KpyroB onpeaenisieTcsa AnanasoHoM U3MeHeHUd
6e3pasmepHoro koadpdpuumneHta =0 ... 74 <1. Yem BGonblue 3HaveHusa 74,

TeM Bbllle CTOMKOCTb Kpyra. YBenuyeHue 3HadeHus nq TpebyeT yBenuyeHus
napameTpa H, cornacHo 3aBMCMMOCTU

LBV
tgy-k-Vip-{1-17)

H= (1.18)

n KoadppuuneHTa (1—5), cornacHo 3asucumoctu (1.17). CnepgosaTtesibHO,
YBESIMYUTb CTOMKOCTb afiMa3HOro Kpyra MOXHO 3a CYeT yBeNMYEHUS BbICOTbI
BbICTYNaHUs 3epeH Hag YPOBHEM CBA3KWU, MPUMEHEHMS Bonee npoYHbIX Me-
Tannnyeckux CBA30K U MEeTOLOB BCKPbITUS ariMasHOro Crnosi Kpyra, Hanpwu-
Mep, 3NEKTPO3PO3NOHHON NPAaBKN.

B obwem cnyyae gnga 6onee npaBuiibHOro nNpeacTaBneHnst 0 TEXHOMO-
rMMYeCKNX BO3MOXHOCTSX anMasHoro WwindoBaHuUs B pac4eTHOW cxeme, npu-
BefeHHOW Ha puc. 1.14, napameTp b cnegyet paccmaTpvBaTth B BUAE CYMMbI
AByx craraembix: b=H+ A4, rae 4 — BbICOTa MeX3epPeHHOro NpoCcTpaHcTBa
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Kpyra, 3aHumaemasi CTpy>xkamv 1n apyrumm npogykramm obpaboTku, onpeae-
NAETCA 3aBUCUMOCTbIO: A=¢&-Ay; & — KOIPMUUUEHT, yunTbIBaOWNA CTe-

NeHb 3anoSIHEHUSA CTPYXXKOM MeEX3epeHHOro npocrtpaHctea kpyra (& >1);
Ay — TOmMHa YCMNOBHOIO Cros "pacnnasrneHHoro" obpabarsiBaemoro mare-

puana, KoTopbiii 0bpa3syeTcs 3a 04HO BpallleHue Kpyra, M.
[ns Kpyrnoro NpoAonbHOro LWMdoBaHns cnpaseaimBbl COOTHOLLEHUS:

B-Viort V-t
AOZSEFHZVQB: Vp,eTB — ,El\,/eT , (119)
Kp * Kp * Kp

roe Sy = Q/VKID — MrHOBEHHas cyMmMapHas nrnowazib cpesa BCeEMWU OLHO-

BPeMEeHHO paboTaloLLMMM 3epHaMm Kpyra, M;
B — wwupwuHa kpyra, m.

OueBnaHO, YeM MeHblle napameTp 4, Tem 6onblie Npon3BOAUTENb-
HOCTb 0bpaboTkn Q npu wnngosaHmn. CnegosaTtenibHO, B naearne Heobxo-
ANMO CTPEMUTLCSA K BbIMOMHEHUIo AByX ycnosun: & —1; b = H.

Mo gaHHBbIM NPOBEAEHHbIX TEOPETUYECKUX UccrnegoBaHnin Ans odbl4HO-
ro anmasHoro wnmgoBaHus TBepaocnnaBHblX getanen KoadpduumeHT & ms-
meHdaeTca oT 100 go 1 000 n 6onee. NMoaTOMy €ro ymeHblleHNE, HaNpuUMep B
10 pas, NO3BOMUT BO CTOSIbKO e pa3 NoBbICUTb NPON3BOAUTENBHOCTL 0bpa-
6oTkn. Mpn anmasHOM LWNNGOBaHUN Pa3fNYHbIX CTanen, TUTaAHOBbLIX Cria-
BOB W OpYrMX NNacTUYHbIX Martepuanos, koadduumeHt & ewe bonblie, U
appekT 06paboTkM OT yMeHbLLeHUs & ONA TakKMx maTepuanoB MOXeT ObiTb
ewe Bblwe. [1obUTbCA CyLWecTBEHHOrO YMeHbLUEeHUs KoaddumumnmeHTa & MOX-
HO NyTEM NPUMEHEHNS pas3fNYHbIX METOAOB BUOPALIMOHHOIO N yrbTpas3ByKO-
BOro po6nieHnst CTPYXXKK, yrnydllalwmx ee pasMelleHne Ha paboyen no-
BEPXHOCTU ariMasHoro Kpyra.

opa3go GonbLUMMKU TEXHONOMMYECKMMN BO3MOXHOCTSMW B psgy Apy-
MX KOMOWHMPOBAHHbLIX METOAO0B WMoBaHUs, obecnevnmBaroLMx pacTBO-
peHue, onnaeBneHue UM cropaHue CTPYXKU B 30HE pesaHusd, pacnosaraeT
anMasHoe 9NeKTPO3PO3NOHHOE LWnndgosaHme. MNMpu onTUManbHbIX YCIOBUAX
anMasHoro 9neKTPO3PO3NOHHOIO LWNGOBaHNUA KOIPPUUNEHT &  MOXHO

YMeHbLWNTb A0 &£ =1 1 nNpeBpaTUTb PeXyLUM penbed anmasHoro Kpyra B

MONMHOCTbIO aKTUBHO paboTaloLmin, Y KOTOPOro NOSMHbIN CbeM (Cpe3) noaBo-
ANMOro B 30HYy pe3aHust obpabaTbiBaemMoro metansa Mnpou3BOAUTCHA Ha
YPOBHE CBSA3KWN Kpyra.
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Takum obpasom, npu NpaBUNbHOM Ha3HaYeHUN MEXaHUYEeCKUX N drek-
TPUYECKUX PEXUMOB arnMasHoro 3neKTpo3pPO3NOHHOIo WMdoBaHud, bnaro-
Aaps ynpasnsiowemMy BO3AENCTBUIO 3HEPrMn 3rEeKTPUYEcKUX paspsigoB Ha
CBSA3KY anMasHoro Kpyra u CTPYXKy, obecrneynmBaeTcs pasBUTbIA PEXYLLNIA
penbed M BbICOKas CTOMKOCTb ariMasHoro Kpyra npv mMakcumarnbHOW peanu-
3auumun ero noTeHumanbHbIX BO3MOXHOCTEWN.

C y4yeTOM CKa3aHHOro, BaXHO MPOBECTU aHarm3 Kpyrroro Hapy>Horo
anmasHoro wnudgosaHuna (puc. 1.14) ona ycnosun: £ —1; b~ H, kotopble

MOXHO peanu3oBaTb MNpU ariMasHOM 3NEeKTPO3PO3NOHHOM LnudosaHun. B
9TOM cny4yae napameTpbl H, 7 n Q onpegenstTca 3aBucumoctsamm [146]:

Ho g 22 Vaer w20 (1.20)
tgy -k - Vi - (1-1?)

n= 1_9'Vuer‘x/2t'§; (1.21)
tgy kK- Vip b

 Sp-tg’y kbt VG -(1—772)2

Q=Sp Vger-t= 162 Vpgy - p , (1.22)

rae Vper — CKOpPOCTb AeTanu, m/c;

Vaer = Vper W2t p;

t — rnybuHa wnndoBaHns, M;

Sy — npogonbHasa nogaya, m/o6.;

p= 1, 1.

RKp Rp,eT ’
RKp, R per — Paauvycbl Kpyra v getanu, m.

Kak nokasaHo Bbllle, yBENMYeHne TBepaoCTM obpabaTbiBaeMoro mare-
pnana HV npuBOoAUT K yMmeHbLleHMO napameTpa b =H, koadpduumeHTa
(1—3), a, cnegosaTtenibHO, Npou3BoanTENbHOCTM 06paboTkm Q B COOTBET-
CTBMW C 3aBUCUMOCTbIO (1.22). 1obuTbCa yBENMYEHNA NPON3BOAUTESTBHOCTU
0bpaboTkn Q MOXHO NyTeM yMeHblUueHnsa 6e3pasmepHoro koadpduumeHTta n
B COOTBETCTBUU C 3aBUCUMOCTLIO (1.21), peanusysa pexxmm camosaTavymBaHus
anMasHoro Kpyra Ha opraHM4Yeckom UM KepamuyecKon CBA3KaX, UNn pexunm
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aBTOHOMHOWN 3M1EKTPO3PO3NOHHONM MPaBKU ariMa3HOro Kpyra Ha meTtannuye-
ckon cBaske. OueBMaHO, BTOpon noaxon 6onee yHMBepcareH, Tak kak gonyc-
KaeT BbINONHeHWe ycrnoeuss b =H 3a cuyeT BbibOpa ONTMMAarbHOM CBSA3KM,
obecneunBatowlen paboTy anmMasHOro Kpyra B pexxmme camo3aTaymBaHus.
BaxHbIM ycnoBrMeM MNOBbLILWEHMS NPOU3BOAUTENBHOCTU NpW LWINndoBa-
HUM TpyaHooOpabaTbiBaeMbiXx MaTepuanoB crefyet Takke paccmaTpuBaTtb
YMEHbLUEHNE CKOPOCTU AeTanmn Voo, ¥ yBEnNuYeHne npoaonbHon nogaum Sy

B 3aBUCUMOCTU

9- 2V Q.
n= 11— V2 Voer Q-p (1.23)

tgy -k- Vi -b? -\[Sg

B CBSA3M C yMeHbLUEHNEM napameTpa b, coxpaHas napameTpbl 7 1 Q NOCTO-
AHHbIMK. C y4eToM Q=S -V e; -t=const rmybuHa wnudgosaHus t ysenu-

untca. CnegoBaTenbHO, C yBENMYEHNEM TBepaocTM obpabaTbiBaeMoro ma-
Tepmnana 3(pdekTMBHO NCMONb3oBaTb CXEMY rMyOMHHOIo WNNdoBaHNA ¢ OT-
HOCUTENbHO HEBOMbLLOM CKOPOCTbIO AeTanmu quT npu NpogosibHoOM nogadve

Sp =B (roe B — BbicoTa kpyra, Mm). Ncxoasa u3 atoro, cxema rnybuHHOro

KpYrnoro Hapy>HOro anmMasHoro wnmcoBaHus 6bina ncnonb3oBaHa onga pas-
paboTKn apPEKTMBHOIO TEXHOMNOINMYECKOro npouecca obpaboTkn koneu u3
BbICOKOMNPO4HbIX rpadoMToB, KOTOPbIE NPUMEHSIKOTCS ANl U3rOTOBNEHUST TOP-
LOBbIX YMOTHEHNN HACOCHbIX arperaTtoB rmapaBnUYeCcKnX CUCTEM.

Mo cpaBHEHUIO C OENCTBYHOLLMM MPOLECCOM OObIMHOrO MHOIONPOXOA-
HOrFO KPYrroro Hapy>XHOro anmasHOro LWAngoBaHWUS, NMpPeasioKeHHbIN Mpo-
Lecc rnybuHHOro Kpyrmnoro Hapy»Horo anMasHoro LiangoBaHna no3sBonus B
2 ... 5 pa3s noBbICUTb NPOU3BOANTENBLHOCTL 06paboTkn, B 2 ... 3 pasa yMeHb-
LUNTb M3HOC aniMasHbIX KPYroB Ha MeTasnimyecknx CcBs3kax npu 0gHOBPEMEH-
HOM BbIMOSIHEHUM TEXHUYECKNX TpeboBaHUM K KadecTBy 06paboTkn rpadumTo-
BbIX Koney,. YCTaHOBJIEHO, YTO CbeM Mpurnycka BefIMYMHOM OO0 4 MM Ha CTO-
POHY MOXHO OCYLUECTBUTb 3a OAWH NPOAOSbHbIA XO4 anMasHoOro Kpyra,
obecneumBasa BbICOKOE KadecTBO 06paboTkn. OTO no3BonsieT o6beanHUTb
npeaBapuTenbHOE N OKOH4YaTenbHOE LWNMdoBaHWE B OAHY onepaumio N cy-
LLIECTBEHHO CHU3UTb TPYAOEMKOCTb W3rOTOBMEHUS TOPUOBLIX YMIOTHEHUN
rMOpaBfiMY4ECKNX CUCTEM.

YuntbliBasi HETOKONPOBOAHOCTb rpadurta, 3MeKTpOo3p03MOHHas npaBka
anMasHoro Kpyra BbINOSMHANACb aBTOHOMHO C MPUMEHEHMEM cneumarnbHOro
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KaTogHOro yCTpoucTBa U creumnarnibHoro mariorabaputHoro reHeparopa uUm-
MyfbCHOroO TOKa. OTO 06ecneymno BbICOKOKQYECTBEHHYO OYUCTKY aniMasHoro
Kpyra OT NpoayKTOB 00OpabOTKM M €ro BbICOKYH PEXYLLY CMNOCODHOCTb.
LnndposaHme ocywectBnanoce ¢ rmybuHon wnudgosaHms t>1  mwm;
VﬂeT=0,5 ... 2M/MUH; Sy =09-B; VKIO =35...40 m/cun cunon toka | =30 ... 50 A.

MpumeHeHne paspaboTaHHOro npouecca wnudoBaHMA NO3BONUIIO S deK-
TMBHO Mcnonb3oBaTb anmMasHble Kpyrn gopmbl 1A1 300x25 Ha meTannude-
ckmx ceaskax M1-01 n M2-01.

YCcTaHoBMNEHO, YTO Npouecc wnngoBaHna gonyckaeT NnpuMeHeHne ne-
pUoLMYECKON NMpaBKu ariMasHoro Kpyra. B cBasu ¢ aTmm HeobxogmMmo npose-
CTW aHanu3 TOpLUOBOro ariMasHoro LWngoBaHus KepaMniecknx getanen Ha
NNoCcKOLWNMoBanNbHOM CTaHKe C BpaLLaloLWMMCS CTOSOM.

[Mpyn anmasHoM WNNMdoBaHNN MaTepnanoB BbICOKOW TBEPAOCTU, Xapak-
Tepusyrwemcs HebonNbLINM 3HaYEHMEM MAKCUMarnbHOW BbICOTbI BbICTYNAHNS
BEPLUMH 3epeH HaZ YPOBHEM CBSA3KM ariMasHoro Kpyra b, noBbICUTb MPOU3-
BOOMTENbHOCTL 06paboTkn Q, wucxoos u3 3aBucumocTn (1.22), MOXHO
YMEHbLUEHUEM CKOPOCTU AeTanun V., Npu COXpaHEHWU 3HayeHun n n Q B

3aBucumocTtu (1.23). YmeHblueHne Vo, npu ycnosum Q=const gonyckaet

yBenuyeHne rnybuHbl wnudgosanms t. Hambonbwnin adpdekT gocturaertcs
npw ycnoeun t =R ;.. PeannsoBaTb 3T0 YCNoBME MOXHO Npu Npopeske rny-

BGokMx nasoB., WNNdoBaHUN rNyboKNX KaHaBOK, pa3peske MmaTepmarnoB OTpes-
HbIMW Kpyramu, a TakKke Mpu nioCKOM WngoBaHMM TOPLIOBbIM KPYroM C
BpallaloLMMCs CTONOM CTaHKa, paccMaTpmBasi B Ka4ecTBe LUMPUHbI LLNNGIO-
BaHWsA napameTp t=R;.;, a B kayecTse rMyouHbl WIMHOoBaHUA — napameTp

Sy, KOTOpble BXOAAT B 3aBUCUMOCTb (1.23).

[MpeanoxeHHaa cxema wnungoBaHna asnsieTca Hambonee nNponssoau-
TEeNIbHOW Npu WnuosBaHMKM MaTepuanos MOBbILWLWEHHOW TBepAoCTU. [oaTomy
oHa 6blna nonoxeHa B OCHOBY CO34aHUs NAOCKOLWMOBanbHbIX CTAHKOB C
BpawalLWmMMCs CTONOM, B 4acCTHOCTU, cTaHkoB mogenun 3102 ans oBycTo-
POHHEro WnndoBaHus, ncnonbdyemble ons obpaboTkn Hebonbwnx No pas-
MepaM JeTanen u3 BbICOKOTBEPAbIX Kepamuk, deppuToB U Opyrux TpyaHoO-
obpabaTbiBaeMbIX MaTepuanos, KoTopble Ans obpaboTku yknagbiBalT Ha
BpaLlaloLLeMCs CTose CTaHKa.

[Ona obpaboTkn AeTanen U3 yKasaHHbIX MaTepuanoB WCMONb3YHTCA
anmMasHble Kpyrm Ha MeTanimnyeckux CBA3KaX, KOTopble B YCINOBUSIX OTCYT-
CTBUSI UICTUPAHUS CBA3KM ObICTPO 3aTyNNAKTCA N TEPSAIOT PEXYLLYI CNocob-
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HOCTb, YTO BbI3blBaeT yBeNM4YeHWe Curbl, MOLWHOCTN U TemnepaTypbl pesa-
HMA. B pesynbTaTe BO3AeNCTBMS 60MbLUMX HArpy3ok pagunaribHO-ynopHble
NOALUMMAHUKA LWINNHOENbHbIX Y3roB cTaHka mogenn 3102 4acto BbIXOOAT U3
CTposi, a obpabaTbiBaeMble KepaMnyeckue MnacTUHKM paspyLuatoTcs, 4YTo
NPUBOOUT K 3HAYUTENbHLIM NOTepAM OT Bpaka. [NpumeHeHne anekTpoapo3un-
OHHOM MNpaBKW anMasHOro Kpyra no3Bosiufio peLwmnTb Npobremy nosblLeHNd
ero pexywemn crnocobHOCTU, CHUKEHUS CUIT pe3aHna 1 yryylleHUs KayecTBa
N ToMHOCTN 0BpaboTkn. Kpome Toro, wnudgosaHme "ocTpbiM" ariMasHbIM Kpy-
rom obecrneymBaeT NOBbIWEHNE NMPOU3BOAUTENBLHOCTU 0O6PabOTKM U CHUXE-
HWe n3Hoca Kpyra. [Jna npaBkyM TOPLOBLIX afiMasHbIX KPYroB UCMONb30Banuch
crieumarnbHble KOHCTPYKLUUKW NpaBsLWnX YCTPOUCTB.

BaxHo Takke npoBecTu TeopeTU4eckun aHanus wnmdgosaHusa getanem
N3 NPOYHLIX PEPPUTOB TOPLOBLIMU KPYNHOrabapuTHbIMU anmMasHbIMU Kpyra-
MM Ha CTaHKax C Bpallalowmmcs ctonom. Kak nsBecTHo, yBenMyYnTbL Npoms-
BOOAUTENBbHOCTL TOPLOBOro LWAN(OBAHNA MOXHO 3a CHeT COo3[daHusA Ha arn-
Ma3HOM Kpyre 3abopHOro KoHyca ANVMHOW, paBHOW BbiCOTE paboyen yacTtu
Kpyra. B pesynbtate npou3BoaMUTENbLHOCTL 0OpaboTkn yBenuymBaeTcs B
B/Sy pas 3a cyet yBennyeHmsa KonuyecTtea 3epeH, y4acTBYIOLLINX B pe3aHnN.

CornacHo 3asucumocTtn (1.21), 9T0 NPMBOAUT K YBESIMYEHUIO KOHLIEH-
Tpauun 3epeH k B B/Sy pas. [Ina obecneyeHns 3agaHHOro 3HavyeHus 6es-

pasmepHoro koapuumeHTa n ¢ y4etom ycnosusa t =R, ;. CKOpOCTb AeTanu

Va

obpaboTtkn Q, onpepensemas 3asucumocTtbio (1.22), ysenuuntea B B/ S

er AOMKHa yBenuuutbea B B/Sy pas. O4eBnaHO, npou3BoaUTENbHOCTb

pas, NOCKOSbKY KOHUEHTpauma k BxoanTb B 3aBUCUMOCTL (1.22) ¢ 6onbLuen
CTeneHbto, YeM CKOpoCTb AeTanu Vi e;. OTM nokasaHo, YTo co3fdaHue Ha

anmasHoM Kkpyre 3abOpHOro KOHyca MO3BOJSIIET MOBLICUTbL NPOM3BOAUTENb-
HOCTb 0BpaboTkn Q, npu aToM yBennyeHne Q nNpPonopLMOHanbHO BbICOTE
paboyen YyacTu TOpLOBOro Kpyra.

Hanpumep, npu BbicoTe kpyra B =40 mm n Sy =1 Mm npounssoauTerb-

HOCTb 0OpaboTkM MoXeT ObITb yBenndeHa B 40 pa3 (6e3 yBennyeHus naHoca
anmasHoro kpyra). [laHHas cxema TopLoBOro wnmdoBaHUS UCMONb30BaHa
npu nNakeTHon obpaboTKe NIOCKOCTEN MENKUX AeTanen u3 npoudHbix deppu-
TOB, YTO MO3BOSIU/IO MHOFOKPATHO YBEMNUYUTb MPOU3BOAUTENBHOCTL Obpa-
b6oTkn. BmecTte c Tem, BO3MOXHOCTU MPOrpPecCUBHON CXEMbl UCMOMb3YHTCSH
He MOJSIHOCTbID. JTO CBA3aHO, BO-MEPBbIX, C OTCYTCTBUEM IPPEKTUBHBIX Me-
TOAOB CO34aHMs Ha Topue anMasHOro kpyra 3abopHOro KoHyca Ha BCH ero
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BbICOTY, BO-BTOpPbIX, C ObICTPbIM 3aTynfieHMEM arniMasHoro Kpyra Ha meTansnm-
YEeCKOW CBS3KE, B-TPETbUX, C BOMNbLUON TPYOOEMKOCTbIO YCTPaHEHUSI pa3Ho-
BbICOTHOCTM anmasHbIX 3f1EMEHTOB, KoTopas obpasyeTcs Ha aTtane cOopku
KpynHorabapuTtHoro anmasHoro kpyra guametpom 4o 1 000 mm.

[MpnMeHaeMble MeTOAbl MEXAHUYECKOW NPaBKK 3a CHET UCMONb30BaHUS
00blYHbIX abpa3nBHbLIX KPYroB HE MO3BOSISAOT PELWNTL YKa3aHHble Npobrembl,
TaK Kak pexyuiast cCnocobHOCTb anMasHoro Kpyra nocne npasku OTHOCUTESb-
HO HM3Kasa BcreacTBme HebOMbLLOro BbICTYNaHUA 3epeH Hag YPOBHEM CBSI3KU
Kpyra. Ha anmasHom kpyre B npouecce wnudoBaHUa He npoucxoguTt obpa-
30BaHMe 3abOpHOro KOHyca, a 3TO NPMBOAUT NMPAKTUYECKM K TOYEYHOMY KOH-
TaKTy pexyLlen 4yacTu KpyriblX anMasHbIX 9fieMeHTOB Kpyra ¢ obpabaTtbiBa-
€MbIM MaTepuanom 1 yxygLeHuo KadectBa U TO4HOCTM 06paboTku.

[MpMeHeHMe cneunanbHOWM TEXHOMOMNU 3NEKTPOIPO3MOHHOM MNpaBKu
Kpyra no3Bofnio NOBLICUTb €ro pPexyLlyr crnocobHOCTb, pewwunTb npobnemy
BbICOKOKa4eCTBEHHOM 06paboTKn, a TakKe UCKMYNTL NOTPEBHOCTL B Aedm-
UMTHbIX abpa3nBHbIX Kpyrax ans npaekn. Kpome Toro, npMeHeHne anekTpo-
9PO3MOHHOW MpPaBKM MO3BOSIUIIO COKPaATUTb BPEMS MPaBKM U NOBbLICUTbL CTOW-
KOCTb anmasHoro kpyra go 10 pas. [lpn 3TOM 9NeKkTpo3po3noHHasa npaska
OCyLLeCcTBNAeTCa OauH pa3 B 2 ... 3 paboyme cMmeHbl, Torga Kak obblyHaa me-
XaHuyeckas npaska npogormkuTensHocTbio 40 20 ... 30 MUHYT BbINOMHAETCH
HECKOSbKO pa3 B CMEHY.

ONEKTPOIPO3NOHHAA MNpaBka anmMasHoro kpyra obecneymBaeT 3Ha4du-
TenbHOE BbICTYNaHWE 3epeH Hag YPOBHEM CBS3KW, YTO MPAKTUYECKN UCKIIO-
YaeT KOHTaKT obpabaTbiBaemMoro epputa CO CBA3KOW Kpyra v ynydwaet
crneuunanbHble cBoncTBa 0bpaboTaHHbIX geTtanen. PaspaboTaHHasa TexHomMo-
s 3NeKTPoO3pPO3NOHHONM NpaBku obecnevnBaeT obpasoBaHMe Ha Topue arn-
Ma3HOro Kpyra 3abOpHOro KoHyca, Nno3BOSIIET MOBLICUTb PEeXuM Lnndosa-
HMUS N NPOM3BOOUTENLHOCTL 00paboTKM Be3 yBenuyeHuss M3Hoca Kpyra u
yXyALEeHMs KavyecTBa 1 TOYHOCTM 0BpaboTku.

1.5. HoBble KMHeMaTu4Yeckue cxembl W oBanbHbIX
CTaHKOB AJi1A anMasHoro wnudgpoBaHua

[Ans BbISIBNEHUSI HOBbIX TEXHOMOrMYECKNX BO3MOXXHOCTEN BbICOKOMPO-
N3BOOUTENBHOIO anMasHoro wnudoBaHus paspaboTtaHa dopmanu3oBaHHas
dusnyeckas Teopus WNNGOBaHNS, OCHOBaHHas Ha yCTaHOBMEHUM nepeaa-
TOYHbIX PYHKLUIA MeXay BXOAHbIMU U BbIXOAHBIMW NapameTpamMu npolecca ¢
y4eTOM BHYTPeHHUX (cpuamyecknx) napameTpoB. OnTummusauust nepenaToy-
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HbIX (PYHKUMI no3Bonuna onpegenntb obLLyto 3aKOHOMEPHOCTb U3MEHEHMUS
npeaensHON NPon3BoANTENBHOCTN 06paboTkn Q oOT rNy6uHbl WnndgosaHus t
Npu 3agaHHOM Harpys3ke Ha 3epHO. YCTaHOBMEHO, YTo 3aBUCMMOCTb Q -t
HOCUT 3KCTpemarbHbIn xapaktep (puc. 1.15a) B €BA3M C YMEHbLUEHNEM CKO-
poctu aetanu Ve, (puc. 1.156). MuHumym npovssoauTensHOCTU 06paboTku

Q obycrnoBneH cyulecTBOBaHMEM CaMOM KOPOTKOM CTPYXKW U OOCTUraeTcs
npu ycrnosun t=a,, rae a, — TonwuHa eauHNYHoro cpesa. lNoatomy, peanu-
3ya ycnosusa t>a, n t<a,, MOXHO cywecTtBeHHo (o 10 pa3 un bonee) no-
BbICUTb MPON3BOAUTENBHOCTL 06PaboTKK.

A A
Q V,qe'r

0 t=a,
a o

F""
o
~y

Puc. 1.15. 3aBucumocTu npomsBoauTenbHOCTN ob6paboTkn Q (a)
U ckopocTu getanu Ve, (6) oT rnybuHbl wnudoBaHus t

YCTaHOBMEHO, YTO NPUMEHSIEMbIE HA NPAKTUKE CXeMbl abpasnBHOro u
anmasHoro LWnngoBaHua peannsyoTcsa B OCHOBHOM B 0651actm MUMHUMYyMa
npon3BoaAnTENbHOCTN 06paboTkn Q. 3TO CcBMOETENbLCTBYET O HEUCMNOMb30-
BaHUM MNOTEHUMaribHbIX BO3MOXHOCTEW npouecca wnundoBaHus. [lpaBas
BeTBb 3aBMcMMOCTM Q—t yacTnyHO peanmsoBaHa B npoueccax rryoéuHHoro
wnndosaHus. Jlesas BeTBb 3aBUCMMOCTM Q —t OOCTAaTOYHOro MpPakTUYeCKo-
ro BONSoLeHna He nonyyuna. [ns ee peanusaunm Heob6xoauMo CyLeCTBEH-
HO YBEIIMYNTL CKOPOCTb AeTanu V o, BMNNOTb 4O CKOPOCTM Kpyra, YTO B HEKO-

TOPOW CTeNneHu peann3oBaHO B KMHEMATUYECKOM CXeMe BHYTpuULLINndOBasb-
HOro ctaHka mogenu 3M227BOP®2 ¢ YIY n cuctemamm npaBku anmasHbIX
KPyroB Ha MeTansimyeckux CcBA3Kax AS19 peanu3auuu mMeToda asrimasHo-
MCKPOBOro LWNNGOBaHNA (anMasHOro 3dnekTPO3PO3NOHHOIO LWANGoBaHMS)
[112]. TpoBeaeHHbIE Ha 3TOM CTaHKe JKCNepuMeHTalnbHble UccrnesoBaHus
npouecca anmasHo-UCKpoBOro wnndosaHus Teepablx cnnasoB BK8, BK15 u
mMariuTHoro cnnaea KOHOK24T2 noarteepannu apdeKTMBHOCTb NPUMEHEHMS
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CXeMbl LWNNGOoBaHNA C YBENMYEHHOW CKOPOCTbIO geTann (tabn. 1.3), obec-
neymBatoLLEeN yBenmyeHme Nnpon3BognTenbHOCTU 06paboTku.

Tabnuua 1.3
Xapaktep N3aMeHeHUs1 NPoM3BOAUTESIbLHOCTU ariMa3HO-UCKPOBOIro

wnudcgpoBaHusa TBepAabix cnnasoB BK8, BK15 nu marHuTHoro cnnaBa
IOHOK24T2 B cBAA3K ¢ yBenM4eHUEM OKPYKHOU CKOPOCTU AeTanu

CkopocTb getanu, Mpon3BOAUTENLHOCTb, MM®/MUH
m/c BK8 BK15 FOHOK24T2
0,5 180 115 55
50 205 150 80
PocT, % 13,9 30,4 45,5

Peanusauna neson BeTBu 3aBucumoctn Q—t Takke npegnonaraeT uc-
Nnosib30BaHMe  OOMOSHUTESbHbLIX  BbICOKOYACTOTHbLIX BO3BpPaTHO-NOCTYyMa-
TEeNbHbIX ABMKEHUI Kpyra unun getann. Hanpumep, no UMeLWMMCA AaHHbIM,
a(pdeKkT HaNOXeHns Ha anmasHbl Kpyr unm obpabaTbiBaemyo getanb BUbG-
pauuni n ynbTpasBYKOBbIX konebaHun cBA3aH B onpefesieHHOW CTEMNeHU C
peanusaunen neson BeTBu 3aBucnumoctn Q—t. Noatomy BbINOSIHEHME YCIIO-
BUS t<a, — OOHO N3 NEepPCneKTUBHbIX HarnpaBfieHUN CTaHKOCTPOEHUS, OCHO-

BaHHOE Ha MCMonbL3oBaHUM msndecknx adpdeKkToB B 30He pes3aHus. Ha oc-

HOBE OaHHOro pelleHns paspaboTaH psag HOBbIX BbICOKOMPOU3BOAUTENBHbLIX

cxeM 1 cnocobos WnmMdoBaHus, B TOM YNCE Ha YPOBHE N306peTeHui.
YuntblBasi, 4TO peanusauns ycrosus t <a, TpebyeT co3gaHusA HOBOTO

lwnndosanbHoro obopynoBaHus, 6onee nNpoctbiM N 3PEEKTUBHLIM NYTEM
criegyeT paccmaTpumBaTb peanu3auuio ycrnosus t>a,, 4Tto MOXeT ObITb

OCYLLECTBMEHO Ha [AeWcTBylLLeM obopyaoBaHun. Kak oTmedyanocb Bbille,
ycrnosue t>a, npegnonaraeT nepexos B 06nacTb BbICOKONPOU3BOAUTENb-

HOro rnyéuHHoro wnudgoBaHus. Ona obocHoBaHUA NyTen NOBbILWEHUSA MPO-
n3sognTenbHocTn obpabotkn Q (ons ycnosus t>a,) BOCNONb3yeMCH W3-

BeCTHoOW 3aBucmmMocTbio [90]:

Q =V, Sy (1.24)
rae Sym =Ny -S — MrHOBEHHas CyMMapHas nioLiasb nonepeyHoro ceveHus

cpe3a BceMn oaHoBpeMeHHO pa6OTaf0LLI,I/1MM 3epHaMM Kpyra, M2;
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np — KOJIN4eCTBO OAHOBPEMEHHO pa60Tarou.|,|Ax 3EpEH,

S =P /o —nnowaab nonepeyHoro ceveHns cpesa OTaenbHbIM 3€PHOM, M
P — Harpyska, gencrBylollaa Ha OTAenbHOE 3epHO, B TaHreHuuanbHOM
HanpasneHum, H;

o= f(a—Z,Aj — YCINOBHOE HanpsiXeHue pesaHus, la;
o

a, — TONlMHa cpesa, M;
p = ¢(X) — paanyc OKpyrneHus pexyllen YacTi 3epHa, M;
X — BeNnnyMHa IMHENHOro N3Hoca 3epHa, M;

A — napameTp, onpeaensowmn NPOYHOCTHLIE CBOMCTBA obpabaTkiBae-
MOro matepuana.

B obwem Buae npomsBoauTenbHOCTb 00paboTkm Q MOXHO NpeacTa-
BUTb PYHKUMEN OT wectn napameTtpos [103]:

Q=y(Vip, Np, a,, x, P, A). (1.25)

Cne/J,yeT OTMETUTb, YTO B TEOpUn LLIJ'IVI(*)OBaHVIFI M3BECTHbl N pearim3o-
BaHbl Ha NMpPakKTukKe ycrnoBusa noBbllUEHUA NMPOoOn3BOOUTESTbHOCTU o6pa60T|<|/| Q
nytemMm perynmposaHmnsa KMHeMatTud4eCKMMun napametpamm VKp’ np, a,. Tex-

HOSTIOrMYeckne BO3MOXHOCTU MOBbLILEHUS NPOU3BOAUTENBHOCTM 06pabOoTKM
Q nytem perynuposaHuna usmyeckummn napametpamm X u P He obocHoBa-
Hbl. OgHaKo, pe3ynbTaTbl 9KCNepUMEHTasrbHbIX UCCNeLOBaHU, NOSTy4YeHHbIe
B IHCTUTyTe cBepxTBepabix matepuanos umeHn B. H. bakynsa HAH Ykpau-
Hbl, @ TaKKe OPYrMx Hay4YHbIX LleHTpaXx, CBMOETENbCTBYIOT O CyLLECTBOBAHUN
TECHOMN KOPPENSunn Mexagy npounsBOaUTESNbHOCTLI0 00paboTkM, yaenbHbIM
pacxogoM anmasa, LWepoxoBaToCTbio 06paboTku, MPOYHOCTHBIMM CBOMCTBA-
Mu paboden noBepxHOCTU Kpyra (O6OOLLEHHO onpedensemMbiMnu napameT-
poM P) 1 cTeneHbio n3Hoca BbiNaBLUMX N3 CBA3KU ariMasHbiX 3epeH (onpege-
ngeMon napamMeTpoM X).

Hanpumep, akcnepuMeHTanbHO YCTaHOBIIEHO, YTO C yBeNMYEeHUeM ro-
nepeyHon nogadm KONMYEeCcTBO 3epeH C nrowiagkamMmum U3Hoca U CO CKonamm
YMEHbLUAEeTCs, a KONMYECTBO BbIMaBLUMX M3 CBA3KWN Kpyra 3epeH 6e3 3ameT-
HOro U3MeHeHna OpMbl U pasMepoB — yBennumBaeTcd. Takasi 3aKkoHOMep-
HOCTb MPOCNEXnBaeTCcsa ANns BCEX paccMmaTpuBaemMbix nap "abpasme — obpa-
BbaTtbiBaemMbln MaTepuan'. [ins Kpyroe n3 manonpoyHoro KyboHuTa xapakre-
PEH He3HauYUTENbHbIN MPOLUEHT 3epeH C nroLwaakamm naHoca. [nsa Kpyros n3
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NPOYHbIX Mapok AC15 3TOT nNpoueHT Bbile, a A ManonpoYHbIX ariMa3oB
mMapkn AC2 — npakTn4eckn paBeH Hymo. OTO yKasblBaeT Ha TO, YTO anmMas-
Hble 3epHa AC2 paspyLllaloTca U BbiNagarT U3 CBA3KM NPaKTUYECKN He npe-
TepnesB NMUHENHOro n3Hoca. MeHbLiemy nnMHenHomMy naHocy 3epeH AC2 cooT-
BETCTBYET 4Ype3BbldaHO BbICOKUM yAernbHbIN pacxod anmMasa, OCTUraroLLnm
3HayeHwit 150 mr/cm® 1 Gornee, Toraa kak Mpu Tex ke YCroBusX 06paboTku
Kpyrom ¢ anmasHbiMu 3epHammn AC15 yaenbHbI pacxon anmasa Ha nopsagok
MeHbLUe. 3 3TOro BbITEKAET YeTKad Koppensaunsa Mexay npoLeHTOM 3epeH C
nnowagkaMmmn n3Hoca un yaernbHbIM pacxogom anmasa.

[Ana wvnniocTtpaumMmM coenaHHoro BbiBO4a MpoaHanuavpyem 3aBUCK-
MoCTb P =S-o. BnonHe o4eBngHO, YTO C pOCTOM MOMNEpPeYHON nogaym yee-
nuynBaeTca napameTp S, a npenenbHoe 3HadeHue P (M3 ycnosumn npo4vHo-
CTW 3epHa 1 cBA3KK) ByaeT AoCTUraTbCA NPU MEHbLUMX 3HAYEHUSAX YCIOBHOIO
HanpspKeHns pes3aHns o. Pusmyeckn 3TO BO3MOXHO MNpU pesaHun bonee
OCTPbLIM 3E€PHOM, T.e. KOraa BefnndnHa NIMHEMHOro M3HOCA 3epHa X MEHbLLUE.
Mpn dukcnpoBaHHOM 3Ha4yeHUM S (NpW 3a4aHHOM MOMNEpeYHon nogavye)
MeHbLLee 3HaveHne P (ans anmasoB mapku AC2) BygeT oocTuratbCsa Takke
NPU MEHbLLUEM 3HAYEHUN YCITOBHOMO HanpsiKeHUs1 pe3aHnsa o, YTO BO3MOXHO
nNpu pe3aHum 6onee OCTpbLIM 3E€PHOM, T.€. Koraa BefimimHa fIMHENHOro U3Hoca
3epHa X MeHblle. ATUM NoKa3aHo, YTO NpWU NOCTOSIHHOM NpeaesibHOM 3Hade-
HUM P nepemMeHHOM BenuyMHOM B rpouecce LNnMdoBaHNA ABNAETCA BeSiv-
YMHA NTMHEMHOrO N3HOCA 3epHa X, U3MEHEHME KOTOPOW N CBA3AHO C U3MEHe-
HMeM yaenbHOro pacxoga anmMasa.

Mpodeccop Carapga A. A. nokasan, Hanpumep, YTo obpaboTka bonee
npo4Houn ctann P1205M (no cpaBHeHUto co cTanbto LLIX15) xapaktepusyeTtcs
MEHbLUMM MPOLEHTOM 3€pPEH C nnowagkaMmm nsHoca u 60nbWwumMm  yaenbHbIM
pacxogoM anmMasa, T.e. paspylleHue 1 BbinageHne U3 CBA3KM 3epeH npu o6-
paboTtke ctann P1205M npoucxogut npu MEHbLUEM UX JIMHEMHOM U3HOCE
(MeHbLEM 3HaAYeHUN BENUYMHBI X). MNpu wnnudoBaHnn anmasHbiMKU Kpyramm
Ha OpraHMYecKMx CBsI3Kax Ha 3epHax 00pasylTca MeHbLuMe Mo pasmepy
nNNowaakM M3Hoca, Yem npu WnmudoBaHMM anmMasHbiMU Kpyramm Ha meTarn-
nuyeckmx ceBsskax. MeHbLUMM nroLwiagkam M3Hoca COOTBETCTBYET 60onbLumm
yaenbHbI pacxoq anmasa. M3 npoBegeHHOro aHanuMsa MOXHO caenatbh Bbl-
BOJ, O TOM, YTO, C UISBMEHEHNEM BENUYMHBI X B npouecce WnngoBaHns (Tak-
Xe KaK n napameTpa P) 1 npuMeHeHnem g 3TOro COOTBETCTBYHOLMX ONTU-
ManbHbIX PEXUMOB LUNNGOBAHNA Kpyramn M3 CBEPXTBEPAbIX MaTepuanos,
NoABNAETCS BO3MOXHOCTb 6oriee nomHOro MCnosib30BaHUS YHUKaNbHbIX pe-
XYLLMX CBONCTB TakuX Kpyros.
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B kauecTBe npumepa HmWxe nNpuMBeOeHO pelueHne 00 onpeaeneHum
MaKkCMMarnbHO BO3MOXHOW NPOn3BOAUTENBHOCTU 06paboTkn Q u peanuayto-
LUMX ee napameTpoB pexuma WNNpoBaHns Ve, 1 Vi, C y4eTOM orpaHuye-

HUA NO TeMnepaTtype pe3aHua 4:

- 2 2 :05 05 A) (1.26)
A 274 -1 - p
Q
Vear =51 1.27
3ar Bt ( )
330,6-4-C-py-X3-02-(1-7)*2 (A"
Vi = 2 2 S| (1.28)

rae y — KoadpdUUMEHT, NokasbiBalOLWNIA, Kakas YacTb paboTbl NepexoanT B

TenmnoTy, NOrrnowaemyto AeTanbto;
B — wupurHa wnmdoBaHus, M;
1 1

pP=5 T
RKp R/J,eT

Rip: Rper — COOTBETCTBEHHO paaunycChl Kpyra v aetanu, m;

Py — NIOTHOCTL 0BpabaTbiBaeMoro maTepmana, Kr/m>;
m — 06beMHas KOHUeHTpauna anmasHoro kpyra (100; 50; 25; n 1.4.).

Cnepysa 3aBucmumocTu (1.26), ¢ yBenmyeHnem rnybuHsl wnmgosaHus t
(Mpn @ =const U P =const ) nponssoantenbHOCTb 06paboTkm Q ymeHbLUa-
eTcq. KomneHcnpoBaTtb yMeHblleHe Q MOXHO 3a cYeT CHUXeHus bGespas-
MepHoro koadduumenTa n — 0 n ysennveHnsa Harpyskm P, gencreytolen Ha
OTAENbHOE 3€epHO, MOCKOSIbKY 9TV ABa napamMeTpa BXOOAT B 3aBMCUMOCTb
(1.26) co 3HaunTernbHO BonbLUen cTeneHbo, YeM rmybunHa wnudosaHus t.

BaxHbIM ycnoBmemM NOBbILEHUS NPOM3BOANTENBHOCTL 0BpaboTkn Q
npyn rnyovHHOM WNUAOBaHUK crnefyeT paccMmaTpuBaTh Takke YMeHbLUeHue
CKOpPOCTM Kpyra V,, B COOTBETCTBUU C 3aBUCUMOCTbIO (1.28) B CBA3K C yBe-

nuyeHnem rmnyouHbl wnudgoBaHua t 1 Harpysku P, genictsylouleint Ha oT-
AenbHoe 3epHo. MoaToMy Ans nogaepkaHus ckopocTu kpyra V., Ha Tpaau-

unoHHoM ypoBHe 30 — 50 m/c HeobxoauMMO yBeNnMUYMBaTb 3E€PHUCTOCTb Kpyra
N yMEHbLUATb KOHLUEHTPaAUMIO 3epeH Kpyra, YTO COrfacyetcsl C MpakTUKOM
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00bl4yHOro abpasmBHOro ryouMHHOIO WMgoBaHUS, OCHOBAHHOIO Ha Npume-
HEeHUM KPYMHO3EPHUCTLIX BbICOKOMOPUCTBIX KPYroB.

Peanusaunsa npason BeTsu 3asucumoctn Q—t (puc. 1.15a) npegnona-
raeT COBEepLUEHCTBOBaAHME MPOLECCOB rMybUHHOro WnnudoBaHUs Ha OCHOBE
NOBbILIEHNS peXyLlen CnocobHOCTM anmMasHbIX KPYyroB Ha MeTasfimyeckmx
CBs3Kax MNYTEM WCMONb30BaHUS 3IIEKTPOSIPO3MOHHON MNpaBKX; YnpaBrieHus
TeNNoBbIMW NOTOKaMWN NPU WANGOBaAHUN, NOYWUMKN B CTPYXKY, AeTarb, Kpyr
N OXNaxgawLly XUOKOCTb; CO34aHMsA aBTOMATU3MPOBAHHLIX LMKMOB LUSN-
dooBaHuSA, yBENMYEHNA CKOPOCTH Kpyra ao 600 m/c.

C dumsnyeckon ToUkM 3peHust adhdekTbl 06paboTkn o0bycrnoBneHbl nNpu-
MEHEHNEM HOBbIX COOTHOLLUEHUI MeXxay TOMWWHOW, LWMPUHON N ONTMHOWN eau-
HUYHBIX CPe30B, YrNpaBfieHNEM BENNYNHOW FNIMHENHOrO U3HOCA 3epeH OO MO-
MEHTa UX paspyLleHnn 1 BbiNadeHUs U3 CBA3KU Kpyra 1 T.4.

TeopeTuyeckme pelleHnst IKCnepuMeHTanbHO NOATBEPXKAEHbI, NPOLUN
NPOMbILUSEHHYO anpobaumio 1 WNPOKO BHEAPEHbI B NPOM3BOACTBO Ha CyLle-
CTBYKOLLEM MOOEPHU3NPOBAHHOM U CEPUNHO BbliMyCKaeMoM OBOpyaOBaHUM.
Ha nx ocHoBe paspaboTaH 1 OCBOEH psAL HOBbIX NPOrpeCcCMBHbBIX TEXHOMNOM-
YeCKMX NpoLeccoB KOMOMHUPOBAHHOMO ariMa3Horo LWnngoBaHMs C BBEAEHMU-
€M B 30HY pe3aHusi JOMOSNHUTENbHOM 3HEPrMM NOCTOSHHOIO TOKa U ynbTpa-
3Byka. Ecnn gencrteue anekTpuyecknx paspsgoB obecnedmBaetr hopMmpo-
BaHWe pabodvero penbeda WMHCTPYMEHTA W MOAAEPXKaAHWE €ro pexyLimx
CBOWCTB B npouecce wnudoBaHus, TO ynbTpasByK BMAUSET Ha COCTOSIHME
MEX3NEeKTPOAHOro 3a3opa, cnocobCcTByeT MHULMMPOBAHWUIO PaspsaoB U Mo-
BbILLEHUIO UX PABHOMEPHOCTU, N3MEHSAET KMHEMATUKY PEXYLUMX SNEMEHTOB
(nx TpaekToputo, reomeTputo). KonebaHus co3garoT KaBuTaumilo B XXUOKOCTH,
aKTMBM3NPYH ee NOBEPXHOCTHO-CMa3biBaloLLME 1 oYU aOLWLNE OEUCTBUS, YTO
CHWKaeT TpeHue, YyCTpaHseT HapoCTbl U HanunaHm4. B pesynbTate obnerya-
€TCS NPOLECC MUKPOPE3aHUsi, 1 yry4dwarTcs ycrnoBus dopmMmpoBaHust 06-
paboTaHHOW NOBEPXHOCTN.

1.6. YcnoBuA CHUXXeHUS1 3HepProeMKoCTU U NOBbILWEeHUA
Nnpou3BOAUTENIbLHOCTU OOPadOTKU NpPU arIMa3sHOM
wnudoBaHMU TBepAbIX CNaBoB

[Mpn anmasHoOM LWNUdOBaHUN TBEPAbIX CNiaBOB Ype3BblHAWHO aKTy-

anbHbl BOMPOCHI ONpeaeneHust YCroBUM CHMKEHUS SHEPrOEMKOCTU U MOBbI-
LLEHNS1 NPON3BOANTENBHOCTM 06paboTKN. 3TN BONPOCHI BaXHbl NPU LWNNGO-
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BaHUM TBEpPAbIX CMSaBOB ariMasHbIMW Kpyramm Ha MeTarnsimyecknx cBsi3Kax,
KOTOpble B BOMbLUMHCTBE Clly4aeB UCMOMb3YHTCA NULLb Ha onepawmsix OKOH-
YaTenbHOro WNgoBaHNA NP cbemMe HeBObLUMX NPUNYCKOB. BmecTe ¢ Tem,
Kak nokasblBaeT NpaKTUKa, AaHHble Kpyrk pacrnonaratoT 60MbwLnMn TEXHOMO-
MYEeCKMMM BO3MOXHOCTAMM B MNiflaHe MNOBbIWEHUS MX WU3HOCOCTOMKOCTU WU
npon3BoguTensHOCTM 06paboTkn 1, cnegosaTenbHO, MOTyT 3(P(EKTUBHO UC-
Nosib30BaThbCA Ha onepauunsax npeaBapuTenbHOro LWngoBaHUsA npu cbeme
Gonblnx npunyckoB. [Ona aTtoro Heobxoaumo obocHOBaTb OMTUMAsbHbIE
ycnosus WNnMdoBaHNA, B NEPBYIO o4epedb TEOpPEeTUYECKUM NYTEM Ha OCHOBE
pa3paboTaHHbIX MaTemMaTUyecknx Mogenen anmasHoro wnudgoBaHusa. [Mo-
9TOMYy B HacTOSALWEM noapasgernie TeopeTndecku onpeaerieHbl YCrioBusa CHu-
XEHUS1 3HEepProemMKoCTM W MOBbLILWEHUA MPOU3BOAUTESNBHOCTU 00paboTKM
TBEPAbIX CNNAaBOB afiMa3HbIMU Kpyramm Ha MeTansimyeckux cBsiskax n npoms-
Be[ieHa JKCrnepuMeHTanbHas oLeHKa NnosfyyYyeHHbIX TEOPeTUYECKUxX pesyrbTa-
ToB. [1na 3TOro ycTaHOBMEHbl aHanMTU4eCKMe 3aBUCUMOCTU onpeneneHus
YCMOBHOIO HanpsbKeHnsa pesaHnsa o (3HeproemkocTb 06paboTkn) n pagunanb-
HOWM COCTaBIIAOLLEN CUMbl pe3aHns, OeNCTBYIOLWEN Ha OTAeNbHOe 3epHO, Npu
MUKpOpe3aHnu Py1 [101]:

HV -siny n 2
=-3.3 : . : 1.29
iy \/COSV/-(1—Sin7) (1-7) "o 129
o _a.2.3  HV:siny 2.(1—77).7 (1.30)
i cosy -(1-siny) n R’ '

rae HV, 7.5 — TBEpAoCTb No Bukkepcy v npefen NpoYHOCTU Ha caBur o6-

pabaTbiBaeMoro matepuana, H/m?;

y — NOMOBWHA yrra npu BepLUMHE UCXOOHOrO (HEU3HOLLEHHOMO) pexyLLe-
ro 3epHa, NPeACTaBIIeHHOrOo B BuAe KoHyca (7 =45°);

w — YCITOBHbIA Yrofl TPEHUsI pexyLuiero 3epHa ¢ obpabaTtbiBaemMbiM Ma-
Tepunanom (tgy =f — koadbpnumeHT TpeHns);

n — 6e3pasmepHbI KO3OMOUUMEHT, YYNTLIBAKOLNK CTENEHb 3aTynneHnd
pexyuiero 3epHa, 0...1 (7 =0 — gna ocTporo 3epHa, n —>1 — oN4a 3aTynsneH-

HOro 3epHa);
X — BENMYMHa JIMHENHOrO N3HOCa 3epHa, NpPeacTaBneHHoro B pacyetax
B popmMe KoHyca, M.
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Ncxoos na 3aBncmumoctu (1.29), aHeproemkocTb 06paboTkm o BROSHE
OAHO3Ha4YHO onpeaenseTcs 6e3pa3mepHbiM koadpduumeHtom r. C ero yse-

nudyeHvem (7 — 1) napameTp o HeorpaHW4YeHHO yBenundmBaeTcHd. bespas-
MEpPHbIA KO3IPPULMEHT 77 aBndeTcs 0606LEeHHbIM NapaMeTpoOM M 3aBUCUT OT

ycrnoBu obpaboTku. [na ero onpeneneHns crnegyet BOCMNOMb3oBaTbCs 3a-
BMCMMOCTbIO AN pacyeTa MakcumarnbHOM TONWMHbI cpe3da Hyax =a5:

630-7-X2 -Voow -AJt-p-1=12
Hmax =3 i — P ( 1 ), (1.31)
m'VKp

rae X — 3€PHUCTOCTb Kpyra, M,
m — ob6bemMHas KOHUEHTpauud 3epeH Kpyra,
1 1

pP=5—T
RKp R,u,eT

RKp, R ner — Paauycbl Kpyra v getanu, m.

B pabote [146] npuBegeHa aHanuTMyeckas 3aBUCUMOCTb, YCTaHaBn-
BaloLLas CBA3b Mexay napameTpamu a,, X U n:

azzx-(1"7). (1.32)

Mpeobpasys 3asucumoctb (1.30) ¢ ydetom 3aBucumocten (1.31) u
(1.32), nmeem:

3 : 2
° _ 5, .{COSW-@—SW)} | m-Vig  (1.33)
(1-n) 27 7eme HV -siny 630-7-X3 - Vyer At p

YuntbiBas onpegendwwyro pojfib  4Yucnutenda B 2 COOTHOLUEHUU

775 /(1—77), yMeHbLWNTb Be3pasmepHbIi KO3hdUUneHT 17 (C Lenblo CHUKEHWUS
YCINOBHOIO Hanpsi»KeHUsl pe3aHust o) MOXXHO YMEHbLLUEHNEM napamMeTpoB m,

Vips Py1 n ysenundyenmem X, Ve, t. lNpuHumas napametp Py1 paBHbLIM

MPOYHOCTU 3epHa Ha pasfaBnvMBaHWE, C YYETOM W3BECTHOW 3aBUCUMOCTU

Py1 —a-X (rne a — 6e3pasvepHblil KO3IMMULMEHT, XapaKTepusyoLmi

NPOYHOCTb 3epHa), 3aBucumocTb (1.33) BblpasnTcs:
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3 ) 2 2
n° _ @ _{cosw-@—sm;/)} ' m- Vi (134
(1_77) 27'70!18')_(3 HV -siny 6307 Vger - t-p

BespaamepHbIn KOIPPUUMEHT 77 TEM MEHbLLE, YeM MeHbLUEe napamMeT-
pbl ¢, M, VKp n 6onbwe X, VneT, t. Npn 3agaHHOW NPON3BOAUTENBLHOCTU

obpabotkn Q =BV e, -t 3aBUcMMOCTb (1.34) NnpumeT BUA:

2
. (1.35)

3
n o .{COSV/-(']—Sin}/)T. m-V,, B

(1=1) " 27 10pq - X° HV -siny 6307 Vper Q- p

YMeHbLUMTE Be3pasmepHbi koadduumeHT 1 npu ycnosum Q = const
MOXHO yMeHblUeHVeM napameTpoB «, m, V,, U yBenuyeHvem X, Vger Npy
M3MEHEHWUW rnyOouHbl WnndgosaHus t no 3asncumoct t=Q/B- Ve, .

Hanbonblwee BnusHne Ha 6e3pasmepHbIn KO3 UUNEHT 77 OKa3biBaeT

KO PUUMEHT « . DTO npegonpeqenseT HeobxoanMOCTb NPaBUSIbHOMO Bbl-
BGopa CBA3KM 1 NPOYHOCTU 3epHa.

Mpn rny6uHHOM wWnndoBaHum (Npn HEBOMbLINX 3HAYEHUSX CKOPOCTU
petann Vpe;) KO3(pPUUMEHT a HEOBXOAMMO YMEHbLUNTL, NPUMEHSS KpYrU C

MeHee MNMpo4YHbIMU afiMa3aMn N CBA3KaMun, Ui yBeJsind4nTb 3€PHUCTOCTb Kpyra

X M YMEHbLUMTb KOHLUEHTpaumo kpyra m. 3TUM O6bsACHAETCS NPUMEHEHUe
npyn rmyBbuHHOM WNMoBaHNN KPYMHO3EPHUCTLIX BbICOKONOPUCTLIX abpasnBs-
HbIX KPYroB.

[Mpn MHOronpoxogHoM wnmndoBaHnn (NPU OTHOCUTESTbHO BbICOKUX 3Ha-
YEHMsX CKOpoCTW AeTanu Vi), HaobopoT, KOIPULMEHT o Heobxoanmo
YBENUYNTb, NPUMEHSsT Bonee NpPoYHble CBA3KM W anMasHble 3epHa, unu

YMEHbLLUWUTb 3€PHUCTOCTb Kpyra X W yBENMUUTb KOHLIEHTPaLWIO Kpyra m |
[na obGecnevyeHns OOMHAKOBOW 3HEProeMKOCTW MHOrONpPOXOLHOMO U

rmybuHHoro wnungoBaHna (7 =const) HeobxoaMMO BbIMOMHUTL YCIOBUE
Vper Q= const. lNpu ymeHblueHnn ckopoctn aetanm Ve ot 10 M/MuH (npu
MHoronpoxogHom wnudgosaHun) o 0,1 m/mMuH (npu rmMybuHHOM LWNndoBa-
HWUK) Npou3BoAnTENbHOCTL 06paboTkn Q yesenunumsaetcsa B 100 pa3. Cnego-

BaTenbHO, rMybuHHOE WnndoBaHNe Npu 3agaHHOM 3HadYeHUn 6e3pas3mepHo-
ro koadppumumeHTa » OonyckaeT CyLLeCTBEHHOe yBenm4deHne Q.
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Ncxons ns npeobpasosaHuin 3asucumocTti (1.31)

630 7-X> - Vper -Q- p
m-VKp-x/g

(1.36)

Hmax =

(Mpn goneBon NPoOAOSIbHOM nojade Sn =1), ycnosue VneT-Q:const Bbl-
nonHaeTca ana Hp, = const.

[na onpeneneHns ycnoBui NOBbIWEHUS NPOU3BOAMTENBHOCTM 0bpa-
6oTkM Q C y4yeTOM OrpaHM4YeHUs1 No SHEProemMkKocTn WnNudoBaHua cneayet
paspewmnTtb (1.35) OTHOCUTENBHO NPOM3BOAUTENBLHOCTU 06PabOTKN

. 2
Q_{m-VKp-cosw-@SIn?/) . o> (-n) B (1.37)

630-7-HV -siny 27‘Tcns'>_<3 n°  Vger-p

Kak BMOHO, yBenUUUTbL MPOU3BOAUTENBHOCTL 06paboTkm Q MOXHO
yBenuyeHnemM napamMmeTpoB «, m, VKp, B u ymeHbLUeHMEM X, VﬂeT, n, v.

Uem npoyHee n TBepxe obpabaTbiBaeMblil MaTepuarn, Tem Oonbllue nNpous-
BOoAUTENbHOCTL 0B6paboTkn Q. Haubonbliee BnMsiHAE Ha NPOU3BOAMUTENb-
HOCTb 00paboTkn Q okasbiBaeT 6e3pasmMepHbIn KO3IPMUUNEHT 77, perynupo-

BaTb KOTOPbIM MOXHO, U3MeHss rmybuHy wnudgosaunsa t=Q/B- Ve, C yde-

ToMm 3aBucumocTn (1.37).

[Mpn paboTe anmasHOro Kpyra B pexume camo3aTadmBaHus Oes3pas-
MepPHbIA KO3IDULMEHT 77 CTabMNN3NpyeTcs BO BpeEMEHU, a npu paboTe an-
Mas3HOro Kpyra B pexume 3atynneHnsa — 6e3pasmMepHbli KOIMPULNEHT 7
yBenuynBaeTcst BO BpeMeHn 77 — 1 1 NpMBOAUT K YMEHbLUEHWUIO NMPOMN3BOAN-
TenbHOCTN 0bpaboTkn Q. 3710 TpebyeT NPUMEHEHUSI HEMPEPLIBHOW MpaBKu
anMasHoro Kpyra, peanusyemon, Hanpumep, B Npouecce arnMasHoro asek-
TPO3PO3NOHHOIO WnngosaHus. O600LEHHbIE YCNOBUS MOBbLILLEHUS MPOU3-
BOANTENBHOCTM 00paboTKKN Npu WNndoBaHUM npeacTtaBneHbl Ha puc. 1.16.

C uenbio NPoOBEPKM TEOPETUYECKMX PELLEHNI NPOBOANITUCH IKCMEPUMEH-
TanbHble UCcnegoBaHUst Ha nnockowwnmgoBanbHOM cTaHke mogenn 3E711B,
MOJEPHN3NPOBAHHOM MOA anMasHoe 3S1IeKTPO3PO3NoHHOe winudgosaHune [101].
ObpabaTtbiBanucb TBEpAocnnaBHble nnactuHkn m3 BK8 n T15K10 no cxeme
NSIOCKOro BPE3HOro LWnndoBaHNA BCEW LUMPUHOM ariMasHOro Kpyra Ha meTtarn-
nunyeckon ceaske 1A1 200x20x5 AC6 160/125 M2-01 4 ¢ OTHOCUTENBHO He-
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OonbLON CKOPOCTbIO AeTanu Vm3T =3,3 M/MWH, CKOPOCTbIO Kpyra VKID =15,7

M/C n rnybuHon wnudoBaHus, namensiowenca B npegenax 0 ... 0,1 mm. 310
NO3BONWIO B ONpeaeneHHon cTeneHn peanu3oBaTtb YCNoBUs OOHONPOXOAHOrO
(rny©uHHOro) WnudgoBaHus, obecrneymBaroLLero, CornacHo CTPYKTYpPHOM Cxeme
(pyc. 1.16), noBblWeHe NPOU3BOAUTENBHOCTU 0OpaboTKM C y4eTOM orpaHu-
YEeHUS NO SHEProeMKOCTU WG OBaHUS.

YcnoBusi NOBbILLEHWS npon3BoAUTEINTIbHOCTU 06pa6OTKM

l

YMeHbLUeHne 6e3pasmepHoro koadduumeHTa n :
- NpUMEHeHne 3P PEKTUBHBIX METOAO0B MPaBKK Kpyra;
- NPUMEHEHNE anMasHOro ANEeKTPOIPO3NOHHOTO LLSTNGIOBAHUS

A 4

YBenuyeHue t YBenu4yeHve V kp YBenuyeHvne o
(NnpuMeHeHne (NpmeHeHwe (yBenuyeHue
rmyBuHHOro CBEPXCKOPOCTHOrIO MPOYHOCTU 3epeH
LWNMdoBaHUs) LnupoBaHms) N CBA3KM Kpyra

4 v
YMeHbLleHne Y YBenunyeHne B
(NpymeHeHne (NnpuMeHeHne

3PP EKTUBHbBIX KpyrnHorabapuTHbIX

COTC) ariMasHbIX Kpyros)

Puc. 1.16. CTpyKTypHas cxema ycnoBuu NoBbILLEHUS
npousBoAUTENbLHOCTU 0OpPaboTKM Npu WnudoBaHUU

JKCnepuMeHTasribHO YCTaHOBIIEHO, YTO C Te4YeHneM BpeMeHn obpaboT-
KN 7 apdpekTMBHass MOLWHOCTbL N 1 3HeproeMkocTb 06paboTkM o npu 0bbIY-
HOM wnudoBaHMn (6e3 nogBoda ANEeKTPUYECKOro Toka B 30HY pes3aHuns)
HenpepbIBHO YBENMYMBAKOTCA, a NMPOU3BOAUTENBHOCTL 06paboTKN — YMEHb-
waetca (puc. 1.17).

Ncxopa mn3 3aBucumoctu (1.29), yBenuyeHne 3HeproeMkocTu Wnugo-
BaHUA o 0OYyCrnoBneHo yBenuyeHnem 6e3pasmepHoro KoadduumnmeHta 7
BCreAcTBME 3aTynsfieHUsl 3epeH ariMasHoro Kpyra v yBesfiMdeHUst BerMYumHbI
NMMHENHOro U3HoCca 3epeH X. YBenudeHne 6espasmepHoro koadduuneHTa 7,

cornacHo 3asucumocTu (1.37), NpUBOOUT K YMEHbLLLEHUIO NPON3BOAUTENBHO-
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cTn 0bpaboTkm Q. MowHocTb wnndoBannsa N = o -Q yBennunBaeTcsi B CBSI-
3 C TEM, YTO MHTEHCUBHOCTb YBENUYEHUS 3HEProemMKOCTM 06paboTkm o
BblLLE€ NMHTEHCMBHOCTU YMEHbLUEHUS Npon3BoauTenbHOCTN 0bpaboTkn Q. Ta-

KUM o6pa30M, TeopeTnyeckme 3aBUCMMOCTU COrNacyroTCcA C IKCNepuMeH-
TalnbHbIMW OaHHbIMW.

c 103, N-103, Q-103,
M7rlg_ BT MM / MUH
) 10 ,
6,0 5 /I 2,0

1
4,5 a——~ ><;é/ 1,5
3,01 3 ] 2 3 1,0
1,51 2 /'é —~ >~ 0,5

0 0
0 2 4 6 8 T1,MuH

Puc. 1.17. 3aBucumoctn mowHoctu N (1), aHeproemkoctTu o (2)
M npousBoauTesibHocTN Q (3) o6paboTKM OT BpeMeHu WwnudoBaHua 7
YcrnosHble 0603HavyeHUsT: obpabaTtbiBaeMblin MaTepuan — Teepabivi crinas BK8; t = 0,03 mm

[Mpy anmasHOM 3IeKTPO3PO3NOHHOM LUMNEOBAHUN C YyBeESNIMYEHUEM
BpeMeHUn 7 apdekTnBHas MowwHocTb N nepBoHavyanbHO yBennynBaeTcs, 3a-

TEM, HECKOJIbKO YMEHbLUAETCH U B JalNbHENLLEM OCTaeTCa NOCTOAHHOMW (Kpu-
Basa 1, puc. 1.18).

o -10%, N-103, Q- 103,
MMNa BT MM® / MUH
0,851 3 > 3
1
2 \ 2
0,25 /
0.

0 2 4 6 8 1t,MuH

Puc. 1.18. 3aBucumoctn mowHoctu N (1), aHeproemkocTu o (2)
u npoussoauTtenbHocTn Q (3) o6paboTkn oT BpemeHu wnudoBaHua

npun ariiMa3HoOM J3J1eKTPOIPO3INOHHOM LUﬂM(bOBaHVIVI
YcnosHbie 0603HavYeHUs:: obpabaTbiBaeMblii MaTepuan — TBepabii cnnas BK8; t = 0,03 mm

MNponsBoanTenbHOCTb 06paboTkm Q B HavarnbHbIA MOMEHT BpPEMEHM
yMeHbLLUaeTCs, 3aTeM, HECKONbKO YBENUYMBaAETCS U cTabunuanpyeTtcs (Kpu-
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Baa 3, puc. 1.18). QHeproeMkoCTb WNNGOBaHNA ¢ MepBOHaYarbHO YBENU-
YnBaeTCcHd, 3aTeM, ocTaeTcs NOCToOAHHON (kpmuBasd 2, puc. 1.18).

B oTtnunume ot 06bIMHOro anmasHoro wWnudoBaHUs, Npu armasHoOM
9NEKTPOIPO3NOHHOM LWNNGOBaAHUM Yepel3 ornpederieHHOe BpeMsi paccMoT-
peHHble napameTpbl ctabunuampytotcs. CornacHo 3asucumocTtun (1.29), ato
obycnoeneHo ctabunusaumen Bo BpemMeHn 6e3pasmepHoOro koadduumneHTa
77 N COOTBETCTBEHHO BENNYMHBI JIMHENHOIO M3Hoca 3epeH X. C dmanyeckon

TOYKM 3PEHUS ATO COOTBETCTBYET CTabMnNM3auum napaMmeTpoB peXyLLero pe-
nbe@a anmasHoro kKkpyra B pesyrnbTaTe BbIMOSIHEHWUSA YCMOBUSA paBeHCTBa
CKOpOCTEN M3HOCa 3epeH K cBsA3kn. CKOPOCTb M3HOCA CBA3KWU onpenenseTcd
MHTEHCMBHOCTbIO 3NEKTPO3PO3NOHHOIO BO3AENCTBMS Ha pabouyyto noBepx-
HOCTb Kpyra, KoTopasi 9KBUBaSiEHTHa KONMYECTBY AOMOSTHUTENbHOWN 3NEKTPU-
YeCKOW 3Hepruu, nNoaBoaMMON B 30HY pe3aHnsi OT UCTOYHMKA TexXHorornde-
ckoro Toka. OyeBMgHO, YeM OoOnblUE KONMUYECTBO MOABOAMMON dnNeKTpuye-
CKOW 3Heprnm, Tem Borblue CKOPOCTb TEPMUYECKOrO paspyLUeHns MmeTannu-
YEeCKOW CBA3KM OT OENCTBUA INEKTPUYECKMX PaspsiaoB B MEXINEKTPOAHOM
3a3ope (Mexay anmasHbiM Kpyrom u obpabaTbiBaeMbiM Martepuanom) u
MEHbLLE BENMUYMHa FIMHEMHOIO M3HOCA 3E€PEH X M COOTBETCTBEHHO 6e3pas-
MEPHbIN KO3(PPUUNEHT 77, T.e. OCTpee anmasHbln Kpyr. [NoaTomy, yBenuyum-

Basi MHTEHCUBHOCTb 3NEKTPO3PO3NOHHOIO BO3AENCTBUS HA anMasHbll Kpyr,
MOXHO CYLIECTBEHHO YMEHbLUUTbL Ge3pasMepHbIn KoadpdULUMEHT 7 U, co-

rnacHo 3asucumoctam (1.29) n (1.37), yBennumtb Nnpon3sBogmTenbHOCTb Q U
YMEHbLUNTL 3HEProeMKOCTb 06paboTkn o .

HekoTopoe ymeHblleHne mowHocTh wnngosaHna N, a Takke yBenu-
YyeHne npomsBoauTenbHOCTN 0bpaboTkm Q B nepuo BpeMeHu, npeglle-
CTBYIOLNA cTabunusaumm ykasaHHbIX napameTpos (puc. 1.18), obycnosneH
0COBEHHOCTAMM npoLecca 3MeKTpo3IPO3nn, KOTOPbIN HaYMHAEeT UHTEHCUBHO
npoTekaTb B MOMEHT AOCTMXEHUS MaKCUManbHOW MOLLHOCTU WNMUGOBaHMUS
NpyY UCMONb30BaHUN CneLmanbHOro reHepatopa MMNYNbCHOrO Toka (4acTtoTa
22 kl'y, ckBaxxHocTb — 9/10). Takum obpa3om, aKCnepUMeEHTaNbHO YCTaHOB-
NeHo, YTO BBeAEHWE B 30HY pe3aHus OOMNOSTHUTENBLHOW SHEPrun B BUAE SNeK-
TPUYECKMNX pa3psaoB NO3BOMSET 32 CHET TEPMMYECKOro paspyLleHus meTtan-
NMNYECKON CBA3KM anmasHoro Kpyra (a Takke npogykto obpabotku) ctabu-
nmn3snpoBaTb BO BpeMeHW Mokasatenu wnudoBaHusa. [aHHas 3akoHOMep-
HOCTb YCTaHOBIieHa ONS pasfnuyHbIX rMybuH wnndgosaHus (puc. 1.19): npu
t=0,03 MM mMowHOCTb WwnndoBaHna ctabunuampyetcs Ha yposHe 180 BT,
npu t =0,05 mm — Ha ypoBHe 400 BT, npn t =0,08 mm — Ha yposHe 1,9 kBT.
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3
2 iﬁ
1

1, 2\

0 2 4 6 8 r1,muH

Puc. 1.19. 3aBucumoctn mowHoctu wnucgposaHma N ot BpeMeHU

o6paboTKM 7 Npu ariIMasHOM 3J1IEKTPOIPO3UOHHOM LN OBaAHMMU
YcnoeHble 0603Ha4YeHuUs: obpabaTtbiBaeMbli MaTepuan — TBepabin cnnas BKS.
Ycnousa obpaboTkn: 1 — t=0,03 mm; 2 - t=0,05 mm; 3 - t=0,08 mm.

[Mpn nameHeHumn rnyouHbl WwWnugosaHna t B npegenax 0,03 ... 0,05 mm
9HEepProeMKoCTb WIMoBaHNUS ¢ OCTaeTCs NOYTM MNOCTOAHHOW, a C yBenude-
Huem t go 0,08 mm — yBenuumneaetcs (puc. 1.20). 310 cBA3AHO C TEM, 4YTO C
yBENMYEHNEM yOMHbI WnngoBaHus t yBennunBaroTCca Harpysku, OENCTBY-
lolmMe Ha anmasHble 3epHa, U MIHTEHCMBHOCTb UX NUHENHOro u3Hoca. oaTo-
My, NpU 3a4aHHOM 3HAYeHUN CKOPOCTU M3HOCA CBA3KWU, onpenendeMomM MH-
TEHCUBHOCTbLIO 3SIEKTPO3PO3NOHHOINO BO3AENCTBUS Ha ariMasHbIW Kpyr, yCrno-
BUSA paBeHCTBA CKOPOCTEN U3HOCA CBSA3KU N 3EPEH C yBENUYEHUEM TMyOnHbI
WwnndoBaHusa t gocturatoTcs Npu BOMbLUMX 3HAYEHNAX X U 77, T.K. C yBENU-

YeHnemMm X U n CKOpoCTb M3HOCA 3EPEH YMEHbLUAETCA.

c-10%, Mna
4

3 /
/

1 /
7

0 0,03 0,06 t,mm
Puc. 1.20. 3aBUCUMOCTHN YCITOBHOIO HanpsXXeHUs pe3aHusa o

OT rMyoOuHbl wnudoBaHua t
YcnosHble 0603Ha4YeHuUs: obpabaTtbiBaeMbln MaTepman — Teepablv cnnas BKS.

AHanornyHble 3aKOHOMEPHOCTU IKCMEPUMEHTANBHO MOMyYeHbl Npu an-
MasHOM 3fIEKTPO3PO3NOHHOM LWNIMEOBaHMM NMACcTUH M3 TBEPAOro cnraea
T5K10 (puc. 1.21). Mpwn rmybuHe wnudosaHms t=0,03 mm "BCnneck" moLl-

58



HOCTM LWNNOBaHUA OTCYTCTBYET, Toraa Kak npu rnybuHe wWwnudoBaHus
t=0,05 mm oH nmeet mecto. B ananasoHe mnameHenHna t=0,03 ... 0,05 mm
SHEProeMKoCTb WANGOBAHUA ¢ OCTaeTCs NOYTU NOCTOSIHHOM.

N-10%, Bt
9
/N2

6
ik

0 2 4 6 8 t,MmuH

Puc. 1.21. 3aBucnmocTtn mowHocTu wnucgposaHma N

OT BpeMeHU o6paboTku 7

YcnosHble 0603HavyeHusi: obpabaTbiBaemMbii Matepuan — TBepabin cnnaB  T5K10;
1-1t=0,03 mm; 2 - t=0,05 mm.

YCTaHOBMEHO, YTO 3HEProeMKOCTb LWMdOBaHUS TBEpAoro cnnasa
T5K10 Bbllle aHeproemkocTu wnmngoBaHus TBepaoro cnnasa BK8. OT1o cesa-
3aHO C Oonee BbICOKMMU 3HAYEHUSIMU MEXaHUYECKUX XapaKTEPUCTUK TBEPAO-
ro cnnasa T5K10. [NonyyeHHble aKkcnepMeHTarnbHble JaHHblIe COrfacyrTCcs C
TeopeTnyeckon 3aBnucMMocTbio (1.29), oTkyaoa cnegyet, UYTO C yBeSNIMYeHneM
TBepgoct1 HV 1 npoyHocTn r.,, ObpabaTtbiBaemMoro mMarepuana sHeproem-

KOCTb LLIJ'IVId)OBaHVIFl O YBEJIINM4YMNBAETCA.
Taknm o6pa30M, NOKa3aHoO, YTO 3a CYEeT NMpuMeHeHnAa ariMa3HOoOro arek-
TPO3PO3NOHHOIO LLIJ'IVI(*)OBaHVIFI MOXHO ynpaBlAaTb napamMmeTpaMmm X mn n, Cta-

B1MNn3npyst BO BpEMEHU MOLLHOCTb (SHEProeMKOCTb) WnndoBaHnsa aons pas-
NNYHBIX YCrnoBuin 06paboTku, BKIoYas pexmmbl 06paboTku ¢ yBeSIMYEHHbIMU
rmybuHamn wnndgosaHna t. 3To obecnevmBaeT yBefiMMEeHME MNPOU3BOAU-
TenbHOCTN 06paboTKu.

3 nonyyeHHbIX pe3ynbTaTtoB crieqyeT BaXHbl BbIBOA, COCTOALMN B
TOM, YTO anMasHoe 3JIeKTPOIPO3NOHHOE LWNndoBaHMe TBepAblX CrniaBoB
no3sonseT aPPEKTUBHO NCNOMb30BaTb anMasHble Kpyrn Ha nNpoYHoOn meTarn-
nnyeckon ceaske M2-01, koTopble 06bI4HO NMpu WNMdOBaHMM TBEPAbIX chna-
BOB M OpYrnX MeTannmyecknx matepuanos ObICTPO 3aTynnsoTCs, 3acanvea-
IOTCS U TEPSIOT pexyLlyo cnocobHocTb. lNMpuyem, nosasmnacb BO3MOXHOCTb
nx 3 PEKTUBHOIO NPUMEHEHNS B YCIOBUSX YBENUYEHHbIX MMYy6OUH wnngosa-
HUA (B yCrnoBusX, 6M3KUX K rMyOMHHOMY LINMEOBaAHMIO), YTO OTKPbIBAET LUKU-
pOKWe nepcnekTnBbl MHTEHCUdMKaLUK npoueccoB 06paboTku.
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1.7. OueHKa 3Heprun, 3aTpaumBaeMbIX Ha pe3aHue
U TpeHue B obLiemM aHepreTu4ecKkom danaHce npoueccoB
ariMasHoro u ariMasHo-UCKpoBoOro wnndoBaHuA

O6LWwen3BecTHO, YTO AHEProemMKoCTb npolecca WngoBaHns 3aBUCUT
OT COOTHOLIEHUS paboT, KOTopble 3aTpaymBalOTCA Ha pesaHne u TpeHne. ng
pa3paboTkn addPEKTUBHbBIX NyTEN COBEPLUEHCTBOBAHMUS NpoLecca ariMasHoro
LWNNOBaHUA BaXHO 3HATb OOMWN 3HEprum, 3aTpaydnBaeMblXx Ha pe3aHue U
TpeHue B obLiemM aHepreTudeckom banaHce obpaboTkn. HeobxoanmocTtb Ta-
KOW OLIEHKW CBfi3aHa C TeM, YTO TPaAWMLMOHHO npouecc wnndgoBaHus pac-
cmaTpuBaeTcsa ¢ nosunuum obuen Teopun pesaHus 6e3 pasgenbHoro yyeta
A0SIN QHEPTUKN pe3aHns N TpeHnsa. ITo NPUBOAUT K ancbanaHcy nogBogMmMon
N OTBOOMMOM NPU LWNNGOBAHNN 3HEPTUN N HE NO3BONAeT OO6BLEKTUBHO OLe-
HUTb (PU3MYecKne 3aKOHOMEPHOCTU npolecca wrnmdoBaHusa. Ana pelueHus
AaHHOW 3aga4n HeobxoaMMo 3HaTb KOIMPDOULMEHT "YNCTOro pesaHus" KLu.pes
(aHanornyHbIn KoadduumneHTty wnudosaHusa) K, n koadpduuneHt TpeHns f

anmasHoro kpyra ¢ obpabaTtbiBaeMbiM MaTtepuarnom [14; 84]:

K
Kiipes =1/2 Ocx '?Lu; f =Ky —Kuwpes (1.38)

rae o.x — Npeaen npoYyHoCTM Ha cxatue obpabaTbiBaeMoro martepwvana,
H/Mm?.

3Has napamMmeTp KUJ.pe3’ TaHreHumarnbHyr0 COCTaBJIAOWYHO CUIbl pe3a-

HMSA P, MOXHO ynpoOLLEeHHO NpeacTaBuTh:

Pz.pe3 = I<Lu.pe:a 'Py : Pz.Tp =P, - Pz.pea ; (1.39)
roe Py — paguanbHaga coctasnsowasa curbl pesanHus, H;
Pzpess Pzmp — cocTaensiowme cunbl P,, obycrosreHHble npoleccamu

pe3aHns U TPeHUs npu WwnudgosaHum, H.

[onsa TpeHusa B 06LLEM SHepreTu4yeckom GanaHce npotecca Lwnudosa-
HUA paBHa oTHoweHuo f/K,,. 3Has napametp K, ey, MOXHO OMpeaennTtsb

B6e3pasmMepHbIN KOIPPUUNEHT 77, YUUTbIBAIOLWMIA CTENEHDb 3aTyNNeHNsa 3epeH
Kpyra n mnameHsowmmnca B npegenax 0 ... 1 (7 >0 — ons ocTpbIX 3€peH,
n — 1 — Ans 3aTynneHHbIX 3epeH):
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_m-tgy-HV

4.0y

n=1 -Kfu_pe3. (1.40)

Ha ocHoBe SKCNnepmmMeHTaribHbIX 3HAYEHUN o WU KLL|1 npmBegeHHbIX B

Tabn. 1.4, MOXHO OUEHUTb OOMNN SHEPreTUYECKMX 3aTpaT Ha pesaHue un Tpe-
HWe npu anmasHom wnudgosaHun (ALU) n anmasHoO-MCKPOBOM LUNNGOBAHNN
(AWLL) TBepporo cnnaesa TH-20 coBMecTHO co cTanbto 45 anmasHbiM Kpyrom
12A2 45° AC6 100/80 M1-01 4; P, =1 MMa; Vip =20 m/c [71].

Tabnuuya 1.4

3KCI19pVIM9HTa.I1beIe 3Ha4YeHus napamMmeTpoB o U KLu

rlpO)J,OJ'I)KI/ITeJ'IbHOCTb o1 04 , MMa KLIJ
obpabotky, MeTog wnndgosaHus
MWH ALL AL ALL AL
2 13,8 6,2 0,42 0,26
4 14,4 7.4 0,34 0,24
6 14,8 8,4 0,28 0,23
8 15,3 8,3 0,26 0,23
10 15,7 8,5 0,24 0,24
12 16,0 8,4 0,23 0,23
14 16,4 8,5 0,21 0,23

B 1abn. 1.5 npuBeneHbl pacyeTHble 3HaveHUs napameTpoB K pes, f,

f/K,, n npn anmasHom wnundgosaHum (ALL) n anmasHo-MCKpoBOM LUNUAO-

BaHuu (AVLL) tBepporo cnnasa TH-20 coBMecTHO co cTanbto 45 (MCXoaHble
AaHHble: tgy =1,732; o, =4 000 Mla; HV =30 000 Mrla). MNpwn anvasHom

wnudgosaHun 3a 14 MuH wnmgoBaHus koadnumeHT TpeHna f nameHuncs
ot 0,264 po 0,109, a 6e3pasmepHbIn KoaddurumeHT 1 —oT 0,75 go 0,894.
[Mpn anmMasHO-UCKPOBOM WNMGOBaHMM B pesynbTaTe YaCTUYHOro Cro-
paHus 06pasyoLLNXCH CTPYXKEK N NPOLAYKTOB 06paboTKn NpakTUYeCKn UCKITHO-
YaeTcsl KOHTaKT obpabaTbiBaemMoro matepuana co cBA3kom kpyra. Npu aTux
YCNoBUAX OO 3HEpreTUYeCcKnX 3aTpaTt Ha TpeHue U KOIPUUNEHT TpeHUd
f ymeHbLaloTCs NpakTU4eckn BaBoe Mo CPaBHEHUD C OBblYHLIM ariMasHbIM
wnndosaHueM. Npu HenpepbiBHOM MNOLAEPXKAHUN peXyLlen ChnocoBHOCTU
Kpyra yBenu4uusaetcsi Tak xe napameTp K, ne,. [pn cos3paHnm Ha pabouen

61




NMOBEPXHOCTUN Kpyra OCTPOro pexyllero penbeda ymeHbliaetTcs 6e3pasmep-
HbIM KO3PMULMEHT 77, YBENNYMBAETCSH MNPOU3BOAMTENBHOCTL 0B6PabOTKM U

YMEHbLLAeTCHa TENSTOHANPAXKEHHOCTb nNpouecca wnndgosanus. [Npun anmasHo-
MCKPOBOM LUNNoBaHMn 6e3pasmepHblin KOIUUNEHT 17 MEHbLUE, a napa-

MeTp K, pes BOMbLLE, YEM NPY OGLIYHOM ariMasHOM LUNMGOBaHNN.

Tabnuuya 1.5
PacuyeTHble 3Ha4YeHUA napameTpoB
AnuTenbHocTb Kw.pea f fIKy, % n
obpaboTky, MeTopg wnndoBaHus
MUK All | AVIU | AL | AV | AL | AW | AW | AML
2 0,156 0,183 0,264 0,07 62,8 29,6 0,751 | 0,66
4 0,137 0,162 0,203 0,078 59,6 32,7 |0,809 | 0,732
6 0,123 0,148 0,157 0,082 56,0 35,7 (0,822 | 0,776
8 0,117 0,149 0,143 0,081 55,2 35,3 [0,855 | 0,773
10 0,11 0,15 0,129 0,089 53,9 37,3 10,878 | 0,77
12 0,107 0,148 0,122 0,082 53,3 35,7 0,881 | 0,776
14 0,101 0,147 0,109 0,083 51,8 36,0 0,894 | 0,78

Hopmaanoe AasreHune PH HEOAHO3HA4YHO BITUAET Ha pacnpenerneHmne

9HepreTnyeckoro 6anaHca paboT, KOTOpble 3aTpayMBalTCA Ha pe3aHue U
TpeHune. Hanpumep, npu ysenuvexnuun P, ot 0,2 go 0,8 Mla (tabn. 1.6) gons

SHepruu, 3aTtpaynsBaemon Ha TpeHue /K, ymeHbliaetca ot 27 oo 24,2 %, a
npu ysenuyeHun P, B nHutepsane 0,8 ... 1,2 Mla napametp f/K,, yBenuin-
BaeTcs oT 24,2 0o 35,8 %. [onsa aHepreTuyeckux 3atpaT Ha pesaHue, KOTo-
pasi oueHvBaeTcs napameTpom K ne;, HA0BOPOT, B MHTEPBaNe U3MEHEHWS
P, =0,2 ... 0,8 Mla yBenuunsaetca ot 0,183 po 0,226, a B nHTepsane
P, =0,8 ... 1,2 MlNa — ymeHbwaetca ot 0,226 go 0,195. 310 cBA3aAHO C TeM,
YTO Mpu anmasHo-MCKPOBOM LunndosaHun npu nameHedun P, ot 0,2 oo 0,8

Mlla koaPUUNEHT TPEHUS HE U3MEHSAETCS.
3Ha4yeHus koadpdpuumeHTa TPeHUss COOTBETCTBYIOT YCIOBUAM TpeHUd
TBEpAoro cnnasa ¢ anmasom (f =0,07 ... 0,075), a napameTp K, ;¢5 C yBE-

JIM4eHnem TOJIWnH Cpe30B 3epHaMn yBeEITMYNBAETCA. FIpM JarnbHeunwem yBe-
JINHEHN HOpMaJsibHOro AaBJieHUA PH OonAa TpeHusa yBeJIM4YMBaAETCA, U Sq)-

PEKTMBHOCTb anMa3sHO-MCKPOBOIO LWNNGOBaHNS YMeHbLUIAEeTCs. ATO Npounc-
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XOAUT Mo ABYM NpuvynHam. Bo-nepsbix, B KOHTAKT ¢ obpabaTtbiBaeMbiM MaTe-
pvarnom BCTynaeT MeTannuyeckas CBsi3ka anMasHOro Kpyra, a BO-BTOPbIX,
YBENMYMBAIOTCA Harpys3ku, JENCTBYIOLLIME HA 3epHa, B pesynbTaTe Yero npo-
NCXOOUT UX WHTEHCUBHOE 3aTynreHue, yBenuumBaeTcs OGe3pasmepHbili Ko-
apuUmeHT 1 1 ymeHblaetcs Ky 4. CriegoBatensHo, cyuwiecTsyet onu-
ManbHoe 3HadeHue P, npu koTopom obecneunBaeTcs Hanbonbluas Npouns-

BOAUTENBHOCTb 06pPabOoTKMK.
Tabnuua 1.6

JKcnepMMeHTarnbHble 3Ha4YeHMA napameTpoB o, K, n pacyeTHble
3Ha4yeHuA napameTpoB K, oes, f, f/Ky,, 7 ANA anmasHo-uckposoro

wnudoBaHua TBepaoro cnnasa T15K6 coBmecTHO co cTanbio 45
(Yenosus obpabomku: tgy =1,732; ogk =3 900 MMa; HV =29 000 MMa)

P, o104, Ky Kuipes f /Ky, % 7
MMa

0,2 6,0 0,250 0,183 0,067 27,0 0,660

0,4 5,2 0,280 0,208 0,072 25,9 0,560

0,8 4,7 0,300 0,226 0,074 24,2 0,481

1,0 5,5 0,305 0,210 0,094 30,9 0,551

1,2 6,5 0,310 0,195 0,115 35,8 0,614

rlpeBbILLIeHVIe HOpMaJibHbIM OaBlieHNnem PH onTuMasribHoro 3Ha4eHus

TpebyeT yBenuyeHusi anekTpniecknx napameTpoB npouecca. C yBenunyeHu-
€M WHTEHCUBHOCTM 3NEKTPOIPO3MOHHOIO BO3OENCTBUA HA pabodyro noBepx-
HOCTb anmasHOro Kpyra BOCCTaHaBNMBaeTCs pexyLias cnocobHOCTb anmMas-
HbIX 3€pPEH, CHUXaTCA O0NA SHeprnn TpeHus n 6espasmMmepHbli KO3 PULm-
eHT 7, yBenuumBaeTca napametp K, ne,. C yBENUYEHMEM ckopocTu Kpyra

aons aHeprum TpenHns f/K,, npn anMasHo-MCKPOBOM LLNMAOBaHUN TBEPOOrO
cnnasa T15K6 coemecTtHo co cransto 45 (P, =1 Mlla) HenpepbIiBHO yBENU-

ynBaetcs (Tabn. 1.7).

KoahdpurumneHT TpeHuss npu M3MeHeHMM CKOPOCTWU Kpyra B AuanasoHe
15 ... 40 m/c npakTn4eckm ocTaeTcss MOCTOSIHHbIM, OOQHAKO CYLLECTBEHHO
yBenuumBaeTcs 6e3pasmepHbii KO3GMUUMEHT 77, KOTOPbIN XapakTepusyeT

3aTyrrieHne 3epeH. OTO CHWXaeT pPeXyLyro CNOCOBHOCTb Kpyra KLIJ.pe3 7

9P EKTUBHOCTb LLNUGOBaHUA.
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Tabnuuya 1.7

3KCI'IepMMeHTa.I1beIe 3Ha4YeHusA napameTpoB o, KLu

U pacyeTHble 3Ha4YeHUs napameTpoB Ky, nes, f, /Ky, 7

Vip.Mc | o-10% MNa Ky, K pes f fIK,, % n
15 4,6 0,32 0,236 0,084 26,3 0,342
20 5,7 0,31 0,209 0,101 32,7 0,554
25 6,8 0,29 0,185 0,105 36,3 0,651
30 8,1 0,27 0,163 0,107 39,5 0,729
35 9,4 0,24 0,143 0,097 40,5 0,792
40 10,9 0,21 0,124 0,086 40,9 0,841

B Ttabn. 1.8 npuBeneHbl pe3ynbTaThl UCCNeLOBaHMA nNpoLecca MUKPO-
pe3aHus egnHndHbiM 3epHoMm ACS50 TBepaoro cnnasa T15K6 ¢ TonuwmHOW
cpe3a 8 mkm. C yBenuyeHnem ckopocTu Kpyra B npegenax 15 ... 35 m/c
KoadopuumneHT TpeHnsa nameHsetcs B npegenax 0,17 ... 0,042. B gnanasoHe
25 ... 35 mM/c koadbPpuUMEHT TpeHus npuHumMaeT 3HadveHna 0,085 ... 0,042,
YTO COOTBETCTBYET 3HAYeHMsM KoddppuumeHTa TpeHus npu anmasHo-
MCKPOBOM LWNNOBaHUK. ITO cBUAETENbCTBYEeT 06 OTCYTCTBMM KOHTaKTa
CBA3KM Kpyra Cc obpabaTbiBaemMbiM MaTepuanomMm npu anmMasHO-UCKPOBOM
wnucosaHun. C yBenuyeHnem ckopocTn kpyra V, AONs 3Hepruu TpeHus

f/Ky, ymeHbliaeTcs go 8,7 %, napameTp K, pes MOYTM HE M3MEHSIETCH. T

AaHHble CornacylTcs ¢ AaHHbIMUW, NPUBEAEHHbIMKU B Tabn. 1.7.

Tabnuua 1.8

3KCI19pVIMeHTa.I1beIe 3Ha4YeHuUsA napameTpoB o, Ku.l

U pacyeTHble 3Ha4YeHUs napameTpoB Ky, nes, f, /Ky, 7

Vip Mic o -10%, MMNa Ky, K pes f fIKy,, %
15 2,6 0,59 0,43 0,170 28,4
20 2,4 0,55 0,428 0,122 22,1
25 2,2 0,52 0,435 0,085 16,4
30 2,1 0,50 0,436 0,064 12,7
35 2,0 0,48 0,438 0,042 8,7
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Taknum 06pa3oM yCTaHOBIEHO, YTO 3(PMEKT anMasHO-UCKPOBOrO LLMK-
cdoBaHus cBSA3aH, BO-MEpPBbIX, C NOAAEPKAHNEM Ha anMasHOM Kpyre pasBu-
TOro pexyllero penbeda bnarogaps ero HernpepbIBHOM 3MEKTPO3PO3UOHHOM
npaBke, a BO-BTOPbIX, C YMEHbLLUEHNEM OONN SHEPreTUYEeCKUX 3aTpaT Ha Tpe-
HUe anmasHOoro Kpyra c obpabaTtbiBaeMbIM Matepuarnom.

1.8. PaspaboTka u BHeapeHue achhpeKkTuBHbLIX npoueccoB
KPYrnoro Hapy>Horo v nyiocKoro arimasHoro
3NEeKTPO3PO3NOHHOro WnudoBaHMA MaTepmanos
NOBbILEHHON TBEPAOCTH

N3BeCTHbIe TEXHOMOrMU asiMasHoro 351IeKTPOIPO3NOHHOIO LN OBaHUA
MaTepuanos NOBbILWEHHON TBEPAOCTU (MHCTPYMEHTamNbHbIX MaTtepuanos) pe-
anun3oBaHbl C WUCMONb30BaHWEM arniMasHbiX KpPyroB guMameTpom He 6onee
300 mMm. 3TO, KaK nNpaBusio, He NO3BONSET AOCTUYb YPOBHSA NPOU3BOAUTENb-
HOCTM 0Obl4HOro abpasmMBHOro WNMoBaHNA Ha onepaumnax npensapuTenb-
HoW 0BpaboTkM N pewnTb Npobnemy nepexona Ha NOSIHYH anmMasHy obpa-
BOTKY C Lienbto NOBbILLEHMST Ka4yecTBa LWNNMGOBaHHbIX NOBEPXHOCTEN. B cBA3M
C 9TUM NPEeASIOKEHO KPYrnoe HapyxXHoe npensBaputeribHoe (Cbem npunycka
A0 2 MM Ha CTOPOHY) TBEPAOCMNABHbLIX U ObICTPOPEXYLINX MHCTPYMEHTOB
BbIMOMHATL C NPUMEHEHNEM KPYMHOrabapuTHbIX anMasHbiX KPYyroB Ha me-
Tannuyeckon ceaske M2-01 popmbl 1A1 n guametpom 500 MM, xapaktepu-
aytomxca 6onbLuon paboyven NOBEPXHOCTLIO, YTO B COMETAHUM C HENPEPbIB-
HOW 9NEeKTPO3PO3NOHHOM MpaBkon obecnevnmBaeT yBeNMYeHUEe CTOMKOCTU
Kpyra, NpoM3BOANTENTBHOCTU N KavyecTBa 00paboTKu.

[MoBbILLEHNE peXyLLen CNOCOBHOCTU Kpyra NO3BONSAET CHU3UTb CUMbl U
TemnepaTypy pe3aHus N MHTEHCUPUUMPOBATL PEXMM LWNIMGOBaHMS 3a cYeT
NPUMEHEHNS YBENUYEHHbIX rMYybuH pesaHunsa (nepexon B obnactb rinyodmnHHOro
LwnudpoBaHus).

[aHHaa TexHonorust anmMasHoro wnudgoBaHus anpobupoBaHa N BHeO-
peHa B MHCTpymeHTanbHoM npoussogctee 1O "Ctpena" (r. OpeHbypr), a
Takke NpUHATA AN4 LWMPOKOro BHEOPEHNA Ha NPeanpusaTuax oTpacnu, Kypu-
pyembix 1O "Ctpena", Ha onepauusix Kpyrrioro HapyXHoro wnmcoBaHus
TBEPOOCMNSIaBHbIX U BLICTPOPEXKYLLMX MHOTONE3BUNHBIX MHCTPYMEHTOB (dpes,
pa3BepTOK, 3eHKEPOB, NPOTSXKEK, cBepn u T.4.). B pesynbTate pelwieHa npo-
6rnema noBbiEHNA KayecTBa U TOYHOCTU 06paboTkm Npu obecnevyeHumn Bbl-
COKOrO YPOBHS MPOM3BOAUTENBHOCTU U 9KOHOMUYECKM OBOCHOBAHHOIO pac-
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Xoda anmasa. Mcnonb3oBaHa cxema npogosfibHOro LWindgoBaHUsA ¢ OONEBOM
npoaonbHoM nogadven, pasHon 0,5, rmyduHon wnudgosaHuna 0,1 ... 0,2 mm n
CKOPOCTbIO BpaLlleHns obpabaTbiBaeMoro MHCTpymeHTa 4o 5 m/MuH. Beibop
onTuManbHOW OO0SIEBOW NPOLOSbHOM Noadayvn Sn =0,5 cBsA3aH ¢ obecnevyeHun-

€M KayeCTBEHHOM OYMUCTKM ariMasHoro Kpyra oT npoAaykTtoB obpaboTku, T.K.
co3aaHbl ycrnoBusa 3PdEeKTUBHON Nepmnoanyeckon 3N1eKTPO3IPO3NOHHON NpaBs-
Kn "HepaboTatoen" NofoBMHbI LUMPUHBI Kpyra B npouecce WiMdoBaHus.
[aHHbIN MOMEHT UrpaeT UCKMYUTENBHO BaXXHYHO pofib B obecneyeHumn Bbl-
COKOW pexyLien crnocobHOCTN Kpyra Ha npoTshkeHun obpaboTku. B ocobown
Mepe 3TO NPOSIBUIOCH Ha onepaunn WMoBaHUS OSIMHHBIX BbICTPOPEXYLLNX
nNpoTskeK. B CBA3M C HeAOCTaTOYHO BbICOKOWM pexyLlen crnocobHOCTbo abpa-
3MBHOro Kpyra gnametpom 600 MM 1 yrnpyrumu nepemeLLeHnsMmn He gocTura-
nacb Tpebyemas ToMHOCTb 06paboTkm (He Bbiwe 0,01 mm). MNMpumeHeHne Ho-
BOW TEXHOMOMK 3a CYET MOBbILEHUS "OCTPOThI" anMasHoro Kpyra rno3sosnnsio
rapaHTMpoBaHHO obecneunTb TOYHOCTb 06paboTkm B npegenax 0,01 mm, uc-
KNIOYNTb NPUKOIKA 1 Apyrme wnudoBanbHble gedekTbl 06paboTKu.

Ha aTtom >xe npegnpuatum BHegpeHa pa3paboTaHHas TEXHOMNOMMNA Kpyr-
FIOr0 HapYy>XHOro anMasHoro WnNMgoBaHUSA TOPLIOM Kpyra 3agHen noBepxHo-
CTV KpynHorabapuTHbIX TBEPAOCMNABHbIX CBEPS C OTHOCUTENBHO HEDOONbLLIOM
CKOPOCTbIO BpalleHust obpabaTbiBaeMoro MHCTpymMeHTa (4o 5 M/MuH) 1 no-
BbllWEHHOW rnybuHon pesaHnsa (oo 0,15 mm). Peanusauus gaHHOW cxembl
rMyOGuHHOro anmMasHoro LwnnudoBaHna Kpyrom Ha cBaAske M2-01 ctana BO3-
MOXHOWM B6narogapsi opraHm3aunm 3PdEKTUBHON 3NEKTPOIPO3NOHHON MpaB-
KN, B pesynbTate Yyero peweHa npobnema nosbllWeHUs KadyecTBa 06paboTku,
nmeBLlas MecTto npu abpasmBHOM LLAMGoBaHUN. N3 TEXHONOMMYECKOrO LINK-
na wnucoBaHns UCKIOYEHbl abpasnBHbIE KPYrn, NPOM3BOAUTENLHOCTL arn-
MasHoro wnudoBaHMs cTana Bbille MNpPOoU3BOAUTENBHOCTU abpasnBHOro
LWNndooBaHUS.

PaspaboTaHHasa TeXHONOrMs Kpyriioro Hapy»Horo 1 NaocKoro aniMasHo-
0 3MEKTPOIPO3MOHHOIO LWNUEOBAHUSA PEXYLUMX MHCTPYMEHTOB B MNepuos
1986 — 2000 rogoB BHedpeHa Ha MHOMMX NPeanpuaTUax: JIMneukom CTaHKo-
WHCTPYMEHTanNbLHOM 3aBode, TynbCKOM MNaTPOHHOM 3aBode, XapbKOBCKOM
MalwumnHocTpoutenoHoMm 3asoge "®3[0", OAO 3aBoa "lNoTeHuman", XapbKoB-
CKOM 3rieKkTpoannapaTHOM 3aBoa, XapbKOBCKOM TpakKTOpHOM 3aBoge, Me-
NNTONONBLCKOM KommnpeccopHoMm 3asoge u 10 "Xonogmaw", Kypckom 3aBoge
TPaKTOPHbIX 3anyacTten U gpyrux. TexHonorna TopLOBOro anMasHoro Lwu-
boBaHUA (BKNHOYas 3aTOYKY MHCTPYMEHTOB) C NOBbILLEHHBbIMWU rNyBuHammu pe-
3aHMAa BHeapeHa Ha ApocnaBckoM M BunbHIOCCKOM 3aBogax TOMMAMBHOWM an-
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napatypbl. OpeHbyprckomMm TenmnoBO30OPEMOHTHOM 3aBoAe, YIbSHOBCKOM aB-
TOMOOUITBEHOM 3aBoAe M APYrnX C BbICOKOW 3(pPeKTUBHOCTLIO. 3acnyXmBaeT
0CoBOro BHMMaHUs KOMMMEKCHbIA NOAX04 K peLleHuto npobrembl anMmasHom
00paboTkn B MHCTpyMeHTanbHoOM npoussoacTtese 10 "Kynbbiwesbypmalu".
Ha atom npegnpuatun gnutenbHoe Bpemsi obpaboTka BCe HOMEHKNaTypbl
N3roTaBnMBaeMbIX TBEPAOCMMABHbBIX U BLICTPOPEXYLUMX UHCTPYMEHTOB MpPO-
n3Boamacb C UCNOSb30BAHNEM ariMa3HOro 3f1eKTPOXMMNYECKOro LWNndoBa-
HUS, a Takke 0bblMHOro abpasmBHoro wnngosaHmsa. OTHOCUTENBHO HU3Kas
NPOU3BOAUTENBHOCTb 3NEKTPOXMMUYECKOrO LWNNUGOBaHNA N BPeaHOCTb pa-
6oTbl C anekTponuTamn npegonpenennsiu HeobxoaMMoCTb UCMONb30BaHMS
pa3paboTaHHbIX HAMW TEXHOSTOMMIN anMasHOro 3NEKTPO3PO3NOHHOIO LLNNGIO-
BaHWNA C NOBbILWEHHbIMKU FNy6uHaMn pesanus. brnarogaps BO3MOXHOCTU yBe-
NMYeHns npoussoauTenbHOCTU 06paboTKkM pelueHa npobnema nepexoda Ha
NONHYI0 anmasHyto 06paboTKy Ha BCex onepaumsax LWngoBaHUA: Kpyrnoro,
BHYTPEHHErO, NMMOCKOro LWANGoBaHNA N 3aTOYKN MHCTPYMeHTOB. CTaHku (6o-
nee 20 eguHuu) nepeobopynoBaHbl NOA 3NEKTPOIPO3NOHHOE LWnngoBaHme,
YKOMMNEKTOBaHbl U3roTOBIEHHbIMWM HaMU ManorabapuTHbIMU crneynanbHbIMU
reHepaTopaMmn MMMNYNbCHOrO TOKa, pearnmsylowmMn ONnTUMarnbHbIA 3NeKTpuU-
Yyecknn pexmnm obpaboTkn. B pesynbTate BHeLPEHUS YIyylleHbl YCIroBUS
Tpyda M 3Konorusi NpoOn3BOACTBaA, CHMXKEHbI NOTepu OT Bpaka MHCTpPyMEHTa
Ha onepauusx WringosaHus.

Ha Nomenbckom MO "Kpuctann" BHeapeHa addekTuBHAA TEXHONOMS
NSIOCKOro ariMasHoro wnngoBaHMsa TBEepAOCMNaBHbIX MaTpul, WCNonb3ye-
MbIX B OCHacCTKke cuHTe3a anmasoB. [lpun wnudoBaHum "ynctoro” TBEPLAOro
cnnaea (6e3 npucyTcTBMS CTanu), Kak NpaBuno, oTCyTCTBYEeT HEOBXOAMMOCTb
OCYLLECTBEHNS HEMPEPLIBHOMN 3NEKTPOIPO3NOHHOM NPaBKK anMasHoro Kpyra
B CWUNY OTCYTCTBUS €ro MHTEHCMBHOIO 3acanvBaHuUs — 34eCb O0CTaTO4YHO
orpaHnYnTLCH nepuognyeckon npaskon. C aTon Lenbio paspaboTaHo cneum-
anbHOe YCTPOMCTBO AJS1S MpaBKM Kpyra, KOTopoe aHasriorm4yHo ariMmasHoMy Ka-
paHally yaoepXuBaeTcs B pyke paboyero B MOMEHT MpaBKM U K KOTOPOMY
No4BOAUTCA ANEKTPUYECKUN TOK OT creunanbHOro reHepatopa MMmMysibCHOro
Toka. C NOMOLLbI YCTPOMCTBA MOXHO NEpUogmyeckun nponsBoamTb Noasa-
NpaBKy afiMasHoOro Kpyra, BOCCTaHaBfMBasi €ro pexyLyt CnocobHOCTb.
YCTaHOBMNEHO, YTO AaHHbIN crnocob npaBkn aPdEKTUBEH C NEPUOANYHOCTBIO
npaBkn OT 15 MWHYT K Bbile, B OCOBEHHOCTM NPU anMasHOM LUNNGOBaAHUM
XPYMKNX MaTepunanoB, He BbI3blBalOLWNX MHTEHCUMBHOIO 3acanuMBaHUsa Kpyra.
OpHako TpebyeTcsa nepeobopynoBaHME CTaHKa Nog 93NeKTPO3PO3NOHHOE
wnudoBaHne. Crnocob npaBkn 4YpesBbldanHO MNPOCT U HagexeH. Lnpokas
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anpobauma u BHedpeHWe pa3paboTaHHbIX TEXHOSOrMN anMasHoro wnmdgo-
BaHUS B MHCTPYMEHTamnbHbIX MNPON3BOACTBAX Mokasasnu, YTO pelleHne npo-
BGrnemMbl Nnepexoda Ha NOSHYH anmasHyto 0bpaboTky 6e3 npumeHeHus abpa-
3MBHbIX KPYroB B OONbLUMHCTBE crny4vyaeB TpebyeT McnonbL3oBaHMUsa KpynHora-
BapUTHLIX anMasHbIX KPpYyroB Ha MeTanMyecknx cesaskax, T.K. QHeprum anek-
TpU4eCKMX paspsaos (Npu NpaBke) He4OCTAaTOYHO Ansa obecneyeHns BbICOKOM
pexyLien cnocobHOCTU Kpyra B YCIOBUSAX BbICOKONPOU3BOAUTENBHOIMO Chema
mMatepuana. J3To npeaonpeaensieT BaXHOCTb M aKkTyanbHOCTb pa3paboTaH-
HbIX TEXHOMOMMM LWINgOBaHUS U ANEKTPOObopyaoBaHUS ONS UX OCYLLECTB-
neHus.

Cxema Kpyrnoro HapyXHoro rnybuHHOro npogonbHOro LwnudoBaHus
Mcnonb3oBaHa Ans Co34aHus TEXHOMNOMM anmasHoro WwnngosaHus Konew u3
BbICOKOMPOYHbIX (HEMETaNMNYeCcKnx) CUNMUMPOBaHHbIX rpadouToB AN U3ro-
TOBMNEHMSI TOPUEBLIX YMIOTHEHNIA HACOCHbLIX arperaToB. QNIEKTPO3PO3NOHHAs
npaBka aniMasHOro Kpyra Ha MeTanfM4yeckon CBS3KE OCYLUECTBMAETCHA BHE
30Hbl pe3aHnsa C NOMOLLbLIO CreunanbHOro npaesLwero yctponcrea. BHeape-
Hue TexHonornn Ha bepasiHckom 3aBoge "HOxrmapomawl" no3sonmno B 2 ... 5
pa3 yBennuYnTb Npon3BOANTENBHOCTL 06paboTkn 1 B 2 ... 3 pas3a YyMEHbLIUTb
pacxoq anmasa, obecneunTtb Cbem Bcero npunycka (4o 2 mm n 6ornee Ha
CTOPOHY) 3a OAMH NPOAOSIbHLIN X0, CTOMa CTaHKa C BbICOKMM KadecTBOM 00-
paboTKu.

BbiBoAabl K pasgeny 1

1. YCcTaHOBMNEHO, YTO OCHOBHbLIM YCITOBUEM CHUXEHUSI CUNOBOW U Ter-
NOBOW HanpshKeHHOCTU npouecca LWindoBaHNA sIBNSETCA MOBbILLEHNE pe-
XyLien cnocobHOCTN anmasHoro Kpyra m CHMKeHUe MHTEHCUBHOCTU TPEHNSA B
30HEe pe3aHusi, 0COBEHHO TPeHUs CBA3KKN Kpyra ¢ obpabaTbiBaemMbiM MaTepu-
anom, KotTopoe ABNSeTCss OCHOBHbIM MCTOYHMKOM OBpas3oBaHusa Temnepartyp-
HbIX AedekToB Ha obpabaTbiBaeMbIX MOBEPXHOCTAX B BMAE MPUXKOroB, MUK-
pOTPeLnH, MUKpPOCKonoB 1 T.4. lNokasaHa Bbicokas 3(pPeKTUBHOCTL npumMe-
HEHUs anmMasHoro WnndoBaHusa ans obpaboTkn aeTanemn, N3roToBMEHHbIX U3
MEeTanIM4Yecknx U HemeTannMyecknx Martepuasros MOBbILLEHHOW TBEPLAOCTH.
PackpblTbl 0CO6EHHOCTN A(PPEKTUBHOIO NPUMEHEHNSA arMasHbIX KPYroB Ha
NPOYHbIX MeTanfIM4YeCcKnX CBSA3Kax 3a CYET UX CBOEBPEMEHHOMW 3NEKTPO3pPO-
3MOHHOM N 3NEKTPOXUMNYECKON NpaBKn N obecnevyeHnss BbICOKOM pPeXyLLen
crnocobHocTn. OTMevaeTcs, YTO NpU SNEKTPOIPO3NOHHOM MpaBKe MPOUCXO-
AUT yOapHO-TEPMUYECKOE paspyLleHne MeTann4yeckon CBA3KK, a Npu arek-
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TPOXMMUYECKOW NpaBKe — pacTBOPEHME MeTasnm4yeckon CBA3KN, Yero HeBO3-
MOXHO OOCTUYb Npu 0OblMHOM MexaHn4ecKon npaske abpasnBHbIMKM Bpycka-
Mu. lNMokasaHO, 4YTO anmasHble Kpyrn nocrne aneKTpo3PO3MOHHOW WUNKN 3rieK-
TPOXMMMYECKON MNpaBKM pacnonaratT 3Ha4YNTENbHbIMU TEXHONOMMYeCKUMU
BO3MOXXHOCTAMW C TOYKM 3PEHUS MOBLILEHUSA MPOU3BOAUTENBHOCTU, Kaye-
CcTBa U TOYHOCTU 0BpaboTkn. OgHako, Hapaay C NONOXUTENbHbIMU CTOPOHA-
MU, 9NEKTPOXMMMYEcKasa rnpaBka obnagaeT CyLeCTBEHHbIMW HegoCTaTKaMu,
CBSI3aHHbIMU C YXyALUEHWEM 3KOSOrmMm Npomn3BOACTBA, Tak Kak B npouecce
0bpaboTkn obpasyeTca TymaH W3 INEKTPonuTa, YTO OKa3blBaeT BpegHoe
BO34ENCTBME Ha opraHnamMm paboyero, a Takke NpMBOOUT K KOPPO3UM N NPEX-
AeBpeMEHHOMY BbIXOAy M3 CTpos WnndoBanbHOro obopyaoBaHus. 3ToO Tpe-
OyeT co3gaHMsa OONOMHUTENbHbBIX BbITSXKHBIX YCTPOWUCTB M OPYrMX CPeacTB
3awmnTbl paboyvero mecta. oatomy Gonee apdpeKTUBHOM C IKONOrMYECKOMN
TOYKM 3pPEHNA crieqyeT paccMmaTpmBaTh ANIEKTPOIPO3NOHHYIO NPaBKy, He Tpe-
OyloLLy0 NPUMEHEHUsT BpedHbIX ANA 340poBbs paboyero u obopyaoBaHuUs
CUNbHbIX 3NIEKTPOSINTOB, MOCKOSNbKY MNPOLIECC MpaBKM OCYLECTBMSETCA C
npuMeHeHnem 6e3BpeHON OBbIYHOW TEXHUYECKOW BOAbI.

2. B pabote Teopetnyeckn o60CHOBaHbI METOAbI MNOBbILLEHUS adhdek-
TMBHOCTM MNPOLIECCOB anmMasHo-abpasuBHon obpaboTku (wnndgoBaHusg), a
ANs1 CpaBHEHUST U Ne3BUMHON 06paboTkK. OTO NO3BOSMMMO C €4MHbBIX NO3ULINIA
OLIEHUTb TEXHOSIOrMYECKME BO3MOXHOCTU MexaHn4yeckon obpaboTkn martepu-
anoB pe3aHMEM U Ha 3TOW OCHOBE Npoun3BecTn Bblbop Hanbonee adbpekTns-
HbIX METOAOB M YyCrnoBu 00paboTKn M3OenNuin, N3roToBMEHHbIX U3 MaTepua-
N0B MOBbILLEHHOW TBEPAOCTUN, C UCMOSTb30BAHNEM ISIEKTPOIPO3NOHHON NpaB-
KM anMasHbIX KpyroB Ha MeTannmyeckmx cBsidkax, obecrneymsatomx NoBbl-
LUEHNE MPOU3BOAUTENBHOCTM U KavecTBa 06paboTku, ynyylleHne 3KOSornm
npon3BoAcCTBa.

3. TeopeTnyeckn n IKCNepuMeHTarbHO [AoKasaHa 3(PdPEKTUBHOCTL
NPUMEHEHNSA CXEMbl FMYOUHHOro anmasHoOro 3NeKTPO3PO3NOHHOro LM O-
BaHUSA geTanen u3 MeTaniMyeckux U HeMeTannMyecknx matepuanoB MNOBbI-
LUEHHOWN TBEPAOCTU, KOTOPAs NMpu KPYrnoM Hapy>XHOM LnndoBaHum Tpebyet
YMEHbLUEHNSA CKOPOCTWU BpalleHus getanu Ao 3HaveHun 0,5 ... 5 M/MUH 1
YCTaHOBMEHNA [0MeBOM MNpoAOofibHOM nogadn, 6nmskon K eauHuue. B pe-
3ynbTate obecneyMBaeTCcsl NOBbILWEHME NPOM3BOAUTENBLHOCTU 06paboTkn ”
CHWKEHME pacxoda anmasa npu BbICOKOM KadecTBe 00paboTaHHbIX MOBEpPX-
HoCcTen. OdhdekT 06paboTKn OOCTUraeTCs 3a CHET YMEHbLUEHUS MaKCMMarb-
HOW TOMLUMHbI cpe3a OTAENbHbIM 3€PHOM Kpyra 1 NOCTOSIHHOIO NoAAEepP>KaHMUS
BbICOKOW pexyLien cnocobHOCTM anmasHoro Kpyra.
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Paspen 2
AdpekTBHAA TEXHONOIrNA NPEeLn3INOHHOMN
anmasHo-abpa3MBHOU 06pPadOTKMN YNNOTHUTESNbHbIX
Konewl U3 KOMMNO3ULMOHHOro matepuana
Ha OCHOBe TBepgoro cnnasa "Penut"

2.1. Hay4yHble npeanocbINIKU NOBbLIWEHUS KayecTBa
U NPOU3BOAUTESTIbHOCTM 00PabOTKM YNNOTHUTESNbHBLIX Koneu
U3 KOMMO3ULMOHHOIO MaTepuana Ha OCHoOBe
TBepgoro cnnasa "Penut"

YNNOTHUTENbHbLIE MeTanMyeckmue KosibLa Mnosfyynunn LWNMPOKOe npume-
HEeHMe B MaLUMHOCTPOEHUU. [Ins repmeTnsaummn BpawlatoLlwmnxcs Banos ruapo-
3aWMTHbIX rMYyOUMHHBIX 3nekTpoaBuratenen (MCnosb3yembiX B 3nekTpobypo-
Bon TexHuke) B OAO 3aBop "lNoTeHumnan" (r. XapbkoB) paspaboTaHbl ahdek-
TUBHbIE KOHCTPYKLMN TOPLOBbLIX YNAOTHEHUI (puc. 2.1, puc. 2.2 [88; 151]), no
TEXHUYECKUM XapaKTepucTnkam npesocxoasiumne 3apybexHole aHanoru, B KO-
TOPbIX NMPUMEHSIOTCA Napbl TPeHUs "ctanb — 6poHsa”, "yrnerpadput 21000 —
MUHepanokepamuka LIM-332".

123 4 5 6 7 8 9 10

\\

345 42

7/. .

247

11

42,5 +1

<

»
P

Puc. 2.1. YnnotHeHune 1P25
YcnosHble 0603HayYyeHus: 1 — Ban NpoTeKTopa; 2 — 3anopHoe Konbuo; 3 — ynop (06XxnmHoe
KONbLO); 4 — NPY>XUHa; 5 — cUNb@OH; 6 — pacnopHoe KombLo; 7 — BpaLlatoLLeecs KonbLo;
8 — He BpalLawoLlleecs KonbLuo; 9 — konbLO ynnoTHUTenbHoe; 10 — Kopnyc NpPOTEKTopa;
11 — KonbLoO.
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Puc. 2.2. letann TopLoBOro ynioTHeHUsA

OddekT gocturaetca Gnarogaps NPUMEHEHMIO B Ka4ecTBe napbl Tpe-
HUA OBYX cornpsaraemMblx konew, paboyve (Tpywmecsi) NOBEPXHOCTU KOTOPbIX
BbINOMHEHbI M3 KOMMO3ULMOHHOIO MaTepuana Ha OCHOBE TBEPAOro cnsasa
"Penut" n megHON CBA3KM — METOLOM CrnekaHUs B BaKyyMHOM neyn. Teepabin
cnnas "Penut" npencrasnser cobon 3epHa nutoro kapbupa Bonbdpama
pasmepom 0,18 - 0,28 mm, npegHasHa4vyeHHbIN O U3rOTOBIIEHUA OeTanewn,
paboTalomx B YCrOBUAX MHTEHCMBHOIO abpasmBHoro nsHoca. lNepen cneka-
HMEM B BaKyyMHOW neyu 3epHa TBepLoro cnnasa "Penut" n MegHbIn nopo-
LWOK B nponopuumn 9 : 1 3acbinatoT B KONbLUEBYIO KaHaBKy NPSIMOYroSfibHOro ce-
YeHUs!, BbINOSHEHHYIO Ha TOpUE KofibLa M3 HEpXaBewLWen  cTanu, 3aTem
npeccyioT ¢ yaenbHbIM AaBneHvem 3 — 4 T/cm®. Pa3paboTaHHble penuToBble
TOpPUOBLIE YNIIOTHEHUS, B KOTOPbIX 00a KOnbLa MMEKT OAMHAKOBYIO TPYLLYHO-
Csl MOBEPXHOCTb, 0OnagalT BbLICOKOM M3HOCOCTOMKOCTbIO Onarogapsi 6onb-
LIOW TBEPAOCTU 3EPEeH penuvta U XOpoLUM aHTUMPUKLUMOHHBLIM CBOWCTBOM,
4YTO onpenenseTca NPUCYyTCTBUEM MeLHOWN CBA3KN.

OcHoBHas ocobeHHOCTb crnocoba nony4YeHnst NBHOCOCTOMKON MOBEPXHO-
CTW COCTOUT B TOM, YTO KOSbLi@a TOPLOBOrO YNioOTHEHNA U3roTaBnNnMBalOTCS U3
nodon ctanu (B TOM YUCne HepXKaBerLwen ctanu) U nuilb Ha TOPLIOBOW Mo-
BEPXHOCTW BbINOSTHAETCA paboynii N3HOCOCTONKUIN PENUTOBBLIN CNOW, MPOYHO
CBSI3aHHbLIM CO CTanbHOW OCHOBOW. [1penmyLLecTBO pPennUTOBbIX TOPLOBbIX
YNSIOTHEHUIM COCTOMUT eLle U B TOM, YTO Hapsay C BbICOKOM U3HOCOCTOMKOCTLIO
N aHTUPPUKLUMOHHOCTBIO OHW FINLLEHBI XPYMKOCTU N CKIOHHOCTU K TepMopac-
TPECKMBAHUIO U ABNAKOTCA Hanbonee TEXHOMNOMMYHLIMA U PEMOHTONPUrOAHbI-
MM MO CPaBHEHUIO C 3apybexxHbIMM aHanoramu.

OpraHusaumns MaccoBoro npom3BoOACTBa PEnUTOBLIX TOPLOBLIX YNMoT-
HEeHUM OKasanacb OOCTaTOYHO CNOXHOW npobriemMon B CBA3M C TPYOHOCTAMM
MexaHun4yeckon obpaboTkM TOPLOBbLIX MOBEPXHOCTEN KOMEL, COCTOALIMX, NO
CyTW, N3 KOMMO3NLNK Tpex maTtepuarnos: TBepgoro cnnasa "Penut”, mean un
HepxaBewwen cranm (T.e. U3 KOMMNO3MLUMOHHOIMO MaTepuana Ha OCHOBE
TBepgoro cnnasa "Penut"). lNpobnema obycrnosneHa, Bo-nepBbiX, HeobXo-
ANMOCTbIO CbeMa OOCTaTO4YHO Oonbloro npunycka (4o 2 Mm) TpyaHoobpa-
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B6aTbiBaeMOro KOMMO3MLMOHHOIO MaTepuana Ha OCHOBe TBepLOro cnrasa
"Penut", Xxapaktepusylowerocd noBbILLEHHON TBEPAOCTb. Bo-BTOpPbIX,
HeoOXOANMMOCTbLIO ero nNpeLmsnoHHon obpaboTkn: NnapamMeTp LLEePOXOBATOCTH
nosepxHocTn R, =0,1 MKM, HENNOCKOCTHOCTL 06paboTkmM — MeHbLe 0,9 MKM.

B-TpeTbux, cneundumkon TexHonormm obpaboTkM TOPLOBLIX MOBEPXHOCTEN
aetanen Tuna "Konbuo" M OTCYTCTBMEM HAy4HO ODOCHOBAHHbLIX YCIOBUM UX
apdekTMBHOM 0OPaBOTKM.

[MpuMeHeHne TpaauuMOHHOW TexHonorum abpasmBHOM 00paboTKy,
BKItOYaloLLEeNn onepauum npenBapuTenbHOro U OKOHYaTeNnbHOro abpasmBHOro
NSIOCKOro WindgoBaHNA 1 NocneayroLwen npuTnpku abpasmBHbIM (aniMasHbIM)
NOPOLLKOM, OKa3anocb ManodddeKTUBHbIM B CBA3M C OTHOCUTESIbHO HU3KOM
NPOU3BOAUTENBHOCTBIO U BbICOKOM cebecTommMocTbio 0bpaboTku. Kak m3-
BECTHO, HambosnblWNMKU BO3MOXHOCTAMM obriagaeT TexHONorus anmasHo-
abpasumeHOM 06paboTKM, BKIIOYAKOLLEN onepalmm anmMasHoro WwnmudgoBaHns u
nocrnegytowen anmasHon nputupkn. OgHako, ons paspaboTkm addeKTUBHOM
TexHonormm anmasHo-abpasmBHon 06paboTkM TOPLOBbLIX MOBEPXHOCTEN
YNSIOTHUTENbHBIX KOneL, N3 KOMMO3ULMOHHOIO MaTtepuana Ha OCHOBE TBepao-
ro cnnaea "Penut" HeobxoanMMoO YCTaHOBWUTb ONTUMarbHble BapuaHTbl TeX-
HOJTOMMYECKMX MapLUPYTOB M NapamMeTpbl TEXHONOMMYeCcKnx onepauun, T.e.,
No CyTW, MPOBECTUN CTPYKTYPHO-NapaMeTpUYeCcKNini aHanms u CUHTE3 TEXHOIIO-
rmyeckoro npowuecca. 910 Tpebyet paspaboTkm maTeMaTUyecKnx (aHanuTum-
YecKknx) Mogenen, onuchbiBaloWmMX Hanbonee BaXHble CTOPOHbI OYHKLMOHMN-
pOBaHUA TEXHOMOIMMYECKOro npowuecca, U npoBefeHNA KOMIeKca TeopeTu-
YeCKNX U 3KCNepUMEHTarnbHbIX NCCeaoBaHUN.

2.2. KnHemaTtuka chopmoobpaszoBaHMs TOPLLOBOW
NOBEpPXHOCTU BpaLlaroLlerocs Konbua npu wnmncgposaHmm

[Mpn obpaboTke TOPLOBLIX MOBEPXHOCTEN AeTanen Tmna "Konbuo" ad-
PEKTMBHO NPUMEHEHMNE CXEMbI BPE3HOro LWNMdoBaHUS TOPLOM Kpyra, coob-
Las geTanu BpalwlaTtenbHOe ABMXKEHME, a KPpYry — AONOSHUTENBHYO BPE3HYHO
nogavy. [laHHasa cxema wnmudoBaHUS NpakTUYECKN UCKIToHaeT HEMTOCKOCT-
HOCTb 06paboTkmn, obecneymBaeT Ka4eCTBEHHYKO NOAroToBKy obpabaTbiBae-
MOW MSIOCKOWN MOBEPXHOCTU K MNOCrieayloLlen onepaunmn nputupki — ans go-
CTWXKEHNS BbLICOKMX MOKas3aTenen LWepoxXoBaTOCTM U TOYHOCTM 0OpaboTKu.
Cxema wnudgoBaHua nonyyuna npuMeHeHMe B MNPOU3BOACTBE, OAHAKO B
TeOpeTMYECKOM MraHe U3y4yeHa He JOCTaTOYHO, YTO HE NO3BOSISET B MOSTHOM
Mepe OLIEHUTb ee TEXHONOrM4yeckmne BO3MOXHOCTH.
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OTnNnYNTENBHON OCODEHHOCTBIO 3TOM CXEMbl LUNMGOBaHMA SIBNSIETCA
CNOXHOCTb KMHEeMaTukn cbopMooOpas3oBaHMst TOPLIOBOM MOBEPXHOCTM KOSb-
ua, T.K. CbeM MaTepuana u OpMUPOBaHME LUEPOXOBATOCTM MOBEPXHOCTU
NPOMCXOONT B pe3ynbTaTe CIOXEHUS TPeX KMHEMATUYECKNX OBWMXXEHUN: Bpa-
LLIEHMS KOJbLia CO CKOPOCTbIO Vper, BPALLEHUSt Kpyra CO CKOPOCTbiO Vi, U

BPEe3HOM (paauanbHoii) nodayum kpyra co ckopocTtbto Vier [89; 102; 152]. Ang

aHanusa cxeMbl PaCCMOTPEHbI 3aKOHOMEPHOCTN DOPMUPOBAHUS LLIEPOXOBA-
TOCTW NOBEPXHOCTM B pe3yrbTaTe CNoXeHNa ABYX BpallaTenbHbIX OBUMXEHUN
aetanu u kpyra (puc. 2.3). lNapameTp LwepoxoBaToCTN MOBEPXHOCTU Riax

onpegensaeTca ua ycnosus (puc. 2.4):

2-Rpax -9y -n=B, (2.1)
roe y — nosioBMHA yrna rnpu BepLUMHE peXyLLEero 3epHa;
n=Kg-B-Vp 7 — Konn4yectBo 3epeH, y4yacTBytoLuX B (POPMUPOBAHNM
LLIepOoXoBaTOCTM NOBEPXHOCTY;
Ko — MOBEPXHOCTHAs KOHLEHTpaLMsA 3epeH, wT./M%;

B — wupurHa paboyein 4actu kpyra, m;
7 =B/Vper — BpeEMS (DOPMUPOBAHMS LLEPOXOBATOCTU NMOBEPXHOCTH, C.

MNocne npeobpasoBaHuit 3aBUCMMOCTU (2.1), NONy4eHo:

1
2ty -k Vi T

(2.2)

Rmax

B wnundgosansHoOM Kpyre 3epHa BbICTynalT Hag YPOBHEM CBA3KUM Ha
pasnuyHyto BbICOTY. B nepBom npnbnmxeHnn MoXxHO NpuUHATL PaBHOMEPHbIN
3aKOH BbICTyNaHWs, T.e. KOrAa Ha KaXaom YpOBHE HaxoOuTCA OAMHaKoBOe
KONMYeCcTBO 3epeH. Toraa cnpaBeannBo COOTHoWweHne Ko =k-Ryax /b, roe

K — NOBEPXHOCTHAs KOHLIEHTPALMS 3epeH, WT./M%; b — MakcuManbHas BbICO-
Ta BbICTYNaHUs 3epeH Hag YPOBHEM CBSI3KU Kpyra, M.

Mpodeccop PesHukos A. H. [1] npeanoxun pacyeTHble 3aBUCUMOCTHU
3-m-(1-¢) b
2007 X2
€MHasi KOHUEeHTpauus anmasHoro kpyra (ans koHueHTtpauuun 50 %; 100 %;
150 % obbeMHasi KOHLEHTpauna armasHOro Kpyra COOTBETCTBEHHO paBHa:

Ans onpefeneHns napameTpos: K = (1-¢)-X, rae m — 06b-

50; 100; 150); X — 3epHUCTOCTb Kpyra, M.
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Puc. 2.3. PacyeTHas cxema wnudoBaHnsa Topuom Kpyra (1)
Topua Konbua (2)

Puc. 2.4. Cxema coopMMpOBaHUA LLEPOXOBATOCTH

NJIOCKOW NOBEPXHOCTU NpPU BPe3HOM WNnMdoBaHMM TOPLIOM Kpyra
YcnoeHbie 06o3HavyeHuUs:: 1 — npodunb NonepeyHoro cedeHns obpabaTbiBaemon getanu;
2 — Kpyr.

[Mpeobpasysi 3aBUCUMOCTb (2.2), NONyYeHo:

1007 - X3
Rmax = : (2.3)
3-m-tgy V-7

Kak BuaHo, Hanbonbluee BMNUSHWE Ha napamMeTp LIepoxoBaToCTu Mo-
BEPXHOCTU Rp,x OKa3blBaeT 3€pHUCTOCTb Kpyra X. YMEHbLUMTb napameTp

LLEepOXOBaTOCTU NOBEPXHOCTU R,5x MOXHO yMeHblueHnemMm X U yBenuveHu-
emm, y, Vo U 7=B/Vpe (yBenuieHnem B v ymeHblueHneM Vg ):
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1007 - X° - Ve

: (2.4)
3-m-tgy -V, B

Rmax =

BaxHO npoBecTn aHanms ycnosum oOpMMUPOBaHUS LLEPOXOBATOCTU MNO-
BEPXHOCTM B HanpaBrieHWy Bpe3Hon nogaym kpyra V... B aTtom cny4ae pac-

YyeTHas CxemMa OCTaHeTCH MpPeXHen, U3MeHsieTCa Nuwb Bpems opmMupoBa-
HUSA LLEPOXOBaTOCTN MOBEPXHOCTU 7, KOTOPOE PaBHO 7 =Ry« / Vier. TOrAa,

ncxoasa n3 3aBMCMMOCTU (2.3), NONyYeHo:

1007 - X3 - Vor
3-m-tgy-Vip

(2.5)

Rmax =

Heobxoanmo 0603HaunMTb Bpemsi OPMUPOBAHUS LLEPOXOBATOCTM MO-
BEPXHOCTU B HanpaBfeHUN CKOpoCTn V. Yepes 7, a BpeMs popMupoBa-

HVS LUIEPOXOBATOCTY MOBEPXHOCTW B HanpaBneHun cKopocTn Vig, — yepes

71. Ecnm 74 > 73, TO onpegensoWwumM B OpMMPOBaHUN LLEPOXOBATOCTUN By-
AeT BpawaTensHoe ABwxeHne getanu. Ecnu 7y < 7y, To HaobopoT, onpeje-
navowmm dyaeT aBmxKeHne Bpe3Hom noga4vm (no Hopmanu Kk obpabartbiBaemMomn
NOBEPXHOCTN).

Rmax

To < T4 1T0>T1

0 T4 FEU
Puc. 2.5. 3aBucMmocTb napameTpa LIepoxoBaToOCTU MNOBEPXHOCTU R .«
OT BPEMEHU T

[‘padomyeckn 3aBUCMMOCTb MapameTpa LIepoXoBaToCTU MOBEPXHOCTU
Rmax OT BpPeMeHu 7 rfoka3aHa Ha puc. 2.5. Ha y4vactke 74 > 7y napametp

Rmax 0OnblUe, YyeM Ha yyacTke 74 <7g. CriegoBaTenbHO, Ans TOro YToobl

YMEHbLWNTb NapameTp Rmax HGO6XOJJ,I/IMO BbINOJIHUTL YCINoOBUE 74 <7p WU

R B
max1 , rae napameTp Rax1 ONpegensercs 3aBUCUMOCTbIO (2.5).
Vier  Vaer
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[NockonbKy, Ha y4yacTke 74 <7y MapamMeTp LLUepOoXOBaTOCTN MOBEPXHO-
CTN Rpax HE 3aBUCUT OT napameTpoB B, V., WnungosaHne MOXHO Npouns-

BOAWTb TOpUOM Kpyra wwupuHoi B>D ... ObpabaTtbiBaemoe KonbLo npu

OTOM MOXET He BpallaTbCA.

Puc. 2.6. Konbua TopLoOBbIX YNSIOTHEHUMU

MpuBeOeHHbIE pe3ynbTaTbl TEOPETUYECKNX UCCES0BaHUI MOMNOXEHbI B
OCHOBY CO3[aHNA NPOMBbILLSIEHHOW BbICOKOA(MEKTUBHOM TEXHONOIMMM anvas-
Ho-abpaanBHoN 06paboTkn paboumx NOBEPXHOCTEN TOPLOBLIX YMOTHEHWUN
(BbINOSTHEHHBIX B BMAEe KOrey) U3 KOMMO3ULMOHHOIO MaTepuana "TBepnbii
cnnas "Penut" — meap" (puc. 2.6). Huxe npuBeneHbl pesynbTaTtbl 3KCnepu-
MEHTanbHbIX U1 TEOPETUYECKNX UCCedoBaHNN npouecca WingoBaHna Top-
LLOBOW NOBEPXHOCTU BpaLLaOLLLErocs KOSbLa TOPLIOM ariMasHoro Kpyra.

2.3. 3KCI'IepVIMeHTa.I1beIe nccnenoBaHuA TexHoJsN1ormm
3neKTpO3pO3MOHHOVI NMpPpaBKN TOPLUOBbLIX aJiMa3HbIX KPyroB
Ha MeTaJlJimMd4eCKUX CBA3Kax

NccnepoBaHua nNpoBOAUNUCL Ha BHyTpuwnudgoBanbHoM ctaHke. O6-
pabaTbiBaeMoe KosnbLo (puc. 2.3) Kpenunocb B NaTpoHe CTaHKa M B Npouec-
ce wnudgoBaHUA coBepLuano BpallaTteribHoe ABuXKeHune. ArnmasHbli Kpyr
doopmbl 12A2 45° 150x10x 3 yCTaHaBnuBasics Ha LUNuUHOeNe cTtaHka Ha cne-
LUManbHy0 OBYXCTYNeH4YaTylo BTYNIKY WU coBepluan B npouecce wnudoBaHus
BpallaTenbHoe 1 noctynatesnibHoe (B NPOAONIbHOM HanpaBneHun) ABMKEHUS.
O6paboTka npom3Bogmnach no ynpyrom cxeme ¢ UKCMpoBaHHbIM pagunanb-
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HbIM ycunuem [100]. AnimasHbIn Kpyr No OTHoLWeEHUo K obpabaTbiBaeMon fe-
Tanu ycrtaHaBnmearncs Takmm obpa3om, 4Tobbl BCA LMpuUHA paboyen no-
BEPXHOCTU Kpyra B y4yactsoBana B pe3aHum.

NcnbiThiBanucb anmasHble Kpyru Ha MeTannmyeckux csaskax M1-01,
M2-01, 3epHucTocTtbio AC6 50/40 ... 200/160 n koHueHTpauuen 50 ... 150 %,
a TakxKe anMasHble Kpyrn Ha opraHmnyeckomn cesaske B2-01.

[ns ocywecTBneHna anekTpo3IPO3NOHHOM NpaBKU ariMasHoro Kpyra Ha
MeTanIM4eckon CBSI3Ke, BTYSKa, Ha KOTOPYK yCTaHaBnMBarics Kpyr, BbIMOS-
HeHa N3 M30MSUMOHHOrO0 MaTepuana — Tekctonuta (puc. 2.7). lna obecne-
YyeHna TOKonoaBoAda K MeTannnyeckoMmy KOpnycy ariMasHoro Kpyra Ha BTYJIKe
Kpenunocb 6pOH30BOE KOMbLO, KOTOPOE Kacanocb kopnyca Kpyra. K konbuy
yepes crneumanbHoe WEeTOYHOE YCTPOMCTBO MNOABOAUIICS MONOXUTENbHbIN
NOSIIOC UCTOYHUMKA TexHonormyeckoro Toka. K obpabaTbiBaemon getann 4e-
pe3 KOHTaKTMPYIOWMA SNEeMEHT NoABOAUIICS OTpuUaTENbHbIM MOJSIHOC UCTOY-
HUKa Toka. Takas cxema obecrneymBana 351IeKTPO3IPO3NOHHYHO MPaBKy anmas-
HOro Kpyra C uenblo nogaepXaHus ero BbICOKOW pexyLien CnocobHOCTMW.

7
+
_____ —<
2
67 AN N3
5 4
1

Puc. 2.7. Cxema noaBoaa 3NeKTPUUYECKOro Toka K ariMasHOMYy Kpyry
YcnogHblie 0603Ha4YeHuUs: 1 — anmasHbIn Kpyr; 2 — WNWHAENb CTaHKa; 3 — aNeKTpon3ons-
LMOHHasa BTynka; 4 — OPOH30BOE KOMbLO; 5 — TEKCTONMTOBasi (3NEKTPOM30NALMOHHAS)
wamnba; 6 — ranka; 7 — WweTkKa.

B 30Hy 06paboTkm nogaBanack oxnaxkgarolasa Xnakoctb — 3-MPOLEeHT-
Hbin pactBop Nas,NO3. B kavectBe UCTOYHMKA TEXHONMOMMYECKOro Toka WC-

NoNb3oBasncsa chneunanbHO U3roTOBMEHHbIN BbINPSAMUTESb C TpaHCcgopMaTo-
POM MOLLHOCTbI 1,62 KBT, (hOpMUPYHOLLMA NOCTOAHHbLIA TOK HanpsiKeHuem
36 Bucunontokal =0 ... 45 A.

[locne ycTaHOBKM anmasHOro Kpyra Ha MeTaruyiMyeckon CBs3Ke
Ha CTaHOK NPOM3BOAUNOCH €ro HayarbHOe BCKpbITWE WU yCTpaHeHue paau-
anbHoro 6ueHuns (B npegenax 0,15 MM) C NOMOLLBIO 3NEKTPOIPO3NOHHOM
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npasku. [MpaBdawmm anekTpoaoM crnyxuna spauaruiadca obpabaTsiBaemas
AeTarnb, YCTaHOBMEHHAA B NMaTPOH CTaHKa. AnMasHbIi Kpyr noaBoauTcsa Ao
KacaHus K obpabaTtbiBaeMon getanu Ans Bo3OYXXOEHUS B MEXIIEKTPOAHOM
NPOMEXYTKE 3MEKTPUYECKUX Pa3psaoB. OEKTPO3PO3MOHHAs npaBka npous-
BOAUNachb Npuv onTUManbHOW (YCTaHOBNEHHOMW 3KCNepPUMEHTAarbHO) cune Toka
| = 20 A nytem HenpepbiBHOW nogadn Kpyra npoAOSKUTENbHOCTbID 00
10 MUHYT.

KOHTpOMb 3a COCTOSIHMEM peXyLLen NMOBEPXHOCTU Kpyra OCYLLECTBIISAM-
CS BM3yalibHO (Nepuoandecku OoCTaHaBnvBasi Kpyr) U Ha "cnyx" — npu Hanu-
4nm OMEeHus xapakTepHa HepaBHOMEPHOCTb (MEePUOANYHOCTb) 3NIEKTPO3PO-
3noHHoro npouecca. O6 ycTpaHeHUn BueHns Kpyra MOXHO ObIfno CyanTb Tak-
e no oTcyTcTBUIO "gpebesxaHuns" CTpenkn amnepmeTpa.

KadecTBo npaBku Kpyra oueHuBanocb B npouecce LnngoBaHna Bpa-
Wwatowenca obpabatbiBaemon getanu (npasswero anekrtpoga). MNpu Hanu-
4ynunm Ha obpaboTaHHOW NOBEPXHOCTU OTAESIbHbIX MEePUOLUYECKN MOBTOPSIO-
LLMXCA yyacTKOB, npouecc npasku npogosrkancs. O6 oTcytcTBun BueHus
Kpyra cBuaeTenbcTBoBana opHopogHass obpaboTaHHash MOBEPXHOCTb, He
nMetoLLLasa YepeayoLwnxca y4acTKoB.

[Mpy QoCTaTo4yHO TOYHOM YCTaHOBKE Kpyra Ha LUNuHAeNe cTtaHka npo-
AOSDKNTESNbHOCTb €r0 HayasibHOW 3MEKTPO3PO3MOHHON NPaBKK, KaK yCTaHOB-
NIEHO 9KCNEepPUMEHTanNbHO, YMeHbLUanacb U coctaensana MeHee 5 MuHyT. Ec-
nn bueHne 3HaumTenbHo — 0o 0,3 MM (4TO MMEeNo MecTo) — NPOJOIKUTENb-
HOCTb nNpaBku yeenuumnack go 20 MUHyT, a B psae crnydaes n 6onee.

Bbibop onTUManbHOro anekTpu4eckoro pexmma paboTbl MICTOYHUKA MO-
CTOSAHHOrO TOKa MPW MNpaBKe MNPOU3BOAWICS U3 Creaylolwmx coobpakeHu.
MowHocTb no Toky N, 3aTpaymBaemas npu npaske Kpyra, pasHa:

NZI'UZI'(UO_UKs)’ (2.6)
roe | —cuna Toka, A;
U — HanpsixeHue, B;
Uy — HanpskeHne ncToyHnKa Toka, B;

U =1-Rp — HanpspkeHne pexnma "KopoTKoro 3amblikaHus”, B;
R — Harpy3o4yHoe conpoTtusrieHne, Om.

[Mocne npeobpasoBaHns 3aBUCUMOCTHU (2.6), UMeeM:
N=I-(Uy—-I-Rp). (2.7)
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3aBUCUMOCTb (2.7) HOCUT SKCTpPEemarsbHbIA XapakTep C yBerMyeHuem
cunbl Toka |. [ina onpeneneHnsi SKCTpemanbHOro 3HaYEHUS lyerp Creayet

B3ATb MEPBYK NPoM3BOAHYI0 OT pyHkumMm N no cune Toka | n nonyyeHHoe
BblpaXkeHe NpupaBHATL K HyIto. B pe3ynbTtate nonyyeHo:

1 Ug 1
awcrp =5 R0 = 5 ke (2.8)

roe |l — cuna Toka pexvMa "KOpOTKOro 3aMblkaHms", A,

Btopaa npoussogHas N/ =-2-Ry — oTpuuatensHas, crieqosarternbHo,
nmeet mMecto mMakcumym yHkuun N ot |. MakcumanbHoe 3HadeHune Nqax
onpegensieTca NnogcTaHOBKOM 3aBucumMmocTu (2.8) B (2.7):

l.-Ug N
Nmax = K34 0 - f , (2.9)

rae NK3 — MOLLHOCTb pexnma "KOpOTKOro 3amMblkaHNA".

Mpumep pacyeTa:

1) Ana 3agaHHbIX 3HaveHun Ry =2 Om; Uy =40 B; nveem |, =20 A;
lskerp =10 A; Ny3 =800 BT; N5 =200 BT;

2) Ons 3agaHHbix 3HadveHnn Ry =1 Om; Ug =40 B; umeem: |, =40 A;
N,; =1 600 BT; N5« =400 BT,

Pesynbtatbl pacyeTtoB npueedeHbl Ha puc. 2.8. OnTumanbHoe 3Hadve-
HWE CUMbl AMEKTPUYECKOrO TOKa lyyerp, CNEAYET BbiOMpaTh M3 YCIOBUS Mak-

CMMarnbHOro UCNONb30BaHNA MOLLHOCTU UCTOYHMKA TEXHOMOrM4YecKoro Toka,
T.e. N;. Toraa uns ycnosus |, =N/Ugy, umeem:

N

lakerp :—2.'80 : (2.10)

N, BT4
400 """~

0 20 LA

Puc. 2.8. 3aBucumMocTb MowHOCTU N 311eKTpPO3pO3UOHHOM NpPaBKK Kpyra
OT CuUnbl ToKa |
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Mpumep pacyeta. [Ona 3agaHHbIX 3HadveHMn N, =1 600 BT,
Ug =36 B ontumanebHoe 3HaveHue lycr, B COOTBETCTBUW C 3aBUCUMMOCTbIO

(2.10) paBHO 22,2 A.
TeopeTnyeckoe pelLeHne MNPOBEPANOCH 3KCNepumMeHTarnbHo. B anek-
TPUYECKYIO Lienb BKMNOYanocb HarpysoyHoe conpoTtusneHne Ry =1 Om (Ta-

pupoBaHHas cnupans). [Npu cune Toka | = 22 A Habnganack Hambornee WH-
TeHcuBHas npaska kpyra 12A2 45° 150x10x3 AC6 125 / 100 M1-01 4. Mpwn
yBEeSIMYEHNUN N YMEHbLUEHUN CUMbl TOKa, HaumMHasa ¢ | ~ 22 A, NHTEHCUBHOCTb
NpaBkN YMeHbLUanacb, 0 YeM CBUAETENbCTBOBANO YMEHbLUEHNE MHTEHCUB-
HOCTW anekTpuvecknx paspsgos. [lpu | -1, =40 A B0o3byxaeHne B mex-

9NEKTPOAHOM NPOMEXYTKE 3NEKTPUYECKNX pPaspsiaoB OTCYTCTBOBASIO.

OKCnepuMeHTanbHble 3Ha4YeHust MowHocTU N npaBkn nNpakTUYecKu
coBMasim C pacyeTHbIMU 3HAYEHUSMMU, NMOKA3aHHLIMU Ha puc. 2.8. Makcmym
MowHocTn N gocturanca npu | =22 A. PacxoxaeHune pacyeTHOro u 3Kkcrie-
PUMEHTanbLHOro aKkcTpemMarnbHbix 3HadeHun | coctasnsgeT 10 %.

Cnenyet OTMETUTb, YTO M3MEHEHME CUMbl TOKa | Npu NpoBeAeHUn AKC-
nepumeHToB obecneymBanoch 3a CHeT NUBMEHEHUS CUMbl MPMKMMA ariMa3HO-
ro Kpyra k anektpogy (obpabatbiBaemon pgetanu). C yBennyeHmem cunbl
NpwK1MMa cuna anekTpudeckoro Toka | ysennymnsanace.

Ha puc. 2.9 npmuBeneHbl pesynbTaThl 3KCNEpUMEHTamNbHbIX UCCneaoBa-
HUW NPOU3BOAMTENBHOCTU IMEKTPOIPO3NOHHON NpaBkn Qn, B 3aBUCHMOCTY

OT cunbl Toka |. MponsBoanTensHOCTL NpaBku Qn, paBHa obbeMy anmaso-

HOCHOrO Cros Kpyra, CHATOro B e4uHuLYy BpeMeHU (pasmMepHOCTb — MM3/MUH).
V3 rpacpuka cnegyeT, 4TO NPOU3BOAUTENBHOCTL NpaBku Q, N3MeHsieTCs no

SKCTpeMaﬂbHOVI 3aBMUCUMOCTU, NpoxXoaAd TOYKY MaKCMMyMa. MaKCVIMyM an

OoCTUraeTcs npu cune Toka | =22 A, 4To COOTBETCTBYET TEOPETUYECKMM pe-
3ynbTaTam M OaHHbIM MPOCTOrO BU3yanbHOro HabnaeHWs 3a NpoLeccoMm
NpaBKW, Kak OTMeYaroch BhbILLE.

Qnp, A

MM’ /MUH
11 )

45

0 22 44 LA

Puc. 2.9. 3aBUCMMOCTL NPON3BOANTENBHOCTU Q, 3NEKTPOIPO3IUOHHOM

npaBKU Kpyra OoT CUJibl TOKa |

80



[na npoBefeHNsa aKcrnepumMeHTarnbHbIX UccnegoBaHnn boiria otobpaHa
napTuUs anMasHbIX KpyroB OOHOW XapaKTepUCTUKM B KonmyecTtse 60 LUTYK C
Ha4anbHbIM TOpLUOBbLIM BueHnem kpyros 0,1 MM. 3amepbl BENUYNHLI BUeHUs
ariMasHoro kpyra (nocne ycTaHOBKW €ro Ha LWnuHAenb cTaHka) npou3sBoau-
NNCb C MOMOLLLI0 MHAMKaTopA.

HeobxoauMo 0TMeTUTb, YTO NPU UMEHEHUN | A0 3HAYEHUS |y oy =20A

NPOLIECC ANEKTPOIPO3NOHHOM NpaBKM ariMasHOro Kpyra npouvcxonun npaktum-
yeckn 6e3 cownngoBbiBaHMs npassLiero anektpoga (obpabatsiBaemon ae-
Tanu), puc. 2.10. C yBenuyeHnem cunbl Toka, HaunmHas ¢ 17 A, CKOpOCTb U3-
Hoca (cowwnndoBbiBaHNSA) anekTpoda yeennumanacbh. CriegoBatesibHO, nNpu
lskerp =17 A MEXK3NEKTPOAHbIV 3a30p paBeH NPUBNU3UTENBHO MaKCUManbHOM

BbICOTE BbICTYNaHUs 3€peH Had YPOBHEM CBSA3KM anmasHoro kpyra. C ysenu-
YEeHWEeM Curbl TOKa 3a30p YMEHbLUAETCH, N 3epHa KOHTAKTUPYIOT C NpaBALLUM
9NEKTPOAOM, OCYLLECTBMSAS MNpouecc pe3aHus. 13 aToro MOXHO 3aKmiounTb,
4YTO MPOLECC anMasHOro 3EKTPO3PO3MOHHOIO LWnndoBaHus obpabaTbiBae-
MOV geTtanu (NpassLlero anektpoaa) Bo3amoxeH npu 17 A<1<40 A. [1nsa Toro
4TOObl YBENMUYUTDL lskerp >20 A M COOTBETCTBEHHO YBENUYUTL CKOPOCTb

cbema obpabaTbiBaemMoro matepmana Heob6xoanmMo B COOTBETCTBUWN C 3aBU-
CUMOCTbIO (2.8) yMeHbLUMUTb Harpy3odHoe conpotuerieHne Rg. Hanpumep,

npu Ry =0,5 Om cuna ToKa lyyerp CTAHET paBHOM 40 A, YTO NO3BONUT MaKCH-

MalibHO MCMOJIb30BaATb 3HEPINIO SNTEKTPUHECKNX pa3pAdoB A1 OCyLllecTBrie-
HUA npouecca ariMa3Horo 3J1IekKTpo3po3nOHHOIo LIJJ'IM(*)OBaHVIFI.

Van,

MM/MUH

1,5

1,0 / o)
LA

A

0 10 20 30 40 |I,A
Puc. 2.10. 3aBUCUMOCTb IMHEMHON CKOPOCTU CbemMa
MaTepuana anektpoaa V,, npu npaBke oT cunbl Toka |

Cwuna npwxaTus kpyra Kk obpabartbiBaemon getanu P npu wnmudposaHmum
Mo ynpyron cxeme sIBNSI€TCA OCHOBHbIM MapamMeTpoM npouecca, onpenens-
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IOLMM YCNOBUS MEXaHUYECKOro B3aMMOAENCTBUSA PEXYLLUUX 3E€PEH N CBA3KK
Kpyra ¢ obpabaTtbiBaeMblM MaTepuanom, a Npyu ariMasHOM 3NEKTPOIPO3NOH-
HOM LUNNOBaHMN — onpeaenarowmm AONOSNHUTENBHO YCNOBUS NPOTEKaHUS
npouecca 3SIEKTPO3PO3NOHHON NPAaBKM ariMasHoro Kpyra Ha MeTanimnyeckou
CBS3Ke.

N3 puc. 2.8 cnegyet, 4TtO C yBenuyeHnem cunbl Toka | mowHocte N
npoLecca 3MeKTPo3PO3MOHHON NPaBKM arMasHOro Kpyra U3MeHsieTcsl no aKc-
TpemanbHou 3aBucumoctn. B npegenax 0 <1< 20A mowHoctb N yBenuum-
BaeTc4d, a Npu JanbHenweM yBenuyeHmn cunbl Toka |, HaobopoT, ymMeHbLUa-
eTcsa Ao Hyns. MiameHeHne cunbl Toka | obecneymBaeTcs 3a cHET U3MEHEHUS
TONWMHbBI 3a30pa MexXay arnMasHblM KPyrom v npaBsAWUM dnekTpogom (B
AaHHOM crydae obpabaTbiBaemMon AeTanblo) NyTeEM M3MEHEHUs CUbl Npu-
XaTtus Kpyra Kk obpabartbiBaemon getanu. Yem bonblue ata cuna, TeM MeHb-
LLe TOMLLNHA MEXINEKTPOAHOro 3a3opa u bonblue cmna Toka |.

Mpn 1>20 A mowHocTb N npouecca 3NeKTPO3PO3NOHHOMN NpPaBKU
YMEHbLLUAETCH, YTO BedET K CHKEHUIO NPON3BOAUTESIBHOCTU npoLecca npas-
Kn (puc. 2.9). CnegoBaTenbHO, C yBENMUYEHMEM CUITbl MPMKMMA ariMasHoro
Kpyra Kk obpabatbiBaeMon getann MHTEHCUBHOCTb 3IEKTPO3PO3NOHHON NpaB-
KM CHWXaeTcd, M NpouecC ariMasHOro 351eKTPO3PO3NMOHHOMO LWNnMdoBaHNUS
Mano Yem oTnnvaeTcsa oT 06bIMHOIO anMasHoro WindoBaHUA.

OnbiTamu ycTaHOBIEHO, YTO Npu | >35 A B 30HE pe3aHns NpakTU4eCcKu
OTCYTCTBYIOT 3neKTpudeckne paspsagbl, T.e. OTCYTCTBYET MPOLIECC 3NEKTPO-
9po3un. N3 3Toro MOXXHO 3aKNKYMTb, YTO CUSa NpUXaTUA Kpyra K geTanu npu
anMasHOM 351EKTPO3PO3MOHHOM WNGOBAHUM O0MMKHA N3MEHSTLCS B Orpe-
AeneHHbIX npeaenax. YunuTtbelBas, YTO MeXay CUon Toka | n cunon npuxatuns
Kpyra K getann P B npouecce anmasHOro anekTpo3p03MOHHOro Lwnindgosa-
HUSA CyLeCcTBYeT BMNOSIHE OQHO3HA4YHasa CBs3b, YNpaBreHne npoueccom Ln-
dooBaHMSA MOXXHO OCYLLECTBMISATb NyTEM NoAAep’KaHUs BO BPEMEHWN 3adaHHO-
ro aHadyeHna P unn |. B nepBom cnyvyae Heo6xoauMMo MCNonb30BaTb YAPYryro
CXeMy LUNnMdoBaHNA ¢ PUKCMPOBAHHOM CUNOK NpwxaTna Kpyra Kk getanu P.
Bo BTOpOM cny4yae MOXHO MCMNOMb30BaTh LWANGOBAHME C "py4yHON" nogaden,
HanpuMmep, Ha paccMaTpuBaeMOM BHYTPULLNUGOBANbHOM CTaHKe, OCYy-
LLLeCTBNASA "BPYYHYK" NPOLONbHYIO Nogady Kpyra, onpeaensowyo cuny npu-
XaTtuna Kpyra K getanw.

[aHHaga cxema BecbMa adddPeKTUBHA NpPU KpaTKOBPEMEHHOM Mpouecce
LINpoBaHNSA, KakuM ABMSIETCA MpoLEeCcC WMgoBaHNS O4HOro Kosbua, 3a-
KpensieHHOro B NaTpoHe BHYTPULLIMEOBASIbHOro CTaHka (CbeM npunycka se-
nnynHon 0,1 ... 0,15 mm npoucxogut B TeveHune 3 ... 5 c). No gaHHOM cxeme
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MOXHO obecneynTb NMaBHOE KacaHwe Kpyra ¢ obpabaTbiBaeMon AeTaribio
(6es ypapa), yero TpyaHo oobuTtbCcs Npm 4YacTon ycTaHoBKe obpabaTbiBae-
MbIX KOneLy, B YCIIOBUSX 0ObIYHOMO WMdOBaHWS Mo Ynpyron cxeme.

Kak nokasaHo Bbllle, U3SMEHUTb 3NeKTpuUYeckyto xapakrepuctuky N-—|
MOXHO 3a CYeT U3MEHEHUs1 Harpy3o4HOro conpoTueneHus Ry B anekrpuye-

ckou uenu. Hem MeHbLUe RO’ Tem 6onbLie IKCTpemMaribHble 3Ha4YeHnA CUurbl

ToKa | 1 MOLLHOCTU npoLiecca anekTpoapo3noHHon npaskn N. YBenuyeHue
9KCTPEMaribHOro 3HayeHus | No3BOMNseT YBENUUYUTL CUMY MPMXKaTUS Kpyra K
[eTann U COOTBETCTBEHHO MNPOU3BOAUTENbHOCTL 06paboTkn. Takum obpa-
30M, Ha OCHOBE MPOBEAEHHbIX SKCNEepUMEHTarnbHbIX UCCNeaoBaHui onpeae-
NeHbl TEXHONOrM4Yyeckne BO3MOXHOCTU YBENUYEHUSI NMPOU3BOAUTENBHOCTU
ariMasHoro 3reKTPO3PO3MOHHOTO LLNMAOBaHMS.

2.4. dkcnepuMeHTanbHble UccriegoBaHUNA
Nnpou3BoOAUTESNTIbLHOCTU OOPAOOTKU U NSHOCOCTOMKOCTHU
anMasHoro TopuoBOro Kpyra npu wnmudoBaHuu

OKCcrnepuMeHTarnbHble MCCNeaoBaHUS OCYLECTBIISANINCb Ha YCTaHOBKE,
co3aHHoN Ha 6a3e BHYTPULLNNGOBANbHOIO CTaHKa, No cxeme WMdoBaHus,
onucaHHom B n. 2.3. lUnudosanncek paboyme TopuoBbIE NOBEPXHOCTU YNOT-
HUTENbHbIX KONeL U3 KOMMO3UUMOHHOINO Matepuana Ha ocHoBe penuta. Be-
NMYNHA NUHENHOrO CbeMa MaTepuana ¢ ogHOW geTann BO BpeMsi npoBede-
HWA OrbiTa cocTasndana 2 MM, T.e. B Xo4e NpoBeaeHNs OrbiTa CHAMAarCcH BeCb
penuToBbIn crion konbua [92; 150].

VcnbiThiBanuch anmasHble Kpyrn dpopmbl 12A2 45° 150x 10x 3x 32 pas-
HbIX XapaKkTepUCTUK Ha MeTannmyeckon cegaske M1-01 n opraHmyeckon cBs3-
ke B2-01 npoussoactea [MontaBckoro anmasHoro 3asoga. AriMmasHble Kpyru
Ha meTannuyeckon ceaske M1-01 nepen kaxabiM OMNbITOM NoAaBepranmncb
9NIEKTPOIPO3NOHHON MpaBKe C Lenblo YyCTpaHEHNA DMEHUS N KaYyeCTBEHHOro
BCKPbITUS anmMasHoro cnos kpyra. [paBky nponssBoaunv o Tex nop, noka He
AOCTUranm BbICOKOrO KadecTBa MOBEPXHOCTU AeTanu, npowwnndoBaHHON
AaHHbIM KpyromMm (OTCyTCTBME CredoB BUBpaunn n OOCTUXKEHME OOHOPOAHON
NOBEPXHOCTN).

Ha puc. 2.11 npuBegeHsbl rpadovky, nokasbiBawoLme N3aMeHeHue npoms-
BOOMTENbHOCTM 06paboTkm Q C TeyeHnem BpeMeEHWU wWwnudoBaHus .
Hanbonbwasa nponssoanTenbHOCTb 06paboTkn nMeeT Mecto npu wnmdgosa-
HUM anMasHbIM Kpyrom Ha metannuyeckomn casaske M1-01 ¢ ero HenpepbIBHOW
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9NEKTPO3PO3NOHHON MNpPaBKOW, T.e. MPU armMasHOM 3fEKTPO3IPO3MOHHOM
wnndgosaHun. C TeyeHMeM BpeMeHn obpaboTKM NPOU3BOAUTENBHOCTbL He-
3Ha4YMTENbHO YMEHbLUanack, 3ateM cTabmunmnsanpoBanacs.
Q,
MM
MWUH
600
400

3

200

0 10 20 30 t,MuH
Puc. 2.11. 3aBMCUMOCTbL NPOU3BOAUTENILHOCTN OOpPabOTKN

OT BpemMeHu wnudoBaHusA
Ycnosusi obpabomku: anvasHble kpyru 12A2 45° 150x10x3x32 AC6 100/80 4
Ha ceaskax: 1 — M1-01(c anekTpuyeckum Tokom); 2 — M1-01 (6e3 aneKkTpu4eckoro Toka);
3 — B2-01; Vi, = 28 M/C; Vper = 30 M/MuH; Py, = 70 H/cm?; 1 = 30 A; COXK — 3-NPOLEHTHbLIN
pacteop NayNOs;.

[Mpn wnnoBaHum anmasHbIM KpYyrom Ha meTannmyeckon casaske M1-01
6e3 MCnonb3oBaHUsS ANEKTPOIPO3NOHHON NpaBKM B npouecce wnimgpoBaHus
NpoOn3BOAMTENBHOCTL 06pPaboTKM Tak Xe C TeYEeHMEM BPEMEHU YMEHbLUa-
nacb, 3atem ctabunmamnposanacb. OgHako ctabunuaaumnsa npovcxoguna npu
MEeHbLUEN Npou3BOAUTENBHOCTM 0b6paboTkn. CrnegoBaTeribHO, NPUMEHEHnEe
HenpepbIBHON 3M1EKTPO3PO3MOHHON NPaBKX ariMa3HoOro Kpyra no3BonsieT rno-
BbICUTb MPON3BOAUTENBHOCTL 06pPaboTKK.

[MpoBoaMNUCL 3KCNEPUMEHTanbHbIE UCCrenoBaHNa WNNUGOBaHNSA C ne-
PUOANYECKON ASIEKTPOSIPO3MOHHON NMPaBKOW ariMasHOro Kpyra Ha metannmye-
ckon cBsaske M1-01. Kak cnegyet m3 puc. 2.11, ¢ TeyeHnem BpeMeHun obpa-
B6OTKM NPOU3BOAUTENBHOCTL YMEHbLUAETCA OT WUCXOLHOr0 MaKCMMaribHOro
3HayeHna (nNocne npaBkW) OO 3HAYEHMs, COOTBETCTBYHLLEro Mpon3Boan-
TenbHOCTU WwnndoBaHna 6e3 npaBku. 3aBUCMMOCTb Q —7 nogyuHseTcs ne-
pUoanYeckon (QYHKUMM C NepuoaoM, onpeaeniieMbiM BpPEMEHEM MexXay
npaBKkaMn ariMasHoOro Kpyra. YCTaHOBMEHO, YTO MPOLOSMPKUTESTbHOCTL NpaBKu
Kpyra 3aBUCUT OT BpeEMEHN Mexay npasBkamun. Mexay ykasaHHbIMU napameT-
pamMu cyLiecTByeT nponopunoHanbHas cBs3b. Yem Gonblue BpeMsa Mmexay
npaBkamMn, TEM NPOAOIHKMUTENBHEE NPOLECC NPaBKK Kpyra.

[MponsBoaANTENBHOCTL LWNNGOBAHNA anMasHbIM KPYroMm Ha opraHude-
ckon cBsiske B2-01 ¢ TeyeHneM BpeMeHU oOpaboTKM NpakTUYECKN OCTaeTcs
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NOCTOAHHOM W MO YPOBHIO 3aHMMaeT MNPOMEXYTOYHOE MOSIOXKEHNE MexXay
NPOM3BOANTENBHOCTLIO WINGOBAHUSA ariMasHbIM KPYromMm Ha MeTanimnyeckou
CBS3KE C NPUMEHEHNEM HeNPEepPbIBHOW 3N1EKTPO3PO3NOHHOM MPaBKN U NPOU3-
BOOMTENBbHOCTBLIO WNMOBAHUA TEM Xe KPpyrom 6e3 NpuMMEHEHUs1 aneKTpo-
9PO3MOHHOW MpaBKu.

HeobxognmMo OTMEeTUTb, YTO anmasHblll Kpyr Ha OpraHM4Yeckom CBA3KEe
B2-01 nocne yCcTaHOBKM ero Ha CTaHOK He TpebyeT npaBKu, XapakTepusyeTtcs
BbICOKOW pexyLien cnocobHocTbio. O6 3TOM CBUOETENbCTBYET BbICOKOE Kade-
CTBO 0OpaboTaHHOW MOBEPXHOCTM — OTCYTCTBME CredoB BMOpauumn, HEOOHO-
POAHON NOBEPXHOCTMU (Yepenyrowmxcs ydacTtkoB). MNpupaboTka kpyra 3aHUMa-
€T BeCbMa HenpoAomKUTeNnbHOe BpeMS.

3acnyxuBaeT BHMMaHUS elle OAuH BaXKHbIA doakT. B xoae npoBeaeHus
9KCnepuMeHTarbHbIX UCCeLOBaHUM YCTAHOBIIEHO, YTO NPU OTHOCUTENBHO
HebonbLwoM GueHnn anmasHoro Kpyra Ha metannuyeckon cesaske M1-01 (go
0,1 Mm) BO3MOXXHa NOAroTOBKa Kpyra K paboTte 6e3 npuMeHeHNa 3NeKTpo3po-
3MOHHOM npaBkK. [ocTaTOYHO MCMOSib30BaTb MEXaHWYECKyl MpaBKy, OCY-
LLeCTBNAEMYIO NyTeM LWNMEOBAHUA pPenuToBbIX Konew. [Ona Toro 4tobbl
yCTpaHUTb OueHne kpyra, HeobxoguMmo cownugoBaTb PENUTOBLIN CIION
TonwmHon ao 100 mm n Gonee, T.€. npownudosaTtb 30 — 80 penUToBLIX KO-
ney, (TonwuHa penMToBOro Criost KonbLa COCTaBMSET 2 MM).

OnbiTamMn yCTaHOBMEHO, YTO NPOAOITKUTENBHOCTb 3NEKTPOIPO3NOHHON
NpaBKN 3HAYUTESTbHO MEHbLLUE, YEM MEXaHMYEeCKOW. breHune kpyra BefiM4mMHON
0,1 MM C NCNONb3oBaHMEM JNEKTPOIPO3NOHHOM NPABKM MOXHO YCTPaHUTL 3a
5 —10 MUHyYT, TOrga Kak ¢ UCMNOfb30BaHMEM MEXaHU4eCcKon npaBku — bonee
4YyeM 3a OMH Yac.

Bbiny npoBegeHbl OnNbIThbl NO WIMGOBAHUIO anMasHbIM KpyroM Ha 6o-
nee npodHon metannuyeckon csaske M2-01. MexaHudeckon npaBKOW He
yOanocb yCTpaHuUTb OMeHue gaHHoro kpyra. lNpogosmknTenbHOCTb 3S1EKTPO-
9PO3NOHHOM NpaBkn 4O ycTpaHeHus 6ueHus sennumHon 0,15 mm cocTaBuna
okono 2-x 4yacoB. OgHako npu 3TOM He yaanocb obecnevnTb Ka4eCTBEHHYHO
npasky. Nocne wnudgoBaHua Ha obpaboTaHHON NOBEPXHOCTM Habnoganucb
YyepeayLlmnecs y4yacTku, CBUOETENbCTBYOWME O HEOLHOPOAHOCTU MOBEPX-
HOCTU N HMU3KOM KadecTBe 0bpaboTku, HenpuemnemomMm Ans paccMmaTtpuBae-
MOW TEXHOMOorMmM obpaboTkn pennuToBbIX Konew,. Taknm obpasoMm, YpesBblyam-
HO BbICOKME MPOYHOCTHbIE CBOMCTBA afiMasHOro Kpyra Ha MeTanfnyeckown
ceda3ke M2-01 B gaHHOM cny4yae peanusoBaTtb He ygariocb B CBA3M C Mpo-
6nemon KadecTBEHHOM MpaBKkW anmasHoro kKpyra. Bo3amoxHo, npu 6onee
ANNTENBbHON 3NEKTPO3PO3NOHHOMN NpaBke MOXHO obecneunTb Bonee BbICO-
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KYHO pexyLLyto CrnocoBHOCTb anmMasHoro kpyra n gobutbcsa tpebyemoro kave-
cTBa 06paboTkn, OAHAKO, 3TO CHMXKAET NPON3BOAUTENBHOCTb 3a CYET yBenu-
YeHUs NPOLOSMKUTENBHOCTU NpaBku. [1oaTomy B MccnegoBaHUSX OrpaHUym-
NNCb N3yYEeHUEM TEXHOSormn WnMoBaHNSa anmasHbiIMU Kpyramm Ha MeHee
npoyHon metannuyeckon ceaske M1-01 n opraHmnyeckon cesiske B2-01, koTo-
pble obecneyvBanu npoTekaHne cTabunbHOro npouecca WnngoBaHus.

Ha puc. 2.12 nokasaH xapaktep U3MeHeHUs npoun3BoAnTENbHOCTN OO-
paboTkn Q B 3aBMCUMOCTW OT 3ePHUCTOCTM Kpyra. C yBennyeHnem 3epHu-
CTOCTU MPOU3BOAUTENBHOCTL 00PaboTKM HenpepbiBHO YBENUYMBAETCS, YTO
ABNAETCA BaXHbIM (PaKTOPOM WHTeHCUdMKauuu npouecca LWnndoBaHUA.
[Mpon3BoAUTENBHOCTL LWNNAOBAHUA arnmasHbiM KPyromMm Ha OpraHm4eckon
ceaske B2-01 Gonblie Npon3BOAUTENBHOCTU LWNNGOBAHUS anMasHbIM Kpy-
roM Ha MeTannuMyeckon cedaske (6e3 NpUMeHeHUs 3NeKTPO3IPO3NOHHON NpaBs-
KAN) U MeHbLUe NPOU3BOAUTENBHOCTM ariMasHOro 3fIeKTPO3PO3MOHHOIO LUMn-
dosaHua (kpueas 1 Ha puc. 2.12) BO BCeM uccrnegyemMomMm guanasoHe nsme-
HEHWUS 3epPHUCTOCTM Kpyra.

Q,
MM )
600 i
400
200

Puc. 2.12. 3aBucMmocTb nponsBoauTenbHOCTM 06paboTkm Q
OT 3€PHUCTOCTH

Ycnosusi obpabomku: anmasHble Kpyrn 12A2 45° 150x10x3x32 AC6 4 Ha cBsi3Kax:
1 — M1-01 (c anekTpnyecknm TokoMm); 2 — B2-01; 3 — M1-01 (6e3 anekTpuyeckoro Toka):
Vip = 28M/C; Vpger = 30 M/MUH; Py, = 70 H/icm?; 1 = 30 A; =4 mMuH; COX — 3-NPOLEHTHbIN
pactBop Na,NO3

[Ons obocHoBaHMA onTuUMarnbHbIX YycrnoBun o06paboTkm npousBeneHa
OLleHKa M3HOCOCTOMKOCTKN anmasHbIX KpyroB. Ha puc. 2.13 nokasaHoO Konude-
CTBO Korney, npowwsnmdoBaHHbIX OAHUM anmMasHblM KPyrom A0 €ro rnosiHoro
M3HOCa npu cbeme npunycka sennumHon 0,15 mm. Kak BUOHO, M3HOCOCTOM-
KOCTb afiMasHoro Kpyra Ha metannmyeckon cesaske M1-01 noyTtn Ha nopsgok
6onbLle M3HOCOCTOMKOCTM ariMasHoro Kpyra Ha opraHmyeckom cesaske B2-01.
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LT.
6 0001

4 000+ V

5001
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0 CBsa3ka B2-01 Csaska M1-01 Cssaska M1-01
(125/100) (125/100) (160/125)

Puc. 2.13. BnuaHue TMna cBsA3KU anmMmasHoOro Kpyra
12A2 45° 150x10x3x32 AC6 4 Ha KONM4YeCTBO

06paGOTaHHbIX KoJsiel A0 NOJIHOro U3Hoca Kpyra
Yenosus obpabomku: Vi, = 28M/C; Vper = 30 M/MuH; Py, = 70 H/cm?, COX — 3 npoueHT-
HbI pacTBop NaaNO;

C yBenuyeHMeM 3EepHUCTOCTU armasHOro Kpyra Ha MeTannmyecKon
CBA3KE €ro WU3HOCOCTOMKOCTb YyBenuymBaeTcs. OTUM [oKaszaHa 3ddeKTuB-
HOCTb MPUMEHEHUS KPYMHO3EPHUCTBIX anMasHbIX KPYroB, KOTopble, Hapagy C
yBENUYEHNEM NPOM3BOAUTENBHOCTU 00paboTkmn, obecneunmBaloT CHUXKEHUE
n3Hoca.

2.5. UccnepoBaHue KayecTBa o6paboTKM Npu TOPLOBOM
armasHowm wnudgoBaHUU

Kak n3BecTHO, Haubonbllee BNUSHME U3 XapakKTepPUCTUK arMasHoro
Kpyra Ha napameTp LIepOXOoBaTOCTN MOBEPXHOCTM R, okasbiBaeT 3epHu-

CTOCTb Kpyra. B cBsi3an ¢ aTum, npoBefeHa cepusi 3KCNepMMEHTOB MO ycTa-
HOBJTEHWUIO CBSA3WN LLEPOXOBATOCTU 06paboTaHHON NMOBEPXHOCTU C 3€PHUCTO-
CTbo anmasHoro kpyra [88; 150].

Ncxopsa ms puc. 2.14, ¢ yBenmyeHnemM 3epHUCTOCTU ariMasHoro Kpyra B
npepenax 60/40 ... 200/160, napameTp LepOXoBaTOCTU MOBEPXHOCTN R,
HenpepbIBHO yBenuuusaeTcs. Hambonblune 3HavdeHusa napameTtpa R, [octu-
raloTcs npu wnnudoBaHMM anmMasHbiM KPYroMm Ha MeTansIM4ecKon CBA3Ke
M1-01 ¢ npumeHeHnem HenpepbIBHOM npasku. B aTom cnyyae obecneymnsa-
eTcHa HanbonbLUee BbICTyNaHMe anmasHbIX 3epeH Hag YPOBHEM CBSA3KW Kpyra.

C oaHOWM CTOPOHbI, Kak NokasaHo B M. 2.4, 3TO cO34aeT YCroBUS NOBbILLEHUS
npon3BoANTENBHOCTN 00paboTkM 3a cyeT 6ornee rrnyboKOro BHeApPEHUsT pe-
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XyLwmx 3epeH B obpabaTtbiBaembln maTepuan. C gpyron CTOpPOHbI, 3TO BeaeT
K YBENMYEHWIO rNyOMH pucok—LapanmH Ha obpaboTaHHOM NOBEPXHOCTU U CO-
OTBETCTBEHHO YBENUYEHWI0 napameTpa LIepoxoBaTOCTU NoBepXHoCTU R,.

[aHHas 3akOHOMEpHOCTb CrnpaBeasiMBa, €Criv cpaBHMBATb 3aBUCUMOCTb 1
(puc. 2.14) ¢ 3aBucumocTtamn 2 n 3. Ecnn cpaBHuBaTb 3aBMCUMOCTU 2 N 3
mMexay cobon, To gaHHOe 06bsCHEHME HE NMPaBOMOYHO.

Ra,
MKM

0,6

/ 2

= |

0,2

0 B0 100 125 160
40 80 100 125K MKM

Puc. 2.14. 3aBucumocTb NnapameTpa LLepoxoBaToCTU NOBepXHOCTU R,

OT 3ePHUCTOCTU anmMasHbIX KpyroB 12A2 45° 150x10x3x32 AC6 4

Ycnosusi o6pabomku: anmasHble Kpyri Ha cBdaskax: 1 — M1-01 (C anekTpnyeckum TOKOM);
2 — M1-01 (6e3 anektpudeckoro Toka); 3 — B2-01: Vi, = 28 M/C; Vper = 30 M/MUH;
Pya=70 H/cm?; | = 30 A; © = 4 MuH; COX — 3 npoueHTHbI pacTBop NasNOs.

Hanpumep, anmasHbln Kpyr Ha opraHudeckon ceaske B2-01, ncxoas ms
puc. 2.12, obecneumBaet 6onee BbICOKYID NPOM3BOAUTENBLHOCTbL 0B6pPaboTKK
NO CpaBHEHUIO C anMasHbIM Kpyrom Ha metannuyeckon csaske M1-01 npwm
wnndgosaHun 6e3 NpUMEHEHNA HENPEPLIBHON 3NEKTPO3PO3NOHHOM MpaBKu.
OueBnaHO, 3TOT anmasHbln Kpyr gorkeH obecrneuntb 1M BOnbLUYK BbICOTY
MUKPOHEepOBHOCTEN Ha obpaboTtaHHOM noBepxHocTU. OpHako, HaobopoT,
BonbLUYHO BbICOTY MUKPOHEpPOBHOCTEN oObecnevnBaeT ariMasHbli Kpyr Ha Me-
Tannuyeckon cedaske. CnegoBartenbHO, B JaHHOM cnyyae dhaktop "ocTpoThl”
3epeH 1 BbICOTbl BbICTYNAHNA NX HaL YPOBHEM CBSI3KM HE SIBNSIeTCH onpeae-
naowmm. CyuectsyeT gpyron, 6onee cywecTBeHHbIn dakTop, onpeaensto-
LMW aHOMarbHYK 3aKOHOMepPHOCTb. OpraHndeckas cBA3ka OOMyckaeT "yTo-
naHMe" B Hee anmasHbiX 3epeH Mof Harpys3kon B npouecce LwnudoBaHUs.
Pa3HOBbLICOTHOE BbICTyNaHWe 3epeH Hag YPOBHEM CBSA3KM yBENUYMBaET KO-
NNYeCTBO OOHOBPEMEHHO paboTaloWmx 3epeH U YMEHbLUAET rmybuHbl BHEA-
peHus 3epeH B obpabaTbiBaeMbli maTepuan. CnegoBaTesibHO, YMeHbLIAeTCs
napamMeTp LLIepoXxoBaToCTU NOBEPXHOCTU R,, a 3a CHET yBENUYEeHUsa Konude-
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CTBa OHOBpPEMEHHO paboTaloLlmx 3epeH — yBenuineaeTcs Npou3BoanTesb-
HOCTb 06paboTkn. 3aecb 13 ABYX NPOTMBOMOMOXKHO OENCTBYHOLWMX (0aKTOPOB
— KonuyectBa OOHOBPEMEHHO paboTarolmnx 3epeH v rmybuH BHeOpeHus pe-
Xywmx 3epeH B obpabatbiBaembln MaTepuan — onpeaenstowmm sBnseTcs
NnepBbI, KOTOPbIA HE NO3BOMNSET YMEHbLUUTbL NPOU3BOAUTENBLHOCTL 06paboT-
K/ 3a CYET SIBHOrO yMeHblUeHUs rnybunH BHegpeHnsa 3epeH B obpabaTtbiBae-
MbI1 MaTtepuan u, COOTBETCTBEHHO, YMEHbLUEHUS napameTpa LepoxoBaTo-
CTu noBepxHocTn R, . [Npuyem, 3TOT hakTop HACTOMBKO 3HAYUTENEH, YTO HU-

BenvpyeTt 3deKkT, co3gaBaemMbii Npu WNNgoBaHMN anmasHbiM KPYrom Ha
MeTannmMyeckon CBA3Ke B CBA3W C 3aTynfieHUEeM 3epeH U YMeHbLUEeHUEM Mo
9TOW Npu4ymHe rmyoduH nx BHeapeHus B obpabaTbiBaemMbli MaTepuan v napa-
MeTpa LLepoxoBaToCTM NOBEPXHOCTU R,.

Takum obpasom, anmasHble Kpyrm Ha opraHmdeckomn ceaske B2-01 o06-
nagarT BaXHbIM CBOMCTBOM "yTOMaHUS" 3epeH B CBA3KY, YTO co3gaeT ag-
dekT 06paboTkK, BbipaXkaroWMNCS B MOBbILLEHUN MPON3BOAUTESNBHOCTU 06-
paboTKn N yMeHbLUEeHUWN NapamMeTpa LLIEepOoXoBaTOCTN NOBEPXHOCTN R .

CTpyKTypa KOoMno3vuum "Teepabin cnnas "Penut" — meab" npencraBns-
eT cobon BONb(pamMoBLIN Kapkac, MNOpbl KOTOPOro 3anofiHeHbl Meabto
(puc. 2.15). Megb 1 Boribdopam NpakTUYECKU HE PacTBOPSAOTCA ApPYr B Apyre
HW B XWOKOM, HU B TBEPOOM COCTOSIHMU. TBepable cnnasbl Ha ocHoBe WC
MMEIOT NPOCTYI0 KPUCTaNMNYECKYIO peLleTKy, KoTopasi He pacnagaeTtcsa npu
Harpese M OTNIMYaeTCHa BbICOKOM MPOYHOCTLI0. OCOBEHHOCTLIO AaHHOro cnna-
Ba siBnAeTcd TO, YTo pa3mep 3epHa WC cocrtasnset 0,2 MM U1 Bblle, 4YTO 3a-
TPyOHSET npouecc WingoBaHus.

Puc. 2.15. MukpocTpykTypa KOMNo3nuum
"rBepAabin cnnas "Penut" — meab"
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[Ons onpeneneHvs asoBoro cocrtaBa MNPOBOAWUIIUCL PEHTrEeHOBCKME
CbeMKn Ha gudpaktomeTpe [poH-2,0 B U3nyy4yeHMn XpoMoBOro aHoga obpa-
BOTaHHOM NOBEPXHOCTU N MOBEPXHOCTU Ha rnybnHe 5 MKM npoLnngoBaHHO-
ro obpasua (konbua). Ycnosusa wnudoBaHUs COOTBETCTBOBaNN npuBeaeH-
HbIM Ha puc. 2.13 ana anmasHoro kpyra 3epHuctocTtbto 125/100 AC6 Ha me-
Tannnyeckon ceaske M1-01. dudppakrorpammsl 3anvcbiBannucb asToMmaTnde-
CKM Npu HenpepbiBHOM BpalleHun obpasua u cyetynka. Ha gndppakrorpam-
Max nccnegyemblx NOBEPXHOCTEN BbIABATCA NMUHUKM Torbko WC n Cu. Jln-
HUW OOCTATOYHO CUJSTbHbIE N NOEHTUULNPYIOTCA YBEPEHHO. NHTEHCMBHOCTbL
AN PaKUNMOHHBIX NMHUA  0B6paboTaHHOW MOBEPXHOCTU MEHbLUE, YTO 0bObsc-
HAeTCA pasfnMYHON YNCTOTOM MOBEPXHOCTN.

N3mepeHHas mukpoTBepaocTe H obpasua npu Harpyske 100 r coctas-
ngaet 12 268 H/Mm?, a Ha rnybuHe 5 MKM OT obpaboTaHHOW NOBEPXHOCTUN 06-
pasua H=10 623 H/mm2.

OcTaTo4yHble OPUEHTUPOBAHHbIE HaNPsSXKEeHUs o B obpasue onpeaens-
NNCb PEHTreHorpaduyeckMm MeTOAOM MHOrFOKPaTHbIX HAKMOHHbIX ChbeMOK

("sin2 w —MeToq) Ha andppaktomeTpe OpoH—1 B U3Ny4YeHUAX XPOMOBOro aHo-
na. Peructpauuns npodunen gndpakuMoHHbIX MHUK npoBoguniacb No TOou-
Kam — cnocobom Habopa 3a4aHHOro Ynucrna MMNynbCcoB. PacyeT HanpsKeHnn
B KOMMNO3MLUMOHHOM MaTepuare nokasasn Hanuume pacTtarnmBarolmx Hanps-
XeHnn B kapbugHon hasze: o =+244,3 H/Mm?, B Megu HanpsiKeHUs paBHbI
HY 0.

2.6. YcnoBusi CHNXeHUA TemMmnepaTypbl pe3aHus
npv wnudoBaHUn

[ns pacyeTta TemnepaTypbl pe3aHus npu WnndosaHnn crnegyeTt BOC-
Nofib30BaTbCA aHanUTMYEeCKOM 3aBUCUMMOCTbIO, MOMy4YeHHOW npod. AKMMO-
BbiM A. B. [169; 171; 172]:

0=q- |——, (2.11)
P, -VKp
F
KONMMYEeCTBO  TEenmnoTbl, MNPOXOAdLlENn 4epe3 eauHuLy  NOBEepPXHOCTU
obpabaTtbiBaeMown getanu (konbua) B eANHULY BPEMEHMN, BT/M?;

PZ — TaHreHumnalsibHaa CoCTaBnAaloLlLand Cibl pe3aHuAd, H;

rne q= MNOTHOCTb TEMMOBOrO MOTOKA, XapaKTepusyloLlero
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F —nnowaab KoHTakTa kpyra ¢ obpabaTbiBaeMbiM MaTepPUanom, M

T — BPEMS KOHTakTa (PUKCUMPOBAHHOW TOYKW, PACMONIOXKEHHOW Ha no-
BepxHOCTN obpabaTbiBaemMoro kosbLa, C Kpyrom, c;

Vet — CKOPOCTb AeTanu (konbua), M/c;

A —KoahpnumneHT TennonpoBogHocTn matepmana, Bt/(m -K);
C —yadenbHaga TennoeMKocTb MaTepuana, x/(kr-K);
p —NNoTHoCTb 06pabaTbiBaeMoro matepuana, Kr/m>.

Bpemsa KoHTakTa (pmkcnpoBaHHOM TOYKM Bpallatolieroca obpabaTbiBa-
€MOro KorbLa C TOpLOM Kpyra r onpegensetcs [88]:

T=14+70 , (2.12)
roe 74 — Bpeémd, B TeHEHNE KOTOPOro cpe3aeTcd crou npunycka TOSILLMHON
t, paBHOW rmy6uHe WnMgoBaHUs 1 onpeaensaeMon 3aBUCUMOCTbIO:

- -Doer —L
t:VﬁeT~r:VﬁeT~vﬂ—eT, (2.13)

oet

Der — AMameTp obpabaTbiBaemMoro konbua, M;

7 — BPEMsi OIHOIo BpalleHuUs KornbLa, c;
L — AnvHa gyrv KoHTaKTa Kpyra ¢ KorbLOM, M.

Mo cytn, napameTp 74 onpenensieT BpeMsi GOPMUPOBaHNSA LLIEPOXOBa-
TOCTW MOBEPXHOCTW B HanpaeneHun cKopocTu Vio:. TOMUMHLI CPEe30B OT-

AernbHbIMM 3epHaMu B JaHHOM crny4vae bonblue napameTpa LepoxoBaToCTU
MOBEPXHOCTU Ry -

Bpewmsa 7y paBHO 7 =79 — 71, TA€ 79 =L/Vpe;. B TeUEHNE BpemeHn r
npoucxoauMT cbem obpabaTtbiBaemMoro marepvana pexylwmmu 3epHamu C

TOJILWMHaMM Cpe3oB, paBHbIMU MapaMeTpy LWepoxXoBaToOCTU MOBEPXHOCTU
Rmax- 3 3TOro MOXHO 3aKni4ynTb, YTO B TEYEHME BpEMEHUN 71 pEXYyLUME

3epHa UcnbITbIBaOT BOMnbLUNE HAarpy3ku, YeM B TEHEHME BPEMEHN 7.
C yyeToM cKka3aHHOro, 3aBMCMMOCTb (2.11) MOXXHO NpeaCTaBUTb:
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P Vip _o-Q 0 -7 -Dper - Vper

Ly-b  Lyb L,
BO3HMKAIOLLLEro NpU LWNNGOBaHNN Ha y4acTKe KOHTaKTa Kpyra ¢ obpabaTtbiBa-
€MbIM KOJbLIOM ANNHOWU Lq = VneT ‘71

roe qq = — NJIOTHOCTb TenmoBOro noToOKa,

O — YCIOBHOE HanpsbkeHue pesaHus, H/m?;

Q - npousBoAnUTENLHOCTL 06paboTKM, M°/C;

b — wmnpuHa TOpLOBON NOBEPXHOCTU KOSMbLA, M;
P2 - Vip N Py - f- Vi _
L-Ly)b (L-Ly)b
BO3HMKAIOLLLEro NpU LWNNGOBaHNN Ha y4acTKe KOHTaKTa Kpyra ¢ obpabaTbiBa-
eMbIM KonbLom anvHon (L —L4);

qQo = p-f-Vi, — NNOTHOCTb TEMnoBoro noToka,

L — cymmapHas anvHa gyrm KoHTakTa Kpyra ¢ obpabaTtbiBaeMbIM KOSb-
LIOM;
P, P;,, p — COCTaBnAKOLIME TaHreHUunansHON 1 paguarnbHOW cun pesa-

HUS, a TaKkKe yaenbHoe AaBfeHne, BO3HUKAIOLEE Ha y4acTKke KOHTaKTa Kpyra
c obpabartbiBaeMbIM KornbLoM anvHon (L —L4);

f — koacpduLMEHT TpeHus kpyra c obpabaTbiBaeMbiM MaTepPUanom.

3aBucnmocTb (2.14) coctont U3 AByXx crnaraemblx. [epBoe cnaraemoe
onpegensieT TemnepaTtypy LWnngoBaHusa, obpasylolyocs Ha yvyacTke anu-
Hou L4 (ycnoBHO — Ha yyacTke pe3aHusi). BTopoe cnaraemoe onpegenset

Temnepartypy wnudosBaHus, obpasyolyoca Ha yyactke anuvHom (L —L4)

(YyCNOBHO — Ha y4yacTke TpeHust Kpyra ¢ Konbuom). O4eBmnaHo, Anst YMeHbLLe-
HUA TemnepaTypbl WwWnMgoBaHna 6 HeOH6XO0AUMO YMEHbLLUNTL MU UCKITHOYUTD
BTOpOE cnaraemoe 3aBmMcumocTi (2.14). 3To gocturaeTca 3a CYET YMEHbLLE-
HUs BpemeHn 7o — 0 1 anuHbl L (lWwumpuHbl paboyen vyacTtu Kkpyra).

Kak cnenyet u3 3aBucmmoctu (2.13), ymeHbweHne L npuBoanT K yBe-
ANYEHNIO TNYBUHBbI WNUdoBaHUS t 1 TONWWH CPe3oB OTAENbHLIMU 3epHaAMU
Kpyra Ha y4yacTtke gnvHon L4. 31O, B CBOKO oyepenb, NPUBOOUT K YMEHbLLE-

HUIO YCNOBHOINO HanpsiKeHWUsl pes3aHusi o 1 NepBoro crnaraemMoro 3aBUCUMMO-
ctn (2.14). Takmm obpasom, ymeHbLLass ANMHY OYyrM KOHTaKTa Kpyra ¢ obpa-
B6aTbiBaeMbIM KOMbLUOM [0 3HaveHusa L — L4, MOXHO CyLleCTBEHHO YyMeEHb-

WnTb Temnepatypy wnudoBaHmsa €. OnTumanbHOe 3HaYeHue ASIMHbI KOH-
TakTta L4 (onTumanbHou WrpuHbl pabodern YacTtn kpyra B) onpenensetcsa u3

3aBUCUMOCTN.
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R
Ly =Vper 71 = Ver - M2 (2.15)

et "\,
V/J,eT

N3 3aBucumocTn (2.15) cnepyet, 4Yto AnuHa L4 onpepensertca napa-
METPOM R W OTHOWEHUEM Vo /Vier. Hem Bonblue 3TN BENMUYMHDBI, TeM

bonbLue gormkHa 6bITb AnvHa L4 (wvpuHa paboyen 4actu kpyra).

AHanunaunpys 3aBucMMocTb (2.14), HETPYAHO BUOETb YBENMYEHNE TEM-
nepatypbl WNUoBaHust & C yBenmMyeHnem ckopoctu kpyra V,, BXOAsiLLel
BO BTOpOE crnaraeMoe 3aBMCUMOCTU. OTOT HebnaronpuaTHbIM hakTop, OnsaTb
Xe, MOXHO YCTpaHuUTb, Ucknoyas BTopoe cnaraemoe (7o — 0).

2.7. BnuaHue wmnpunHbl paboyen 4actm TOpLOBOro
anMasHoro Kpyra Ha nokasarenw wnucgpoBaHuUsA

N3 3aBncumocTu (2.13) cnegyet, 4To C yBenMYEeHNEM OJIMHbI oYY KOH-
TakTa Kpyra ¢ obpabaTbiBaeMbIiM KOMbLUOM L NpoucxoguT yMeHbLUEeHWE rIy-
OuHbI WnngoBaHmsa t. OToO NPUBOAUT K YMEHbBLUEHUIO TOMLWWH CPe30B OT-
AenbHbIMU 3epHaMU Kpyra, a TakKe Harpysok, JenCTBYIOLLMX Ha 3epHa, U Us-
Hocy 3epeH. CnepoBaTenbHO, MPUMEHEHME anMasHbIX TOPLOBbLIX KPYroB C
YBENIMYEHHOWN WWIMPMHOW paboyen YacTu NOTEHUMaNbHO NO3BONSET NOBLICUTD
Npon3BOAUTENBHOCTL 06PabOTKM U CHU3NTL U3HOC KPYroOB.

Kpome Toro, ¢ yBenuyeHnem wmnpuHbl paboden yactu kpyra B ysenu-
YynBaeTCcs BpeMs (POPMUPOBAHUA LLEPOXOBATOCTM MOBEPXHOCTU, YTO npea-
rnonaraet BbIMOSTHEHWE YCIMOBUSA 7 > 74 (PUC. 2.5) N YMEHbLLEeHWe napameTpa

LLIEPOXOBATOCTU MNOBEPXHOCTU Ry 5y -

BmecTte ¢ Tem, kak oTMeyarnocb B n. 2.6 N, ucxogs M3 3aBUCUMOCTU
(2.14), c yBenM4eHNEM LUMPUHBLI paboyen YyacTu Kpyra yBenuymBaeTcsl TeM-
nepaTypa WnMdoBaHus, YTO HeXenaTenbHO C TOYKN 3pEHNSA KadyecTBa obpa-
6oTkun. NMpuyem, nocnegHnin daktop (T.e. TeMmnepaTtypa wnngoBaHms) onpe-
aensieTca rnaBHbiM 06pa3oM ANWMHOM OYrM KOHTakTa Kpyra ¢ obpabatbiBae-
MbIM KOSnbUOM L (WwunpuHon paboden yacTtu Kpyra).

3 3TOro MOXHO 3aKIo4nTb, YTO C Lenbio YMeHbLUeHUs TemnepaTypbl
WwnndoBaHus, WnpuHa paboyven 4acTu Kpyra AosmkHa ObiTb orpaHuyeHa, a
perynupoBaHue npon3BOLUTESTIbHOCTbLIO, LLIEPOXOBATOCTLIO U APYrMMU MOKa-
3aTenamm o06paboTkM [JOMMKHO MPOM3BOAUTLCA 3a CYEeT BapbuMpOBaHUA
ocTarnbHbIMU NapamMeTpamu npouecca LWindgoBaHnA.
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C aTon uernbio NpoBeaeHbl 3KCNepuMeHTarnbHble UccrneaoBaHns Topuo-
BOro LNMAOBaHUA anmasHbiM Kpyrom dopmbl 12A2 45° 200x20x5 AC6
100/80 M1-01 4, xapakTepusyrLmMMCcs YBENMNUYEHHbIMWU MaMETPOM U LIK-
pPUHON pabo4en YacTu.

OnbITbl NPOBOAUNUCH C MPUMEHEHMEM MEPUOSMNYECKON INEKTPOIPO3N-
OHHOM npaBku kpyra. [locrne ycTaHOBKM Kpyra Ha CTaHOK, bOMeHune kpyra co-
ctasuno 0,25 mm. bruenne 6bino yctpaHeHo B TeyeHne 40 MUHYT C NpUMeHe-
HMEM SNEKTPO3PO3NOHHOM NpaBKW, T.e. MPOJOIKUTESTbHOCTb MNOLArOTOBKM
AAHHOro Kpyra K paboTe cywecTBeHHO yBenuimnnach no CpaBHEHUIO C Noaro-
TOBKOIA K paboTe anmasHoro kpyra 12A2 45° 150x 10x 3.

B pesynbTate npoBefeHHbIX OMbITOB YCTAHOBMEHO, YTO MPUMEHEHne
AAHHOro Kpyra no3BonsieT YBENUYUTb MPOU3BOAUTENBHOCTbL 06paboTkM U
YMEHbLUWUTL MapamMeTp LUepoXoBaToCTM MOBEPXHOCTM R, MO CpaBHEHUIO C

anmMasHbIM kpyrom 12A2 45° 150x10x 3 Toii e xapaKkTepucTuku (puc. 2.16).

HoCTUrHYTbIN 3P EKT OOBACHAETCA YyBENMYEHNEM KonmndectBa OLHO-
BPEMEHHO paboTatowmx 3epeH (T.K. NpM 3TOM yBeNMYMBaeTCH Nnowaib KOH-
TakTa Kpyra ¢ obpabaTbiBaeMon geTarnblo) U yBENMYEHNEM CKOPOCTU Kpyra
BCNeacTBMe yBENUYEHNS ero anameTtpa.

Ra, Q’3
MKmA MM™ A

"400} %
“ 200+ // 7 /

1 /.
0,2 //Ra// Q / Ra /

y / Q:
oL vk

Kpyr 200x20 Kpyr 150x10

%
7/

/]

Puc. 2.16. 3HayeHus napameTpa LLepoOXoBaTOCTU NOBEPXHOCTU R,

U npousBoanUTenbLHOCTN 06paboTku Q npu wnucdpoBaHuUU
Ycnosusi o6pa6omku: anmasHble kpyru: 12A2 45° 200x20x5x32 AC6 100/80 M1-01 4;
12A2 45° 150x10x3x32 AC6 100/80 M1-01 4; Vyer = 30 m/MuH; Py, = 70 H/cwm?
7 =4 muH; COX — 3-npoueHTHbIn pactBop NaaNOs.

OnbiTamMn Takke YCTaHOBNEHO YMEHbLLUEHNE BEMNYNHBI 06pa3yoLLnXcs
3ayceHueB (puc. 2.17) B CBA3M C YMEHbLUEHNEM TOSLLNH CPe30B OTAENbHbIMU
PEXYLUMMN 3epHaMU anMasHOro Kpyra, 4Yto MMeeT 4Ypes3BblHanHO BaXXHOe
npaktnyeckoe 3HaveHue [93]. [nsg okoHYaTenbHOro ycTpaHeHns 3ayCceHLeB U
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dopmMmupoBaHuss pacok Ha obpabaTbiBaeMon getanu nocne wnndoBaHus
paspaboTtaHa 3adpdeKTUBHAA TEXHOSOMMA, OCHOBaHHasi Ha WCMOSIb30BaHUK
LWNrdoBanbHOro NOsIoTHa ONTUMarbHOW XapakTEPUCTUKN N peanusyemasi Ha
CBEPMNITBHOM CTaHKe.

Puc. 2.17. Cxema pacnosioxeHus 3ayceHLeB
YcrosHblie 0603HayYeHusi: 1 — HepXxaBewwasa cranb;, 2 — KOMMNo3uuus "TBepabln cnnas
"Pennt" — meagp"; 3 — 3ayceHupbl.

Bmecte ¢ Tem, npun wnmgoBaHMM SaHHbIM KPYromM BbisiBfiEHbI HOBblE
3aKOHOMEPHOCTW, KOTOpble OTCYTCTBOBanu npu wWMgoBaHUM anmMasHbIiM
Kpyrom 12A2 45° 150x10x 3, — 9TO NOsSIBNEHME CrneaoB BUOpaUnin N NpmKo-
roB Ha o6paboTaHHbIX NoBepPXHOCTAX. [MogBNeHne NPUXOroB CBA3aHO C yBe-
nMyeHnem TemnepaTtypbl WNGOBaHNA, YTO COrfacyeTcsa ¢ TeopeTUyecKnmMm
peLleHns MU, BbITEKaOLWMMU N3 3aBUCUMOCTH (2.14).

B xone npoBedeHUss 3KCNEPMMEHTOB OLIEHMBASIOCh BIIMAHME CKOPOCTU
BpalleHusi obpabaTbiBaemoro konbua Vper Ha nosiBfeHune npwxoros. Vame-

HeHne V,o; B AOBOJIBHO LUMPOKMX Npenenax (o 100 M/MMH) He NO3BONWUNO
YCTPaHWUTb MPUXOrU, XOTS napameTp Vo.; BXOOMT B 3HameHaTesflb MepBoro

cnaraemoro 3aBuMcuMoCTU (2.14) u ero yBenuvyeHue OOSMKHO NPUBECTU K
YMEHbLUEHUIO TemnepaTtypbl LWAMQOBaHNA U UCKITOYEHUIO obpa3oBaHnd
NpWKOroB. VI3 aTOro MOXHO 3aKr4ynTb, YTO B DOPMUPOBaHUM TeMnepaTypbl
lwnudoBaHna NpeobnagaeT BTopoe crnaraemoe 3aBucumMocTtn (2.14), T.K. npu
WNOBaAHUM  anMasHbIM KPYroM C MeHbLlen LUpuUHOM paboden 4vacTtu
(B =10 mm) npuxorn otcytctBoBanu. CnegoBaTteribHO, 3a CHET YMEHbLUEHUS
LUMPUHBI paboyen YacTu Kpyra peluaeTcsa BaXKHas 3agadva CHUXEHUa Temne-
paTypbl WIM(OBaHNA N UCKITIOYEHNSA MPUKOIOB.
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MNosiBNeHve cnegoB OT BubOpauuin Ha o6paboTaHHOM MNOBEPXHOCTU
KOnbLia Takke CBSI3aHO C YBENVYEHMEM LUMPUHbLI paboyert YacTu Kpyra u no-

SIBIIEHNEM COCTaBMSALWEN TaHreHUManbHON CUnbl pe3aHus P; (no cytwn, cu-
nbl TPEHUS), KoTopas npu WNNGOBaAHUM anMasHbIM KPYroM C MeHbLUEN K-
puHon paboyen yactn (B =10 mm) oTCcyTCTBOBana v He NpuBOAUIia K BO3HUK-
HOBEHWIO BUOpaunn.

Takvum obpa3om yCTaHOBMEHO, YTO NMPUMEHEHNE TOPLIOBOro arMasHoro
kpyra 12A2 45° 200x20x5 npuBENo K YXyALIEHUIO kKadyecTBa o6paboTku. Mo-
9TOMY AN MPaKTUYECKOro UCMONb30BaHUA pekoMeHOyeTCcs TOopuOoBbIM an-
Ma3HbI kpyr 12A2 45° 150x 10x 3, uckntoyarowmin obpasosaHue Ha o6pabo-
TaHHbIX NOBEPXHOCTAX CneaoB BMOpauunm 1 Npmxxoros.

2.8. KcnepuMeHTarbHble UCcreaoBaHUSA NTOCKOro
anmasHoro wnudoBaHMs TOPLOBbIX MOBEPXHOCTEMN
pennToBbIX YNJIOTHEHUN

OKCnepuMeHTanbHO YCTaHOBMEHO, YTO NpuMeHeHne OOblYHbIX abpa-
3MBHbIX KPYroB Ha onepawuuM YepHOBOro MMOCKOro LWnngoBaHna TOPLOBbIX
paboynx NOBEPXHOCTEN PENUTOBLIX YMNNOTHEHWA CO CbEMOM OTHOCUTENbHO
B6onbwunx npunyckos (4o 1,5 Mm) okaszanocb ManoaddekTmaHbIM [92; 149]. B
pesynbTaTte MHTEHCUBHOIO U3HOCa abpasnBHOro Kpyra dgaktuyeckas rnybuHa
wnndosaHus 6bina B 3 pasa MeHblIe HOMUHANbHOW rMyOuHbI WNNGOBaHUS,
ycTaHaBnmBaemMon no nMmoby ctaHka (puc. 2.18). OTo CHWXKaeT Npon3Boaun-
TenbHOCTb 06paboTKw.

ts A Q103A
MM Mm3
MWH
0,06 1 40
30 ¢+
0,04 {
21 WL
0,02 10 > ﬁ}
] 1 7 Z
0 0 HomuHanbHble ®aKkTUyeckue
3HayeHus 3Ha4YeHusA

Puc. 2.18. HoMuMHanbHble U pakTUYeCKMe 3Ha4YeHUA rMyouHbI

wnudoBaHusa t 1 nponsBoanTenbHOCTU 06paboTkn Q
Yenosusi ob6pabomku: t = 0,06 MM; Vyer = 20 M/MUH; Spon = 0,02 mm/xof; Vi, = 34 M/c.
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Kpome Toro, Bcrneacteme 3HaYMTESbHbIX OUHAMUYECKMX Harpys3oK (npwu
nakeTHon obpaboTke TOPLOBbLIX YNSIOTHEHUA UMEST MECTO YaapHbIN Xapaktep
B3aMMOLENCTBUSA Kpyra ¢ obpabaTtbiBaeMbiMU YMNNOTHEHUSAMN) PE3KO YXYya-
LIAnoCb Ka4yecTBO M TOYHOCTb 0bBbpaboTkn. Bce aTto notpeboBano nposene-
HUSA 3KCNEPUMEHTanbHbIX MCCregoBaHUN npouecca WngoBaHus anmasHbl-
MU Kpyramu Ha MeTanimyeckmx cBs3sKkax.

lMockonbKy npu WnNUdOBaHUM Ha MNIOCKOWNNGOBaNbHOM CTaHKe WC-
nonb3oBasnca rabapuTHbIn abpasnBHbIA Kpyr auameTpoMm 450 MM 1 BbICOTOM
60 MM, onsa peweHna 3agaydnm ero 3pdPEKTUBHON 3aMeHbl ObiNM UCMbITaHbI
rabapuTHble anmMasHble Kpyru Ha MeTanfMdeckux CBsi3kax AnamMeTpoMm
400 mm n BoicoTon 40 mm (cBaskn M1-01 n M2-01).

Mpn ycTaHOBKE AaHHbIX ariMasHbIX KPYroB Ha CTaHOK, Habnoganochb nx
3HauyuTenbHoe dmnenue (0o 0,3 mm). MNonbITkKM yCTpaHUTb Takoe Bornbluoe ou-
€HMe MPUMEHEHMEM MEXaHUYECKOM NPaBKM He MPUHECNN MNOSTOXUTESbHbIX
pes3ynbTaTtoB. B cBA3M C 3TUM Bbinia UCnonb3oBaHa TEXHOMOMS 3NEKTPO3PO-
3MOHHOWM MnpaBku. [Na 3TOro NnoCKOWNUAGOBarnbHbI CTaHOK Obln MOAEPHMU-
31MpOBaH: NpPou3BeAEHa JNEKTPOM30NAUNSA WNUHAENS CTaHKa OT afiMas3Horo
Kpyra. B KadecTBe WCTOYHMKOB TEXHOSOrMYECKOro TOKa WCMOofb30oBannch
cneunanbHble BbIMPAMUTESNL UM reHepaTop WMMyNbCHOro Toka. Paboyee
HanpsbkeHue Bbinpamutens — U = 25 B, reHepatopa — U = 36 B (ckBax-
HOCTb — 1,2; MakcMmarnbHasa cuna Toka — lmax = 100 A). B kadecTBe npassie-
ro anekTpoAa nucnonb3oBanmcb 6pycku n3 ctanu 45, kotTopble yKrnaabiBanucb
Ha CTore CTaHka.

Ha puc. 2.19 npuBegeHbl 3KCNepUMeEHTanbHble OaHHblIE NPOAOITKU-
TENbHOCTWN npouecca dNEeKTPOIPO3NOHHON NPaBKM 7 U ariMasHbIX KPYros Ha
mMeTannudecknx ceaskax M1-01 u M2-01 ¢ npumeHeHuMem BbINpAMUTENS
(U = 25 B) n reHepaTtopa umnynbcHoro Toka (U = 36 B). Kak BugHo, npoaon-
XUTENbHOCTb Npouecca yCcTpaHeHna OMeHNa anmasHoro Kpyra Ha meTtannu-
yeckomn csaske M2-01 3HauntenobHo 6onbie M1-01.

[MpyMeHeHne reHepaTopa MMMYfbCHOMO TOKa, rMaBHbiM oObpa3oMm 3a
CYEeT yBeNuUYyeHnsa B HeM pabodero Hanps»KeHUs, No3BONAET YMEHbLUNTb MPO-
AOIMKUTENbHOCTL 3NEeKTPO3PO3MOHHOM MPaBKN.

YcTpaHeHne BMeHns anmasHoro Kpyra Ha MeTtasnimnyeckon CBA3ke ume-
€T UCKIMIOYNTESNTbHO Ba)XHOE 3Ha4YeHue nNpu NoaroToBke ero Kk pabote. [oaTo-
MYy B npoLecce npasku Nnepmogmyeckn NpoBepsifiocb COCTosiHNE paboyen no-
BEPXHOCTM arimMasHoro kpyra nytem wWnudoBaHUA anektpoga una cranuv 45.
[MpaBka nponsBogmnackb 4o TexX rnop, noka npu WingoBaHnMn He 4OCTUranoch
BbICOKOE KayecTBO 0b6paboTaHHOM NOBEPXHOCTU (OTCYTCTBOBaNM crnenbl bue-
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HMsi, obecneunBanacb paBHOMEPHasi MOBEPXHOCTb MO Bcewn nnowann obpa-
BGoTaHHOM MOBEPXHOCTN).

A
T,MHWH

240 1
180 1

1201 —1 =

=25B

604 U U=368}
NS =7

Cssaska M1-01 Casaska M2-01

Puc. 2.19. NMpoaonmknTesibHOCTb 3JIEKTPO3PO3UOHHOMN NpaBKU
anmasHbix kpyroB 1A1 400x 25 Ha meTannnyecknx
cBsskax M1-01 v M2-01

MeTannunyeckasa csaska M2-01 teepxe n npodHee ceaskm M1-01. lMo-
9TOMY KayeCTBO MpaBKWM 3TOro Kpyra Oblno HUXe, 0 YeM CBUOETENLCTBOBANM
pesynbTaTbl UCCeOBaHUM KadecTBa LWNNGOBaHHbLIX NOBEPXHOCTEN obpas-
LoB 13 ctanu 45. Heob6xoanMo OTMETUTL, YTO NPU MEXAHNUYECKOWN NpaBKe ny-
TeMm wnmngoBaHNa Ha NMOCKOLWNGOBANIbHOM CTaHKE OTHOCUTENbHO 60Sib-
LUMX NO Nnowaan NnoBepxHOCTEN TOPLIOBbLIX YNAOTHEHUA U3 TBEPAOro crnaea
"Penunt" gocturanocb BCe e HEKOTOpPOe YCTpaHeHne paguanbHoro bueHus
anmMasHoro kpyra Ha cssaske M1-01. AnmasHbin Kpyr Ha cBaske M2-01 npaBske
He nogpasarncd. B pesynbTate B TEXHOMOMMYECKOW CUCTEME C TEeYEeHUeEM
BPEMEHUN cO34aBasriCa HaTAr, CyLWeCTBEHHO BO3pacTana Harpyska, 4To npu-
BOOMIO K paspyLUEeHNO ariMa3OHOCHOIO Crod Kpyra (OTcranBaHuilo YyacTu an-
Ma3HOro Criost OT Koprnyca Kpyra).

[Mpn wnndoBaHuUm anmasHbIM KPYrom Ha meTannmyeckon caaske M1-01
C NPUMEHEHNEM HEMPEPLIBHOW 3NEKTPOIPO3NOHHOM NpPaBKM (C TOKOM) NPoun3-
BOAUTENBHOCTb 06paboTkn Q ¢ Te4YeHMeM BpeMEHU LNNGOBAHNSA NOYTU HE
ymeHbLumnach (puc. 2.20). MNpu wnudoBaHum 6e3 Ncnonb3oBaHUA ANEKTPO-
9pO3NOHHOM NpaBkn (6e3 Toka) HabnganoCb YMEHbLUEHME NPOU3BOANTESb-
HOCTN 0OpaboTKM BO BPEMEHU, OOHAKO HE CTOSb CYLLLECTBEHHO.

Mpy wnudoBaHMM anmasHbIM KPyrom Ha 6onee npo4vHoOM meTannunye-
ckon cBsaske M2-01 npousBoanTENBbHOCTL 0O0PaboTKkM C TEYEHMEM BPEMEHU
YMeHbLUanachb Kak ¢ NnpMMeHeHneM HenpepbIBHOW 3S1IEKTPOIPO3NOHHOWN NpaBs-
Kn (C TOKOM), Tak n 6e3 Hee (6e3 Toka). [1pn aTOM NPomn3BOANTESNBEHOCTL Obina
HWXEe NPOU3BOAUTENBHOCTU WIM(OBAHUA anmMasHbIM KpyroMm Ha CBSA3Ke
M1-01 (puc. 2.20).
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Puc. 2.20. 3aBUCUMOCTHN NPOU3BOAUTENIBHOCTU 06paboTkm Q

OT NPOAOITXKXUTENIbHOCTU mﬂMd)OBaHMﬂ T
Ycnosusi obpabomku — anmasHble kpyrm 1A1 400x25x6x203 AC6 200/160 4;
t = 0,05 MM; Vger = 15 M/MUH; Spon = 0,02 mm/xon; Vi = 30 M/c; 1, 2 — meTannunyeckas
ceaska M1-01 (1 — ¢ Tokom, 2 — 6e3 Toka); 3, 4 — meTannuyeckas caaska M2-01 (3 — ¢ To-
KoM, 4 — 6e3 Toka).

OueBnaHO, NPUMEHEHME anmasHOro Kpyra Ha npo4yHom cesaske M2-01
Bbonee NpeanoYTUTENBHO C TOYKM 3PEHNSA CHUXKEHUS pacxoda anmMasa, ogHa-
KO, OaHHbIN anmasHbli Kpyr obnagaeT HU3KOM pexyllen CnoCOBHOCTbIO U
obecneumBaeT MeHbLUYO MPOU3BOANTENBHOCTL 06paboTkK, YeM anmasHbin
Kpyr Ha cBsaske M1-01 n abpasmBHbIn Kpyr. [loaToMy npegnoyTeHne cnenyet
oTAaTb anMasHoMy Kpyry Ha cBsske M1-01, koTopbin TpebyeT MeHbLUMX 3a-
TpaT BPEMEHU Ha npaBKy; bonee ANUTENbHOE BPEMS COXPAHSAET PEXYLLYHO
CMOCOBHOCTb M MOXET ObITb UCMONb30BaH Kak C MPUMEHEHMEM, Tak U 6e3
NPUMEHEHNS HENPEPbBIBHOW 3N1EKTPO3PO3NOHHON NpaBku. Kak nokasanu npo-
Be[EHHbIE OMNbITbl, 3TOT KPYr MOXHO 3d0(EKTUBHO UCMOMb30BaTb B peXume
nepuoanyeckon npasku.

OagHako npu 3TOM HeobXxoaAMMO MPOU3BOAUTL AOCTATOMHO MHTEHCUB-
HYI0 3MEKTPO3PO3MOHHYIO MpaBKy, YTOOblI pexylime 3epHa BbICTynanu Ha
3HAYUTENbHYIO BbICOTY, TOr4a CTOMKOCTb ariMasHoro Kpyra Mexay npaskamu
Bo3pacTeT. B TeyeHne nepuopa CTOMKOCTU anMasHbI Kpyr COXpaHsieT [O-
CTaTOYHO BbICOKYH PEXYLLY CNOCOBHOCTb.

Ha puc. 2.21 npuBeaeHbl aKcnepuMeHTanbHO YCTaHOBMNEHHbIE 3aBUCK-
MOCTM npou3BoaMTENbLHOM 00paboTkm Q m yaenbHOro pacxoga anmasa q,
NONyYEHHbIE NMPU MHOFONPOXOAHOM W NyBUHHOM LWinndoBaHun. B ycnosmax
MHOronpoxoaHoro wnmdoBaHnsa ¢ OOSIEBOM MPOAOSLHOW Nogayen, paBHOM
0,9 BbICOTHI Kpyra, yaanocb peann3oBaTb 3Ha4YeHUs rnybuHbl t = 0,1 mm. MNpwu
9TOM PaKTU4eCKoe M HOMMUHASIbHOE 3HAaYeHUs rMyOuHbl WNNGOBaHMUSA OTNN-
yanucb He 6onee 20 %. lNMpn abpas3nBHOM LWINNGOBAHUN C HOMMUHAIIbHOM
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rnybuHon wnungosaHna t = 0,06 mm dakTmnyeckasa rnybuHa wnmgoBaHus co-
ctasuna 0,02 mm (B CBA3U C N3HOCOM abpasmnBHOIoO Kpyra).

q, Q10
mr/r 'V'_M3 /|
MWH
2!0“ 40
1/
1,54+ 30
2
1,0+ 20 7 e
0,5 10 /

0 0 0,05 0,1 t, MM
a
q, Q-10’
mr/r| mme
MUH
2!0“ 40
1,54+ 30 -
2
1,04+ 20
1/‘
0,5+ 10 /
Z
0 0 0,1 0,2 0,3 t,Mm
o

Puc. 2.21. 3aBucumocTun yaenbHoro pacxoga anmasa q (1)
U Npon3BoAUTENbLHOCTU 06paboTkn Q (2) oT rMyO6uHbI WnudgoBaHus t

NnpyY MHOronpoxoaHom (a) n rmyéuHHom (6) wnudoBaHum
Ycnosusi obpabomku: anmasHbii kpyr 1A1 400x25x6x203 AC6 200/160 M1-01 4;
Vip = 30 M/C; Spon = 0,02 Mm/x0; @ — Viaer = 15 M/IMUH; 6 — Vyer = 5 M/MUH.

CnepoBaTtenbHoO, WNMgoOBaHWe anMasHbiM KPYroM Ha MeTansiMyeckomn
cBaske M1-01 nosBonseT yBennuuTb QakTUYecKyto ryounHy LnmdoBaHmS.
OpHako, abpasunBHbIN Kpyr nMeeT 60sbLyo BbICOTY paboyven yactn — 60 Mm,
TOraa Kak anmasHbli Kpyr — 25 mm 1 40 mm. 3a c4eT 3Toro abpasmBHbIN Kpyr
MMeeT BbIUMPbILL MO MPOU3BOANTENBHOCTU A0 2-X pas, HO C Y4E€TOM MEHbLUNX
3Ha4YeHUn pakTnyeckon rnyouHbl WNMdoBaHMS NPOU3BOAUTENBHOCTL abpa-
3MBHOro wnugoBaHna byaeT MeHbLUe.
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Ewe 6onee BbICOKYIO NMPON3BOANTENBHOCTL 06PaboTKM MOXHO OOCTUYb
npy WwnmMdoBaHum ¢ yBenuyeHHbiMn rinyduHamm pesanus (0,1 — 0,3 Mm) 1 oT-
HOCUTENbHO HEBOMbBLLOWN CKOPOCTLIO AeTann (=~ 5 M/MuH), puc. 2.216. B aTux
YCMOBUSIX NPOUCXOANT YMEHbLUEHME YAENbHOrO pacxoda anmMasa q.

Ha puc. 2.22 npuBegeHbl rpaukn nameHeHna napamMmeTpa LepoxoBa-
TOCTM MoBepxHOoCTU R, B 3aBMCUMOCTU OT rnybuHbl wnudosaHua t. MNapa-

METP Ra Mano U3MeHdAeTCHd C U3aMeHeHneM t, XoTa TeHOeHUUs ero yBesnn4ye-
HWA C yBEJTUMEHUEM t HabnopgaeTcsa.

R,
MKM
1,5

1,0

0,5

0 0,05 01 t, Mm

Puc. 2.22. 3aBucmmocTb napameTpa LiepoxoBaToOCTU NoBepXHOCTU R,

OT rny6uHbI wnudoBaHus t
Ycnosusi obpabomku: anmasHbin kpyr 1A1 400x25x6x203 AC6 200/160 M1-01 4;
Viaer = 15 M/IMUH;  Son = 0,02 mm/xog; Vi = 30 m/c.

Heobxognmo OTMeTUTb, YTO B npouecce LWnngoBaHna OOCTUratoTCs
AO0CTaTOYHO Borblume 3HadYeHnss R,. 31O cBA3aHO € 3PdEKTOM dMNEKTPOIPO-

3MOHHOM npaBku, obecneynBaroLen 3HAYNTENBHOE BLICTYMNaHWE 3epeH Hapg
YpOBHEM cBs3kW. [pn abpasmBHOM LUNNEGOBaAHUN NapamMeTp LLepOXoBaTOCTH
MOBEPXHOCTM R,, KaK yCTAaHOBNEHO 3KCMEPUMEHTanNbHO, HECKOMNBbKO MEHbLLE

n coctasnsiet 0,8 — 1,1 mkm. OgHako nocne abpasnBHoro wnudoBaHus 0b-
paboTaHHasi MOBEPXHOCTb XapakTepudyeTca 6onee HU3KOW TOYHOCTbLHO
(MNOCKOCTHOCTLIO) B CBSA3M C MHTEHCUBHBLIM M3HOCOM abpasuBHOIO Kpyra u
N3MEHEHMEM reOMEeTPUYECKMX NapamMeTpoB ero paboven 4actn BO BPEMEHM.
PasmepHasa CTOMKOCTb aniMasHOro Kpyra Ha mMeTanin4yeckon cBs3ke ropasgo
Bbllle, YeM abpasMBHOro Kpyra, 4YTo genaeT MepcrnekTMBHbIM Nepexoq Ha
anmasHyto obpaboTky.

[MpoBOANNUCE 3KCNEPUMEHTarbHbIE UCCNEA0BaHNSA aniMasHOro M0CKOro
LWNMdOBaHNA TOPUOBLIX MOBEPXHOCTEM KOMeL W3 KOMMNO3UMUMK «TBepabl
cnnas "Penut" — HepxaBetowas ctanb". COOTHOLWEHME nnowagen TeBepaoro
cnnasa "Penut" n ctann — 1: 3,7. B 3TUX yCcnoBusax anmasHbIi Kpyr Ha meTarn-
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nnyeckon ceaske M2-01 yepe3 HECKONbKO MUHYT paboTbl TEpSn pPexyLlyto
CMOCOBHOCTb Jaxe Npu MUCNONb30BaHUM HENPEPbLIBHOW 31EKTPO3PO3NOHHOM
npaBkn. AnmMasHblin Kpyr Ha cBaske M1-01 ¢ npumeHeHneM HenpepbIBHOM
9NEKTPO3PO3NOHHOM MpaBkM paboTan JOBOMBHO CTabunbHO, XOTH Habnwaa-
NoCb 3acanuBaHue Kpyra CTanbHOW CTPYXKoW. OTo TpeboBano AononHUTEmNb-
HOW MepuoanNYECKON INEeKTPO3PO3NOHHOM MNpaBKU, WCMONb3ys B KavecTse
anekTpoaos obpasubl N3 MeHee nNpoyHom ctanu 45. B gaHHOM cnyyae npous-
BOAUTENBHOCTb 06paboTkM Bblfia HECKONBbKO MEHbLUE, YeM Mpu WNdoBaHUK
TBepgoro cnnasa "Penut" (6e3 ctann), ogHako bonblue, Yem npu 0bbIYHOM
abpasnBHoM wnudosaHmMn. Takum obpasom, Ha OCHOBE NPOBELEHHbIX UCCIe-
AOBaHMN [OKa3zaHa MNepCrneKkTMBHOCTb LWNndoBaHna pabounx noBEpPXHOCTEN
TOPUOBbLIX YNSIOTHEHUM M3 TBepLoro crnsiasa "Penut" ¢ npumeHeHnemM anwas-
HbIX KpyroB anameTtpom 400 mm Ha meTannudeckom ceaske M1-01 n nepuoan-
YEeCKOW 3NEeKTPO3IPO3NOHHOM NPaBKM.

2.9. CebecTonmocTtb 06paboTkun npu wnudoBaHumn
TOPLOBbIX PENIUTOBbLIX YNNOTHEHUN

Kak n3BeCTHO, CTOMMOCTb afiMa3HOro Kpyra MHOrOKpaTHO MnpeBbillaeT
CTOMMOCTb abpasunBHoro kpyra. NMoatomy 06 3ddeKTUBHOCTU MPUMEHEHUS
anmasHoro wnudoBaHus B3aMeH abpasnBHOMO MOXHO CyAWTb MWL MNocne
pacyeTa n aHanusa cebectoMmocTn obpaboTkM OABYX CpaBHMBAEMbIX Bapu-
aHToB. B cBA3M C 3TUM, BaXXHO onNpeaenuTb onTuMarbHble ycnosusa obpaboT-
KW, MpuU KOTOPbIX 9MPEEKTUBHO MNpUMeHeHMe anmasHblx Kpyros 1A1
400%x25x60 AC6 200/160 M1-01 4 Ha onepaunn YepHOBOrO MNSIOCKOro LUSIN-
¢ooBaHMSA TOPLOBbLIX PESTIUTOBLIX YNSTIOTHEHI [87].

[ns aTtoro cnegyeTt BOCMOMb30BATLCA pacyYeTHOM 3aBUCUMOCTbLIO 4114
onpegenenust cebectommocTn obpaboTkm C, NONy4YeHHOW Ha OCHOBE Teope-
TUYECKOro nogxoaa, npeanoXxeHHoro B pabote [146]:

C=n1't0'(81'2'k+¥} (216)

rae nq — KonmyecTBo obpabaTbiBaeMbix geTaneu;
ty — ocHoBHOe BpeMs 06paboTkm ogHOW AeTanu, Yac;
S, — TapudHas ctaBka paboyero, rpH/4ac;

Z — KO3(h(PULUMNEHT, YyYMTbIBAKOLLMIA OONK0 BCMOMOraTenbHOro BPeEMEHM
Ha 06paboTKy ogHOM AeTann No OTHOLUEHUIO K OCHOBHOMY BPEMEHMU;
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K — KoahUUMEHT, YyYNTbIBAKOLLMA BCEBO3MOXHbIE HadYucneHma (Hano-
M) Ha 3apaboTHyto Nnaty paboyero;

Ll— ueHa ogHoro Kpyra, rpH;

T — nepuog CTOMKOCTWU Kpyra OO €ro nosiHoro musHoca (Bpemsi paboTbl
Kpyra B MeTanse), 4ac.

[ins OByX CpaBHUBAEMbIX BapuMaHTOB abpasvBHOrO M anmasHoro Luu-
doBaHua nepBoe cnaraemoe (cTosiiee B ckobkax) n napameTp Ny OAMHAKO-

Bbl. [lepeMeHHbIMK ABNAIOTCHA BTOpPOe crnaraemoe (ctosiwee B ckobkax) n oc-
HOBHOe Bpems 0bpaboTkn ogHon fetanu tp. [na anmasHoro wnudoBaHus

OCHOBHOe Bpemsi 06paboTkM ogHOW AeTanu ty, Kak oTmeyanoch Bbiwe, B 3
pasa MeHblue, YeM gnga abpasmBHoro wnmdgosaHund. NoaTomMy npu ycrnosum
C =const BTOpoe cnaraemoe L|/T gomkHO yBenuuntbes. CTeneHb yBenu-

YeHUs1 3aBUCUT OT BENUYUHbLI NepBoro craraemoro. O4yeBngHoO, Yem BornblLue
nepBoe crnaraemoe, Tem 6onblue cTeneHb yBenn4yeHnsa BTOPOro criaraemMoro.

[laHHOEe pelueHne BbITEKAET U3 NpeobpazoBaHHOM 3aBUCMMOCTH (2.16),
paccmaTtpmBas B Hen Ay =s4-z2-K; A, =L/T:

_c
n1'S1'Z'k

:Cozto-(nﬁ} (2.17)
A1

MNpun ycnosum C =const 3aBucumoctb dyHkumn (1+ A, /A4) OT OCHOB-
Horo BpemeHn obpaboTkn ogHou aetanu tg npeacrasneHa Ha puc. 2.23.

[
»

0 to

Puc. 2.23. 3aBucumoctb pyHkumum (1+ A,/ A4)
OT OCHOBHOrO BpeMeHu o6paboTkn oaHoun aetanum t,

C ymeHblueHneM BpemeHu tp dyHkums (1+A,/A4) yBenunynsaertcs,
T.e. yBenuunBaetcs napametp A, npu 3agaHHom 3HayeHun A4. C yBenuye-
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Huem A4 napametrp A, yBenuumBaeTcsd, Tak Kak 3HadveHue (1+A,/A4)
HensmeHHo. Ecnu napameTp A4 =0, To 3aBucMMoOCTb (2.17) NnpumMeT BuA;

C=n1°to°%. (218)

C yMeHblLeHnemM OCHOBHOIO BpemeHn obpaboTku ogHou getanu tp B
3 pasa, npu ycnosun C = const, cooTHoweHne L/ T OOMKHO yBENUYNTLCA B

3 pasa. dunanyeckmin cMmbiCn JaHHOro peweHna CoCTonT B TOM, YTO MO 3KCre-
puMeHTalibHbIM OaHHbIM TPU a6pa3|/|BH0|v| LLIJ'IVICbOBaHI/II/I COOTHOLUeHNne

L 130 PH _ 5 TPH
T 10 yac  vac
Mpn anmasHoM wnudgoBaHmMM cooTHoweHne LI/T B 3 pasa GonbLue.

CnepoBaTenbHO, C Y4€TOM TOro, YTO LieHa anmasHoro kpyra B 10 pa3 60nb-
we abpasunBHOro Kpyra (L4 =1500 FPH), ero CTOMKOCTb

~ 1500 rpH
3-15 rpH
3a NPeBOCXOANTb abpasnBHbLIN KPYT.

[Mpy oOuHakoBOW MPOU3BOAUTENBHOCTU anmasHoro M abpasmBHOro
LWNNOBaHUA CTOMKOCTb ariMasHoro kpyra gormkHa 6bitb B 10 pa3 6onbLlie
CTOMKOCTW abpasnBHOro Kpyra.

BaxHo onpepenuTb 3HayeHMe CTOMKOCTW anmasHoro kpyra T, korga
A4 >0. Ina sToro Heobxoanmo paspeLLmnTb 3aBUCUMOCTb (2.16) oTHOCUTENb-

T =33 4ac, T.e. N0 CTOMKOCTU anMasHbIn Kpyr JormkeH B 3,3 pa-

Ho napameTpa T, Torga:

T= H . (2.19)

C
-S4-2-K
ny-to

[ns onpegeneHnst CTOMKOCTU anmMasHoro kpyra T B 3aBMCUMOCTU
(2.19) Heobxoaumo 3agaTb 3Ha4YeHne cebectommocTn obpaboTkm C, koTopoe
Hen3BecCTHO. [1oaToMy crnefyeT pacCMOTPETb Criydan, Korga 3HadeHust cebe-
CTOMMOCTM abpasnMBHOIro M anMasHoro wnndgoBaHus pasHbl. Toraa C onpe-
Aenutca u3 3asmcumocTtn (2.16) gna abpasusHoro wnudosaHua (Sq=5,6

rpH/yac; k =1,6; nqy =30; tg =0,3 vac; L/ T =150 rpH/yac):

C=30-0,3-(269+15)=377 rpH. (2.20)
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[MoactaBnas B 3aBucMMOCTb (2.19) Te Xe 3HayeHMa napameTpoB
Sq, Kk, z, ny n tg =0,1yac, C =377 rpH, onpegeneHa CTOMKOCTb arMasHoro

kpyra T =15,2 yac. Kak BngHoO, 3Ha4yeHns cTomkoctu T anmasHoro u abpa-
3MBHOrO KPYroB OTNNYalOTCHA HE3HAYUTENBHO, HECMOTPS Ha TO, YTO MO CTOU-
MOCTM anmMasHbin Kpyr B 10 pa3 gopoxe abpasmBHOro.

Ecriv npu A, =0 cromkocTb anmasHoro kpyra T =33 4ac, To npwu
A4 =26,9 rpH/4ac CTOMKOCTb anmasHoro kKpyra T MeHblue U cocTaBnsaet
T =15,2 yac. Takum obpa3om nokasaHO, YTO 3a CYET NepBOro craraemoro
(cTosiwero B ckobkax) B 3aBMCMMOCTU (2.16) CTOMKOCTb anmasHOro Kpyra
MOXET 3HAYNTENTbHO N3MEHSATBLCS.

Hanpumep, ecnn ysenuuntb cnaraemoe A4 B 3aBucumocTn (2.20) go
3Ha4yeHuna 50 rpH/yac (BmecTo 26,9 rpH/4ac), To cebecToMmocTb abpasnmBHOro
wnudosaHua byget paBHa C =585 rpH. CoOTBETCTBEHHO CTOMKOCTb anmas-
Horo kpyra T, mcxogsa u3 3asucumoctn (2.19), paBHa T =8,92 vac, 4TO
MeHbLUe, YyeMm ana abpasmnBHoro kpyra. ['padmnyeckn 3aBUCUMOCTb CTOMKOCTU
anmvasHoro kpyra T ot napameTpa A, nokasaHa Ha puc. 2.24.

T, yvact
40-
307
20-
101

[
»

0 25 A1, rpH/yac 50

Puc. 2.24. 3aBUCUMOCTb CTOMKOCTU anmasHoro kpyra T
oT napameTpa A,

Takum obpasom, pacyetaMmm YCTaHOBIEHO, YTO ANl MPUHSTLIX YCIOBUIA
06paboTkM CTOMKOCTbL anmMasHoro kpyra (npu ycnosum A4 =26,9 rpH/yac)

AormkHa Bcero B 1,52 pasa npeBbllaTtb CTOMKOCTb abpa3nBHOro Kpyra — npu
oamnHakoBoun cebectommocTn obpaboTkm C. Ecnu cTOMKOCTb anmMasHoro Kpy-
ra T 6yneTt 6onblie, 3TO NpuBeAET K YMEHbLUEHUO cebecTtonmocTn obpa-
6oTkn. [JaHHble pacyeToB Ha OCHOBE 3aBMCUMOCTU (2.16) rpadmnyeckn rnoka-
3aHbl Ha puc. 2.25. Pac4yeTHasa 3aBUCMMOCTb MMeEET BUA;:

1500
C=30-01269+——— |. (2.21)
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Puc. 2.25. 3aBucumocTtb cebectommocTn obpadotku C
OT CTOMKOCTU anmasHoro kpyra T

Kak BngHo, npu yBenuyeHmn CTOMKOCTM anmasHoro kpyra T ¢ 15,2 go
100 vac (T.e. B 6,57 pa3s) cebectoumocTtb 06paboTkn C ymeHbluntcs ¢ 377 oo
125,7 rpH (T.e. B 3 pasa). Hanbonee cyLlecTBeHHO yMeHbLUeHne cebectoun-
MocCTn obpaboTkn C npu M3MEHEHUM CTOMKOCTWU anmasHoro kpyra T B aua-
nasoHe T =15,2 ... 40 vac. lpn ganbHenwem yBenuUYeHUU CTOMKOCTU ar-
Mas3Horo Kpyra T MHTEHCUBHOCTb YMEHbLUEHUs cebecToMmMocTn o0bpaboTku
He cTonb 3HaunTenbHa. CnegoBaTenbHO, A4Sl TOro YToObl NONYYUTb APdeKT
00paboTkn 3a cHeT yMeHbLUeHus cebecTommocTn obpaboTkm B 2 pasa, Heob-
XOOMMO 4YTOObI CTOMKOCTb ariMasHoro Kpyra npesbillana CTOMKOCTb abpasus-
HOro Kpyra B 4 pasa (cTonkocTb abpasmBHoro kpyra T =10 yac, a anmasHoro
kpyra T =40 yac).

[Mpn ycnosum oguHakoBon cebectomMmocT 06paboTkm Npu ariMasHoOM U
abpasmMBHOM WNN(OBaAHMM CTOMKOCTb arMasHOro Kpyra, Kak OoTmMe4anocb
Bbille, JOMMKHA Nuwb B 1,52 pasa npesbiwaTb CTOMKOCTb abpa3nBHOro Kpyra
A0 ero nonHoro msHoca. 3gecb adpdekt obpaboTkm OoCTUraeTcsl 3a cyeT
yBeNu4eHus B 3 pasa Npom3BOANTESNbHOCTM ariMasHoro WMdoBaHus.

Takum obpasom nokasaHo, YTo 3GPEPEKT OT MPUMEHEHUS arMasHoro
LWNNOBaHUA PENUTOBOIO CroA TOPLIOBbLIX YNNIOTHEHUA 0ByCnoBneH yBenu-
YyeHueM npomnssoanTenbHOCTM obpaboTku. [Npn aTOM He cneayeTt gobusaTbecH
yBennyeHna CTOMKOCTM ariMasHoro Kpyra 4O ero rnosiHoro u3Hoca nponopuu-
OHanbHO YBENIMYEHUIO €ro LieHbl (MO OTHOLIEHUIO K abpasnBHoMy Kpyry). [ng
TOro 4Ytobbl obecneunTb OAMHAKOBYHO Ce0ECTOMMOCTb arnmMasHoro u abpasme-
HOro LWnMgoBaHNAa, OOCTAaTOYHO OTHOCUTENbHO HebOosnbLoe MpeBbIEHNE
CTOMKOCTW anMasHOro Kpyra Hag CTOMKOCTbO abpasnBHOro kpyra. Takon Bbl-
BO/A CBSi3aH C TeM, YTO OCHOBHOe BpeMs 0bpaboTkun ogHown aetanu ty (onpe-

genswowee nNpou3BoanTENbHOCTE 06paboTkM) oKasbiBaeT 3HAYUTENBbHO
bonbwee BnusiHne Ha cebectommocTb obpaboTkn C, ucxoas M3 3aBUCUMO-
CcTh (2.16), 4YeM CTOMKOCTb anmasHoro kpyra T. Yem 6onblue nepBoe cnara-
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eMoe B 3aBUCMMOCTU, TEM MEHbLLE BIUSHME CTOMKOCTU anmMasHoro kpyra T
Ha cebecTtommocTb 06paboTku C.

B pacueTax crnegyeT yuntbiBaTb B3aMMOCBA3b MeXay napameTtpamu T
n ty, NOCKOMbKY C yMeHblleHveM ty (yBenuMyeHmem npoun3BOAUTENbHOCTU
00paboTKM) CTOMKOCTb ariMasHoOro Kpyra 4O €ro nosiHoro msHoca T yMeHb-
LaeTcs.

OKcnepnMeHTarnbHO YCTAHOBIEHO, YTO CBA3b MexXay napametpammn T u
ty nogunHseTcsa 3aBUCUMOCTU

T=N-t3, (2.22)

rae N =L;
{2
01

Ty, tg1 —3HadeHusa T u ty Ana onpefeneHHbIX ycrosuin obpaboTku.

[MoacTaensas 3aBUCMMOCTL (2.22) B (2.16), nmeem:

C=n1-t0- A1+%'12 , (223)
to

roe Aj=s4-z-k.

HeTpygHo BuaeTb, 4To cebectonmocTtb 0bpaboTkm C M3MeHsieTcs no
9KCTpeMarnbHON 3aBMCUMOCTU (NPOXOAs TOYKY MUHUMYMA) C WU3MEHEHUEM
OCHOBHOro BpemeHu obpaboTku opgHon getanu ty. [ns onpegeneHvs akc-

TpemMansHoro (MMHMMarnbHOro) 3HayeHus tp criegyeT NOOYUHUTHL (PYHKLNIO

cebectonmoctn obpabotkm C HeobxoOUMOMY YCHOBUIO IKCTpeMyma, T.e.
onpegenuTb nepsyto NponssogHyo oT C Mo ty ¥ nomnyvyeHHoe BblpaxeHue

NPUpPaBHATb K HYJTHO. Torpa

Loakerp = NHA1 : (2.24)

" 1
Bropas nponssogHas Cyg = Ny -%-—4 nonoxutensHa. CneposaTernbHoO,
to

nveet MecTo MUHUMYM cebectommocT obpaboTku C. lNMpuHumasa tyq =0,1
yac un T4 =15,2 yac, onpegeneHo 3Ha4vyeHune napameTtpa N =1 520.

107



Ncnonb3ysa 3aBucumocTb (2.24) n ucxogHble gaHHble: Ll =1 500 rpH;
A4 =26,9 rpH/yac; N=1 520, onpegeneHo ocHoBHOe BpeMs 0bpaboTku of-
HOW geTanu tOSKCTp = 0,19 vac. 13 3aBucumocTten (2.22) n (2.23) ans 3Have-

HUSA tosmp =0,19 yac nonyyeHo: T =54,9 yac; C =309,1 rpH.

Kak BugHoO, MMHUMYM QOyHKUMK cebecTtommocTn obpaboTkn C goctura-
eTcsa npu BGonblieM 3Ha4YeHUn tomp =0,19 vac > ty =0,1 vac. lpn atom ce-

B6ecTtommocTb 0bpaboTkm C ymeHbwmnack ot 377 ao 309,1 rpH.
Ana cnyyaa tpq =0,1 vac, T;=40 yac nony4eHo: toSKCTID =0,12 vac,

C =190,6 rpH.
Ana cny4as tgq =0,1 yac; T =100 yac nony4eHo: toamp =0,075 wvac,

C =120,5 rpH.
[‘padomnyeckn gaHHble pacyeToB NpPUBELEHbI HA puUC. 2.26.

C,rpH4
400 t
300 | T= 15,2 yac
200 + T =40 vac
100 1 T =100 yac
0 0,1 0,2 to, uac

Puc. 2.26. 3aBucumocTb cebectommocTn obpadotku C
OT OCHOBHOro BpeMeHu obpaboTkn oaHoun Aetanum t,

Takum obpa3om mnokasaHo, 4YTO C yBenuyeHvem T, OO0 3HAYeHUs
T4 =100 vac (npn tpq=0,1 yac) akcTpemarnbHoe 3HaveHue togcrp MEHbLUE

to. 310 cBnaeTesibCTByeT O BOSMOXXHOCTU YBEJTUHEHUA NMPON3BOOANTESIBHOCTH

06paboTkn Npu 0HOBPEMEHHOM YMEHbLLEHUN cebecToMMOCTN 06paboTKn OT
125,7 rpH (puc. 2.25) no 120,5 rpH. (puc. 2.26). Kak yctaHoBneHo, cebecTtou-
MOCTb 06paboTkm C n3MeHsieTcs Mo 3KCTpeMaribHOM 3aBUCMMOCTU (2.23) ¢
N3MEHEHNEM OCHOBHOIO BpemeHu obpaboTku ogHou getanu tm u noatomy

BbIOOp ONTMManbHbIX YCNnoBuin o6paboTkn HeobxoauMO NpPOU3BOAUTL U3
ycrnosuss MuHnmyma cebectommoctn obpaboTtkn C. [nsa BbINOSHEHUSA ONTU-
MU3aLMOHHbIX pacyeToB BaXKHO 3HATb (PYHKLUMOHANbHYHO CBA3b MeXay napa-
meTpamn T u ty. B gaHHOM criyyae paccMmoTpeHa aKcrnepuMeHTanbHas 3a-
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BUCMMOCTb (2.22). [Ina 6onee yrnybneHHoOro aHanusa Heob6xoaumo MCnosb-
30BaTb aHanUTU4eCcKne 3aBUCUMOCTW, YCTAHOBIIEHHblE HAa OCHOBE MaTema-
TMYECKOro MOAEeNMpoBaHus npoueccoB 06paboTku.

2.10. 3dhdhekTBHOE NPpUMEHEeHMe pa3paboTaHHOMU
TeXHOJIOrMmn ariMma3sHo-abpasmBHoM o6paboOTKMN pennUToBbIX
TOPLOBbIX YNJIOTHEHUN

PaboTbl MO CO34aHMI0 U COBEPLUEHCTBOBAHUIO TEXHOSOMMN MexaHuye-
ckon obpaboTkm paboumx noBepxHocTen ynnoTHeHUn nposoaununce B OAO
3aBog "lMoTteHuman" 6onee 20 net. B pe3ynbtaTte paspabotaHa M ycnewHo
YHKUMOHUPYET BbICOKOI((EKTUBHAA TEXHOSOrMA anmasHo-abpasmsBHOM
06paboTKn penuToBbIX TOPLOBbLIX YNNOoTHEHUA. CbeM OCHOBHOM YacTu Npu-
nycka penuMToBoro crnoga (TonwuHom donee 1 MM) ynroTHEHUIA NPON3BOAUTCS
Ha MNMOCKOWNNGOBAaNbHOM CTaHKE B MHOFOMECTHbIX MPUCIOCOBNEHNAX C
NPUMEHeHNEM anmasHbiX U abpasmBHbIX KpyroB. [abapuUTHbIe anmasHble Kpy-
M Ha meTannundeckon cesizke gnameTpom 400 MM MCMONb3YHOT B pexume
anMasHoro afeKTPO3PO3MOHHOIO WIN(OBaHUSA, a TakKe B pexume nepunoan-
YECKOW 3NEeKTPO3PO3NOHHOM MpaBKU. JKCNEPUMEHTASIbHO YCTAHOBIIEHO, YTO
abpasnBHbIV Kpyr Npu WNNGOBaHUM TBEPAOrO PESIMTOBOrO Crosi ObICTPO U3-
HawwuBaeTcsa. Hanpumep, BcneactBMe yBENUMYEHHOIO M3HOCA abpasmBHOIO
Kpyra cpaktnyeckasa rnybmHa wnngoBaHna MeHblle HOMUHANbHOW rMyOuHbI
wnudoBaHua B 3 pasa. [1oaToMy npMMeHeHWe anmasHoro kpyra (4ns KoTo-
poro ¢pakTop "pasMepHOro n3Hoca" UCKMYeH) No3BONSET NOBLICUTL NPOU3-
BOOMTENMBHOCTb M KayecTBO 006paboTKM Ha onepauum npeaBapuTenbHOro
wnngoBaHus. [lokazaHa 9KOHOMMYecKasad dPAEKTUBHOCTb NPUMEHEHUS ar-
MasHoro kpyra Ha metannundeckon cssske M1-01. lNpumeHeHne anmasHoro
Kpyra Ha metannuyeckon cBdaske M2-01 okasanocb ManoadeKkTMBHLIM B
CBSI3M C NOTEPEN pexXyLLUen CNocoOBHOCTU anMasHoro Kpyra Kak npv odbl4HOM,
TaK U Npu 3N1EKTPOIPO3NOHHOM LLNNGOBAHUN.

[ns obecneyeHnsa BbICOKMX NMoKasaTerien kayecTsa (LLEepoXoBaToCcTh) U
TOYHOCTM 06paboTkM NpennoXeHo mnocne onepauun npegBapuTenbHOro
LWNMdOBAHUSA BbINOSHUTL MPOMEXYTOYHYIO Onepauunto WindoBaHNa TOpLO-
BOW NMOBEPXHOCTU YNSIOTHEHUS TOPLIOM ariMa3HOro Kpyra, a 3aTemM — OKOHYa-
TENbHY onepauuto NPUTUPKM C UCNOSb30BAHMEM ariMa3HOro NopoLUKa.

[MpeonoxeHHas onepauusa WNMEOBaAHUS TOPLOM aniMasHoro Kpyra
Topua BpallalLulerocs konbua (YnnoTHEHUS) oka3anacb BecbMa ahdeKkTns-
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HOW, TaK Kak CyLLLECTBEHHO CHWXaeT TPYyLOEMKOCTb nocrneayLen onepaumm
NPUTUPKKN, NOBbILWAET NPOU3BOAUTENBHOCTb, 9KOHOMUYHOCTbL U KayYecTBO arl-
Ma3Ho-abpasnBHoM 06paboTKM ynnoTHeHMA B uUesioMm. [lpouecc TopuoBOro
anmasHoro wnmgoBaHna peanusyeTcss Ha BHYTPULIIMGOBanbHOM CTaHKe.
O6pabaTbiBaeMoe KosbLO (YNSIOTHEHUE) KpenuTcs B crneumaribHOM LaHro-
BOM 3axWMe naTpoHa cTaHka. ANMasHbil Kpyr dopmbl 12A2 45°
150x 10x3x 32 KpenuTcsa Ha wnuHaene n nogBoaMTcs Ao KacaHusa ¢ obpaba-
TbiIBAEMbIM KOSfbLOM C MOMOLLBIO MeXaHMYeCKOW MpoLONbHOM nofayvn BHYT-
pULNUAGOBANbHOrO CTaHka. JATOT Mpouecc LWnngoBaHUA, Kak oTMe4vanocb
Bbllle, a(pdeKkTMBEH ONA BbINOMHEHUS NOocneaylwen onepaumm npuUTUpKu,
ogHako notpeboBan npoBegeHuss  OONbLLIOIO  KOMMSIEKCa  HayyHo-
nccrnegosaTtenbcknx pabot. Hanpumep, nepBoHavanbHO 6bIn caenaH ynop
Ha NpPUMEHEHNe ariMasHbIX KPYroB Ha OpraHM4ecKknx CBA3Kax. OTU Kpyrn Mo-
ryt paboTtaTb B pexume camo3atadymBaHusi, HO C BeCbMa B0MNbLINM U3HOCOM.
[MpMmeHeHne anmMasHbIX KpyroB Ha 6onee NpPoYHbIX MeTanfIM4Yecknx CBA3Kax
oKasanocb Hea(deKTMBHO, TaK Kak Habnwganacb ObiCTpaa noteps ux pe-
XyLien cnocobHOCTM BO BpeMEHMU. onbITKM MCNONb30BaHWUS NMPOrpeCcCUBHOM
TEXHOSOMMM 3NEKTPOIPO3NOHHON MPaBKM ariMasHbIX KPYroB Takxe nepBOHa-
YyasnibHO ycrnexa He MMernun, TakK Kak ariMasHble Kpyri Ha opraHn4eckon cBsA3ke
obecneunBanu GonbLUyd NPON3BOAUTENBHOCTL 06paboTku. pobnema co-
cTodfia B TOM, YTO npouecc wnmgoBaHns o4HOro Kosiblia KpaTKOBPEMEHHbIN
(3 — 6 cekyH), a 30Ha WNNUGOBAHUA HAXOAUTCA PSAOM C paboymMM-LLNngoB-
LLINKOM, KOTOpPbIA "Bpy4HYK" ycTaHaBnuBaeT U ybupaeT obpabaTbiBaemoe
KonbLo. B pesynbTate peann3oBaTb HENPEPLIBHYIO 3EKTPOIPO3NOHHYIO
npaBKy anMasHOro Kpyra Ha MeTaninyeckon CBA3Ke HEBO3MOXHO, YTO B UTO-
re He NO3BOJSIUIIO NOBLICUTL NPOU3BOAUTENBHOCTL 0OPabOTKN.
[MonoxuTtenbHoe pelleHne 6bII0 HaMQEHO 3a CYET NpaBUibHOW opra-
HU3auMM NPUMEHEHUS NEPUOANYECKON 3MEKTPOIPO3NOHHON NpaBku. BHava-
fie nocne yCTaHOBKW aniMasHOro Kpyra Ha CTaHOK 3SIEKTPO3PO3NOHHOWN npaB-
KOW ycTpaHseTcs ero meHune, 3atem 4vepes kaxable 50 npowwnngoBaHHbIX
Korey, npousBoamTca "noasanpaska” Kpyra npogormkntenbHocTbio A0 40 ce-
KyHA. [NpounssogmTenbHOCTb WwnngosaHna Takum kpyrom Ha 30 — 40 % 6bina
MEHbLLUE MPON3BOANTENBHOCTU LWANGOBaAHMA anMasHbIM KPYromMm Ha opraHu-
Yyeckon ceaske. OQHAKO C Y4ETOM CHUXEHUs yaenbHOro pacxoga anmasa go
10 pa3 3710 genano BO3MOXHbIM 3PEKTUBHOE NPUMEHEHNE aniMas3sHbIX Kpy-
roB Ha MeTasnM4yeckon CBA3Ke B3aMeH ariMasHbIX KPyroB Ha OpraHuM4yecKown
cBaske. OkoH4yaTenbHoe pelwleHne npobnembl ObiNo nonyvyeHo Gnarogaps
NPUMEHEHMIO anMasHbIX KpyroB Ha meTtannunyeckon cesaske M1-01 npounssoa-
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cTtBa [lonTaBCcKOro anmMasHoro 3aBoga. AT Kpyri okasanucb JOCTaTOYHO pa-
6oTocnocobHbIMM gaxke 0e3 NPUMEHEHUST 3NEeKTPOIPO3NOHHOM Nepuognye-
CKOM npaBku. HavanbHoe OmneHue Kpyra yCTpaHAnocb B TevyeHue LwnndgoBa-
Hus 300 — 400 koneuy. MNponsBoanTENBLHOCTL 06PABOTKN NpU 3TOM Haxogu-
nacb Ha ypoBHE NPOU3BOAUTENBHOCTU WIN(OBaHUS ariMa3HbIMU Kpyramu Ha
opraHM4eckon cBAaske, a u3Hoc kpyra — o 10 pas MeHbLLe.

HeobxooMmo OTMETUTb BaXHOCTb daktopa o00y4veHus pabounx-
LWNMEOBLLUMKOB paboTe C anmasHbiMM KpyraMm Ha MeTaniMyeckon CBSI3KEe
M1-01, ocobeHHO B Ha4asnbHbIN MOMEHT — MOCIEe YCTaHOBKM ariMasHoro Kpyra
Ha CTaHOK, Koraa Heobxoaumo B npouecce WnndoBaHUSa yCTpaHUTb ero ou-
eHve. bnarogaps 3HaHWO ocobeHHoCcTen paboTbl 3TOrO anMasHoro Kpyra
yaanocb HayuYnTb paboyero ynpaensTb NPOLECCOM U rMaBHOE — NPE0oAoNeTb
ncmxonornyecknn bapbep paboyvero — gokasaTtb, YTO NpPU NPaBUIbLHOW opra-
HMU3auuKM npouecca WngoBaHMa anMasHble Kpyrm Ha MeTaniimdyeckon CBs3ke
obnagarT 3HaunTeNbHO BOMbLUMMKU BO3MOXHOCTAMU, YeM Opyrue anmMasHble
Kpyru. B npouecce TopuoBOro wnudgoBaHms obecnevmBaeTcs LepoOXoBaToCTb
nosepxHoctn R;=0,25 — 0,4 MKM, CyLIECTBEHHO MOBbLILLAETCA TOYHOCTb

(nnockocTHOCTL) 06paboTkn. Cbem npunycka coctasnset 0,1 — 0,15 Mkm.

BBeneHve gaHHOM onepaumn yrpolwaeT AOCTUXKEHNE BbICOKMX NOKa3a-
Tenen obpaboTkM Ha OKOHYaTEeNnbHOM ornepauun armasHoW NPUTUPKK, Bbl-
NOSTHAEMOWN C UCNOSb30BaHMEM creumnaribHbIX MHOrOMECTHbIX npucrnocobne-
HAN U crneumanbHO CNPOEKTUPOBAHHONO M M3rOoTOBMIEHHONO Ha KayHacckom
3aBoe WnNudoBanbHbIX CTaHKOB “Hepuc” BepTukanbHO-A0BOLOYHOIO CTaHKa
mogenu 3806J1 [104]. Ero KOHCTpyKUMA cCOCTOUT B criegyrowemMm. Ha Heno-
ABWXHOW CTaHMHE YCTaHOBMEHbI JOBOAOYHLIM ANUCK (MPUTUP), KOTOPLIA C No-
MOLLbIO NMpMBOAA NoslyvaeT BpallaTtesibHoe ABMXEeHUe CO CKOPOCTbIO 2,68 M/c
(rmaBHOE OBWXEHWEe CTaHKa), U Tpu nNpwxmMma, obecnedmBarolnX KpenneHue
26 Konew Ha Kaxgom M ux npuxatme K NoBepxXHOCTU AOBOOOYHOro AucCKa C
nasnexveM 100 — 200 r/cm?. Kaxxablil TPUXUM MOXET nepeMeLLaTbcs B Bep-
TUKanbHOM HanpaBfeHUM He3aBUCUMO OT APYrUX MNPWXUMOB C MOMOLLbIO
NHEBMOLUMNUHAPA, YCTAHOBMEHHOrO Ha cTaHke. [na obecneyeHuns camoycrta-
HOBNEHUS M nogbemMa npwxuMma Ha LTOKe MHEBMOUMUNMHAPA YCTaHOBIIEH
LAPHUP, B KOTOPOM POJib HENOCPEACTBEHHOWN LUAPHUPHOW CBA3M UrparT ABa
cdhepnyecKknx NoALMMHUKA.

N3BECTHO, YTO ANS JOCTUXKEHUS BbICOKOW YNCTOTblI NOBEPXHOCTU HEOO-
XoguMmo obecrneynTb Takon BN OTHOCUTENBLHOIO ABMXEHUS 3epeH n obpaba-
TbIBAEMOrO KOribLa, YToObl abpasnBHOE MK aniMasHoe 3epHO MpU CBOUX MO-
BTOPHbIX OBMXEHUAX He MOBTOPSANO npenblaywen Tpaekropun. MNoatomy pa-
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boyee ABWXKeHME npuTMpa OOMKHO ObiTb BCcerga konebaTenbHbIM U B Npo-
cTenwemM cnyyae MoxeT 6bITb BO3BpPaTHO-NOCTyNaTenbHbIM UM BO3BPATHO-
BpawaTenbHbIiM. B crniyyae npumeHeHMs CTaHKOB cneumanbHOro HasHavyeHus
paboyee OBWXEHME OOSMKHO OCYLLECTBNATLCA B BWUOE CHOXHOIMO LMKIOU-
AanbHOrO [BWXEHUS, SABMSAIOLEroca pes3ynbTaToOM ABWXKEHUS KaveHus U
CKOMBbXEHNA MU pe3ynbTaToOM CrOXEHUS HECKOSTbKUX OBUXKEHUA CKOSbXe-
HWUS, Hanpumep, ABWXEHUS BpalleHUs U BO3BPaTHO-MOCTyNaTenbHOro OBu-
XeHus. MNpu npaBunbHO BbIOpaHHOM pabovem aBuXeHun obpaboTaHHas no-
BEPXHOCTb OyaeT MMeTb BMA MATOBOM MOBEPXHOCTU C MeNnbyaunllen CeTKOM
nepecekalLwmxcs WTpuxoB (NpeacraBnsaowmx cobon cnefbl OBMXEHUA OT-
AenNbHbIX 3epeH) Npu BeCbMa Marionm BbICOTE MUKPOHEPOBHOCTEN — MOpPSAKa
0,07 — 0,3 MKM.

—_—————————]-

Puc. 2.27. KnHemaTu4eckasa cxema npuTUpKu

TOPLIOBbLIX NOBEPXHOCTEN Konewy,
YcrogHbie 0bo3HaveHuUs:: 1 — [OBOAOYHBIN OUCK; 2 — NpWwKUMbI; 3 — obpabaTbiBaeMble Kosb-
ua; Vp — CKOpOCTb BpallieHWst AOBOAOYHOIO Aucka; Vp — CKOPOCTb BpalleHUst puvMa.

B maHHOM crnyyae npwu BpalleHun AOBOOOYHOro AMCKa M3-3a pasHOCTU
ckopocTen B Toukax A n B (puc. 2.27) npwxkum nony4vaeT BpawiatenbHoe
ABWKEHME BOKPYr CBOeW ocu. B pesynbTaTe HanoxeHusi BpawaTernbHbIX
ABWKEHUN OMCKa U NpMXKUMa, 3akpenrneHHble B npmxnme obpabaTtbiBaemble
KonbLa noslydaroT CoXHOe LMKNnonaanbHoe ABMXEeHWe No NoBepXHOCTU [0-
BOAOYHOro amcka. NMpn atom obecneymBaeTca TpeHMe Konew, NpakTM4eckn no
BCEN MOBEPXHOCTM LOBOAOYHOrO AUCKa, YTO obecnevymBaeT paBHOMEPHbIN
ero nsHoc. MexaHu3m npouecca NPUTUPKN 3aknyaeTca B ToM, YTo abpa-
3MBHble 3epHa (B AaHHOM criydae anmasHbii nopowok ACM 28/20) npu B3a-
nMmoaencTemm ¢ obpabaTbiBaeMON MOBEPXHOCTbIO KOfbLia BOaBAMBAOTCS
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("WwapxunpyroTcs") B bonee MArkyto NoBepxHOCTb JOBOAOYHOrO Ancka (NpuUTm-
pa) n 3atem, byayym 3akpensieHHbIMWU B 9TOM MOBEPXHOCTWU, CHUMAKOT TOH-
YaunLime CTPYXKn c obpabaTtbiBaeMon NoBepxHOCTU. [pUTHP B Takmx criydaax
AOSDKEH M3roTaBnmMBaTbCA M3 Boree MArkoro martepuana no CpaBHEHUIO C
obpabaTtbiBaeMbiM MaTepuanom. B gaHHOM cnyyvyae OOBOAOYHbIN OUCK Obin
n3rotoeneH u3 4yyryHa mapkm CHYH21-40. B kavecTBe cBA3bIBAKOLLEN U CMa-
304HOM XMOKOCTN NPUMEHEH KEPOCUH.

Ob6pabaTbiBaeMasi NOBEPXHOCTb KofbLa A0SMKHA ObITb TWATENbHO Noa-
roToBfeHa K onepauum NpuUTUPKK, T.K. TOMBbKO NPU MUHUMAIbHbLIX NPUMYyCcKax
9TOT Bua obpaboTkn, obecneymBaoWnM Ype3BblHANHO HU3KYIHO MPOU3BOAMU-
TenbHOCTb 06paboTkn, He noTpebyeT GonblMX 3aTpaT BpemMeHn n oyaer
9KOHOMWYECKM BbIrOOEH.

O6bI4HO NoL NPUTUPKY OCTaBnAT Npunyck nopsaka 5 — 20 mkm. Ecnn
Takasi TOMHOCTb He MoOXeT OblTb obecneyeHa Ha npeablaywen onepaumn,
ocTaBnaT donbwunr npunyck — o 0,1 MM 1 Npon3BOAAT CHavana npegsa-
PUTENBbHYID NPUTUPKY 6Oonee KpPynHO3EPHUCTbIM anMasHbiM  MOPOLLKOM
(obecnevnBaroLLMM MaKpOreoMeTputo), a 3aTeM OKOHYaTESIbHYI MPUTUPKY,
B npouecce KOTOPOW ynyyllaeTcsa TOSIbKO MWKPOreoMeTpus MoBEPXHOCTW.
CHuMaeMbIn NpMnycK Ha onepauum NpUTUPKM coctaBnsaeT 1 — 5 MKM.

Kak oTmeyanocb Bbllle, Kaxablh NpuxXnM obecneymBaeT KpenneHue
26 koneu, T.e. OAHOBPEMEHHO Ha OOBOAOYHOM Aucke obecneuymBaeTcs 06-
paboTtka 78 koney,. JnutenbHOCTb 00paboTkM AaHHOW NapTUK KoneL, cocTaB-
naeT 12 — 15 MUHYT 1 3aBUCUT OT COCTOSIHUA MOBEPXHOCTU (LLIEPOXOBATOCTM)
Kofiew, OOCTUrHYTOro Ha npeblaywen onepaumm — onepaumnmn TopLoBOro asn-
MasHoro wnundgoBaHus. B pesynbtaTte NnputupkM obecneymBaeTcs LWepoxoBa-
TOCTb noBepxHocTn R, Ha ypoBHe 0,1 MKM, HEMmOCKOCTHOCTbL 06paboTkm —

meHee 0,9 mkm. Pacxog anmasHoro nopowka ACM 28/20 coctaBnseTt B
cpeaHem 1 500 kapaT Ha 1 000 obpaboTaHHbIX Konew,.

[ns rapaHTMpoBaHHOro obecnevyeHust LLIEepoXoBaTOCTU MOBEPXHOCTU
R; <0,1MKM npeanoxeHo onepauuio NPpUTUPKN BbIMOMHATL B ABa nepexoaa.

Ha nepBomM nepexoge ucnonb3yetca Oonee KpPynHO3EepPHUCTbIA ariMasHbIn
nopowok 3epHuctocteto ACM 28/20 ... ACM 22/14 pna cbema OCHOBHOW
YacTu npunycka, a Ha BTOPOM rnepexode — anMasHbli NOPOLLOK MeHbLUen
3epHuctoctmi ACM 10/7... ACM 5/3 gns okoH4YaTenbHOro opmMMpoBaHnN
BbICOKOW YNCTOTbI 06paboTku. AnuTenbHOCTL onepauum NpUTUPKN Npu 3TOM
yBenuumeanacb 00 30 MUHYT.

[Mocne npuTupkn cnegyet onepauusi MO YCTPaAHEHUIO 3ayCeHueB WU
opmMmnpoBaHUIo hacok Ha paboumx NOBEPXHOCTAX YMOTHEHUNA C NOMOLLbIO
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creynanbHOro LWndgoBanbHOro MofloTHa Ha CBepnuiibHOM cTaHke. B pe-
3ynbTtate BHEAPEHUS PENUTOBLIX TOPLOBbLIX YMOTHEHUM B 3nekTpobypax
MEXPEMOHTHbIX nepuog paboTtbl yBenunuunca B 3 — 4 pasa u bonee. Ocoboe
3Ha4YeHne NMeno MecTo NpUMEHEHNE PENNTOBbLIX TOPLIOBbLIX YNNOTHEHWUI ONS
NOBbILIEHNS HAOEXHOCTN NOrpy>XHbIX anekTpoasuratenen cepun M3, ¢ no-
MOLLIbIO KOTOpbIX obecneumBanock 6onee 50 % HedTn B cTpaHax CHI. MNpu-
MEHEHME PEeNNTOBbLIX TOPLOBbLIX YNSIOTHEHUI CMOCOOCTBOBANO YBENTMYEHUIO
HapaboTKM Ha OTKa3 MOrpy>XHblX anekTpoasuratenen B 1,5 — 2 pasa.

PenntoBble TOpUOBblE YMNOTHEHUS MOMYYUNN LUMPOKOE MPUMEHEHNE
Npn N3roTOBIEHMM HACOCOB M annapatoB AN pasfiMyHbIX OTpacren npo-
MbILUSIEHHOCTX, B TOM 4YuUCne N npegnpuatmin NUWEeBOM MPOMbILLIIEHHOCTH.
[ns XMMUYECKN akTMBHbIX cped OblnNn M3roTOBMEHbI PENUTOBLIE TOPLIOBbLIE
YNSIOTHEHUs, pabodne NoBEePXHOCTU KOTOPbIX BbIfIN BbIMNOMHEHLI U3 penuTa C
XPOMOHUKENEBOW CBA3KOW, YTO 3HAYUTESTIbHO paclumpuno obnactb MX npu-
MEHEHMUS.

BbiBOALI K pa3geny 2

1. PaspaboTtaHa aHanutudeckasa moaenb OpMUPOBAHUS LLEPOXOBA-
TOCTM NJIOCKMX MOBEPXHOCTEN AeTanen npu anvasHo-abpasmBHon obpaboT-
Ke, YTO NO3BONUMO ONpeaeNniuTb OCHOBHbIE MYyTW YMEHbLUEHUS BbICOTbl MUK-
pPOHEpPOBHOCTEN 0OpabOTaHHbLIX MOBEPXHOCTENM C YYETOM OrpaHUYEHUs no
npon3BoANTENBHOCTN 00paboTkn. YcTaHoBreHa o606uieHHas aHanuTuye-
CKkasi 3aBMCMMOCTb ANSA pacyeTa LepoxoBaTtocTu obpaboTaHHOM NOBEPXHO-
CTW, cnpaBeanuBas Assl pasHblX KNHEMATUYECKNX CXEM LUNNGOBAHUS, KOTO-
pble oTnu4alTcs Mexay cobon BpemeHeM (hopMMPOBaAHUSA LLEPOXOBATOCTU
NOBEPXHOCTU. TeopeTnyeckn [JokasaHa  BO3MOXHOCTb  OOCTUXKEHUS
HanMeHbLLEN LepoxoBaTocTM 06paboTkM TOPLIOBOM MOBEPXHOCTU YMNIIOTHU-
TENbHOro Konbua NyTeM NPMMEHEHNIN CXEMbI BPE3HOIO TOPLIOBOrO afiMa3Horo
LNrudoBaHUA BpaLlatoLWerocs KonbLa.

2. PacdeTtamm yctaHOBNEHO, YTO HEOBXOaMMas LWepoxoBaTOCTbL obpa-
6otk (R; =0,1 MKM) TOpLIOBOMN NOBEPXHOCTU YMNNOTHUTENBLHOrO KombLa Ao-

CTUraeTcsa nNpu UCcnonb3oBaHuK 3epHUcTocTn 28/20 n meHee, T.e. Npu obpa-
6oTke cBO60OaHLIM abpa3nBoM (anmasHbIM MOPOLLKOM). B CBA3U € 3TUM TOp-
LOBOE anmasHoe LnngoBaHMe YNNOTHUTESBbHOro Korbla HeobxoamMmo pac-
cMaTpuBaTb KakK MOMy4nucToByto 0bpaboTKy, npeaHasHadeHHyr A9 NOAro-
TOBKM TOPLOBOM MOBEPXHOCTU KOfbLA K MNOcneaylowen TexXHONorm4eckom
ornepauum NpUTUPKM arimasHbIM NOPOLLIKOM.
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3. PaspaboTtaHa adydeKkTuBHaa TEXHONOrMs NpeaBapuTenbHOro nmoc-
Koro wnudoBaHus TpyaHoobpabaTbiBaeMoro penuToBOro Criost YnioTHU-
TenbHoro Konbua rabaputHeiMn (anameTtpom 400 MM) anmasHbIMU Kpyramu
Ha MeTanfMyecKknx CBs3Kax C MPUMEHEHMEM INEKTPOIPO3NOHHOM MpaBKu.
TexHonorna obecnevnBaeT NoBblleHNE B 2 — 3 pasa NpoOU3BOAUTENBHOCTHU
00paboTknm NO CpaBHEHUD C TPagULMOHHbLIM LWnngoBaHnem abpasmBHbIMU
Kpyramu 3a CYeT BbICOKOW pexyLlen cnocobHOCTM anmMasHbiX Kpyros. Ha oc-
HOBE BbINOSTHEHHbBIX TEOPETUYECKUX U IKCNEepUMEHTalbHbIX MCCreoBaHUN
cebectommocTn 06paboTkn onpeneneHbl onTUManbHble YCnoBus LWNndgoBa-
HWA, NPU KOTOPbIX NPUMEHEHNE anMasHbIX KPYroB Ha MeTanfIMyeckux CBA3-
Kax BMeCTO abpasnBHbIX KPYyroB 3KOHOMMUYECKUN BbIFO4HO.

4. PaspaboTaHa apdeKkTMBHaAA TEXHOMNOMMS NOSTY4YNUCTOBOrO TOPLOBOro
LWNMdOBaAHNA PENIUTOBONO CIi0A YNNOTHUTESBHONO Kofbla C MPUMEHEHUEM
anmasHbIX KpyroB Ha MeTanmnyecknx cBsa3kax u ux nepmognyeckomn anekTpo-
9PO3MOHHOW MpPaBKOW. JKCNepuMeHTanbHO onpeneneHbl onTumarbHble
YyCMOBUS TOPLIOBOrO WNNGOBAHUS N 3NIEKTPOIPO3NOHHOM NpPaBKN anMasHbIX
KpyroB. PaspaboTaHa Hay4yHass MeToguka pacyeTa onTUMarbHbIX 3NeKTpuye-
CKUX PEXMMOB 3MEKTPOIPO3NOHHON MpaBKM TOPLIOBLIX ariMasHblX KPYroB Ha
MeTannmnmyecknx cBA3Kax.

5. Ha ocHoBe npoBeAeHHbIX 3KCNepUMEHTasnbHbIX UCCeaoBaHUM Mo
KPUTEPUIO MaKCMManbHOW MNPOM3BOAUTENBHOCTM 00paboTKM OKOHYaTerbHO
0B60CHOBaH ONTUMarbHbIN BapnaHT TEXHONOMMYECKOro MapLupyta obpaboTku,
KOTOPbIA BKMNOYaAET TEXHOSIOrMYyeckme onepaumm YepHOBOro MIOCKOro LUSn-
doBaHnA nepudepuren anmasHoro Kpyra Ha MeTtaniimdyeckon cCBsi3Ke, Mosy-
YUCTOBOrO LWANOBaAHMA TOPLIOM ariMasHOro Kpyra Ha MeTansiM4yeckon CBA3-
Ke M OKOHYaTesfIbHOM NPUTUPKK ariMa3HbIiM NMOPOLLKOM, KOTOpasi OCyLecTBNA-
eTcsa B ABa 3Tana C NpuMeHeHMeM anmMasHoro rnopoluka sepHuctoctbio ACM
28/20 — 20/14 n ACM 7/5 — 5/3 n obecneuvnBaeT BbINoNHeEHE TpeboBaHMI MO
LLIEPOXOBATOCTU M TOYHOCTN 0OpPabOoTKM.

6. PaspaboTaHa npoMbllINieHHAa TEXHONOrMs npeunsMoHHon obpa-
BOTKM TOPLOBbLIX NOBEPXHOCTEW YNSTIOTHUTENbBHbLIX KOMEL U3 KOMMNO3ULMOHHO-
ro matepmana Ha ocHoBe penuTta. [lpymeHsiemble WMgoBarnbHble CTaHKK
MOAEPHU3NPOBAHbI ANSA OCYLWECTBIEHUS 3MNEeKTPO3IPO3NOHHOW MpaBku arn-
Ma3HbIX KPYroB Ha MeTanimyeckmx ceaskax. [1ns aBTomatnsauum KpenneHus
obpabaTbiBaeMbIX KOSiel Ha BHYTPULLNMGOBANbHOM CTaHKe pa3paboTaHbl
crneunarnbHble LaHroBble 3aXXMMbl, a Ha CTAHOK YCTaHOBIIEH NMHEBMATUYECKUI
umnuHap. NpuMeHeHne MHOroOMEeCTHbIX MPUCNocobneHnn ona KpenneHnsa Ko-
ney Ha nnockownudoBaribHOM CTaHKe W CTaHKe AN NPUTUPKU NO3BOSNIIO
CYLECTBEHHO YBENMNYNTL NPOM3BOAUTENBHOCTL 0OPabOTKMN.
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3. AnmMa3Hoe 3N1IeKTpPo3apo3noHHoe wnudoBaHne aetanen
C NOKPbLITUAMU U HaMNJIAaBOYHbLIMMN MaTepuanamm

3.1. CyuwecTtByrowme nogxoabl K wnndoBaHUIo getaneu
C NOKPLITUAMMU U HaNJTaBOYHbLIMM MaTepuanamm

HaHeceHne BbICOKOMPOYHbIX M3BHOCOCTOMKMUX MOKPLITUA U HanNaBOYHbIX
MaTtepuanoB Ha paboyme NOBEPXHOCTM HALUMO LUMPOKOE MPUMEHEHME MNpU
BOCCTaHOBJIEHMM BbICOKOMPOYHbIX AeTanen MallnH KU cTano BaXKHbIM dhakTo-
POM MOBBILLEHUS UX OONTOBEYHOCTU U paboTOCNOCOBHOCTM, MHOMOKPaTHOIo
MCMNONb30BaHNA B NPoOLIECCe SKCNyaTauum.

B HacToslwee BpeMsa HOMeHKNaTypa geTtanemn, KoTopble BOCCTaHaBN-
BalOTCA M YNPOYHAKTCA MOKPbITUAMU, BKAKOYAET COTHU HaUMEHOBaHUN. OTO
aeTtann MeTannypruyeckoro u ropHoro ob6opyanoBaHunsi, 4OPOXHO-CTPOUTENb-
HbIX U CENbCKOXO3SANCTBEHHbIX MaLUMH, aBTOMOBOUIBLHOIMO U XXene3HO4OPOX-
HOro TpaHcnopTta U T.4. BmecTe ¢ Tem, WKMPOKOEe MNPUMEHEHME MNOKPLITUN
cAepXmnBaeTcsa BbICOKOWM TPYAOEMKOCTbIO MX 06paboTku npu WnndoBaHU.
Bbicokme nokasatenu TBepaoCTW, MPOYHOCTU WM NNACTUYHOCTU MNOKPbLITUN
npegonpeaensatoT nnoxyw ux obpabaTbiBaeMoCTb. [103TOMy NpUMEHeHue
TpaguMUMOHHBIX METOAO0B LWNNdOoBaHNA ANs UX obpaboTkm HeIdHEKTUBHO.
B ocobon mepe 3TO OTHOCUTCA K WNANGOBAHMIO MOPOLLKOBbLIX MOKPLITUIN Bbi-
cokon TBepagoctn HRC = 60, B coctaB koTopbix BxogsaT Ni, Cr, Si, Fe (910 06-
paboTka getanen asuratenen BHYTPEHHEro cropaHund, 6ypoBbIX MHCTPYMEH-
TOB U T.4. C BbICOKOMPOYHbIMWU MOKPbITUAMMK). pn WnMgoBaHMM yKasaHHbIX
aetanen abpasvBHbIN KPYr MHTEHCMBHO W3HALLMBAETCS, TEPSET PEXYLLYIO
CnocoBHOCTb U TpebyeT MNOCTOAHHOM MNpPaBKW, YTO CYLLECTBEHHO CHWXaeT
npon3BoAUTENBHOCTL 00paboTkn. Kak nokasbiBaeT MHOrofeTHAs NpakTuka,
npuMeHeHne abpasmBHOro WngoBaHUsa 3aPEKTUBHO Npu obpaboTke no-
KpblTun ¢ TBepagoctbto HRC < 40 ... 45. Hanpumep, wnndoBaHne BocCTa-
HoBneHHon ackn knanaHa OBC Bbicokonpo4yHbiM nokpbitnem [M-10H-01
TBepaocTbio HRC = 60 kpyrom ns kapbunga KpeMHUs 3efneHoro nokasanum He-
yooBneTBopuTtesibHble pedynbTtaThl. [locne cHatna 14 ... 16 r gaHHoro mare-
puana pes3ko Bo3pacTana MOLWHOCTb wWnnudoBaHus, 1 npouecc pesaHua ab-
pa3MBHbIM KPYrom npekpawiarncs, Ha obpabaTbiBaeMon NOBEPXHOCTU MOKPbI-
TN NOABNSANUCH Npwxorn. Ons ycuneHua npouecca camo3aTaunmBaHua pe-
XKYLLLEN NOBEPXHOCTU Kpyra M UCKIIOYEHUsST ero YacTblX NpaBOK NPOBOANIIOCH
Y)KECTOUYEHNS PEXMMOB WNMGOBaHMS, OQHAKO MO-NpexHemy Habnoganochb
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3acanmBaHue Kpyra cpe3aHHOW CTPYXXKOW, YTO, B KOHEYHOM cyeTe, NpuBoaun-
Nno K paspyleHnio WnndoBanbHOro Kpyra OT 4Ype3MeEpPHbIX KOHTaKTHbIX
Harpys3ok.

BaxHble pes3ynbTatbl uccrnegoBaHuin no abpasvBHOMY LLANGOBAHUIO
MONMOAEHOBBIX MOKPbLITUA MpeaCTaBneHbl B AucceptauMoHHon paboTe
AHenbuuka B. [1. [6]. ABTOp npeanaraeT oCyLecTBNATL WngoBaHMeE NOKPbI-
TVa crneuunanbHo obpaboTaHHbIM B Xonoae abpasmeHbIM KpyroM. PesynbtaThl
nccrnegoBaHN BbIXOAHLIX MapaMeTpoB MnpoLecca nokasbiBalT MpenmMyLle-
CTBO HOBOro metofa wnudosaHnda. Bmecte ¢ TeM oTMedaeTcd, 4YTO nNpu Ta-
KoM abpasmBHOM LWNNOBaHNN B 30HE pe3aHusi pas3BMBaAETCS BbiCOKasi TEM-
nepatypa, gocrtaTtodHas Ans CTPYKTYPHbIX U ¢ha3oBbIX NpeBpaLleHuin B Mo-
BEPXHOCTHOM crioe obpabaTtbiBaemoro maTtepuana. CrnegosaTtenibHO, paspa-
BOTaHHbLIN TEXHOMNOMMYECKNn npouecc MoXeT BbiTb 3P(PEKTUBHO MCNOMbL30-
BaH Npu YMCTOBOM abpasmMBHOM LLNMOBaHUN U peKOMeHAOBAH Ans wnngo-
BaHUSA OPYrMX OTHOCUTENBbHO HEMNPOYHbIX MOKPbITUK, aHaNornm4Hblx Monmbae-
HOBbIM MOKPbITUSAM.

B HacToswwee BpemMa npu obpaboTke BbICOKOMPOYHbIX NOKPbLITUA CaMblX
pasnn4YHbIX MaTepmnaroB BCe LUMPE UCMONb3YITCA WG OBanbHbIE KPYrn 13
CUHTETMYECKNX anmMasoB B3aMeH KpyroB W3 3nekTpokopyHAa v kKapbupa
KPEMHUS, KOTOpbIE MO-NPEXHEMY OCTalTCS OCHOBHbIM MHCTPYMEHTOM MpwU
LWNndoBaHUM NOKPLITUK. [penmyuiectBa CUHTETUYECKMX ariMa3oB Mo cpas-
HEeHUIO ¢ 0OblYHbIMK abpa3nBaMn 06 bACHATCHA Bonee BbICOKUMU MEXaHMNYe-
CKUMU 1 TEeNNIOPU3NYEeCKNMMN CBOMCTBAMUN ariMasHbIX 3epeH.

Begywmmmn HaydHbiMM opraHmsauusimu: MHCTUTYTOM CcBepxXTBepablX
mMaTtepmnanos HAH YkpauHbl, XapbkoBckMM 1 OQeCCKUM MOSIUTEXHUYECKUMMU
yHusepcutetamu, HIMNO "PempgeTtans" n gpyrumm BbINOMHEHA 3HAYUTENbHad
paboTa no uccrnegoBaHUo U BHEAPEHUIO B NPOM3BOACTBO HOBbLIX TEXHOMOIMM
anMasHoro WnndgoBaHNA pasfinyHbIX BbICOKOMPOYHbIX MOKPbLITUNA.

B UHcTuTyTe cBepxTBepabix matepunanos HAH YkpauHbl nog pykoBoa-
CTBOM KaHf. TeXH. HayK Pbibuukoro B. A. paspaboTaHbl npouecckl aniMasHoro
LWNMEOBAHNA HamnaBfeHHbIX MOKPbITUA, UCMNOSfb3yeMble B MeTannypruye-
ckom npomussoactee [129; 131].

AnmasHoe LWnnudoBaHne MNOKPbITUA KOHTAKTHbIX MOBEPXHOCTEN ©0nb-
LUNX U MasibiX KOHYCOB, Yall MU BOPOHOK 3acChbliMHbIX annapaTtoB AOMEHHbIX Me-
Yen No3BONNIIO NOBLICUTL NPOM3BOANTENBHOCTL 06paboTkm B 3 ... 5 pas npu
3HAYUTESNIbHOM YNYYLEHUN COCTOSIHUA MNOBEPXHOCTHOro crnosi (tatn. 3.1
[131]). locTmxeHna Takoro pesyrnbTata cTano BO3MOXHbIM Onarogapst uc-
NOSIb30BaHMIO CrieyuanbHO CO34aHHbIX ariMasHblX KpyroB Ha MeTansim4yeckon
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ceaske M1-10. YpayHoe co4yeTaHMe CBOMCTBA Camo3aTauyMBaHUA pexyLien
NoBepxHOCTU Kpyra Ha cBAske M1-10 1 BLICOKOW CTEeNneHu yaepXaHusa pexy-
LLNX 3epeH Npu WG oBaHUN NO3BONUIIO BECTU 06paboTKy M3HOCOCTOMKUX
nokpbiTun TMna 300 25H3C3I2 tBeppocTtbio HRC 50 ... 55 ¢ BbICOKOW 3p-
OEKTUBHOCTbIO.

Tabnuya 3.1
OnTumManbHble peXuMbl WNMdOBaHMNA HanNaBNeHHbIX

KOHTAaKTHbIX I'IOBerHOCTeﬁ 6onbwux u manbix KOHYCOB,
Yall U BOPOHOK 3acCbiMHbIX annapaToB AOMEeHHbIX neyeun

Tun Onepauus Pexxum wnudgoBaHus Lepoxosa-
HannaBso4HOro Vip: Vier: Som t, TOCTb
mMaTepuana M/C /MUK MM 06pa6C3TaH-
HOWN
NOBEPXHO-
CTin
Ry, MKM
1 2 3 4 5 6 7
300x 25M3HH3r2 | O6paGotka | 25-30 | 4-5 | 0,7-0,8 | 0,1-0,15 | 0,70-0,63
KOHTAKTHbIX
550x44H34rCcp | MOBEPXHO- | 958 _30 | 2-3 | 06-08 | 0,2-0,3 | 0,80-0,63
450 2067M7B2p | CTEM KOHYCOB ™58 30 | 2-3 | 0,6-0,7 | 0,2-0,25 | 0,80 — 0,60
Per — menbxiop | (€PHOBAR) [ or e 335 | 05-06 | 025-03 | 0,90 1.20
550X 44H34FCP | O6pa6otka | 25-30 | 2-3 | 06-0,7 | 0,1-0,15 | 0,70-0,80
KOHTAKTHbIX
450x2067M7B2¢ | MOBEPXHO- 1"28_30 [ 1,5-2] 06-0,7 | 0,2-0,25 | 0,70-0,85
450x 2067M7B2 | CTeVHall 1m58 30 [ 15-2 | 06-0,7 | 0,15-0,2 | 0,50 — 0,80
PerT — menoxop | 1ePHOBAA) e 23 | 05-07 | 02-025 | 08010

[na nogaep)kaHusi BbICOKOM pexyLlen CnoCoOBHOCTU ariMasHoro Kpyra
nepuoauyeckn npoussogunacb ero 3rnekTpolapo3voHHaa npaska. Mpu aTom
yoansnacb Hanunwas cTpy)Xka CO CBSI3KOM, M oBHaxanucb HOBble Cron pe-
XyLWunx 3epeH. B kayecTBe MCTOYHMKA TEXHONOMMYECKOro Toka UCMnonb3yeTcd
NTT-35.

OcobeHHOCTBI0 npouecca WNNGOBaHUA MOBEPXHOCTEN MOKPLITUN SB-
NaeTcsa CHATUE HepaBHOMEPHbIX NO TOMLWKUHE npunyckos (2 ... 3 mMm). Benea-
CTBME BO3HUKAKOLWMX NO 3TOM MNPUYUHE MEepeMeHHbIX (yOapHbIX) Harpysok
NPOUCXOOMUT YBENUYEHHbIN N3HOC anmasHoro kpyra. [ns CHWKeHUs yaapHbIX
Harpy3ok n obecnevyeHus 6onee paBHOMEPHOro NMX M3MEHEHNSA BO BPEMEHM
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06paboTkM NpeanoXeHo OCyLLeCTBNATb WndoBaHne C OTHOCUTENbHO He-
BonbLluon ckopocTbio Aetann Ve =2 ... 3 M/MUH U yBENUYEHHON TNYyOMHOM

wnudosanua t=0,1 ... 0,2 mm. MNoggepxaHme TpebyeMblX PEXMMOB LUSIN-
doBaHna obecrneumBaeT BbICOKYHO NPOM3BOAUTENBHOCTL 06paboTkM Npu Oo-
NyCTUMbIX HOPMax pacxona arimasos.

BaxHble pesynbTaTthl nonydeHsbl N'yuanenko O. M. [28] npu uccnenosa-
HUM anMasHoro wnndoBaHUA TENMOCTONKMX Hannasok Tuna 3X2H3 wu
25X50MC, obnagatowmx tTBepaocteto HRC 46 ... 48 n nonyymBLIMX LLIMPO-
KOe NMpUMEHeHne B MeTaniyprmieckon NPOMbILLIIEHHOCTU ANS NOBbILEHUS
M3HOCOCTONKOCTWN pasfiMyHbIX AeTanen npokaTtHoro obopyaoBaHus u, npexae
BCEro, BarikoB NMPOKaTHbIX CTAaHOB (NpOKaTHble Basnky paboTalT B YCrOBUAX
BonbLUNX MEPEMEHHbIX HarpysoK, BbICOKMX TemnepaTyp W No3TOMy K Ka-
YyecTBY 0bpabaTbiBaeMOn NOBEPXHOCTU NPeabaBSAOT ocobble TpeboBaHus).

brnarogapsi mMcnonb3oBaHMIO anmasHbIX KPYroB Ha chneumanbHOW
MeTannmyeckon ceaske M1-10, paboTawwmx B pexmme HenpepbiBHOW
9NEKTPOPOIPO3MOHHON MpaBKWU, aBTOPY YyAanocb A0OUTLCA BbICOKOI(dek-
TUBHOW 06paboTKM NOKPLITUIA C HEOBXOAMMbIM Ka4eCTBOM MOBEPXHOCTU Basl-
KOB. BaXHbIM JOCTOMHCTBOM pa3paboTaHHOro TEXHOSIOrM4YyecKoro npouecca
SIBUIOCb MCNOSb30BaHMe KpynHorabapuTHOro CEerMeHTHOro arimasHoro Kpyra
Anametpom 800 mm m BbicoTonM 90 MM, 4YTO NO3BONWUIO, BCNEACTBME YBENU-
YeHUs pexyllen nnowaaun Kpyra, 3Ha4ymTesribHO yBENMUYNTL NPOM3BOAUTENb-
HOCTb 00paboOTKM U CHU3UTb BNUSIHUE HEPABHOMEPHOCTEW HanmaBfEHHOW
NOBEPXHOCTN Ha KOHTaKTHblE HArpy3ku mMexagy Kpyrom u nokpbitmem. Ha oc-
HOBE NPOBEAEHHOMN ONTUMMU3ALNN PEXNMOB 0B6paboTKN NpUHATA cXxema MHO-
ronpPOXoAHOro WNgoBaHns, B KOTOPOW peanu3oBaHbl criegyrowme ycrnosus
06paboTkn: Vyer =30 M/MUH; Sp, =0,15 M/MUH; S, =0,064 Mm/aB. xo4.

[MonbITKN nepeHecTn paspaboTaHHble pekoMeHfauun Ona ariMasHoro
LWNMEOBaAHNA BOCCTAHOBIIEHHOW (acku KranaHa nBuratens BHYTPEHHero
cropanus ([BC) okazanncb mManoaddekTuBHbIMU, YTO OBYCIOBMNEHO, NpeX-
e BCero, BeCbMa BbICOKOM TBEPAOCTbI0 obpabaTbiBaemMoro matepmana gac-
kn Mr-10H-01, cocrasnatowen HRC 60 ... 62, a Takke HeEOONbLLIOW LLUNPUHON
obpabaTtbiBaeMo MNOBEPXHOCTU C HEpPaBHOMEPHLIM MPUNYCKOM — 8 MM
(puc. 3.1 [85]). Bcnencteue BO3HUKAKOLWNX 3HAYUTENbHBLIX KOHTAKTHbBIX Harpy-
30K Mpu WnngoBaHUM 3TOro NOKPbLITUSA ariMasHbiM KPYromMm Ha MeTannn4yeckomn
ceaske M1-10 HabnogaetTcss 4pesBblMaMHO BLICOKMA pacxo anvasos.
Hanpumep, npu wnudgosaHmn ¢ V,er =25 M/MUH Yepe3 HesHauuTenbHoe

Bpemsi 06paboTkn Ha MOBEPXHOCTM anmMasHOro Kpyra obpasoBbiBanuch rny-
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bokne "6oposabl”, uTO TpeboBano npekpaweHus npouecca WnndoBaHUS.
Taknm obpasom, nNpoBefeHHbIM aHanuM3 nokasasn, YTo B HacTosillee BpeMms
OTCyTCTBYET a(PpdeKkTMBHAA BbICOKOMPOU3BOAUTENBHAA TEXHOMOrMs anmas-
HOro wnndosaHna Hannasok ¢ TBepaocTbio HRC 60 ... 62.

e
o

01

vY

Puc. 3.1. Cxema Kpyrnoro HapyxHoro wnucgoBaHua ¢packm KnanaHa

Bmecte ¢ Tem, aHanu3 CyLwlecTBYKOLUNX TEXHOSIOMMA arMasHoro Lunu-
doBaHUS C HENPEPLIBHOW UMM NEPUOAUNYECKON INEKTPOIPO3MOHHOW MpaBKOn
anMasHoro Kpyra Ha MeTaniM4eckon CBSA3Ke rokasarsi, YTo CYyLeCTBYIT pe-
3epBbl NOBbILWEHNS 3PPEKTUBHOCTM 06pabOTKM MOKPLITUN, CBA3AHHLIE C UC-
NONb30BaHNEM KpPYMHOrabapuTHbIX anMasHbiX KPYroB Ha MeTanimyecKkmnx
cBaskax Tuna M2-01, koTopble MO MPOYHOCTU MPEBOCXOAAT MPUMEHSIEMYIO
ceasky M1-01. [na ux peanusaumm HeoBXo4MMO BbINOSTHUTL KOMMMEKC TEO-
pPeTUYECKNX N SKCNEPUMEHTASTbHbIX NCCEeLOBaHNN.

3.2. AKcnepuMeHTanbHble UccrieqoBaHUA NpoLeccoB
arMasHoro 3s51eKTPO3PO3NOHHOro MHOroNpPoOXoa4HOro
U rnyouHHOro wnncoBaHns BbICOKOMPOYHbIX MOKPbLITUN

[Mpouecc anmasHOro 3MeKTPOIPO3NOHHOIO WN(OBaHUA Ha MpakTUKe
OCYLLECTBNAETCS, Kak npasuro, B YCIOBUSX ManonponsBoauTeNbHOro MHO-
ronpoxoAgHoro wnundosaHnda. Mexay Tem, BceBo3pacTtatowme TpeboBaHus K
KayecTBYy M NMPOM3BOAUTENBHOCTN 00PaboTKN, HEOBXOAMMOCTb KOHLIEHTpaLUUm
onepaumn anmasHoro wnmMdoBaHMs Npu cbeme OOonbLUMX MPUMNYCKOB (40
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2 MM U Bblwe) TpebyoT NpuMeHeHns Boree adhdEKTUBHbBIX NPOLIECCOB, K
KOTOPbLIM B MEPBY ovepedb OTHOCUTCS rnybumHHoe wnundgoBaHme. OgHako,
WHTEHCUBHOE 3acanunBaHMe ariMas3Horo Kpyra B YCNOBUSX TNyOMHHOIO LWIn-
doBaHuna TpyaHoobOpabaTbiBaeMbiX MaTepuanoB HE NO3BOMSET ero UCMonb-
30BaTb Ha NpakTuKe.

[Mo3TOMY BaXXHO OLEHUTb TEXHOMNOMMYECKME BO3MOXHOCTU [NYOUHHOIO
anmMasHoro wnudoBaHUa MNpu AOMNOMAHUTENBHOM 3NEKTPO3PO3NOHHOM BO3-
AEVNCTBUM Ha anMasHbli Kpyr Ha npumepe obpaboTKM BbICOKOMPOYHLIX MO-
KPpbITUW, KOrga MMeeT MeCTO Ype3Bbl4aHO MHTEHCMBHOE 3acanuBaHue ar-
Ma3HOro Kpyra.

B kauecTBe nccnegyembix 06pasLoB NCNOSb30BanUCh KosbLa U3 BbICO-
KONPOYHOro rnopowkosoro matepuana nokpboltna [NM-10H-01 TBepaocTbio
HRC 60 ... 62 ognameTtpom DneT =55 MM 1 AnuHomn |neT =8 MMm.

[Mpu wnmugoBaHnM ncnonb3oBanucb anMasHble Kpyrm ¢ Mapkon anmvasa
ACB6, 3epHucToctbto 125/100 ... 250/200, koHueHTpaumen 100 % n 150 % Ha
mMeTannuyeckon ceaske M2-01.

3

MM
Qy'q ’ MUWUH - MM
300
1
225 <t
2
150 .

NS

75

0 02 04 06 0,8tmm

Puc. 3.2. 3aBUCUMOCTb yAesIbHOU NPOM3BOANTESTbHOCTH
obpaboTku Q,, OT rMy6uHbI WnudgosaHus t
Yenosusi obpabomku: 1 — lgp =75 A; 2 — Igp =48 A; 3 — Igp =34 A; obpabaTbiBaeMblit
matepuan — nokpbitne MNr-10H-01; kpyr — AC6 250/200 M2-01 4; a; max =15 MKMm;
Vip = 28 M/c.

AdbdhekTnBHOCTL 06paboTkM MaTepuana oueHuBanacb yaerbHOW npo-
N3BOOUTENbHOCTLIO 00paboTkM (T.e. NPUXOASLWENcs Ha eauHULY BbICOTbI
Kpyra). Ons 3Toro ycTaHaBnvMBanacb 3aBUCUMOCTb YAENbHOW NPOU3BOAM-
TenbHocTM 0bpabotkn Qu, OT ry6uHbI LWNNGOBaHNS t AN PA3IIYHBIX 3Ha-
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YEeHUmn MMNYJ1bCHOIO TOKa ICp' B pesynbTaTte npoBeaeHHbIX 3KCnepnmMeHTarnb-

HbIX UccrnegoBaHum (puc. 3.2) yCTaHOBIEHO, YTO yaenbHas nNpon3BoauTenNb-
HOCTb 00paboTkn Qy, C yBenuyeHuem rnybuHbl WnndgosaHus t nepsoHa-

YanbHO BO3pacTaeT, 3aTeM, MNOocCne OOCTUXEHUS1 onpeneneHHom rryouHbI
LNNOoBaHNS, HAYMHAET CHUXATbCHA, YTO MPaKTUYECKU MPUBOAUT K Mpekpa-
LLIeHNIO npoLlecca WnudoBaHnA.

Takasi 3aKOHOMepHOCTbL 0ByCroBfeHa TeM, YTO NP JAaHHOM 3HaYeHun
MMNynbCHOro Toka |y, Npu yBenuyeHuu rny6uHbl wWnudgoBaHusa t 4o BnomnHe

KOHKPETHOro 3Ha4YeHUsl, SHEPrnmn INEKTPOIPO3MOHHOIO0 BO3AENUCTBMUA Ha arn-
MasHbIA KPyr BrMOSIHE OOCTATOYHO AN €ro CBOEBPEMEHHOM OYUCTKN U Noa-
AepXXaHnsl BbICOKOM pexyuien cnocobHocTu. NMocne npeBbileHnsa rnyounHon
LWMgpoBaHNA NpenenbHOro 3HavYeHusi, B pesynbTate CyLeCTBEHHOIo yBesn-
YeHUs1 yaenbHOM NPOoM3BOAUTENBLHOCTM 06paboTkM, NOABOAUMOWN 3HEPrun
9JIEKTPO3PO3NOHHOIO BO3LENCTBUS Ha arnMasHbli Kpyr oKasblBaeTCA Heno-
CTaTO4YHO Ofs1 ero CBOEBPEMEHHOW OYMCTKM ariMasHOro Kpyra u obHakeHus
peXyLWmx anmasHblX 3epeH M3 CBA3KU. Pexylas cnocobHOCTb anmMasHoro
Kpyra B 9TUX YCIOBUAX He ycrieBaeT BOCCTaHaBMBATLCS, CreCTBUEM Yero
ABNAKTCS YBENUYEHNE CUNbl pe3aHns, noBbllweHne gedopmMmaumn arieMeHToB
TEXHONOrMYeCKON CUCTEMbI N CHXKEHNE MHTEHCUMBHOCTU CheMa npunycka.
Takum obpasom, And AaHHOM BENNYUHBbI MMMYJIbCHOMO TOKa lop CyLue-

CTBYET BMOJIHE OAHO3HAaYHasa rmybuHa WwnndgoBaHus, NpyM KOTOPOW yaerbHas
NPOU3BOAUTENBHOCTL 06paboTkn Qy, NPVHUMAET MakcMMarbHoe 3Ha4eHue

N ocyuwecTBneHme npouecca wnudoBaHua Hambonee addekTnBHo. Kak
cnegyet U3 MpuBELEHHbIX JKCNepuUMeHTalnbHbIX rpaduKoB, Takasd 3aKOHO-
MEPHOCTb M3MEHeHUs! yAenbHON NpOW3BOAWUTENbHOCTU 0b6pabdoTkn Q. oT

rnybuHbl wWnngosaHus t HabnogaeTca onsg Bcex 3Ha4YEHUN MMMYMbCHOrO TO-
Ka Icp. Mpuyewm, c yBennyeHnem ICp MaKCMMyM yaesibHON NpPOn3BOANTESNbHO-

cTn obpaboTku Qyu cMmewaeTcsa B obnactb 60nblinMx 3HAYEHUN yOUHbI
lWwnudoBaHus, a, COOTBETCTBEHHO, 3HA4YeHUd Qyn B TOYKaX MaKCMMYMOB —

YBEITNYNBAKOTCA. Taknum o6pa30M, NoKa3aHo, 4YTO AnA pearin3aumnun yCﬂOBMVI
BbICOKOMPOU3BOAUTESIbHOIO ariMa3Horo LIJJ'IVIC*)OBaHI/IFl BEJIMYNHY UMNYJI1bCHO-
o TOKa ICp HeobxoaMmo yBEJIIM4MNBaATb.

[poBeAeHHbIE 3KCMEPMMEHTbI MO ONpeaeneHunto yaenbHOM Npon3Boau-
TENbHOCTU LWNMAGOBAHMA NPU Pas3NNYHbIX 3HAYEHUAX NOABOANUMOrO UMMYMb-
CHOro TOKa nokasanu Ha HeoOXOAMMOCTb YCTaHOBIIEHUS CBSA3W Mexay rny-
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O6uHOI WnndoBaHUs, Nnowanbo KOHTaKTa LWnMdoBansHoro kpyra ¢ obpaba-
TbIBAEMOW MOBEPXHOCTBIO U BEMUYMHOW paspsiAHOro Toka, NnoABOAMMOIO B
30HYy 00paboTku. [lapamMeTpom, XapakTepusylLUM Takyld CBSA3b, MOXET
ObITb KOHLEHTpauus (MIOTHOCTb) MMMYNbCHOrO TOKa Ha NIoLWaan KOHTaKTa
Kpyra c obpabaTbiBaeMol NOBEPXHOCTbIO:

| I
Ky =22 - P , (3.1)
Sk t-Dyp D ger

er (DKp + D/J.eT)

rae lgp — 3Ha4YeHne NMNyrbCHOro Toka, A,

Sk — nrowaab KoHTakTa Kpyra ¢ obpabaTtbiBaeMon NOBEPXHOCTbIO AeTa-
nm, Mm2;
Do — AnameTp kpyra, Mm.

[MpuBeaeHHble Ha puc. 3.3 rpadomkn nameHeHusa napameTpa Ky ot rny-
OWHbI WnudoBaHusa t Npy pasnuuHbIX 3HaYeHusX lg, (B AaHHOM cryyae

lco =75 A; 48 A; 34 A), nokasbiBatoT Ha yObIBalOLLMIA XapaKkTep 3aBUCMMOCTH
Kt ot t. [Mpn aTom 6onblLUNM 3HAYEHNAM ICp COOTBETCTBYIOT BosbLIMe 3HaYe-

HUA napameTpa Kr.
[ns oueHkn 3HavyeHnn napameTpa Kt B TOYKax MakCuMyma npon3Boaum-
TenbHoCcT 0bpaboTkn Qg criegyeT BOCMNOMNb30BaATLCA SKCMNEPUMEHTalNbHbIMY

AaHHbIMKW, NpuBEAEHHbIMU Ha puc. 3.2. [Ans atoro Ha rpadwmkax (puc. 3.2)
Heob6X0OMMO YCTaHOBUTb 3HAYEHUs1 rMyOuMHbI LWANGOBAHNSA, COOTBETCTBYHO-
LLNe TOYKaM MakCMMyma Npou3BOAMTESNbLHOCTM 00paboTKn, ONna pasfmnyHbIX
ICp N, NCNonb3ysa 3TU AaHHble, Ha rpadmkax Kr ot t (puc. 3.3) onpegenutb

3HayeHusa Kr.

Kak cnegyet mn3 puc. 3.3, ycTaHOBNeHHble 3Ha4yeHnsa Ky, cOOTBETCTBY-
loWMe ToOYKaM MakCcuMyma Npou3BOAUTENBHOCTU 06paboTKn, N3MEHAIOTCA B
npegenax Kr=1,3 ... 1,5 A/MMm?. U3 aToro cnepyeTt, YTo 3HayveHna Kr ans
pasnnyHbIX |lg, OTNMYalOTCs BECbMa HE3Ha4UTeNbHO, — 0bnacTb U3MEHEHWs

onTUMarnbHbIX 3Ha4eHu Ky Ha puc. 3.3 3aluTpuxoBaHa.
Taknum obpasom, pacyeTHO-aKCnepuMeHTanbHbIM MyTeM YCTaHOBIEHO,
4TO MakCUMyM YyAenbHOW npousBoauTernibHocTM obpabotkn Q.. cooTBeT-

CTBYeT NpuGnM3nTENBHO OQHOMY M TOMY XX€ 3HAYEHWUIO MSIOTHOCTM UMMYSbC-
Horo Toka. [MoaToMy AaHHbI NapaMeTp criegyeT paccMmaTpyBaTb OCHOBHbLIM

123



00O0OLLEHHbIM MapamMeTpoM, XapaKTepuayoLWnM MpoLect SNeKTPO3PO3NOH-
HOW MpaBKn ariMasHoro Kpyra.

KT 1
AlMmm 2
3 2
2—3
KT1 7, r\
Ko T, W
1

0 02 04 06 08 t, mm

Puc. 3.3. 3aBUCUMOCTb NAIOTHOCTU TOKa K; OT rnyOuHbI wnudoBaHus t
YcnoeHble obosHaqeHus:: 1= lgp =75 A; 2 —Igp =48 A; 3 — Igp = 34 A.

MopoepxaHne 3agaHHOM MAOTHOCTU MMMYMBbCHOMO TOKa B npouecce
LWNMEOBaAHNA NO3BOSSAET OCYLLUECTBNATL CBOEBPEMEHHYI OYUCTKY Kpyra OT
NPOOYKTOB AMCNEPrMpoBaHMs U NOCTOAHHO NogaepXuBaTb Ha Kpyre passu-
Thi pexyLunmn penbed.

[ns onpeaeneHvsi onTUManbHOW BENUYMHBI UMNYTbCHOrO Toka lg, (Ans

AaHHbIX 3Ha4YeHnn Kt u rmybuHbl wnndoBaHna t, KOTOPYD pekoMeHayeTcs
NPUHMMATb B YCNOBUAX rMYOUHHOIO WNMdOBaHUA paBHOW BENMYMHE CHUMA-
eMOoro npunycka), HeobxogMmo BoCMNONb30BaTbCA 3aBUcMmocTbio (3.1). Pas-

pelada ee OTHOCUTEIbHO lcp’ NnoJ1y4yeHo:

t-Dyp ‘Dper

(3.2)

MNoacTaBnsas B 9Ty 3aBMCMMOCTb U3BECTHbIE 3Ha4YeHuss napameTpos Kr,

t, @ Takke lper, Dper, Dyp, ONpeaensieTcs ontumanbsHoe 3HaveHve lg,, noa-

[IEpXaHne KOTOporo B npolecce LWnnMdgoBaHns No3BonnuT, Bo-nepsbix, obec-
NEeYNTb BbICOKYI PEXYLLYI CMOCOOHOCTb arnmasHoro Kpyra, BO-BTOpbIX, pea-
fN30BaTh MakCUMyM YAENbHOW MPOM3BOAMTENLHOCTM 0bpabotkn Q. Ans

AaHHOW rnyOuHbI WnngosaHus t.
BaxHo ycTtaHoBUTL BnusiHMe napametpa Kr Ha TexHonormyeckue na-
pamMeTpbl WNUEPOBAHUA Ha NpuMepe U3MEHEHUS OTHOCUTENbHOro pacxoa
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anMasa Qgry- [lna atoro cnenyeTt yCtaHOBUTb 3KCNepuMeHTalribHble 3aBUCKU-

MOCTU Qgry OT FNyOWHbI WnudoBaHns t ana ycrnosun Ig, =const u

Kt =const. B nocnegHem cnyyae OAHOBPEMEHHO C M3MEHeHMeM rIybuHbI

WnndoBaHUA Mo 3aBUCUMOCTU (3.2) U3MeHANacb BENUYUHA UMMNYIbLCHOro
TOKa l¢p . Pe3ynbTaTthl nccnenoBaHni npeacTaBneHsl Ha puc. 3.4, U3 KOTopo-

ro crnegyet, 4To C yBenMYeHMeM [NyOuHbl WnNudgoBaHus t npu ycnosum
lcp = const oTHOCUTENbHbI pacxoq anmasa Jory YMeHbliaetcs. [pu rnyou-

Hax wnungoBaHusa t = 0,1 — 0,4 MM MMeeT MeCcTo JOCTAaTOYHO BbICOKUW pac-
Xo4 anmasa, 4to, B NepBylo oyepeb, 00yCnoBneHO MHTEHCUBHbBIM 3M1EKTPO-
9PO3NOHHBbIM BO34ENCTBMEM Ha paboyytd MOBEPXHOCTb anmasHoro Kpyra.
KoHUeHTpaunsa MMnynbCHOro Toka B 9TOM Crlyyae npeBbllaeT onTumarnbHoe
3HayeHue, naMmeHsweecs B npegenax Krq ... Kz (puc. 3.3).

qOTH’
mr/r XI
30 \

20 \
NEIAN
T

0 02 04 06 08 t,mm

Puc. 3.4. 3aBUCMMOCTb OTHOCUTESILHOIO pacxoda arima3oB (g4

OT rMyouHbl wnudgoBaHusa t
Ycnosusi obpabomku: 1 — ICp = 68A; 2 — Ky = 1,4 A/mm; obpabaTtbiBaemblin matepman —

Mr=10H-01; Vyp =28 m/c; kpyr — AC6 250/200 M2-01 4.

MNoonepxaHue B npouecce LWNMGOBaHUSA MOCTOSHHLIM 3HAYeHUs na-
pameTpa Kt CyLLEeCTBEHHO U3MEHSIET XapakTep 3aBUCMMOCTU OTHOCUTENBHO-
ro pacxoga anmasa (g, OT rnybuHbl wnudoBaHua t. OHa NpuHUMaeT BuA

MPaKTUYECKM NPSMOW NUHUK, T.e. OTHOCUTENbHbIA pacxod anmasa C yBenu-
YyeHneM rnyouHbl WNMgoBaHUSA ocTaeTcs HeM3MeHHbIM. Kpome Toro, 3Hauve-
HUS (g BO BTOPOM Crlyyae MeHbLUe, YeM B NEPBOM. YCTaHOBIEHHbIN Xapak-

Tep 3aBUCUMOCTU O6yCJ'IOBJ'IeH TeéM, 4YTO OJ1d KaXgoro 3HaYeHud I'J'Iy6VIHbI
LIJJ'II/ICbOBaHVIFl t ycTaHaBnuBaeTca BMNOMHE KOHKPETHOE 3Ha4yeHue BeNNYMHa
NMMNYJIbCHOIro TOKa, KOTOpoe obecneumBaeT OANHaKoOBYHO WMHTEHCUBHOCTb
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3NEeKTPO3PO3NOHHOIO BO3AENCTBUS Ha paboyyto MOBEPXHOCTb Kpyra B LUMPO-
KOM AnanasoHe N3MeHeHUs! rMyOuHbI LNMAOBaHMS.

Takum obpasom, aKCrnepuMeHTanbHO YCTaHOBMNEHbI MPUHUMNUANbHbIE
OTNNYUS CYLLECTBYIOLLEro noaxoda K ynpaBreHUo NpoLecCcoM 3reKkTpoapo-
3MOHHOW MpaBKM anMasHoro Kpyra (CocTosiLUM B noaaepXaHum npuy wnudgo-
BaHUM ONTUMaInbHOro 3HaveHus ;) OT NpeanaraemMoro NoAxoaa, CoOCTOSLLMM
B nogaepXkaHum npu WnndoBaHMM NOCTOSIHHOM BeNUYMHbI K.

Noasoast utorn NpoBefeHHOro aHanuaa, MOXHO caenaTtb criegyrolne
BbiBOAbl. HecobniogeHve ycrnosua Kt =const, Kak yCTaHOBIEHO 3Kcrnepu-

MEHTasibHO, NPUBOAUT K YBESNTMYEHUIO B 2 — 5 pa3 OTHOCUTENBHOIO pacxoa
anmasa (B crny4vae npeBbllUeHUs UMMNYNbCHbIM TOKOM ONTUMAaribHOro 3Hade-
HUSA) UMW K 3HAYUTENBbHOMY CHWDKEHUIO NPOU3BOAUTENBHOCTM 06paboTkn U
nocneayroLlemMy npekpalleHuto npouecca wnmgoBaHUsa U3-3a MHTEHCUBHOIO
3acanuBaHusa paboyern NOBEpPXHOCTM ariMasHoro kpyra (B crnyyae, korga Be-
NNYNHA MMMYSTBCHOMO TOKA MEHbLLE ONTUMAISIbHOro 3Ha4YeHus).

Tak ycTaHOBMNEHO, YTO BENIMYMHA CUSlbl TOKa ICp =48 A obecneuymBaeTt

NOMHOEe yCTpaHeHne 3acanvBaHug Kpyra n cobnogeHve npumMepHoro paBeH-
CTBa CKOPOCTEN 3PO3MOHHOIO paspyLUeHnNss MeTarnna CBA3KN U NMHENHOrO n3-
HOoca 3epeH npyv LWNUgOBaHUM C MNPOU3BOAUTENBHOCTLID 0BpaboTku
Q =1 400 MM*/MWH (Vger =0,4 M/MuH; t = 0,5 mm). C yBenuyeHnem rnyouHbl

lwnndoBaHusa HabnaaeTcs UHTEHCMBHOE 3acanvBaHue Kpyra, U OCyLLEecTB-
NeHne npoLecca B TakMX YCIOBUSIX CTAHOBUTCH HelenecoobpasHbIM.

B cnyyae ymeHblueHUs rnyOuHbl WNNGOBaHWS, HaYMHas CO 3HAYEHMS
t=0,35 mm, HaobopoT, obecneumBaeTcs NONHOE yCTpaHeHUe 3acanvBaHus
Kpyra, OAHaKo, UMeeT MeCTO Ype3Bbl4aHO BbICOKUI M3HOC Kpyra, KOTOpbIi C
AanbHENLLM YMEHbLUEHNEM yOuHbI LWMGOBaHNSA pe3Ko BO3pacTaeT.

BeinonHasa ycnosune Kt =const, akcnepvMeHTanbHO YCTaHOBMEHbI 3a-

BMCUMMOCTU YAENbHOW NPOM3BOANTENBHOCTH 06paboTkn Qy, 1 3PheKTUBHOM
MOLLHOCTY WNMoBaHUs Nyg, OT rmyOuHbI WnndoBaHms t npyu uKcUpoBaH-

HOM 3Ha4YeHUN a, nax (puc. 3.5, puc. 3.6). Kak BuaHo, Gnarogaps nogaepxa-

HUIO BbICOKOM peXyLlen CnocobHOCTM Kpyra yaenbHasi Npon3BoanTENbHOCTb
0bpaboTku Qyn NOYTM paBHA pacyeTHOW, a aPPeKTUBHAA MOLLHOCTb LWn-

oBaHus Nyq, N3MEHSIETCSH MPUMEPHO MO 3aKOHY MPOWU3BOAMTENBHOCTU 06-

paboTkn Q, 4yTo obecneunmBaeT NOCTOSIHCTBO YCINOBHOIO HanpshKeHuUsl pesa-
HYs (3HeproemMKkoCTu LWngoBaHus) o =Nyy, /Q (puc. 3.6).
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Puc. 3.5. 3aBucumocTb yaenbHOM Nponu3BoAUTENTbHOCTU
obpaboTku Q,, OT rMyouHbI WnndgosaHus t

YcrnosHbie 0603Ha4YeHuUst: 1 — pacyeTHas 3aBUCUMOCTb; 2 — 3KCrepUMeHTarnbHasa 3aBUCUMOCTb.
Ycnosusi 06pabomku: az max =15 MkM; Vi =28 MKM.

o} .103, Nacb,
Ma MBT
3 >

% 60

2 40
/1 2

1 20

: 0
o 02 04 06 08t mMm
Puc. 3.6. 3aBucUMOCTb 3phpeKTMBHON MOLLHOCTHU WnndoBaHusa N,q, (1)

M YCNOBHOIo HanpsiXeHusi pesaHusa o (2) ot rnyouHbl wnudosaHusa t
Ycnosusi 06pabomku: az max =15 MkM; Vi =28 MKM.

3TUM nokasaHo, YTO B LUMPOKUX npeaenax U3aMeHeHusl rnyouHbl LWnu-
doBaHusa t yCNOBHOE HanpshkeHWe pe3aHnss ¢ OCTaeTCsl MOYTM MOCTOSHHbIM.
CnepoBaTenbHO, Ucxoas 13 3asucumocT (3.1), TemnepaTtypa LWMgoBaHUS

t° Takke OomKHa octaBaTbCsl (DAKTUHECKM MOCTOSIHHOW B 06nacTu riny6uHHo-
ro U MHOrOMPOXOAHOro WNNAGOBAHUS, YTO OTKPbIBAET LUMPOKME NEPCNEKTUBDI
NPUMEHEHNSA BbICOKONPOMU3BOANTESNbHOIO NYOGUHHOrO aniMasHoro 3neKkTpo-
9PO3MOHHOIO WG OBaHNSA AeTanemn ¢ BbICOKONPOYHbLIMU NOKPbITUAMN.
OnTnmManbHble XapakTepUCTUKN UMMNYNbCHOMO TOKa OOSMKHbI U3MEHATb-
Cs B criegylowmx npegenax: yacrtoTta crnegosanus nmnynecos f = 1 — 3 kl'y,
CKBa)XXHOCTb mmMmnynbecoB g, = 1,9 — 2,5. B kayecTBe BbICOKOYACTOTHOIO UM-
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NynbCHOro reHepartopa pekomeHgyetca ucnonb3oBaTb LUIM-80x2-88M c
liow =80 A; f=1-88«lu; g,=1,1-8,1; B.=5.

B paboTe Takxke npousBeaeHa oueHKa NNOTHOCTU ToKa i, co3gaBaemon
B MOMEPEYHOM CEeYEHNN ODpa3yOLNXCS CTPYXKEK U onpeaensieMon 3aBUCK-
MOCTbIO:

i = Vo, (3.3)

|
S Q
ONs TOYeK Makcumyma YAenbHOW Mpou3BOAMUTENbHOCTU o6paboTkn Qg

(puc. 3.2). SKcnepuMeHTanbHO YyCTaHOBIEHO, YTO AN cunbl Toka |, = 34 A
nonyyeHo i = 0,6:10° A/mm*; ans |, = 48 A nonyueHo i= 0,6-10° A/mm®; ans
l,= 75 A nonyueHo i= 0,7-10° A/mm>.

OTUM NOKasaHo, YTO CYLLECTBYET NpenenbHoe 3HadeHne napameTpa i,
npu OOCTUXEHUM KOTOPOro HEe3aBUCUMO OT MEXaHWYECKMX MnapamMeTpoB
LWNrudoBaHUA peanmayeTcss MakCUMyM yOenbHOW Mpou3BOAUTENBHOCTU 00-

paboTkn Q,,, 0BYCrNOBNEHHbIA UCKMIOYEHNEM 3acanuBaHUs anMasHoro kpyra

N Nogaep>KaHMeM ero BbICOKOW pexyLlen CnocobHOCTM Ha NPOTSKEHUN BCETO
nepuoga obpaboTtkn. Micxoga ns atoro, pacyet onTUMarnbHbIX 3NEKTPUYECKNX
napamMeTpoB 3NEKTPO3PO3NOHHOIO rMYOUHHOrO WNUAOBaHUA MOXET ObiTb
npoussedeH Ha OCHOBE YCTAHOBMNEHHOIO 3HaYeHnd i = 0,6-10° A/mMMm>.

3.3. Pac4yeT napameTpoB LLepPOXOBaTOCTU OOpabdoOTaHHbIX
NOBEepPXHOCTEN U MaKCUMaSribHOU TOJSIWMHBLI cpe3a
npu rnyouMHHomM wnucgpoBaHumn

CyliecTtBylolMe MeToadbl pacdeTa napameTpoB LUEPOXOBATOCTU LUMNK-
¢boBaHHOW MOBEPXHOCTU B OCHOBHOM 0asunpyloTCA Ha BEPOATHOCTHOM npea-
CTaBIIEHMM 3aKOHOMEPHOCTEW npouecca yvyactnsa 3epeH B pesanun [1; 30; 60;
61; 62; 90; 103; 111; 127; 136]. B pacyeTax pexyLwine 3epHa NPOEKTUPYIOTCH
Ha (PUKCMPOBAHHYIO AMamMeTpanbHY MIOCKOCTb Kpyra, KoTopasi coBepLlaeT
BpawjaTenbHoe ABWXEHNE.

B pesynbTate HanoXeHusi N NepekpbITUS NPOEKUNA 3epeH Ha MII0CKO-
cTn obpasyetca 0b6nacTb CMMOLWHOro NEPEKpPbITUSA, KOTopas C MOMOLLBbIO TeOo-
peMbl YMHOXEHNS HE3aBUCUMbIX CryYarHbIX BENIMYMH UNU OPYrMX TEOPEM
TEopMnN BEPOATHOCTU OMNUCLIBAETCHA BEPOATHOCTHOW (PYHKLMEN MUKPOHEPOB-
HocTen. 3agaBasi HEO6XOOMMYKO CTeneHb TOYHOCTU 3HAYEHUN TakoW (PYHK-
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LK, onpenensaloTca napameTpbl wepoxosatoctm R, Ryax, R, . Ecnu pac-

cMmaTpmBaTb B pacyeTax He BCe 3epHa, ydacTBYyHLME B CbeMe Mpunycka, a
TONbKO TE, KOTOpPble y4acTBYKOT B OKOHYaTENbHOM (DOPMUPOBAHUM LLEPOXO-
BaTOM MOBEPXHOCTU, T.€. 3epHa, OCTaBUBLUME CBOW cred Ha obpaboTaHHOW
NMOBEPXHOCTWN, pEeLUeHne 3adadn no onpeaerieHuno LepoxoBaToCTU MOXHO
3Ha4YMTESIbHO YNPOCTUTb.

Ha puc. 3.7 npuBegeHa pacyeTHasi cxema Kpyrfioro Bpe3Horo wnudo-
BaHMsA, HA NPUMEpPE KOTOPOM NPOBEAEH pacyeT LepoxoBaTOCTM obpaboTaH-
Hon noBepxHocTn. ObpabaTbiBaemMas getanb YCroBHO npeacrasneHa 6ecko-
HEYHbIM MHOXECTBOM AuMaMeTparibHbIX MSIOCKOCTEN, NEPUOANYECKM KOHTaK-
TMpylOWMNX ¢ paboyen NOBEPXHOCTbIO Kpyra, npegnonarasi, Yto Xxapakrep
B3aMMOAENCTBUSA OCTalnbHbIX MIOCKOCTEN OCTAHETCS TEM XeE.

Puc. 3.7. Cxema chopmupoBaHus LepoxoBaTocTn obpadbotaHHOMN
NOBEPXHOCTN NpU BpPe3HOM WnndoBaHUn

[Mpu noBopoTte Bokpyr ocu O, PUKCUPOBAHHOW MIOCKOCTU B npeaenax
ASNVHBbI Oy KOHTaKTa Kpyra c geTarnblo CbeM Npunycka OCyLecTBASeTCs no
nmHun ABC, xapaKTepuayloLlen rpaH1Ly 3aBepLUeHUss cpe3aHnsa pexyLinmMmm
3epHaMn maTtepuana TONWWHOM Z, NOABOAUMOrO B 30HY pe3aHus. He cHs-
Tbll MaTepuan B Buae rpebeLlkoB OCTaTOYHbIX MWKPOHEpPOBHOCTEN bGyaeT
XapakTepusoBaTb napameTp LLepoxXoBaTOCTU NOBEPXHOCTU R,y - VICNONb3ys

paboTy [15], HETPYOAHO YCTaHOBUTbL CBA3b MeXAy napameTpamMu LepoxoBa-
TOCTWN NOBEPXHOCTU R, U Ry %, KOTOpPas MoXeT ObiTb BblpaXeHa 3aBUCUMO-

cTbio Rax =4-R,. Heobxoammo yunteiBaTh, YTO popMMpOBaHME LLEPOXO-
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BaTOCTN 06paboTaHHOro Crnosi OCyWecTBSeTCS 3a oanH obopoT AeTanu, a
pexyLine 3epHa, pacnofnioXeHHble Ha paboyen NOBEPXHOCTU Kpyra, Noauuv-
HEeHbl paBHOMEPHOMY 3aKOHY pacnpefeneHus Hag YPOBHEM CBSA3KM C MaKCu-
MaribHOM BENMUYNHOWN BbICTYNAHUA HaL CBA3KOW b .

PaccmoTpuMm anameTtpanbHoe cevyeHue pabdoden yactun wnudoBarb-
HOro Kpyra v CNpoeKkTUpyeM pexyliue 3epHa Ha 3To ceyeHue. [Nockonbky
MakcumMaribHas BbiCOTa BbICTYMaHUA 3€peH Hag yPOBHEM CBS3KM paBHa b, To
nnowaab, orpaHuvyuBalrollasl 3T npoekumn, byaeTr paBHa NPOU3BEAEHUIO
LUMPUHBI Kpyra B Ha BenuumHy b. lNMonyyeHHyto nnowanb crnenyet pa3dutb
Ha MHOXECTBO siYeek KBagpaTHoOM hopMbl, pa3sMep KOTOPOM onpenensieTcs
napameTpomMm a, nnowagb s4enkn — napameTtpom AS (puc. 3.8).

” B | -
A A
Rmax
f 90°
\ 4
b o
A
o
v v
Rmax 120°
\ 4

Puc. 3.8. Cxema pacnonoxeHusi BepLUnH 3epeH
Hag YPOBHEM CBA3KU Kpyra

CornacHo paBHOMEPHOMY 3aKOHY pa3MeELLEHUsi 3epeH Hag CBA3KOW B
KaXkqom siverke OygeT pasmellaTtbCsa ogHa BepLInHa 3epHa.

Ha 3akntiountensHon ctagmmn popmMmpoBaHns MUKPOHEPOBHOCTEW MNpU
rmybuHHOM WnndoBaHMN MakcMmarbHoe BHeapeHue 3epeH B obpabaTtbiBa-
eMylo NMOBEPXHOCTb OyaeT OCYLECTBMAATLCA Ha BENUYUHY Riax - B €BA3N C

9TMM PacCMOTPUM SYENKU, B KOTOPble Monanu BepLUMHbI 3epeH, pacnono-
)XEHHble Ha ypoBHe U Bbiwe (b—R,5x), TOraa nnowaap, orpaHMYnBaoLLas

3TU AYenKku, onpenenuTcsa npovsseneHnemMm b-R,5y - BepLumHbl 3epeH B pac-
cMaTpmBaeMbIX si4eMKax MOryT 3aHUMMaTb pasfiMyHoe MOSIoXKeHUe, No3ToMy
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Ons onpefeneHust napameTpa R« OydeM paccmaTpuBaTtb camble Hebna-

rorNpuUsiTHbIE YCIOBUSA, T.€. YCMNOBUS, KOrda pacCTosiHUe Mexady BepLUMHOWN U
BNaguHOW NPOEKLMN COCEOHNX 3epeH MakCMMarnbHO 1 paBHO R 5y - BaxHbIM
napamMeTpoM SABMSeTCca yron npu pexylien yactm 3epHa. CornacHo pabortam
[10; 144], 3Ha4yeHne ero mameHsetcs B npegenax 90 ° . 120°, noaTomMmy B
pacyeTax orpaHN4YMMcs U3MEHEHUEM YKa3aHHOro yrra B 9TUX npegenax.

Ha puc. 3.8 npuBegeHa cxema pasMeLLeHUst BEPLLUNH 3EPEH B siYenKax
Ans camoro HebnaronpuaTHoro criyyas. 3a4echb 3HadveHne napametpa Ryax,
NCXOAA U3 reoMeTpUYEecKoro npeacraBreHust MONOXEeHNA BEpLUMH 3epeH B
s4erikax, byaet makcumarnbHo. C y4eToM 3TOro (npu M3MeHeHun yrna 3a-
ocTpeHus 3epeH B ananasore 90° ... 120°), napameTp LepoxoBaTocT Ry

BygeT npuHuMaTh 3HaveHna 15-a ... 2-a. B panbHenwem OygeTt paccMmoT-
peH cambi XyAlWWW criyyan, T.e. Korga napamMmeTp LLUepoxoBaToCTU paBeH
Rmax =2-a, Toraa Ha MKCMPOBaHHOW MIOCKOCTU OCTaBAT CBOW cnep Tofb-

KO Te 3epHa, BbICTyNaHWe BEpLUNH KOTOPbIX HaA CBA3KOW Bornblue unn paBHO
(b—Rpax )- OcTanbHble Xe 3epHa, HECMOTPSA Ha BO3MOXHOCTb y4acTus UX B

pe3aHun, C KUMHEMATUYECKOM TOYKM 3PEHUS HUKAKOrO BIUSHMS HA MaKCu-
MarbHYI BbICOTY OCTaTO4YHbIX MUKPOHEPOBHOCTEN 0O6paboTaHHOM NOBEPXHO-
CTU HE OKaXyT.

Mpn pacuyeTe napamMeTpoB LLUEPOXOBATOCTU HEOOXOAMMO 3HATb KOMU-
4YeCTBO MPOKOHTAKTUPOBABLUMX C MOBEPXHOCTbIO 3EPEeH, MMEKLWUX BbICOTY
BbICTYNaHWA Hag cBA3KoW bonblue unu paBHyto (b —R,ax ). CornacHo npuHa-

TOMY paBHOMEPHOMY 3aKOHY pacrpeeneHusi BepLUMH 3epeH Haa CBA3KOM U
npeHebperas Mx M3HOCOM B MnpoLiecce WNMdoBaHUsA, UMEeM:

n3:k-va-r3-B-%, (3.4)

roe  k — NoBEPXHOCTHAS KOHLEHTPALMS 3epeH Ha Kpyre, LUT./M?;
73 — Bpems KoHTakTa getanu no nuHum C,C ¢ pabo4ven NoBepxXHOCTbLIO

Kpyra, C,
B — wunpuHa kpyra, m.

Mcxooa n3 pacyeTHoOM cxembl, npeacrtaBneHHon Ha puc. 3.9, Bpems
KOHTakTa To4km C n paboven noBEpXHOCTU Kpyra OnULLIETCS:

|
=— 3.5
73 Vior (3.5)
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Puc. 3.9. PacyeTHas cxema gna onpeaerneHus WepoxXoBaToCTU
ob6paboTaHHOM NOBEPXHOCTU NPU BPE3HOM LWrncgpoBaHUN

B 3aBucnmoctu (3.5) BenuuumHa | onpegenseTt anuHy Ayrn KOHTakTa pe-
XYLLMX 3epeH, KOTopble Ha4YMHaT (OPMMPOBaThL LLEPOXOBATOCTb NOBEPXHO-

cTn B Touke C 1 3akaH4mBatoT B Touke C (puc. 3.9):

1=C{C=2-Rper . (3.6)

Yron a v gnuHa | onpegensaioTca U3 peleHna CUCTeMbl TPUrOHOMETPU-
YeCKNX ypaBHEHUN:

3.7
Rier -sina =Ry, -sin g, (3-)
rae Rher =Rper —z (puc. 3.9).
Mocne npeobpasoBaHni, C y4eTOM R'uer ~ RﬂeT, nMeeMm:
2-R ‘R
sing = max _p (3.8)

Rper '(RueT + RKp) .

MpuHUMas sina ~ a, B CUIy MarsbiX ero 3HadeHun yrna o, onpegereHo
YMCNO 3epeH, y4acTBYOLWNX B POPMUPOBAHUM LLEPOXOBATOCTU LUNNGOBAH-
HOW NMOBEPXHOCTMU:
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V, .
ng =2-k-—>. 2-Rmax g Rmax (3.9)
Vp,eT 1 i b
R/J,eT RKp

B pmanbHenwem, ons ynobctBa pacyeToB B YpaBHEHUSAX NCMNOSNb30BaHbI
3Ha4YeHNsa MaMeTpoB AeTanu u WwnndoBanbHOro Kpyra. Toraa BblpaXeHue
(3.9) npumeT BNA;

Y/
ng=2-k-—*. Rmax B Rmax_ (3.10)
Vp,eT 1 1 b

D,qu DKp

[MpoekTnpya pexywue 3epHa Ha (UKCMPOBaHHYK AMaMeTpanbHYH
MNNOCKOCTb, C y4ETOM CAENaHHbIX OOMYLIEHUN, MOXHO CYMTaTb, YTO UX BEp-
LLUIMHBbI PAaBHOMEPHO 3anonHAT BCo nnowadb Ryax -B (puc. 3.8). MuHumans-

Has nnowanp A4erkn AS, B KOTOpyl 0bs3aTenbHO nonageT oAHa BepLunHa
3epHa, paBHa

4 = B Rmax (3.11)
n3

roe pasmep si4erku paBeH a =/ A4S .

Takum obpasom, He npuberasd K BEPOATHOCTHbIM pacdeTam, yaanocb
rpagouyeckn yCTaHOBUTb 3aBUCUMOCTb MaKCMMarbHOW BbICOTbI MUKPOHEPOB-
HocTen Rpax OT pasmepa A4erku a, T.e. pacyeT napamMmeTpa LepoxoBaToCTH
obpaboTaHHOM MOBEPXHOCTM CBESICS K ONpeaeneHuto pasmepa afemeHTap-
HoM A4verkn a. Mcxoas u3 ycnosus R,ax =2-a@, COCTaBNeHoO ypaBHEHWe

COBMECTHOCTWU:

Y/
Zizk-\/“p : Rmax -%. (3.12)
Rmax aet 1 n 1

Kp

Pelwas ypaBHeHue (3.12) oTHoCUTENBHO Rj5% , NONYYEHO:
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40 Vi (1 L
k? ‘V|<2p Dper  Dyp

(3.13)

Rmax =

Wcnonb3ys paboty [1], cneayeT Nnpon3BeCcTn 3aMeHy napameTpoB 3aBu-
cnmocTu (3.13) Ha 06 bEMHYO KOHLEHTpaLMo arnMasHbIX 3epeH B Kpyre m u

3epHUCTOCTb X, COrMacHo 3aBUCUMOCTEN:

(= 3m-1-2), (3.14)
200-7-X
b=(1-¢) X, (3.15)

roe (1—5) — KO3 MUUMEHT, y4YuTbIBaKOLWNM NMPOYHOCTL 3afeSiku 3epHa B
CBSI3Ke.

MNMocne npeobpasoBaHui BbipaxeHue ans Ry,ax NPUMET BUA;

175-10*- X8 V2, (1 L
m? ’V|<2p Dper  Dyp

(3.16)

max —

MonyyeHHoOe BbipaXkeHne ANS onpeaeneHus napameTpa LepoxoBaTo-
CTN R,ax OOHO3HAYHO yCTaHaBMNMBAaET CBA3b MexXAy napameTpamu pexvma

LWANOBaHUA U XapakTepucTukammn anmasHoro kpyra. Hambonbluee BnvsiHme
Ha wWepoxoBaToCTb 06paboTaHHON MNOBEPXHOCTM OKa3blBaeT 3€pPHUCTOCTb
anmasHoro Kpyra, 4to noaTBepXxaaeTcss MHOrOYMCIIEHHbIMU 3KCNEepUMEH-
TanbHbIMW JAHHbLIMWN.

Cnegyrowmmn rno BaXXHOCTU napameTpamu BbipaxeHus (3.16) Heobxo-
AVMO paccmaTpuBaTb CKOPOCTb AeTanu Vper U CKOPOCTb Kpyra V. YuuTbl-

Bas, YTO CKOPOCTb Kpyra B OOMbLUMHCTBE CryYaeB perynmpoBaTh B LLUMPOKOM
[vanasoHe CIOXHO M3-3a KOHCTPYKTUBHbIX OCOBEHHOCTEN CTaHka U anMasHo-
ro kpyra, 6onee npvemnembiM MapameTpoM, C TOYKU 3PEHUS YynpaBreHUs
napameTpom R,y . ABNAETCSA CKOPOCTb AeTann Vyq.. CHUXeHVe wepoxosa-

TOCTV MOBEPXHOCTU TpebyeT yMeHblUeHUA Vjo;, YTO BO3MOXKHO B YCIOBUAX

rnybuHHoro wnndgosaHnda. 3Ha4eHNsa CKOPOCTU AeTanu npu rnybuHHON cxe-
Me B 50 ... 60 pa3 MeHbLUe, YeM MPU MHOrONPOXOAHOM WM OBaHUKU, Crie-
AosaTenbHO, napaMmeTp R,ax MOXET ObITb 3HaUYNTENBbHO YMEHbLUEH. YUnTbl-

Basi TO, YTO Npu rMyOGUHHOM WNMdoBaHUKM AocTuraeTcst bonee BbiCoKkasi Npo-
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N3BOOUTENBHOCTL CbeMa ObpabaTbiBaeMoro martepuana u 3HadeHns Q B
HECKOMbKO pa3 MpeBbialT MPOM3BOAUTESNTIbHOCTbE MHOIOMNPOXO4HOrO LUMn-
doBaHNA, CHWXKEHME LepoxoBaTocTn 0bpaboTkm B ycrnoBusaX rnyoOGuHHOro
LWNNOBaHUSA OTKPbIBAET HOBblE BO3MOXHOCTM WUCMONb30BaHUA 3TOrO Mpo-
rpeccuBHOro Metoa wnndgosanus. Taknm obpasom, nonyvyeHHasa pacyeTHas
3aBUCUMOCTb N4 onpeaesieHns WwepoxoBaTtocTn 0bpaboTkmM No3BonseT Npo-
rHO3MpPOBaTb ONTUMAarbHbIE YCNOBUSA ariMa3HOro riyouHHOro WNNGOBaHUS.

[Ana 6Gonee nNoONHOro npencTaBfeHMsi O BO3MOXHOCTSX MNYOUHHOMO
LWnndoBaHUA crieqyeT BbIMOMAHUTL KMHEMATUYECKMIA pacveT MakCMMaribHOM
TOMLWMHBI Cpe3a Ha npuMepe CXeMbl KPYrioro Hapy>XHoOro BpesHoro rnyouH-
Horo wnundosaHua (puc. 3.10).

Puc. 3.10. PacuyeTHas cxema ansa onpeaeneHMs MakCMMarnbHOW
TOJIWMHBbI Cpe3a Npu Bpe3HOM wnnudoBaHUU

B pacuetHon cxeme obpabartbiBaemas geTanb npeacraBneHa becko-
HEYHbIM MHOXXECTBOM AMaMeTparnbHbIX MMOCKOCTEN, NEPUOONYECKN KOHTaK-
TUPYHOLWMX C paboyen NOBEPXHOCTbIO Kpyra. NMpuHATO, YTO pexyline 3epHa,
pacnosnoXeHHble Ha paboyen NOBEPXHOCTU Kpyra, NOAYMHEHbI PpaBHOMEPHO-
MY 3aKOHY MX BbICTyNaHusl Hag YPOBHEM CBSA3KW, @ MakCMMarbHasi BENIMYMHA
BbICTYNaHUs Hag YPOBHEM CBA3KMN paBHa b.

N3 MHOXecTBa guameTparbHbIX MAOCKOCTEN, KOTOPLIMWU YCIOBHO Npea-
CTaBrfieHa geTtanb, criegyeT BblAenuUTb OOHY U NepeMeCcTUTb €€ U3 MOoSoXe-
HMa A B HoBoe nonoxeHune A’ (puc. 3.10). 3a Bpems nepemeLLeHns nNocKo-
CTV NPOM30OMAET HaNOXeHNE NPOEKLMA 3ePEH Ha 3Ty NNOCKOCTb N obpa3osa-
HMe obnacTu CnNoLWHOro NepPekpbITUA Npoekuun 3epeH. MakcumansHas Bbl-
coTa MMUKPOHEPOBHOCTEN OT HaNoOXeHUsa NPOEKUU 3epeH Ha NNoCKOCTU
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6yp,eT onpenendaTb MakCuMalibHYylO TOJWWHY Cpe3a a, max - anHVIMaFI B

pacyeTax, YTO CbeM BCEro Mpurnycka Ha AeTanu OCYLUeCTBNAETCS 3a OAMUH
0bopoT, a pa3mep fYeNnku onpeaensieTcs napameTpom a, Ans aHanuTu4ye-
CKOro ornpeAeneHnsi MakcMmanbHOW TOMLWMHbI CPpe3a a8, max CneayeT BoC-

Nnonb30BaTbCA NPUBEAEHHOW Bbllle METOAMKOM ONS onpeaeneHnsa napamert-
POB LLEPOXOBATOCTN 06paboTaHHOM NOBEPXHOCTH.

[Mpn wnudoBaHn matepuana B MOMEHT 0Bpa3oBaHUA 30HbI MOSIHOIO
NepekpbITUS NPOEKUUA 3epeH cpe3aeTcd Cnon TOSLWMHOW, paBHOM MaKCu-
ManbHOW TOMLWMHe cpe3a. B cBA3M ¢ 3TMM HEOBXOOMMO PacCMOTPETb AYENKN
C BeplUMHaMu 3epeH, KOTopble pacronoXeHbl Ha ypoBHe (b—a, nax) ¥ Bbl-
we. MNMnowanb KOHTaKTa NNOCKOCTU C 3epHaMu Kpyra onpenenutca npousse-
AeHveM napameTpoB B-a, may -

BepLlnHbl 3epeH B A4enkax MOryT 3aHMMaTb pPasfiMyHOE MOSIoXeHMe,
ofHako, Ana onpefeneHns napameTpa a, max CNeayeT paccmaTpusaTbh ca-

Mble HebnaronpusiTHble YCrioBuA, T.e. YCMOBWUS, KOrga pacCTosiHue Mexay
BEPLUMHON M BNagWHOM MPOEKUMMN COoceaHuX 3epeH byaeT MakcumarnbHbIM,
paBHbIM MaKCUManbHOM TONWWMHE CPe3a A, max - SHAYEHUS yrna y BepLUnHbI

pexyLuen YacTn 3epeH NPUHATLI PpaBHbIMA 90° ... 1200, Torga, ucxoas us puc.
3.11, MakcumarnbHas TosiMHa cpes3a naMeHdeTcd B npegenax 15-a ... 2-a.

dl B I
A | A
Az max
90°
\4
b o
A
(0
v v
I 4 @
Az max 120°

Puc. 3.11. Cxema pacnosnoxeHusa BepLUUH 3epeH
Hag YPOBHEM CBA3KU Kpyra
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[na okoH4aTenbHOro onpefeneHus MakCUMarnbHOW TOMLWMHbLI cpesa
A, max HEODXOAMMO 3HaTb KONMYECTBO NPOKOHTAKTUPOBABLUMX C MITOCKOCTbLIO

3epeH, UMELLMX BbICOTY BbICTYNaHMA Hag CBA3KoW (b —a, ax )- Paccmartpu-

Basi paBHOMEpPHbIN 3aKOH pacrnpefeneHns BepLUMH 3epeH Hag CBA3KOW U
npeHebperasi X N3HOCOM B npoLecce WNngoBaHMs, NONy4YeHO:

n3:k-B-L-az%, (3.17)

roe L — gnvHa paboyen noBepXxHOCTU Kpyra, Ha KOTOPOW PacrnosioXeHbl 3ep-
Ha, cpesasluuMe crnov marepuara TONWNHOM 8, max » M.

Ons onpegeneHust AnNuHbl y4acTka WM oBanbHOro Kpyra, Ha KOTOpOM
pacnonoXeHbl 3epHa, NPOM3BOASLIME CbEM MaTepuana C MakCMMarnbHOM
TOMLMHOW Cpe3a a8, max, CredyeT BOCMONb30BATbCA reOMeTpUYEeCcKMMU Co-

OTHOLWEHNAMK, NpuBeaeHHbIMU B paboTte [97]. HopmanbHas coctasnsowas
CKOpPOCTM AeTtanu (Mo OTHOLWEHMIO K paboyven NOBEPXHOCTU Kpyra) paBHa:

Vier = Vger -COs @, (3.18)
cosa = _|2t- 2 +i : (3.19)
aet DKp

Bpemsi 7, B Te4eHWe KOTOPOro MpOMCXOOMUT KOHTaKT 3epeH y4yacTka

Kpyra AnuHow L ¢ maTepuanom getanu u, crieqoBaTenibHO, OCYLLEeCTBRsSeTCs
cpes3 maTtepuarna Ha BeNUYMHY a, yay , ONpeaenseTcs 3aBUCUMOCTbIO:

T =——. (3.20)

C Apyrowv CTOPOHbI, BPEMS 7, MOXET ObITb NpeaCcTaBreHo:

ro = Bzmax _ L (3.21)
Vp,eT VKp

Paspewas 3aBucumocTb (3.21) oTHoCcUTENbLHO L, meem:
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L— Vip 3zmax | (3.22)
2 2
Vier - .|2t- +—
et \/ (DD,GT kaj

Torga 3aBucumocTb (3.17) npumeT BUA:

V.. a2
ny =k-B- p__zmax . (3.23)
2 2
Vier +—1|-b
AeT \/{DAGT DKp]

CornacHo nNpuUHATOMY paBHOMEPHOMY 3aKOHY pacnpefesieHusi BepLUMH
3epeH Hag ypoBHeM cBA3ku (puc. 3.11), uMeeT MeCcTo paBHOMeEpPHOE 3arnors-
HeHVe BepLUMHaMn 3epeH nnowaan B-a, hax - [1owaab a4enku, B KoTopyro

ob6s13aTenbHO NonageT of4Ha BepLluMHa 3epHa, paBHa:

AS = B";ﬂ. (3.24)
3

Pa3mep CTOPOHDI AYEnNKn onpegendeTcd BblpaXeHNem.
a=+4S. (3.25)

Moactasnss 3aBucnMmocTsb (3.24) B (3.25), nmeewm:

82'n3

Bzmax =g (3.26)

C y4yeTOM BblllEe YCTAHOBMEHHOW 3aBUCUMOCTU 8, max =2-a, Mnocne
noacTtaHoBkM 3aBucumMocTu (3.26) B (3.23), nony4yeHo:

(3.27)

oTKyaa
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1 1
AN b4t L 1
3 e DD,GT DKp
Azmax = : (3.28)

K-Vip

Bolpaxkass napameTpbl kK 1 b yepe3 0O6beEMHYI0 KOHLEHTpauuMo anmMas-

HbIX 3ePEH B Kpyre m 1 3epHUCTOCTb Kpyra X, corniacHo 3aBucumocTten (3.14)
n (3.15), okoH4YaTENbHO MakcMMarbHas TOMLWMHA cpe3a a, qax OMULLETCS:

167102 Vper X3 [t 1 1 1
3 D,qu DKp
Azmax = : (3.29)

m- Vip

Kak BMOHO, M3 BceX, BXOAdAwWMX B 3aBucumocTb (3.29) napameTpos,
HauborbLIee BMUSHNE HA @, max = 2-@ CKasblBaeT 3epPHUCTOCTb Kpyra X, a
3aTeMm, B nopsigke ybbiBaHusl, 0O beMHas KOHLEHTpaLuuMs aniMasHbIX 3epeH B
Kpyre m, ckopocTb AeTanun Vqe; W CKopocTb kpyra V,, rmybvHa wnmdosa-
HUS . YunTbiBasi, YTO CKOPOCTb kpyra Vi, MOXeT U3MEHSTbCS B OrpaHnyeH-

HbIX Npegenax, OCHOBHbIMW MapaMeTpamn pexuma LnnMgoBaHus, KoTopble
MO3BOMAIOT N3MEHATb 8, max B LUIMPOKMX Npeaenax, ABnaioTca Voo, nt.

CnepoBaTtenbHo, 3aiadya noncka onTumMaribHbIX yCnosun odpaboTku u,
COOTBETCTBEHHO, ONTMMarbHON NPOM3BOAUTENBHOCTN 06paboTkn Q cocTouT
B onpedeneHMn onTumarsbHblX 3HaYeHun Voo, u t, ogHoBpemeHHo obecne-

YMBAIOLLNX 3a4aHHYIO LLEepoxoBaTocTb 06paboTkm, onpeaensemyto napameT-
POM Ry gy, W WnMdoBaHne ¢ 3agaHHoOn (NpeaenbHon) MakcuMarnbHOW Ton-
LLIMHOWN CPpe3a a, max - BbINONHEHWE NOCNeaHero ycnoBms BeCbMa BaXHO, T.K.

3TO 06ecneynT UCKMoYEHe NPEXOEBPEMEHHOMO paspyLLUEHUS 3EPEH U pea-
nn3aumio 9KOHOMMYECKM NPUEMIEMOro N3HOCa arnMasHoro Kpyra.

3.4. OnpepeneHne MakCMManbHO BO3MOXXHOM
NPoON3BOAUTESIbHOCTM OOPABOTKM C Yy4ETOM LLEepPOXOBaTOCTH
o6paboTaHHOM NOBEPXHOCTU U MAaKCUMANbHOW TOJLWMHbI Cpe3a

B ycTaHOBNEHHble pacyeTHble 3aBUCUMOCTM AOf1si OnpefeneHust napa-
METPOB Rpax U @z max BOLNM OBa NapameTtpa pexuMa WwnmdosaHus: Ve,
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n t, ynpaBneHne KOTOPbIMU MO3BOSISIET 3HAYMTENBbHO MOBBLICUTE 3PEKTUB-
HOCTb LwWndoBaHus. [ns mx onpegeneHna AoCTaTOYHO pas3pellunTb MNony-
YeHHble 3aBUcUMOoCTU (3.16) u (3.26) oTHocuTenbHO V4o 1 t. OgHako ¢ Me-

TOAMYECKON TOYKU 3pEeHUs NpeacTaBnseT NHTEPEC pa3aenbHbl aHanu3 Bru-
AHUA Ryax W @, max Ha napametpbl Voo v t. [Ins aT0ro nepsoHavanbHO

creflyeTt paspelunTb 3aBUCUMOCTb (3.29) OTHOCUTENBHO Ve

3
a -m-V,
Vier zmax Kp (3.30)
167.102.%3. [t.] 1 4 1
D,u,eT DKp

MonyyeHHas 3aBUCUMOCTb MO3BONSAET YCTaHOBUTbL CBSA3b MEXOY CKO-
poctblo  getann  Vper M rnyouHou WwnudoBaHna t npu  ycrnosun

a, max =const (puc. 3.12).

Vaer,
M/MUH \
0,75 \

0,50 \\ 1
\

0,25 N 2

o 02 04 06 08t mm

Puc. 3.12. 3aBUCMMOCTL ckopocTu Aetanu V.

OT rny6uHbI wnudoBaHusa t
Yenosus obpabomku: | — ay max =15 MKM; 2 — @y max =10 MkM; X= 250/200 MKw;

m = 100; Vyp =28 m/c.

Kak 13BECTHO, OCHOBHbIM MapamMeTpoM, onpeaensrmm 3deEKTUB-
HOCTb arnMasHoro LNMgOoBaHKS, SABMSETCS NPON3BOANTENBHOCTL 06paboTKM
Q, koTopasi NpW KPYrnom HapyXHOM BPE3HOM [MyOUHHOM LUNMdOBaHUK
onpeaenseTcs NPou3BeaeHneM napameTpoBs pexnma WwnngosaHnsa Vg, unt

Ha WWpWHY obpabaTbiBaeMon NOBEPXHOCTU | ... Toraa, Mcnonb3ys saBuCK-

MocTb (3.30), nony4yeHo:
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Q- m'VKp'I.D.eT'\/E'azmax (3.31)
167.102.%3. | 1 . 1
Dp,eT DKp

Kak BMaHO, Hanbonbllee BNUsSHUE Ha NPon3BOAUTENBHOCTL 06paboT-
kn Q okasblBaeT napameTp a, max - OOHaKo, ero yBenuyeHve cBs3aHo C ps-

AOM OrpaHu4yeHun u, B NepByl o4yepelb, C (PU3NKO-MEeXaHN4YEeCKUMU CBOW-
CTBaMM pexyLlen MOBEPXHOCTU anmMasHoro kpyra. [ns yBenudeHusa napa-
MeTpa a, max HEOOXoOAMMO Mcnonb3oBaTb anMasHble Kpyrm ¢ boree npou-

HbIMW anmasamMu U BbICOKOMPOYHbIMM MeTannmyeckummn ceaskamu. CoveTta-
HMe 3TUX (PaKTOpOB MO3BONUT anMasHbIM 3epHaM BblAepXMBaTb 3HAYNTESb-
Hble KOHTaKTHblE Harpysku ANUTENbHOE BPEMS N COXPaHATb YCTOMYMBOE MO-
rnoXeHve B cBA3Ke anmasHoro kpyra. Ha puc. 3.13 nokasaH xapaktep usme-
HeHWsi yAenbHo Npon3BoanTenbHOCTU 0bpaboTkn Qyn = Q/lye; € yBENUMYe-

HUEM MaKCUMarbHOWM TOMLUMHBI CPE3a a, max -

Qy.q
Mm3
MWUH MM
525 7

350 /

/
175 ’//

0 10 12,5 15 20 azmax

Puvc. 3.13. \ameHeHne yaenbHON Npon3BoAUTENbHOCTM 06paboTku Qy .

OT MaKCMManbHOMN TOMNWMHbI CPEe3a Ay max

Yenosusi obpabomku: | per =8 MM; X =250/200 mkm; m = 100; Vip =28 Mlc; t =1 mwm.

Ncxoasa na 3asmucumoctu (3.31), Ha npomsBoanTenbHOCTL 06paboTkm Q
Takke OKasblBaeT CyLLeCTBEHHOe BnuaHue rnybuHa wnudgosaHus t. C ee
yBENUYEHNeM Npomn3BoanTENbHOCTb 06paboTkn Q yBennumBaeTcsl, YTO CBU-
AeTenbCTBYET O npenmyuwecTtse rmyobuHHOro WndoBaHUA MO CPaBHEHUIO C
MHOrONpoOXo4HbIM WnudoBaHneM. Takon BbIBOZ COrfacyeTca C MpakTUKOW
LWNndooBaHUS.

141



Heobxoanmo nmeTb BBUAY, YTO yBEnMYeHne npons3BoauTenbHOCTU 06-
paboTkm Q c yBenuuyeHnem rnybuHbl wnudgosaHusa t B gaHHOM cryvae oby-
CINOBMEHO CHIDKEHUEM CKOPOCTU AeTann Vi e; B COOTBETCTBMM C 3aBUCUMO-

cTbto (3.30). Jluwb B 3TOM criydae MOXHO peanu3oBaTtb 3dEKT NOBbILLEHMS
Npon3BOANTENBHOCTN 06pabOTKM NPY FMYBUHHOM LLNMGOBAHMMN.

BrnnaHne 3epHuctoctn kpyra X, HECMOTPSl Ha TO, YTO 3TOT napameTp
BXOAUT B 3aBUCUMOCTb (3.31) B TpeTbeN CTEMNEHU, MEHEE 3HAYUTENBHO. OTO

o6ycn0|3neHo TéM, YTO OAHOBPEMEHHO C USMEHEHNEM 3EPHNCTOCTU Kpyra X
no4yTn npornopunoHaribHO WU3MEHAETCA MaKChMMalibHadA TOJWwnHa cpeaa

A, max - YUNTbIBaAs, YTo napameTpbl X U 8, nax BXOOAT B 3aBUcMMOCTb (3.31)
B OAMHAKOBOW CTeneHu, cnefyeT oxuaaTb NpakTUYeckn HEM3MEHHOCTb Mpo-

n3BoauTENBHOCTN 06paboTkn Q ¢ n3aMeHeHneM napameTtpa X.

Takum 06pa3om nokasaHo, YTO C TOYKM 3PEHUA CHUXKEHUS U3HOCca an-
Ma3HOro Kpyra npv ogHOBPEMEHHOM MOBbILLEHMM NPOU3BOANTENBHOCTN 06-
paboTkn, Hanbonee nNpegnoYTUTENbHLIM SBMSETCHA NMPUMEHEHNe rnyOuHHOro
LWncoBaHUA C ynpaBneHNEM CKOPOCTM AeTann B COOTBETCTBUM C 3aBUCU-
MocTbio (3.30).

BaxxHO npoaHanuanpoBaTb BfMsHME MapaMeTpa LUepOXOBaTOCTM MO-
BEPXHOCTU Rax Ha ycrosus WnudoBaHus, ANs Yero crnegyeTt paspeLlumnTb

3aBUCMMOCTb (3.16) oTHOCMTENbHO ckopocTy AeTanmn Ve, :

5
__m Vip _ Rmax
42.102.X3 1 1

+
Dper D

Vier , (3.32)

Kp

MNonyyeHHOe BblpaXeHWe ycTaHaBnvMBaeT CBA3b MeXxAdy napameTpom
LLIepOX0OBaTOCTU NOBEPXHOCTU R 5y, XapakTepucTukaMmy ariMasHoro Kpyra u
CKOpOCTblo aeTanu Vi e,. Becbma BaxHo, 4TO B 3aBUCMMOCTb (3.32) He BXO-
ant mybuHa wnudosaHusa t. 3TO OTKPbIBAET 3HAYUTENbHbIE BO3MOXHOCTU
MOBbILUEHUSA NPOU3BOAUTENBHOCTN 06PabOoTKN, T.K. HE3AaBUCUMO OT rNYyOUHbI
LWMdoBaHMA LWepoxoBaTocTb 0bpaboTaHHOM NoBepxHOCTU ByaeT ocTtaBaTtb-

Csl HenamMmeHHon. [Npn ganbHenwem pacCMOTPEHNN XapaKTePUCTUK npouecca
cnepyet nepenTy K napaMeTpy LepoxoBaTOCTM MOBEPXHOCTU R, KOTOpbIN

CBsA3aH C napameTpom R, BblpaxeHneMm R..x =4-R,. Toraa 3asucu-
MOCTb (3.32) npumeT BUA;
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_ M-V R

V. = K .
AT 131.%3 1,1
Dper D

Kp

(3.33)

Paspewaga 3aBucumoctb (3.30) ¢ ydeTom 3aBucmmocTu (3.33) oTHOCK-
TenbHO rMy6uHbI WNMGOBaHUS, UMEEM:

a6

t= Zmax (3.34)
3
171-10° .R2

Takvm obpa3som, onpeneneHbl ABa He3aBUCUMbIX napameTpa Ve, 1t
C y4eTOM OrpaHuYeHunin Nno LepoxoBaToCTM MoBepxHocTn R, n makcumarnb-
HOW TOMLUMHE cpe3a a, max -

AHanuns KpusblX, NpuBeLeHHbIX Ha puc. 3.14, nokasbiBaeT Ha pasnuny-
Hyto CBSI3b Vo Mt C MapaMeTpom LepoxoBaToCTU NoBepxHoCTH R, .

\' t
M/M'qv?; / MM
4,5 0,6

1 /

3,0 4 0,4

15\ // 0,2
,/\><' , )

0 e 10
1 14 1,8 2,2 2,6Ra, Mkm

Puc. 3.14. CBA3b ckopocTu aetanu Ve, (1) n rnybumHbl

wnudgoBaHua t (2) c napameTpom LLepOXoBaTOCTU NOBEepPXHOCTU R,
Ycnoeusi 06pabomKu: az max =15 Mkm; X = 250/200 mMkm; m = 100; Vi, =28 Mm/c.

C yBenuyeHnem ckopocTu getann V. NpoucxoauT yBenuyeHue na-

pameTpa LWepoxoBaToCT! MOBepxHOCTM R,, a c yBenuyeHnem rnyOuHbl

wnudoBaHusa t HabnogaeTca NPOTUBOMOSIOXKHLIA MNPOLLECC U 3HAYEHUS Na-
pameTpa R, ymeHbLuatoTCsS.

CnegyeTt OTMETUTb PasnUYHy0 MHTEHCUBHOCTb YMEHbLUEHMS napameT-
pa R, c yBenuyeHvem rnybuHbl wnudoBaHua t. Hanpumep, HaumHas c
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t = 0,2 MM 3HaYeHVs napameTpa LLEPOXOBATOCTM MOBEPXHOCTU R, M3MeHs-

I0TCA HE3HAYUTENBHO.

Taknm obpasomMm nokasaHo, YTO MCMOSb30BaHWE CXeMbl ryOGUHHOro
LWNMOoBaHNA MNO3BOMSET OCYLLECTBNATb BbICOKOMNPOM3BOAMUTENBHbLIN CheM
MaTepuana u obecneymBaeT yMeHblLUEHVEe LlepoxoBaTocTu obpaboTaHHOM
MOBEPXHOCTU NPW BLICOKOW CTeneHn ctabunudauumn napametpa R, a aTo

0COBEHHO BaXKHO B YCINOBUAX NMPOU3BOACTBA.
C y4yeTOM orpaHmyeHun no wepoxosaTocTn 0b6paboTaHHOM NOBEPXHO-
cTn R, 1 MakcMmarnbHOM TOMWWUHE cpesa a, max NPOV3BOAUTENbHOCTL 06-

pa60T|<|/| onnucbliBaeTcsa 3aBUMCUMOCTbBIO.

6
Q _ m -VKp 'Ip'eT . az_mgx . (335)
24.10.%3. | T .1 IR
net DKp

QYFI

MM3
MWUH"MM

1050

RN
Nl Y

0 —

—————

06 11 1,6 21 2,6 Ra, mkm

Puc. 3.15. 3aBucumocTb yaensHon NnpoM3BoAUTENIbHOCTU
obpaboTku Q,, OT NnapameTpa LepOXoBaTOCTM NOBepXHOCTU R,
Yenosusi o6pabomku: 1 — az max = 19 MKM; 2 — @z max = 16 MKM; 3 — @z max = 12 MKMm;

X =250/200 mMkm; m = 100; lyer = 8 MM; Vi, = 28 M/c.

Ha puc. 3.15 npegcraBneHbl rpadukn, NoslydeHHble Ha OCHOBE 3aBU-
cumocTu (3.35). B obnactn OTHOCUTENbHO HEDONbLUNX 3HAYEHUIN NMPON3BOAM-
TenbHOCTN 0b6paboTkM HabnwgaeTcs 3HaYMTEeNbLHOE M3MEHEHWE napameTpa
LepoxoBaTocTh nosepxHoctn R, . C nepexogom B 06r1acTb BbICOKONPOU3BO-

ANTENbHON 006paboTKM MHTEHCMBHOCTb M3MEHEHMS LLEPOXOBATOCTM MOBEPX-
HOCTW yMeHbLuaeTcs. Takon pesynbTaT BbIrOAHO OTNINYAET BbICOKONPOWU3BO-
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ANTEIbHBLIN rpouecc rmyouHHOro WnmMdoBaHUs OT APYrMx CXem n sBnseTcs
OCHOBHbIM €ro npenMyLLecTBOM.

Taknum obpasom, npoBefeHHbI aHann3 No3BOSUIT BCKPbITb HOBbIE 3a-
KOHOMEPHOCTU rMyOMHHOIO aniMasHoro wnngoBaHns, CBA3aHHbIE C BO3MOX-
HOCTbIO yBenuMyeHnss Q C yMeHblleHMeM napamMmeTpa LepoxoBaToCcTu Mo-
BepxHocTM R, npu 3agaHHOM 3HayeHuu npegernbHON MakcuMarbHOW Ton-

LLMHbI CPe3a a8, mnax- 1PV STOM YCTaAHOBMEHO, YTO rnybuHa wnudgosaHma t
onpeaensaeTcd nullb napameTpaMmn a, max U Ry (T.e. ana kaxgow rnyouHbl
LnMdpoBaHMA CyLLieCcTByeT onTMMarbHOe COOTHOLLEHWE MapameTpoB ay max
n Ry), a ckopocTb Aetanun Ve He 3aBUCUT OT NapameTpa a, may - ITU pe-
3ynbTaTbl 3HAYUTENBHO YMNPOLLAIOT MOUCK ONTUMarbHbIX YCIOBUA anMasHoro
lwnndposaHmMa 1 noareepxaatoT dPAPEKTUBHOCTL MPUMEHEHUS CXEeMbl [ry-

BGMHHOro (0QHONPOXOAHOrO) WNMOBaHNA C TOYKM 3peHust yBenuyeHus Q,
T.K. 3@ CHET CHWXeHuA napameTtpa R,, npn 3agaHHOM 3HAYE€HUM A, yax » BCE-

roa MoxeT BbITb peanun3oBaHa rnyouHa wnudoBaHus t, paBHas Unn KpaTHas
BeSIMYMHE CHUMAEMOrO Npunycka.
[na uncneHHoro aHanusa napameTpoB V .., t 1 Q ycraHoBReHbl UX

3Ha4YeHnsa B COOTBETCTBUM C NPUBEAEHHBIMWN 3aBUCUMOCTSAMW ANA pasnnNYHbIX
3Ha4YeHUn a, nax M R, (Tabn. 3.2 — tabn. 3.4).

Tabnuua 3.2

PacueTHble 3Ha4YeHuUsi ckopocTu aetanu V.,

(ucxodHble daHHble: m = 100; X =250/200; Dyp =0,3M; Vi =28 M/c; Dpger =0,055 m)

R4, Mkm 0,9 1,1 1,3 1,5
Vper» M/MuH 0,27 0,44 0,68 0,96
Tabnuua 3.3

PacyeTHble 3Ha4YeHUA rNyouHbI wnucgpoBaHusa t, Mm
(ucxodHble daHHble: m = 100; X =250/200; Dkp =0,3 M; Vip =28 M/C; Dper =0,055 m)

a MKM Ra, mku
Z.max- 0.9 1 13 15
10 0.099 0.036 00157 0,008
15 1 04 018 0.08
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Tabnuuya 3.4

PacuyeTHble 3HaYeHUsi NPOU3BOANTENLHOCTU 06paboTkn Q, MM /MUH
(ucxodHble daHHble: m = 100; X =250/200; Dkp =0,3 M; Vyp =28 M/C; Dger = 0,055 m)

Ra, MKM
adz.max » MKM
0,9 1,1 1,3 1,5
10 210,0 127,3 83,9 58,6
15 2 3953 1450,5 955,1 668,2

AHanuaupys NonyvYeHHble pe3ynbTaThl, CregyeT OTMETUTb, BO-NEPBbIX,
AOCTaTOYHO CYLLECTBEHHOE YBENMYeHne CKopocTn aetamm Voo, C yBenuye-

HMeM napameTpa LwepoxoBaToOCTN NMOBEPXHOCTU Ra, BO-BTOpPbIX, 3HAYNTETb-

HOe yBenuyeHue rnyouHbl WnndosaHus t n Npon3soamMTeNnbHOCTM 06paboTKM
Q c yBenuyeHmemMm MakcMMarnbHOW TONLWMHBI CPe3a 8, max Y YMEHbLUEHNEM

R;. MNpn aTtom 3acnyxueaet ocoboro BHUMaHUA TOT (PakT, YTO C YMEHbLLe-
HVeM napameTpa LepoxoBaTocTh obpaboTkm R, Npov3BOAUTENBHOCTL 06-

paboTkn Q yBenuumBaeTcs. Takad 3akKOHOMEPHOCTb OByCroBreHa, Ucxons
N3 pacdeTHon 3aBncuMocTu (3.34), ysenudeHnem rrybuHbl wnndgosaHua t ¢
yMeHbLLEeHeM napameTpa LepoxosaTtocT obpaboTkm R .

Takum obpasom, ¢ 04HOM CTOPOHbI, cnenys 3asucumocTn (3.35), nosie-
nseTca BO3MOXHOCTb 6ecnpeaenbHOro yBenuyeHUss nNpou3BoaUTENbHOCTU
obpaboTkn Q nytem ymeHblueHna napameTtpa R,. C opyron cTopoHbl, 3TOMy

NpenaTCcTBYeT OrpaHUYeHHOCTb NapameTpa t, NOCKONbKY BenuynHa CHUMae-
MOro npunycka orpaHuyeHa. CnegoBaTeribHO, NPOM3BOAUTENBHOCTL 0OBpa-
6oTkn Q onpepenseTca rnasHbiM 06pa3oM BEMNYMHON CHUMAEMOro npunyc-
Ka, NpuHUMas rnyouHy wnmdoBaHus t paBHOM 3TOM BENUYNHE.

YuuTbiBad, 4TO ANs JaHHbIX YCNOBUA rMyOMHHOrNO WnudoBaHUs napa-
mMeTpbl t 1 R; NpUHUMAOT BMOMHE KOHKPETHblE 3HA4YeHUs, NCXOAS U3 3aBU-

cumoctn (3.35), OygeT BMOMHe OOHO3HAYHO ONpenensTbCs U napameTp
A, max: XapakTepusylLlMi NPOYHOCTHbLIE CBOMCTBa paboyen MOBEpPXHOCTU
anmasHoro kpyra n obpabatsiBaemoro matepuana.

[nsa ero onpegeneHna HeobxoamMmo 3aBucnmocTb (3.34) npeactaBuThb B
BUae:

8, max = 17.1:10% -t-R3 . (3.36)
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MpuBeaeHHble B Tabn. 3.5 pacyeTHble 3Ha4YeHUst NapameTpa a, may MO-

Ka3blBatOT €ro CyLeCTBEHHOE U3MEHEHME C N3MEHEHNEM 3a[aHHOWN LLEPOXO-
BaToCcTM obpaboTtkn R,. MybuHa wnmudoBaHusa t okasbiBaeT He3HaunUTenNb-

HOe BNWSIHWE HAa MapaMeTP 8, max- YUUTbIBAS, YTO B YCMOBUSIX IMyOUHHOrO
WnMdgoBaHUs orpaHMuMBaoLLMMK napameTpamu sensoTea t 1 R, a napa-
METP 8, max 3@BUCWUT OT 3TMX ABYX NMapamMeTpoB, NPOW3BOAMTENbHOCTL 06-

paboTkn Q, onpegensemas 3aBmcumocTbto (3.35), nocne NoaCcTaHOBKM B Hee
3asucumocTtu (3.36), npumeT Bua;

[o5
Q- m-VKp-IﬂeT-t- R3 (3.37)
131.X3. | ] 1 |
, aet DKp
Tabnuua 3.5

PacyeTHble 3Ha4YeHUA MaKCUMarbHOM TOMLUUHBLI CPE3a A, max s MKM
(ucxodHble AaHHbIe: m = 100; X =250/200; DKp =0,3 Mm; VKp =28 m/c; D net =0,055 M)

t, Mm
Ra, MKM

0,9 1,1 1,3 1,4
0,1 9,9 11,7 13,4 14,3
0,3 11,9 14,1 16,1 17,2
0,5 12,9 15,3 17,6 18,7
0,7 13,7 16,2 18,6 19,7
1,0 14,5 17,2 19,7 21,0

Kak BMAHO, npoun3BoauTenbHOCTb 0bpaboTkm Q sBnsgeTca yHKumen
ABYX He3aBuCMMbIX napameTpoB t 1 R, . C nx ysennyeHmem nponssogutens-

HOCTb 06paboTkn Q yBenuymMsaeTcs.
B tabn. 3.6 npmBeaeHbl pacyeTHble 3Ha4YeHns Q B 3aBUCMMOCTU OT Na-
pameTpoB t 1 R,. Heobxoanmo oTMeTUTb, YTO 3HAYEeHUs CKOPOCTM AeTanu

Vjer, COOTBETCTBYIOLNE NPUBEAEHHBIM B Tabn. 3.6 HOBbIM 3Ha4Y€HUAM Mpo-

n3soguTenbHocTu obpaboTtkn Q, ocTarTCA HEU3MEHHbLIMM, NOCKONbKY B 3a-
BucMMOCTb (3.33) He BXOOAT napameTpbl a, nax W t. Takmum obpasom, B

Tabn. 3.6 npmMBeAeHbl 3HAYEHUST MaKCMManbHO BO3MOXHOM NPOM3BOAUTESb-
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HOCTM 06paboTkn Q (ANA AaHHbLIX 3HAYEHWUA BENUYMHbI CHUMAEMOro npunyc-
ka, paBHOW rnyb6uHe WnNndoBaHWs, napameTpa R,, onpeaensemMoro TexHU-

yeckumn TpeboBaHnamMM Ha o06paboTky aetanu). lMonyyYyeHHble 3Ha4YeHUd
npoussoanTensHocTn obpaboTkm Q Ana onpegeneHHbx napameTpos t n Ry,

CBNOETENIbCTBYIOT O BOSMOXHOCTU pearnn3aunnn Ha npakTuke BblICOKOMpouns-
BOOANTEIIbHOIO afriMa3HOro LLIJ'IVI(*)OBaHVIFI.

Tabnuua 3.6

PacuyeTHble 3Ha4YeHUsA npousBoanTenbLHOCTN ob6paboTku Q, MM°/MUH
(ucxodHble daHHbIe: m = 100; X =250/200; Dkp =0,3 M; Vyp =28 M/C; Dger =0,055 m)

t, Mm
Ra, MKM
0,9 1,1 1,3 1,4
0,1 211,9 350,1 531,3 639,7
0,3 636,1 1050,3 1594,2 1919,2
0,5 1059,9 1750,1 2656,5 3198,7
0,7 1484,2 2450,6 3719,2 4478,1
1,0 2120,3 3500,9 5312,1 6397,3

Takum obpasom, ycTaHOBMEHbI ONTUMAarnbHbIE 3HAYEHUSI CKOPOCTU AOe-
Tanu 1 NPoOu3BOANTENBHOCTN 06PabOTKM ANS KOHKPETHbIX YCNOBUIA, onpeae-
nseMbiX 3Ha4YeHusaMKU napameTpoB t 1 R,, a Takke ycTaHOBMNEHbI onNTMManb-

Hble 3HaYeHUsI MaKCMManbHOW TOMLWMHbBI CPe3a a, nax,» ONPEAENsoLNe KOH-

KPETHYI XapaKTepUCTMKY anmMasHoro kpyra. [ns npaBunbHOro Bbibopa on-
TUManbHOW XapakTEPUCTUKM anmMasHOro Kpyra (Mapku pexyLumx 3epeH u Tu-
Ma CBA3KW) MO YCTAHOBMEHHOMY 3HAYEHUIO 8, nax HEO0OX0AMMO 3HaTb (PYHK-

LMOHAamNbHYK CBSi3b 3TMX MapamMeTpoB, YTO MOXET ObiTb YCTAHOBMEHO pac-
YEeTHO-3KCNEepPUMEHTArNbHbIM MyTEM.

Ha ocHoBe npoBeoeHHOro TEeOPEeTUYECKOro aHanm3a MOXHO npeasio-
XWUTb OOCTaTOYHO MPOCTYI0 WMHXEHEPHY METOAMKY pacyeTa onTMMalbHbIX
YCNOBUIA rNYOMHHOIO anmMasHOro LWMdOBaHUSA BbICOKOMPOYHbLIX MOKPbITUNA.
Ee cywHOCTb COCTOUT B TOM, YTO ANs 3afaHHbIX UCXOOHbIX AaHHbIX (BKMOYas
CKOPOCTb Kpyra Vg, ryGuHy WnngosaHus t, pasHyto BENIMYMHE CHUIMAeMOro

npunycka, 3epHUCTOCTb X M OOBEMHYI0 KOHLIEHTPALMIO anMasHbIX 3epeH B
Kpyre m, napameTpbl lper, Dper, Dyy ¥ NapameTp wepoxosartoctu o6paGor-
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kn R,) Ha ocHoBe 3aBucumocten (3.33), (3.37) un (3.36) onpenensoTcs CKo-
pocTb Aetanu Ve, NPOU3BOAUTENBHOCTL 00paboTkm Q ¥ MakcuManbHas

TOSWMHA Cpe3a a, max - 3HaAA NapamMeTp a, max, BblOMpaloTca onTuMarbHble

XapaKTepUCTUKN anMasHOro Kpyra: Mapka anvasa v TUn MeTaninyeckou
CBA3KM, peanuayloLwme npenenbHyto (06yCnoBNEHHY0 NMPOYHOCTHLIMU CBOM-
cTBaMu paboyert NOBEPXHOCTU anMasHOro Kpyra) TOMLWMHY cpes3a, paBHYHO
YCTaHOBEHHOW BENMUYNHE 3, max -

HeobxoanumMo OoTMETUTb, YTO MPUMEHEHME ariMasHoro Kpyra, Xapakre-
puaytoLerocs donbluen npeaenbHon TONWWHOM cpesa, YeM yCTaHOBMEHHOEe
3Ha4YeHe a, max, NMPUBEOET K HeAOMCMNONb30BaHUIO MPOYHOCTHbLIX CBOWCTB

paboyeit NOBEpPXHOCTU anmasHoro kpyra. B cnyyae xe, korga npeaenbHas
TOnNWMHa cpe3a OyaeT MeHblUe YCTAaHOBIIEHHOMO 3HAYEHWS! A, nax, alMas-

HbIN Kpyr 6y,u,eT pa6OTaTb B yCNnoBuAxX noBbIlLUEHHOIo N3HOCa U NO3TOMY OCY-
LiecTBrieHne npouecca LIJJ'IVICbOBaHI/IFl B TakKuMxX yCrnoBusAax 6y,u,eT OKOHOMM4Ye-
CKN Heu,enecoo6pa3Ho.

3.5. 9KcnepuMeHTaribHble UCCNeaoBaHUA OCHOBHbIX
TEXHONOrM4YeCKNX napameTpoB 3NEeKTPO3IPO3NOHHOIO
anmasHoro rnyouHHoro wnudoBaHuaA

SKcrnepuMeHTarnbHble UcCcrnegoBaHnsa NPOBOAUIIUCE Ha cheumanbHO Co-
3[aHHOM yCTaHOBKe Ha 6a3e yHuBepcanbHOro KpyrrownudgoBasnbHOro cTaH-
ka mogenun 3K12, peanusylolen pexuMm anmMasHOro 3MeKTPo3PO3NOHHOro
wnudoBaHusa. lNpueBoabl OBMXEHUW MOLEPHU3MPOBAHHOrO 0bopysoBaHUSA
NO3BONUIM pacUMpUTb 00NacTb N3MEHEHUST 3HAYEHUI NapaMeTPOB peXxnma
LwnndoBaHus VKp, V;qu, Snpoﬂ. YcTaHOBKa OCHalleHa cneumarnbHbIM UM-

NYNbCHBbIM UCTOYHMKOM TOKa, OCYLLLECTBIIEH NOABOA TEXHOSTOMMYECKOro Toka B
30HY LWNNoBaHKS.

[Ons oueHkn 3 PEKTUBHOCTUN FMYOUHHOIO anMasHOro 3neKTpPoO3PO3nNOH-
HOro LWNMUdOBaHUSA, a Takke MPOBEPKN OOCTOBEPHOCTU MNOJSTyYEHHbIX BbiLle
TEOPETUYECKNX pe3yrbTaTOB 3KCNEPUMEHTaNbHO UCCreaoBanunchb: NPon3Bo-
ANTEeNbHOCTb 00paboTKM, LepoxoBaToCTb 06paboTaHHbIX NOBEPXHOCTEN, OT-
HOCUTENbHbI pacxod anmasa U MOLWHOCTb wnndgoBaHus. B kadectBe obpas-
LOB AN MUCNbITaHMA BbIf MCNONb30BaHbl CneunanbHble KOMbLa U3 BbICOKO-
NPOYHOro nopowkoBoro martepuana nokpbltua MM-10H-01. TBepgocTb no-
kpbiTnss HRC 60 ... 62, reomeTpuyeckme pasmepbl D per =55 MM, |10 =8 MM.
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Ons obpaboTkm o06pasuoB MPUMEHANUCH anmMasHble Kpyrn MpsmMoro
npocuna 1A1 300x40x127x5 Ha meTannuyeckon ceaske M2-01 ¢ pasnnu-
HOW XapaKTepUCTUKOM 3EePHUCTOCTU PEXYLUMX 3epeH, UX KOHLEHTpauum B
anmasHoM crioe.

O6paboTka npousBoaunack no cxeme rnyouHHOro WwnudoBaHus, KoTo-
pasi NO3BONSET yAanuTb CNon matepuana nokpbITUS Ha BENUYUHY NPUNycka
3a oguH obopoT getanu. Pexunmel WnmudoBaHna paccuynTbiBanmcb, UICX04s U3
YCNOBUMA MOCTOSIHCTBA MakCMMarbHOW TOMNWMHBI CPpe3a a, max OTAENbHbLIM

3€pHOM, MOCKOJSIbKY 9TOT MapamMeTp, KaK NnokasaHo Bbille, ornpeaenseTt U3Hoc
Kpyra n OTHOCUTEIbHbIA pacxod anMasos. [Ind yCTaHOBMEHUA CBA3N Mexay
napameTpamu Vo ntnpu a, ,,x =const Mcnonb3oBaHo BbipaXeHue:!

3

a ‘m-Vyp
Vier = Zmax . (3.38)
167-102.%3. .| 1+ 1
D,u,eT DKp

MeToauka nposeaeHna aKCnepnmMeHTaribHbiX nccnenoBaHMM COCTOUT B

criepylolwem. [nsi KOHKPETHBIX 3HAYEHUA @, max, M, X, Vi, t, Dyos Dper (Ko-

P
TOPbIMU  XapaKTepU3yTCA MNPUMEHSEMbIE TPU IKCNEPUMEHTE armasHbIn
Kpyr, obpabaTbiBaemMas getasnb U pexum WiMgoBaHWs) Ha CTaHKe ycTaHaB-
nMBaeTCA CKOPOCTb feTanu, onpenensiemasi B COOTBETCTBUM C 3aBUCUMO-
cTbto (3.38). Mpn nameHeHun rnybuHsbl WnMdgoBaHns t nu gpyroro napameT-

pa, Bxoggdiwero B 3aBuMcumMmocTb (3.38), nponsBoanTcsa nepepacyet VﬂeT, "
BHOBb NONyYeHHOe 3HaveHne V,.; yCTaHaBnuBaeTcs Ha cTaHke. Takon nopa-

X044 MO3BONSET YEeTKO (PUKCMpOBaATb B MNpouecce LWMdoBaHUS BENUYUHY
A, max Y YCT@HOBUTb COMOCTaBMSEMble C TOYKN 3PEHUS MaKCMMarbHOro Uc-

Nnornb30BaHUA MPOYHOCTHbIX CBOMCTB pa60qe|?1 NOBEPXHOCTUN Kpyra pe3yJibTa-
Tbl No BenuunHe Q. [nsa CpaBHEHNA 3KCMNepUMeHTalrlbHbIX 3HayYeHumn npouns-
BOOANTEIIbHOCTH O6p860TKI/I C TeopeTn4eCKnMmn gaHHbIMU rpon3seneH pacyeT
npon3BoanNTESIbHOCTU O6pa6OTKVI Q B COOTBETCTBUM C 3aBUCUMOCTLIO:

m-V, -l .. -Jt-a3
Q= b _Aet Zmax (3.39)

167.102.x3. | 1 . 1

net DKp
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Pe3ynbTaTbl 9KCMEPUMEHTOB W pacyeTHble [aHHble 3aBMCMMOCTW
yAernbHoN Npou3BOANTENbLHOCTM 06paboTkn Qy, OT rMyBuHbI LWNgoBaHUs t

npencraerieHbl Ha puc. 3.16.

QWJ.
mMm3
MUH MM

225

150

75

0 02 04 06 08t Mm
Puc. 3.16. 3aBUCUMOCTb yAerIbHOMU NPON3BOAUTENTbHOCTHU
obpaboTku Q,, OT rMyb6uHbI WnudgosaHus t
Yenosus obpabomku: 1, 2 — az max = 15 MKM; 3, 4 — az max = 10 Mkm; obpabaTbiBaembin
matepuan — Nr-10H-01; X =250/200 mMkM; m = 100; lper =8 MMm; VKp =28 m/c.

YcnosHblie 06o3HaveHusi: 1, 3 — pacyeTHble 3aBUCUMOCTUY; 2, 4 — 3KCNepuMeHTarnbHble 3a-
BMCUMOCTW.

N3 puc. 3.16 cnefyert, 4YTO XapakTep M3MEHEeHUS pacyeTHbIX U 3Kcne-
pYMeHTanbHbIX 3Ha4YeHni Qy, aHanorvyeH, T.e. B 06onx cny4vasx umeert me-

CTO yBeJln4eHune y,u,eanoM npon3BoanTESIbHOCTU O6pa6OTKM Qyﬂ C yBeJin-

YyeHneM rmybuHbl WnNndoBaHMsa t Npy ycnoBum a, ,ax = const. Kpome Toro,

HabnogaeTca 3Ha4YnTENbHOE yBEIMM4eHne J3KCnepumMeHTaribHO YyCTaHOBJIEH-
HbIX 3Ha4YeHUN y,u,eanon npon3BoanTESIbHOCTU O6pa6OTKI/1 Qyﬂ C yBernu4ye-

HMEM MakCUManbHOW TOMWUHBLI Cpe3a a, nax, YTO CBMOETENbCTBYET O A0-

CTOBEPHOCTM pe3yrbTaToB pacyeToB.
OpHako, TeopeTuyeckne 3HaveHuss Qu, Bce xe Borblue JKCnepuMeH-

TanbHbIX 3HAYEHUW, YTO OOBACHAETCA B MEpPBY ovepedb HeOoCTaTO4YHOM
XKECTKOCTbH TEXHONOMMYECKON CUCTEMBI.

PacxoxgeHne TeopeTUYeCKUX W IKCNepUMEHTasrbHbIX [OaHHbIX, Kak
cnepyet u3 rpadukos (puc. 3.16), He npesbiwaeTt 10 ... 15 %, 4TO BRNONHe
npuemMnemo ans npakTUYecKoro MCrosib30BaHUS TEOPETUYECKUX OaHHbIX U
pacyeTHbIX 3aBUCUMOCTEN.
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Ha puc. 3.17 npuBeneHbl aKcnepuMeHTarnbHble rpadouku U3MEHEHUS
9 PEKTUBHOW MOLLHOCTU LNncoBaHus Nyg M OTHOCUTENBHOMO pacxoda

anvasoB (gry OT I'J'Iy6I/IHbI LLIJ'IM(bOBaHVIFl t. Kak nssectHo, FJ'Iy6VIHHaFI cXeMa

lWNudoBaHUA aeTanen ¢ BbICOKONPOYHbLIM MOKPbITUEM XapaKTepusyeTcs Mno-
BblLLEHHbIMW 3Hepro3aTpatamu, B 0COBEHHOCTN HabngaeTcs yBennveHue
9 (PEKTUBHON MOLLIHOCTH Naqo Ha WNUHOENbHOM Bany npu yBenuyeHun rny-

6uHbl WnudosaHus t. OgHako B crnydae ob6paboTkn NOBEPXHOCTEN AeTanemn ¢
MOKPbITUEM HEDOSBLLLOW LUNMPUHBI, YTO UMEET MECTO NP LM OBaHUU dhacku
knanaHa (lper =8 MM), He HabnoaaeTcss UHTEHCMBHOTO yBenUYeHUs Nyg, .

Tak, npn nameHeHnn rmyouHbl Wnngosanus B npegenaxt=0,1 ... 1,0 mm 3a-
TpadunBaemasa adeKkTMBHaA MOLLHOCTb YBeNnMyunach nub B TpU pasa un co-
ctaBuna Ny max =76 BT. OTHOCUTENbHO HU3kNe 3HaveHUst Nyq, ykasbiBatoT

Ha TO, YTO Npu WnMcoBaHN 00pPas3yrTCA HE CTOMb BbICOKME TeMnepaTypbl
pe3aHusl, Kak B YCroBuUs TpaaWUWOHHOIO rrybuHHoro wnudosaHus, a, cre-
A0BaTesIbHO, CHMXaeTCs BEPOSATHOCTb NosIBIieHUs Ha obpabaTbiBaeMbix Mo-
BEPXHOCTAX AedeKToB, 06YyCroOBreHHbIX TENITOBLIMU ABNEHUSMN.

BaxHyto ponb B obecnevyeHnn OTHOCUTENbHO HU3KON 3GdEKTUBHOM
MOLLHOCTY WNNoBaHUA N,y WUIpaeT KavyecTBEHHAs OUNUCTKa PeXxyLLen no-

BEPXHOCTU arnmMasHoro Kpyra ot obpasyoLmxca CTPYXeK NyTemMm BO34ENCTBUS
Ha Hee pa3psigHbIM TOKOM, T.e. MPMMEHeHMe rnpouecca ariMasHoro arekTpo-
SPO3MOHHOIO LWIMAOBAHNA BbICOKOMPOYHbLIX MOKPLITUW 3HAYNTENBHO MOBbI-
laeT ahdPEeKTMBHOCTL 06paboTKN.

BaxHble pesynbTaTbl NonyYeHbl NpyU SKCNepvMeHTanbLHOM uccrnenoBa-
HUX OTHOCUTErNbHOro pacxoga anmasa. Kak cnegyet u3 puc. 3.17, ¢ yBenu-
YyeHnem rnybuHbl WwWnMdoBaHnA t NpyM NOCTOSTHHOM 3HAYE€HUU MakCUMaribHOW
TOMLWMHBI Cpe3a a, max. YTO AOCTUraeTcs OOHOBPEMEHHbIM YMEHbLUEHNEM

CKOpOCTU AeTanu Ve, OTHOCUTENbHBIA Pacxod anvasa qor, YMeHbLIaeTcs.

Mpryem, yMeHbLUEeHNE qypy NPOUCXOAUT NPUONN3UTENBHO MO 3aBUCUMOCTU

795, yro ¢ yyeToM yBenuueHWs NPOU3BOANTENBHOCTU 06PaGOTKM MO 3aBU-

cumoctn t%° cBUOETENbCTBYET O MPaKTUYECKN HEWN3MEHHOCTU NMHENHOro
M3HoCa Kpyra C yBenuyeHvem rnybuHbl wnudosaHua t npu  ycrnosum
a, max = const. OTM noaTBepKOaAETCs, YTO MPU BbICOKOMPOU3BOANTENBHOM

I'J'Iy6VIHHOM aJriMa3HOM LLIJ'IVI(*)OBaHMVI MaKCMarlibHaa TOJWWHa Cpe3a a, max

onpeagendeTt N3HOC aJiMa3HOro Kpyra n, CootBeTCTBeHHO, ero rnpeaesibHble (C
TOYKN 3PpEHNA NPOYHOCTUN 3EPEH U CBFI3KVI) pexyLwmne BO3IMOXHOCTN.
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Puc. 3.17. 3aBucumoctn 3cpcheKTMBHOMN MOLLHOCTH
wnudoanua N,g, (1) M oTHocuTenbHoro pacxopa

anmasoB (gry (2, 3) oT rnybuHbI wnudgosaHus t
Yenosus obpabomku: 1, 2 — az max =15 MKM; 3 — @z max =10 MKM; obpabaTbiBaembliin
matepuan — Mr-10H -01; X =250/200; m = 100; Vkp =28wm/c.

YCTaHOBMNEHO Takke, YTO YeM Gonblle MakcuMarnbHasi TOMWMHa cpesa
8, max» TEM OOMblUe OTHOCUTENbHbLIA pacxod anmasa (gry. YMEHbLUEHNE

Jory C YBEnuuyeHuem rnybuHbl WwnmMgoBaHnsa t Npy yCcnoBum a, max = const

CBMOETENLCTBYET O MPEUMYyLLECTBaAX CXeMbl rnyomnHHoro wnmndoBanus. MNpu
3TOM YCTaHOBIEHO, YTO 4YeM Bonblie rnybuHa wnudoBaHus t, TeM 3Ha4u-
TenbHee CHWXKEHUE Qyry W TEM Bbille 3PAEKTUBHOCTb OT NMPUMEHEHUS TNy-

OUHHOro anMasHoro wnudgoBaHus. [locturaembie Npu rnyorMHHOM anmMasHoOM
LWNNOBaHNM 3HAaYEHUST OTHOCMTENbBHOIO pacxoda anMasa Qg 9KOHOMUYe-

CKM npuvemnembl. Takum obpasom, SKCnepuMeHTasribHO MoATBepXaeHa BO3-
MOXHOCTb B HECKOJIbKO pa3 yBENMYUTb NPON3BOAUTENBHOCTL 06paboTkM ae-
Tanen C BbICOKOMPOYHbIM MOKPbITUEM (AOCTWYb 3HaYeHust 9 500 MM*/MUR)
NPy 3KOHOMMUYECKN OOMYCTUMOM OTHOCUTESIbHOM pacxofe anmasa gy =9

Mr/r B yCrOBUSIX IMyOVMHHOro anMasHoro WiMgoBaHus.

Heobxogumo OTMETUTb, YTO B YCMOBUSX OOLIYHOrO MHOTrOMPOXOAHOMO
anmasHoro wnudoBaHus, Kak NpaBuio, UMEeT MeCcTO YBENMYeHNe OTHOCK-
TEenbHOro pacxofda anmasa (gry C YBenuMyeHnem rnybuHbl wnudoBaHus t.
B ycnoBusix e rnyGuHHOro anMasHoro LWnivdgoBaHus HabniogaeTcs nNpoTu-
BOMOJIOXXHAs 3aKOHOMEPHOCTb, YTO 0OYCNOBNEHO, NO-BUOUMOMY, OTINYUSMU
B MexaHM3Me M3HOCca anmasHoro kpyra. Tak, cneaysi nonyyYeHHbiM B paboTe
aHanMTUYeCKMM 3aBMCMMOCTSAM, MakcumMaribHasi TOMWMHA Cpe3a a, max NPY
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MHOrOMpPOXOAHOM LUNndoBaHUM Bcerga bornblue, Yem npu rnyouHHOM LWnu-
doBaHuKn BcrieacTBme HebnaronpPUATHONO COOTHOLLEHMS NapameTpoB PeXu-
Ma wnmoBaHns Ve, 1 t. YBenuyeHve a, nax, B CBO OYepeb, MPUBOAUT K

yBEMNMYEHUIO Harpy3oK, AeNCTBYIOLLMX Ha 3epHa W, crnegoBaTenbHo, K yBenu-
YEeHWUI0 MHTEHCMBHOCTU M3Hoca kpyra. lNpuyem, yem Gonblue rnybuHa wwnu-
cdoBaHug t, Tem Gonblie a, nax W, COOTBETCTBEHHO, OTHOCUTENbHbIA PAacXos

anmMasa (gry B Clly4ae MHTEHCUBHOIO paspyLlleHna 3epeH N nx BbinageHna na3

CBA3KN OT Ype3MepPHbIX Harpy3ok.
B YCIoBUAX XKe FJ'Iy6MHHOFO ariMma3Horo LLIJ'IVIC*)OBaHI/IFI, Korga MaKcCcu-
MarlibHad TOJWMWHaA Cpe3a a, nax HE3aBUCUMO OT XapakKTepa U3MEHEHUA CKO-

poOCTU geTanu u rmybuHbl WMGOBaHNA, OCTAaeTCA HEM3MEHHOW, He MpeBbI-
laKwen npeaenbHoe 3HavyeHMe, B MexaHuM3Me W3HOca anMasHOoro Kpyra
npeobnagaeTt uctmpaHue 3epeH 6e3 ux npexgeBpPeEMEHHOro paspyLUeHUs U
BbliNnageHust U3 cBA3KW. [1pn 3TOM A0Ka3aHO, YTO MHTEHCMBHOCTb NIMHEMHOIO
M3HOCa Kpyra Mnpu YCMOBWUM a, nax = CONSt ocTaeTcsa noctosHHow. Toraa

yBeJM4eHmne npon3BognTesibHOCTU O6pa6OTKM no 3aBNCNMOCTU t0’5 npumee-
A€eT K CHMXXEeHUK OTHOCUTESIbHOINo pacxoda aliMaida (gpy Mo 3aBUCUMOCTU

705, 3tum gokasaHbl OTAMUMSI B MexaHU3Me WM3HOCa Kpyra npu OBbIYHOM
anMasHoM LWIMdOBaHMK U FNMYOMHHOM WM oBaHUKN M 0O60CHOBaHa NpuYMHa
YMEHbLUEHNS Qory C YBEMMYEHMEM rnybuHbl WnudoBaHmsa t npu ycrnosum

a, max = const.

Ha puc. 3.18 npencraeneHbl 3KCnepuMeHTanbHble gaHHble 00 name-
HeHMM napameTpa LepoxoBaTOCTU NOBEPXHOCTM R, € yBenuyeHnem rnyou-

Hbl LWIMdOBaHMA t MPU YCNOBUKN a, ax = const. [1na cpaBHeHnsa npuBeaeHbl
pacyeTHble rpaukn R, OT t npu ycnoBuu a, o = const. PacyeT napamert-
pa LepoxoBaToCTN NOBEPXHOCTU R, NMpon3BoanTcs No 3aBUCUMOCTW:

a,

_ Zmax 3.40
171103 -t (3.40)

Mpun 3TOM cKOpOCTb AeTanm Ve AN KaXO0ro KOHKPETHOTO 3Ha4YeHs

rnyOviHbl WnngoBaHmsa t ycTaHaBnMBaeTCs B COOTBETCTBUN C 3aBUCUMOCTbLHIO
(3.30). Kak cnegyeT 13 npmBeaeHHbIX rpadumkos (puc. 3.18), BO Bcex crniydasax
C yBenuyeHmem rmnybuHbl wnudgosaHmsa t, Npyu ycnoBun a, nax = const, na-
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paMeTp LWepoxoBaToOCTU MNMOBEPXHOCTU Ra YMEHbLUAETCA. OTO cBMAOETENb-

CTBYET O TOM, 4YTO C NEPEXOAOM OT CXEMbl MHOIONPOXOAHOrO LNNGOBaHUSA K
cxeme rnyouHHOro WnmMoBaHus NOSIBASETCSA BO3MOXHOCTb YIyYLLEHUS Ka-
yecTBa 06paboTaHHbIX MOBEPXHOCTEN.

Ra
o \N

0,8

JoM-
|

0,4

0 02 04 06 0,8 t, Mm
Puc. 3.18. 3aBucumocTb napameTpa LepoxoBaToCTU NOBEPXHOCTU R,
OT rny6uHbl wnudoBaHusa t

Yenosusi obpabomku: 1, 2 — az max =15 MKM; 3, 4 — @z max =10 MkM; obpabaTbiBaembin
maTepuan — Mr-10H-01; X = 250/200; m = 100; Vip =28 mlc.

YcnosHbie o6o3HaveHus: 1, 3 — aKCnepuMeHTarnbHble 3aBUCUMOCTH; 2, 4 — pacyeTHble 3a-
BUCUMOCTW.

3HaunTenbHOE BMMSIHME Ha NapameTp LIepOXOBaTOCTU MOBEPXHOCTU
R, Oka3biBaeT MakcumarbHas TOMWMUHA Cpe3a a8, max- C €€ yBennyeHvem

LuepoxoBaToOCTb 06paboTaHHOM NOBEPXHOCTU yBENU4MBaeTcs bonee 4em no
NUHENHON 3aBUCUMOCTU. [lpndem, Takasds 3aKOHOMEPHOCTb YCTaHOBSIEHa Kak
9KCNepuMeHTanbHoO, Tak N TeopeTudeckn. 3acnyxmsaet ocoboro BHUMaHNA
TO, YTO pacyeTHble M 3KCNepuUMeHTarnbHble OaHHble MMEKT BbICOKYH CTe-
neHb cxogmmocTun. Ux pacxoxgeHue, cnegys npuBedeHHbIM rpadoukaMm Ha
puc. 3.18, He npesbiwatoT 10 %.

Kak cnegyet u3 puc. 3.19, rmybuHHoe anmasHoe wnudoBaHue geTa-
nen C BbICOKOMPOYHbLIM MOKPbLITUEM MO3BOMSAET MOBbLICUTL MPOU3BOAUTESTb-
HOCTb 06paboTKkM NPy OLHOBPEMEHHOM CHWXEHUM NapamMeTpa LepoxoBaTo-
CTM nosepxHoctn R,. HeobxooumMo OTMETUTb, YTO Takme 3aKOHOMEPHOCTU

yCTaHOBIEHbI BrepBble, T.K. HE paccmaTpuBanucb ycrioBus obpaboTku npwu
rmyOGuHHOM LLINMMAOBaAHUU C YYETOM YCMOBUA a8, nax = COnst. Kak nokasaHo

BbilLE, BbIMNONTHEHWE 3TOrO YCINOBUS MO-HOBOMY OTKPbIBAET BO3MOXHOCTM
LUNMdpoBaHMA 1 No3BonseT 060cHOBaTb HOBble adhdekTbl 06paboTKu.

155



MWUH"MM

225 W
1

150 N

N
\
75 S 3
0 ¢
0,5 0,7 0,9 11 1,3 Ra, MKM

Puc. 3.19. 3aBucMmocTb yaenbHOM Npou3BoaAUTEeNIbHOCTU 00paboTKM
Q,, OT napameTpa WepPoXoBaTOCTU NOBEPXHOCTU R,

Yenosusi obpabomku: 1, 2 — az max =15 MKM, 3, 4 — a5 max =10 MkM; obpabaTbiBaembin
maTepuan — Mr-10H-01; X = 250/200; m = 100; lper =8 MM; Vyp =28 M/c.

YcnosHbie 0603Ha4YeHus: pacyeTHble (1, 4) n akcnepumeHTanbHbie (2, 3) 3aBUCMMOCTMW.

Ncxoos mns npueefeHHbIx Ha puc. 3.19 3aBMCMMOCTEWN, 3HAYUTENBbHOE
BNusiHne (bonee 4em Mo JIMHEMHOM 3aBUCUMOCTMU) Ha YAESbHYIO NPON3BOAM-
TenbHOCTb 06paboTkn QwJt OKasblBaeT MaKkcumanbHasi TOMLWWHA cpesa

87 max- C €€ yBenuyeHnem Habriofaetcs 3HauuTernbHoe ysenuuerne Qyg,

YTO NOATBEPXAEHO 3KCnepuMeHTanbHo. Kpome Toro, ¢ yBenmyeHMeM a, max
YBENMYMBAIOTCA 3HAYEHMA napamMeTpa LLepoxXoBaToOCTU NOBEPXHOCTN R, KO-
TOpble MOryT 6bITb peann3oBaHbl B 3TUX YCMOBUSX, T. 3aBUCUMOCTb YAerlb-
HOV npousBoauTenbHocT 0bpaboTkn Q,, oT R, npuobpeTaeT BUA acumn-
TOTUYECKON KPUBOW, NpUBMMXKaloLenca K KOHKpeTHoMy 3HadeHunio R,. [ns
criyyas a, nax =10 MKM 3aBUCUMOCTb aCMMMTOTUYECKM NpubnuxaeTcs K nps-
mon R, =0,5 MKM, a Ana cnyyas a, o =15 MkM — Kk npamont R, =0,9 Mkm.

[lna aKcnepyMeHTanbHOM OLEHKW BIUSAHUSA XapakTepUCTUK anMasHoro
Kpyra Ha napameTp LUepoXoBaTOCTV NOBEPXHOCTU R, cnegyeT BOCMOb30-

BaTbCA 3aBUCMMOCTbLIO (3.33), B KOTOPYK Hapsay C napameTpamu pexuma
LWNMdOBaAHUSA BXOOAT XapaKTepUCTUKM ariMa3HOoro Kpyra: 3epHUCTOCTb Kpyra

X 1 06beMHasi KOHLEHTpaUuUa anmasHbIX 3epeH B kpyre m. B npouecce nc-
cnegoBaHust obpabaTbiBaeMOCTU 06pasLoB C BbICOKONPOYHbLIM MOKPLITUEM

[Mr-10H-01 ncnonb3oBanucb anMasHble Kpyrm ¢ pasnuyHbIMU 3Ha4YeHUsaIMn X
n m. Ha puc. 3.20 npeacraBfieHbl 3aBUCMMOCTN NapamMeTpa LepoxoBaToCTu
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NOBEPXHOCTM R, OT 3epHUCTOCTU Kpyra X U 06bEMHOM KOHLeHTpauuu an-
Ma3HbIX 3ePeH B Kpyre m.

Ra R,
MKM / MKM
1,3 / 1,6

1),/ ~
1,0 Z 1,4

T~
TN

—
/(2 \\
R~ 1 T
0,7 // 1,2 2 —
:/
0,4 — 1,0
100 125 160 X, wmkm 250 100 150 m
80 100 125 200
a 6

Puc. 3.20. 3aBucMmocTu napameTpa LiepoxoBaToCTU NOBEepXHOCTU R,

OT 3epHUCTOCTU Kpyra X (a) U 06beMHOI KOHLEHTPaLmK

anmasHbIX 3epeH B Kpyre m (6)
YcrosHbie 0603HaqYeHUst: akcnepumMeHTanbHble (1) 1 pacyeTHble (2) 3aBUCMMOCTM.
Ycnosusi obpabomku: X = 250/200;: m = 100; Vper =0,6 M/MWH; VKp =28 m/c; obpabatbl-

Baembin matepuan — Nr-10H-01.

[lna cpaBHEHUS NpuBeaeHbl SKCNEPMMEHTArbHbIE N pacYETHble 3Ha4Ye-

HUs. Kak BMOHO, yBenuyeHne 3epHUCTOCTM Kpyra X BedeT K YBEenUYeHuto
LLIEPOXOBATOCTM MOBEPXHOCTU R,, NMOCKOMbKYy YyBeEnu4yMBaeTcs pasmep pe-

XYLUMX 3epeH, a, criegoBaTenibHoO, U cnen, OCTaBfeHHbIN 3epHOM Ha obpabo-
TaHHOW noBepxHocTU. HeobxoaMmMo OTMETUTb, YTO pacyeTHble 3HaYeHus na-
pameTpa LepoxoBaToOCTU MOBEPXHOCTU R, HECKONMbKO HmXe 3KCnepumeH-

TanbHbIX. OOBACHAETCA 3TO HaANMYMEM MHOXECTBA OCTPbIX MUKPOKPOMOK Ha
NOBEPXHOCTUN PEXYLUNX 3ePEH, KOTOPbIE CO34al0T pa3BuUTbIN MO hopme crnea.
BeeneHne B 30HY pe3aHusi OOMOSMHUTESIbHOW 3Heprnn B oopme anekTpuye-
CKMX pa3psaoB ob6ecneynBaeT BbICOKYHO CTEMEHb OYUCTKU PEXYyLLEN NOBEPX-
HOCTW ariMasHOro Kpyra ot obpasyloLmxcs CTPYXKEK U YCTpaHAEeT HanvnaHue
MaTtepuana Ha pexyuwme 3epHa, 4To obecneymBaeT BbLICOKYID Pa3BUTOCTb
pexyliero penbeda Kkpyra u TemM cambiM MOMOXUTENBHO BNUSIET HA BbIXOA-
Hble nokasaTenun wnngoBaHus (4TO NpU MoaenMpoBaHUM POPMbl 3€EPEH B
TeopeTUYeCcKnx pacyetax He yuduTbiBaeTcs). Bmecte ¢ Tem, ycTtaHoBreHo,
YTO pPacXOXOEHWE pacCYETHbIX M AKCMEPUMEHTAarNbHbIX 3HAa4YEeHUN NapameTpa
LepoxoBaTtocTn nosepxHoctn R, He npesbiwaetr 15 %. CneposartenksHo,

BO3MOXXHOCTb MCMOSIb30BaHUA 3aBucnumoctn (3.33) Ans nporHo3MpoBaHUS
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LLIEpPOXOBaTOCTM 06paBGOTaHHOW MOBEPXHOCTU C M3MEHEHWEM 3EPHUCTOCTM
kpyra X aKCnepuMeHTanLHO NoaTBepaeHa.

B otnuumne ot 3epHUcTOCTM Kpyra X, yBenuyeHme obbEMHOM KOHLIEH-
Tpaunm anmMasHbIX 3epeH B Kpyre m crnocoOCTBYeT CHWXEHWIO napameTtpa
LepoxoBaTtocTu nosepxHoctn R, . OgHako 3Ha4MTenbHOro CHMxeHns R, ¢

yBenuyeHnem m He Habnwgaetca. Ha puc. 3.206 npeactasneHbl KpuBble 3a-
BMCMMOCTW MapamMeTpa LLIepoxoBaToCcTh NoBepXHOCTU R, OT 06beMHON KOH-
LeHTpauMmM anmasHblX 3epeH B Kpyre m pacyeTHOro 1 aKcnepumMeHTanbHOro
xapaktepa. [lpoBegeHHble 3KCNepUMEHTarnbHblE WUCCrenoBaHWA NOATBEpP-
KOalT TEOPETUYECKN YCTAaHOBMNEHHYIO 3aBUCMMOCTb.

Mpu oueHke 3 dHEKTUBHOCTM nNpoLecca o6paboTkm BaXKHO 3HATb Xapak-
Tep 3aBUCMMOCTM OTHOCUTENBLHOrO pacxoda anmMasoB (g, OT MapameTpa
LLIepoOXoBaTOCTU MOBEPXHOCTU R,, koTopas onpegenser 3KOHOMWUYECKYHO

9P PEKTUBHOCTb MPUMEHEHNS OAaHHOro MeToda wnundoBaHusa. B cBdaAsmn c
3TUM Ha puc. 3.21 npeAcTasneHbl 3aBUCUMOCTU Qgyy OT MapameTpa LIepoxo-

BaTOCTM NOBEPXHOCTU R,, NMony4eHHble npu obpaboTke Aetanen C BbICOKO-
NpPOoYHbIM NoKpbiTHem MNr-10H-01.

Jorn
mr/r

9 /
6

|
N

0
0,5 0,7 09 1,1 1,3 Ra, mkm

Puc. 3.21. 3aBUCMMOCTb OTHOCUTENLHOIO pacxoaa anmasa qqry
OT NapameTpa LepoxoBaTOCTH NoBepxHocTn R,
YcrnosHble 0603HadeHus: 1, 2 — az max =15 MKM; 3, 4 — @z max =10 MKM.

Yenosusi o6pabomku: X = 250/200; m = 100; o6pabaTbiBaeMblit MaTepuan — Mr-10H-01.

Kak BMaHO, C yBenM4yeHnem napameTpa LIepoXoBaTOCTU NOBEPXHOCTU
R, Habniogaetcs yBenuyeHne OTHOCMTENBHOMO pacxoa arnvasoB (g, 04-

HaKO C pa3HOM WMHTEHCMBHOCTbLI. CylLlecTBYOT 00nacTu M3MeHeHUs napa-
METPOB PEXMMOB LUNMOBAHUS, B KOTOPbIX (ory U3MEHSIETCS BeCbMa He3Ha-
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YUTEJ1IbHO MNpUn cywecreeHHOM U3MEHEHUN Ra. Mcnonb3oBaHue Taknx obna-

CTel NO3BONSET MOMYYMTb Pa3fMYHY0 LLIEPOXOBATOCTb MOBEPXHOCTU MaTe-
pvana, ctTabnnunanpysi Nnpu 3ToM HaMMEHbLLUNIA pacxof anvasoB.

B T0O Xe BpeMsi cyLlecTByOT ob6nacTu, B KOTOPbIX MPaKTUYECKM OTCYT-
CTBYET CBSI3b MeXAy napameTpamu Ju;y U R,. OTO cBUOETENBLCTBYET O TOM,

YTO OTHOCUTENBHbIA Pacxon anMa3oB MOXET U3MEHATLCA B 3HAUYUTENbHbIX
npegenax npakTuyeckn 6e3 M3MeHeHUs napaMeTpa LLIEepoXoBaTOCTN NoBepx-
HocTM R, . OTn obnactn MeloT Ype3Bbl4alHO BaXXHOE NpakTUYecKkoe 3Have-

Hue. [NpmBeneHHble Ha puc. 3.21 aKkcnepuvMeHTasrnbHble rpaduku elle pas
noaTBepXaatT MAE O TOM, YTO NMPUMEHEHME B KayecTBe YyCnoBus onTUMmn-
3aunn napameTpoB 0b6paboTKM MaKCUManbHOW TOMLWMHbI CPe3a a8, yax MNO3-

BOSIIET NPUHUMNMANbHO NO-HOBOMY MOAOWTU K OnpeneneHunio TeXHOornye-
CKMX BO3MOXHOCTEWN rMyBUHHOro anMasHoro LWingoBaHUs U yCTaHOBUTb HO-
Bble HETpaAULMOHHbIE COOTHOLUEHUSI NapamMeTpoB PEXMMOB LWNMEGOBaHUS,
obecneuvnBaroLnX 3HaYMTENBHOE NOBbILEeHNEe 3dEKTMBHOCTN 06paboTKw.

Takum o06pa3omM, BbIMNOMHEHHbIE 3KCMEPUMEHTarNbHbIE MUCCNeaoBaHUS
NO3BONUNW, BO-MEPBbIX, ONpPeAesiMTb ONTUMarbHble 3HAYEeHUA BbIXOAHbLIX
TEXHOSOMMYeCcKnXx napamMeTpoB rnmyobuHHOro anmMasHoro 3NeKTPO3PO3NOHHOIO
LWNndpoBaHUs, BO-BTOPbLIX, NOATBEPAUTL AOCTOBEPHOCTL paspaboTaHHOM Ma-
TemaTn4eckon mMogenu wnmgoBaHus U NofyyYeHHbIX TEOPETUYECKUX pPe3yib-
TaToB. YCTaAHOBMNEHO TaKke, 4To Haumbonee a(pdeKkTMBHO NPUMEHEHNE MNpwU
rnybuHHOM anmMasHOM WngoBaHuUM geTanen ¢ BbICOKOMPOYHbIM MOKPbITUEM
anMasHbIX Kpyros Ha meTtannuyeckmx ceaskax M2-01, M1-01, M3-06, M1-10 ¢
3epHuctocTblo 160/125 ... 250/200 n 100-NpoLEHTHON KOHLUEHTPaUumn B yCro-
BUAX X HEMPEPbLIBHOM 3N1EKTPOIPO3NOHHOMN NPaBKM.

3.6. TexHonornyeckoe obecnevyeHue anmasHoro
3NeKTPO3PO3NOHHOIo rMyouHHOro wnmucpoBaHUA

3.6.1. Ucnonb3yeMble UCTOYHUKU TEXHOJNTONMYECKOro ToKa

B HacTosiee Bpemsi paspaboTaHO MHOXECTBO 3NIEKTPUYECKUX CXEM
reHepaTopoB MMMYMbCHOMO TOKa [Ans pasfnuyHblX BUOOB 3PO3NOHHOIO
BO34enCTBUA. [TpOMBILLNEHHOCTLIO CEPUNHO BbINMYCKAKOTCA reHepaTopbl Tuna
Wr, Tk, UTT (tabn. 3.7). Hanbonee yHuBepcanbHbIMWU WUCTOYHUKAMMU
MMMYNbCHOrO BbICOKOYACTOTHOrO TOKa A1 afiMa3HOro 3reKTpo3pO3MOHHOIO
npouecca wnndoBaHns ABnaTCA reHepatopbl Tuna LWIA.
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Tabnuuya 3.7

MCTOYHMKMN TEXHONMOIrM4YeCcKoro Toka

O603HaueHe Tok YacToTa CKBaXHOCTb CurnoBble

MCTOYHVKA lep» A f, kl'y op 6roku, Bg
Lr1-40-440M 40 1-440 1,1-8,1 3
LLUM1-80x 2—88M 80 1-88 1,1-8,1 6
NTT-35 35 50-107 4-20 1

BaxHbIM perynvpyembiM napamMeTpoM fnpoLecca 3p03NOHHOIo BO3aen-
CTBUSI Ha PEXYLLYH MOBEPXHOCTb anMa3HOro Kpyra sBNsieTCA 3Heprua eau-
HUYHbIX UCKPOBbLIX pa3psioB, KOTOpas BblpaXaeTcsl 3aBUCUMOCTbIO:

3 =lgp -Ugp - 7, (3.41)

rae Icp’ Ucp — cpegHne 3Ha4vYeHUnd Cuiibl TOKa N HanpaXeHna B MeX3J1eK-

TPOAHOM NpomMexyTke, A, B;
7, — Bpems OencTBuA eauHNYHOro NMnynseca, C.

BennuunHa 7, onpenendeTcd 3aBUCUMOCTbHO:

1

-, 3.42
™ f.q, ( )
roe f —uactoTta cnegoBaHmsa MMNynbCoB, [U.
OHeprvs paspsaoB BbipaxaeTca napameTtpamu fu q,,:
lop -U
Q=P P (3.43)
f-q,

3aBucumocTb (3.43) yctaHaBnMBaeT NPSIMO NPOMOPLNOHANbHY CBSA3b
SHEepruM UMMNynNbCHOro paspsifa C XxapakTepucTuKaMu paspsigHoro Toka. Yee-
nuuyeHune f n q, CHUXaeT 3HepProeMKoCTb UMMyNbCca, OAHAKO, 3TN NapameTpbl

MMEIT onpedernieHHble onTUManbHble 06nacTM 3Ha4YeHun, MUCNofb30BaHUE
KOTOpbIX MO3BOMSET ONTUMU3NPOBATL MNPOLECC anMa3HOro 3NeKTPO3PO3MNOH-
Horo wnundosaHua. 13 Tabn. 3.7 BUAHO, YTO MMEET MECTO pa3bpoc 3HaYEeHNN
fn q, 4na pasnuyHbix UCTOYHMKOB TOKa. YacTtoTa cnegoBaHMs MMMYNbCOB
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NTT-35 npuHMMaeT NOCTOAHHOE U HaMMeHbLlee 3Ha4veHue, paBHoe 50 [u.
[na gpyrmx reHepaTopoB 4yactoTa cregoBaHna umnynscos f > 1 000 Ny. B
OTNNYME OT YacTOTbl, CKBaXXHOCTb MMNynbcoB NTT-35 bonbLlue, T.e. KOHLEH-
Tpauusi 3HEPrn BO BPEMEHM AN 3TOMO UCTOYHMKA TOKa B HECKONbKO pas
Bbllwe, YeM ans reHepatopa WM. OgHako, paccmaTpuBasi npouecc anvas-
HOrO 3IEKTPO3PO3NOHHOMO WNNoBaHus, criegyeT OTMETUTb, YTO 4YacToTa
BpawleHnsa WwnundoosanbHoro kpyra konebnetca B npegenax 40 — 50 Mu. Mpwm
nogkntoyeHnn NTT-35 nmeetr mecto coBnageHue 4acToT crnefoBaHusi UM-
NynbCOB U BpaLLEHUS Kpyra, B pesdynbTaTe Yero nuilb Hebonbliasa niowanb
pexyLlen noBepxHOCTM Kpyra nogsepraetcsl 3pO03MOHHOMY BO3OEWUCTBUIO TO-
ka. CovyeTaHne nepemMeHHON KOHLEHTpauuUn SHEPrnn BO BPEMEHN N HEDBOMb-
LLON 4acCTOTbl CregoBaHUA MMMNYNbCOB BbI3blBAET YCUIIEHHOE 3PO3MOHHOE
BO3ENCTBME B HECKOSIbKMX MECTax pexyLluen NoBepXHOCTU Kpyra, YTO Hapy-
WwaeT ctabunbHOCTb npouecca wnudoBaHna matepuana. Nostomy Gonee
uenecoobpasHo ucnonb3oBatb NTT-35 B crniyyae ycTpaHeHUs paguanbHOro
BreHns anmasHoro Kpyra ¢ HebGONbLLION CKOPOCTLIO BpaLLEHUS, 3HAYUTENbHO
oTnuyarowenca ot YactoTbl BpaweHuns 50 u.

LLinpokognanasoHHble reHepaTopbl MMMNyNbCcoOB obnagatT OonbWuMm
HaboOpOM 3HAYEHUN YacTOTbl U CKBAXXHOCTU W, criefoBaTenbHO, MOryT ObITb
ropasgo apdekTMBHEE MUCMNONb30BaHbI NPU anMa3HOM 3MEeKTPO3PO3MOHHOM
WnndoBaHUK. BakHbIM BbIXOAHbIM NapaMeTpoM WCTOYHMKA MMMYMbCHbIX
paspsifoB SBNSETCS CpefHee 3HayYeHVe BbipabaTbiBAEMOro Toka lg,. Y reHe-

patopa WINM-80x2-88M oHO B gOBa pasa Bbllle, 4YeM Yy reHepartopa
LM 40 — 440. Kpome TOro, Ba)kHOm OCOBEHHOCTLIO, BbIFOAHO OTNMYaoLLIEN
reHepatop WM 80x2-88M oT apyrnx reHepaTtopoB, ABNSETCA Hanuyue y
Hero NATK CUNOBLIX BTIOKOB B KaXX4OM U3 OBYX KOHTYPOB. YBENMYMBAS YMCIIO
BKMOYEHHbIX ONOKOB, NOSBMSETCA BO3MOXHOCTb YBENUYEHUS CUMbl TOKa
pa3psiiHbIX MMNynbcoB Ao |, =80 A. B €BSA3W € 3TUM, Ype3BblYaiHO BaXHO

peanu3oBaTb TaKOW XapakTep 3aBUCUMOCTU B YCINOBMSIX MMYyOMHHOro anmas-
HOro LNudoBaHus.

Cxema rnybvHHOro anmasHoro LNnMdoBaHMA XapakTepusyeTtcs: Gorb-
LLOW nnowaabio KOHTakTa Kpyra ¢ obpabaTtbiBaeMoi NoBEPXHOCTBLIO U NO3TO-
My OJ11 HOPMarnbHOMo OCYLLIECTBINEHMS NpoLecca LWnMdoBaHNs HEOOX0AMMO
co3gaTtb TPebyeMylo KOHLEHTpaLMio ToKa Ha pexyllen NMoBepXHOCTU Kpyra.
MpaBUNbHO YCTAHOBMEHHAs KOHLUEHTpauus Toka Mo3BONUT obecneynTb
OYMCTKY MOBEPXHOCTb Kpyra OT 3acanvBaHusi U OrpaHuMuYnTb YPE3MEPHbIN
pacxoq anmasoB OT MHTEHCMBHOIO 3PO3WOHHOIO BO3OENCTBUS paspsioHOro
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Toka. Tak, Ha puc. 3.22 npuBeaeHbl KpUBblE 3aBUCUMOCTEN NapamMeTpoB UM-
MynNbCHOro Toka g, W B, OT BENU4YMHLI TOKa, COrNacHO KOTOPLIM C yBenuye-

HUEeM 4Yucna BKIOYEHHbIX CUNOBbLIX GrokoB B, yBenuyvBaeTcs cuna Toka, a
poCT napameTpa (,,, HA06OPOT, yMEHbLLAET €e.

A B
AN / °

6,0 \></ 4
4,4 A 3

AN
2,8 7 \ 2

1,2/ \ 1

20 30 40 50 60 ILA

Puc. 3.22. 3aBucMmMocTb pa3psaaHoro Toka | ot ckBaXXHOCTH
M KonunyecTBa CUNoBbIX 6nokoB B,

Ycnosusi obpabomku: 1 — B, : f=8«lu, q, =1,6;2- q,: f=8«My, B, =4.

YacTtoTa cnegoBaHvs UMMNynbCOB MPU 3TOM HE OKa3blBaeT BMMSHUA Ha
BbIXOAHbIE 3HAYEHUS WMMMYIIbCHOrO TOKa. TakMM o6pa3oM MokasaHo, 4To,
pacnonaras COBPEMEHHbIMW MOLUHBIMW WUCTOYHMKAMM TOKa, BECbMa BaXXHO
YyCTaHOBUTb (PYHKLMOHANbHbIE CBA3WN MEeXOY 3NEKTPUYECKMMN NapameTpamm
N BbIXOOAHbIMW (TEXHONOMMYEeCKMMM) NapameTpaMmm 00paboTKw.

3.6.2. PaspaboTka cneuunanbHOro reHepaTopa MMnNysfibCHOro Toka

B pesynbTate BbINOMHEHUS 3KCNEPUMEHTANbHbIX UCCNeA0OBaHNA N LUN-
POKOro BHeApeHUs B MPOU3BOACTBO TEXHOMOMMA 3NEKTPOIPO3NOHHOIO ar-
MasHoro wnumgosaHna (B ToM yucne rnybuHHoro wnmdosaHnda) TpygHoob-
pabaTbiBaeMbIXx MaTepuanoB yCTaHOBfeHa HeobxoaUMOCTb CO3[aHusa che-
LManbHOro reHepaTtopa UMMMyJSIbCHOMo TOKa C BMOSIHE KOHKPETHbIMU Ananaso-
HaMU U3MEHEHUS ANEKTPUYECKMX napamMeTpoB. [1pn 3TOM BaXXHO 3HAYUTENb-
HO CHMU3NTb BEC M YMEHbLUUTL rabapuTbl reHepaTopa No CpaBHEHUIO C aHarno-
ramu, obecneunTb ero paboTy B pexmme KOPOTKOro 3aMblkaHUA, TaK Kak npo-
uecc wnmdoBaHna (B 0COBEHHOCTM npouecc rmyoBuHHOro WnNuUdoBaHus) xa-
pakTepuadyeTcsa 6onbLION NAoLWaabio KOHTaKTa Kpyra ¢ getarnbto.

B M3BeCTHbIX cxemax 3neKTPO3PO3MOHHOro asiMasHoro LWnndgoBaHUsA
TpyaHoobpabaTbiBaeMbix MatepmnasnioB B OCHOBHOM WUCMOMb30Banncb cneuu-
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anbHble NCTOYHMKM TexHonornyeckoro Toka tmna WNTT-35, UTT—40. Cywe-
CTBEHHbIM HeJOCTaTKOM 3TUX UCTOYHUKOB SIBNSETCA HECOOTBETCTBME 3HaAYe-
HUM 4YacTOTbl U CKBaXXHOCTU BblpabaTbiBAEMOro MMMNyfbCHOr0 Toka Heobxo-
AUMbIM 3HayYeHuaMm. Yactota cnegosaHus umnynbcoB B UTT-35 paBHa
25 l'y. Ecnu cpaBHMBaTh ee C YaCTOTOM BpaLLeHUsa ariMa3Horo Kpyra, paBHom
40 — 50 Ny, TO oKasbIBaeTCs, YTO OTCYTCTBYET 9PO3NOHHOE BO3L4ENCTBUE MO
BCEN peXyLLen NOBEPXHOCTU Kpyra. 3TO NPUBOAUT K 3acanmBaHUIO Kpyra u
noTepe ero pexywmx cBonctB. CKBaXXHOCTb MMMNYNbCHOro Toka B UTT-35
3HauuTenbHo bonble (9 — 20), yem y cneumanbHO pa3paboTaHHOrO MUCTOY-
Huka (1 — 4), T.e. 3Ha4YNTENbBHO BbilLE KOHLEHTpauUns nMnynbca BO BPEMEHMH,
4YTO BedEeT K MHTEHCUBHOMY 3PO3MOHHOMY paspyLUEHUIO peXyLLen NoBEPXHO-
CTW ariMasHoro Kpyra TONbKO B OTAENbHbIX MECTax U, TEM caMblM, HapyLuaeT
CcTabunbHOCTb Npouecca WMgoBaHus.

[MepeyncneHHble 1 Uenbiv pag Apyrmx HedoCcTaTKoB yCTpPaHeHbl B cre-
uManbHoO paspaboTaHHOM reHepaTope. HoBasi anekTpuyeckasi cxema no3Bo-
nsaeT BblpabaTbiBaTb BbICOKOYACTOTHbLIN pa3psaHbiA MMMYIbCHBLIN TOK C Xa-
pakTeEPUCTMKaMK, YCTAHOBIIEHHbIMW pacyeTHbIM MyTEM Ha OCHOBE 3JKCNepu-
MEHTarnbHbIX AaHHbIX, NpMBeAEHHbIX B N. 3.2. YacTtoTa cnegoBaHust UMMy b-
COB HaxoauTca B ananasoHe (8 — 44 k1) n nameHseTcs QUCKPETHO MO TpeM
3HaveHusm: 8 kl'y, 22 kl'y, 44 kl'y. Peannaayusa Ha NpakTuUKe 3TUX 4acToT
obecneunBaeT Ka4eCTBEHHOE 3PO3NOHHOE BO3OENCTBME pa3psaaHOro Toka no
BCEN pexXyLlen NOBEPXHOCTKN, a Takke obecnevmBaeT XXEeCTKOe U YMCTOBOE
BO34encTBMe Ha Kpyr. >KecTkoe BO3genCTBME HEOOXO0OMMO B YCIOBUAX
yCTpaHeHus 6oNbLIOro paamanbHOro BueHus, YTo YpesBblHaNHO BaXXHO Mpu
MCMNONb30BaHMN KPynNHoOrabapuTHbIX KpyroB. YnctoBomn, 6onee MArkumn, pexmm
paboTbl reHepaTtopa HeEObXoAMUM NPU OKOHYaTENbHOW NOArOTOBKE ariMasHoro
Kpyra Kk paboTte. Peanuayemble 3HAYeHUS] CKBaXXHOCTU ToKa MO3BONSHOT
YMEHbLUMTb pacxod anmMasocogepallero crnosi B npouecce npasku, MHbIMU
cnosamu, yCTPaHSIOT "BbbKUraHme" CBA3KM U anmasos, YTo HabnogaeTcs npu
ncnonb3oBaHMM nctovHnkos ATT.

B paspaboTaHHOM reHepaTope NPUMEHSIOTCS HOBbIE Paano- U SrekK-
TPOHHbIE AeTann C BbICOKOW HaAEXHOCTb paboThbl, YTO NO3BOSSIET rapaHTK-
poBaTb €ro ANUTENbHYO AKChyaTauno 6e3 pemMoHTa.

3HaunTenbHoOe CHWXeHne rabapmToB NoO3BONUMNO Donee paunoHanbHO
opraHmsoBaTtb pabodee MecTo WNNGOBLLKNKA U, TEM CaMbIM, YIyYLLUTb YCro-
BNA paboTbl. CHMXEeHNe noTpedbnsaeMon MOLLHOCTM co3aaeT a(PdeKT IKOHO-
MUN 3NEKTPOIHEPTUN. OCHOBHbIE TEXHUYECKME XapaKTEPUCTUKM MU OaHHbIE
reHepaTopa MMMybCOB NpeacTaBneHbl B Tabn. 3.8.
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Tabnuuya 3.8

TexHn4yeckue XapaKTepuCcTukn reHepatopa

HanmeHoBaHue nokasatenen
1. HanpsbxeHune nutatowen cetu, B 220 £ 10 %
2. YacTtoTa nutatowlen cetu, Ny 50 £ 10 %
3. HoMunHanbHbIN cpegHun Tok, A 25+ 3
4. duKcMpoBaHHbIe YacToThl, KL 22,44,66, £10 %
5. [lonyCTnMble OTKIOHEHUS YacToT, % 1,2; 2
6. CKBaXXHOCTb MMMYSbCOB
7. Pexxum paboTbl ONUTENbHbIN
8. OxnaxpgeHue BO34yLLUHOE NpUHYyOUTENbHOE
9. MNoTpebnaemasa MOLWHOCTb, KBT 1,1+ 10 %
10. Macca, kr, He bornee 30

[[eHepaTop hopmupyeT NPAMOYrosibHble CUITOBble UMNYSIbCbl Creayto-
LM obpasom: ceteBoe HanpskeHne (220 B, 50 '4) NOHMXaeTcsa CUoBbIM
TpaHcdopmMaTopoM A0 BenuymHbl 50 B 1 BbINpAMNAETCS C NOCHeayrLWnm
crnaxusaHueMm. BoinpsiMneHHoe HanpshkeHne nogaeTcs Ha CUIOBbIE SYENKMN.
[Mpn nogade Ha cuNoBble SYEMKN MMMYMbCOB OT 3adalollero reHeparopa
NPOUCXOANT MX 3anupaHue U npepbiBaHUE MPOTEKAlLWEro Yepes3 HMX TOKa,
4yTO bopMMPYET MMMYFbCHOE HanpsPKEeHWe 3agaHHOW 4YacTOTbl Ha JNEKTPO-
9PO3MOHHbIE Harpy3ku (T.e. Mexay Kpyrom v getansto). C uenbto perynmpo-
BaHUS TOKa Harpyskm npegycMoOTPEHO BKIHOYEHME Pas3fiMYHOro Konm4yecTBa
cunoBbIx a4eek (oT 1 go 4). 3awmra CUnoBbIX SYeeK OCyLLeCTBAAEeTCs nnas-
KnmMu npegoxpaHntenamu. [JOCTOMHCTBOM pa3paboTaHHOro MMMYJSIbCHOMo re-
HepaTopa SBNAeTCs 3alULLEHHOCTb BCEX NIEMEHTOB 3NNIEKTPOHHOW CXEMbI OT
BO34ENCTBMA Bnaru, T.K. B npouecce wnudoBaHns obpasyetcss TymMaH u3
oxJflaxgarowen XnOKoCTuU, KOTOpbIM BMECTe C BO3AYXOM [ONA OXNaxgeHud
nonagaeT BHYTPb Kopnyca reHepatopa. Pa3smelleHne reHepaTtopa Ha 60rnb-
LLIOM PacCTOAHUM OT WNNGOBarbHOro CTaHka NPMBOAUT K 3HAYUTENbHLIM MO-
TepsaM paspsaHOro Toka B TOKONPOBOASALLNX NPOBOAAX.

3.6.3. MogepHM3aumua cTaHKa AnAa ocylecTBIIEHUA ariMa3Horo
3NEeKTPO3IPO3NOHHOIo rMyonHHOro wnudoBaHus

Peanusaumsa npouecca anmasHoOro wnuMdoBaHus getanen ns TpygHo-
obpabaTbiBaeMbiX MaTepuanoB C 3MEKTPO3PO3NOHHBLIM BO3OEUCTBUMEM Ha
MeTasnM4ecKyto CBA3KY ariMasHOro Kpyra HepaspbiBHO CBsidaHa C psaoM pa-
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60T Mo mMoaepHu3auuMm WNU@OoBanNbHOro craHka. MogepHu3aumio MOXHO
NPOBOAUTbL Ha BCEX CEPUNHO BbINyCKaeMblx cTaHKkax. OHa cocTouT B NoaBoae
TEXHOJSIOrMYECKOro Toka K ariMasHoMy Kpyry v 3r1eKTpou3onsaumu LWnvHaerb-
HOro yana oT Kpyra.

B HacTosLee Bpems pa3paboTaHO MHOXECTBO BapUaHTOB KOHCTPYKLUUM
MOJepHM3aLmm, OgHaKo, Kak NpaBuno, BCe OHU NpeaHasHayeHbl NS UCNOob-
30BaHUS anmMasHblX Kpyros ManbiX AMamMeTpoB, YTO He Bcerga npuemnemo
npun ncnonb3oBaHun Kpyros 6onbwnx anametpos — 300 ... 500 MM 1 Bbille.
Hanbonee HageXHOM N MHOrOKpaTHO NPOBEPEHHON KOHCTPYKUMEN ABNSeTCA
9NEKTPOM3oNALMNA NOCag0YHOro MecTa nnaHwandbl WnngoBanbHOro Kpyra
OT WnuHAaenbHoro Barna. Cxema KOHCTPYKUUU MOOEPHU3NPOBAHHOMO LUMWH-
AernbHOro y3na npegcrasrneHa Ha puc. 3.23.

N
)

Puc. 3.23. Cxema 3aneKkTpousonAauum WNUHAENbLHOro y3na un nogsoaa

TEXHOJIOMMYEeCKOro Toka K ariMmasHoMy Kpyry
YcnosHble 0603HavyeHust: 1 — anmasHbln Kpyr; 2 — nnaHwanba; 3 — ToKonoaBoAsLLMIA
donaHel; 4 — n3onatop; 5 — rpaduTHag wWweTKa; 6 — WNUHAENb CTaHKa

[na yCTaHOBKM N30MSILMOHHOIO Matepmarna Ha KOHYCHYH MOBEPXHOCTb
nnaHwanbbl HeoBXoANMO NPOU3BECTU €€ PacToudKy Ha rmybuHy 4 — 5 mm npu
cTporom cobnogeHnn 6asnpoBaHns OT NOCAAOYHbIX MECT afiMasHoro Kpyra,
B NPOTMBHOM cny4ae 6ygeT HabnogaTbes gucbanaHc npu BpaweHun y3na B
cbope. OKkoHuaTenbHas pacTodka Nocago4vHOro MecTta nnaHwamdbl No M3o-
NAUMOHHOMY MaTtepuany, onsTb Xe, NPon3BoaAUTCA Npu cTporom 6asmpoBa-
HUW OT MOCAZO4YHOro MecTa Kpyra v OOBOAUTCS NyTEM 3aMepoB Henocpea-
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CTBEHHO MO wWnuHAenbHOoMy Bany. CTporoe BbIMOSIHEHWE YKa3aHHbIX PEKO-
MeHOaUNN NO3BONNT n3bexaTb AOMONMHUTENBHOIO pagnanbHOro BMeHns Kpy-
ra u He notpebyeT nNpoBedeHUs OOMOSMHUTESNbHOM GanaHCMpoBKN LWNNUAGO-
BanbHoro yana. O6ecneuntb NoABOA TEXHOMOMMYECKOrO TOKa OT reHepartopa
MMNYNbCOB K KPyry HeobxoamMmo B COOTBETCTBUM CO CXEMOW, NMpuBeLEHHON
Ha puc. 3.23.

MHoOro4ymcreHHble nccregoBaHNAa nokasanu Ha HeobXOAMMOCTb Kaye-
CTBEHHOW OYMCTKM BCEX COMpAraembiX NOBEPXHOCTEM B LENN TeXHoNorn4ye-
CKOro Toka OT abpasmBHOW MblNu U rpsa3un. MNocKonNbKy NosiBReHne LOMOSTHU-
TESIbHOr0 COMPOTMBMEHNS 3HAYUTESIBHO BIUSIET HA BENMYUHY PaspsigHOro
TOKa B Lenn, TeEM caMUM, pPe3Ko CHmXaeTca 3(p(eKTUBHOCTb SNEKTPOIPO3Nn-
OHHOro BO3OENCTBUSA Ha pabouyytd MOBEPXHOCTb anMasHoro kpyra. dddek-
TUBHOW 3alUMUTOM MeCTa KOHTaKTa rPaHUTHOM LWETKN W Bpallalollerocs
dnaHua Tokonoaeoda Ha nnaHwande ot pa3bpbli3rMBatollen oxnaxaarowen
XMOKOCTU crnyXaT 3alunTHble WUTKU. KOHCTPYKTUBHOE MUCMOMHEHNE UX MOXET
ObITb Pa3nNUYHbLIM, UCXOOS U3 KOHCTPYKLUMM y3na Tokonoaeoaa.

Cnepyet obpatnTb BHUMAHWE Ha Ka4yeCTBEHHOE MCMNOSIHEHME AeTanen,
obecnevnBaloNX KOHTaKT MeXay rpacuTHOM LWeTKoM U Bpalalowmmcd
donaHuem. Hannume 6ueHna Ha ykaszaHHOM priaHue npu sBpalweHun ¢ 6onb-
LLIOW CKOPOCTbIO, paBHOM CKOPOCTU BpaLLEHUS Kpyra, CO34aeT pa3pbiB B LiENU
TEXHOJIOMMYECKOro ToKa, MOCKOSbKY CYLLUEeCTBYeT onpeaesieHHas MHepLMOH-
HOCTb B ABWXEHUM (NomKume) LLUETKU, a 3TO, B CBOK o4vepedb, NpUBOAUT K
9PO3MOHHBbIM NpoLueccam Ha oriaHue u, crnegoBaTernbHO, K NIIOXOMY MPOXOX-
AEHUI0 pa3pssiaHOro Toka B Lenu.

BTopbiM 951eMEHTOM Lienn TEXHOMOMMYECKOro pa3psiaHOro Toka CrnyxuT
KaTogHOe YCTPOWCTBO, KOTOpoe obecrnevmBaeT HaOeXHYK U KayeCTBEHHYHO
OUYMCTKY pexyLLen NoBEPXHOCTM ariMasHoro Kpyra Ha MeTannm4yeckon CBA3Ke
OT NPOAYKTOB 00paboTKM, a TakKe BCKPbITUE HOBLIX CIOEB PEXYLLNX 3EPEH.

CxemMa KOHCTPYKUMM KaTOAHOro YCTPOMCTBA MNpeAcTaBrieHa Ha
puc. 3.24. Kak nokasbiBaeT npakTvka BHeAPEHUS anmMasHoro wnndgoBaHusa ¢
9NEKTPO3PO3NOHHBIM BO3AENCTBMEM Ha anMasHbln Kpyr, B npouecce obpa-
B6OTKM ncnonb3oBaTb 6onee CNoXHbl€ KOHCTPYKLMW MPaBALLNX 3MEKTPOLAOB B
NPON3BOACTBEHHbBIX YCIOBUSIX HE LienecoobpasHo M3-3a O4EeHb HU3KOW Kyrb-
Typbl 0bpaLleHns co CTOpoHbl paboyero. Mo aTon npuynHe Obinu paspabo-
TaHbl creumarnbHble KOHCTPYKLMM YCTPOWCTB C Lienblo obecneyeHns: BbICOKOW
HaOEXHOCTU 1 OONTOBEYHOCTH, @ TakkKe MPOCTOTbl KOHCTPYKLMN.

Teno katoga BbINONHEHO M3 Mean. Heobxoaumeim ycrnosmnem obecne-
YyeHust bonee MHTEHCUBHOIO 3PO3NOHHOIO BO3AENCTBUA HA KPYr CO CTOPOHbI
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Katoga sIBNSieTCA Hannume nas3oB Ha paboden noBepxHOCTU. OHM BbINOMHSA-
I0TCA BOONb 0Opasyowen pexyLen 4Yactn Kpyra u obecneyunBatoT BbICOKYHO
KOHLEHTpaLmMo pa3pagHoOro Toka Ha KpoMKax nasa, a 91o obecneumBaeT pa-
60Ty, B 9pO3MOHHOM OTHOLLEHMN, BCEN MOBEPXHOCTU KaTtoga. CneayeT ycra-
HaBNMBaTb BENUYMHY nrowaan paboyen NOBEPXHOCTU KaTOO4HOro YCTPOW-
CTBa UCX0AS U3 MOLLHOCTM UCMOMNb3yEMOro reHepaTopa MMNynbCOB.

7220202272727 7272272727272VIR77 7277777777777 77]
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Puc. 3.24. Cxema KaTogHOro yCTPOMCTBA afiMa3HOro Kpyra
YcnogHblie 0603HavyeHuUs: 1 — N30NAUMOHHAs pydka; 2 — TEKCTONUTOBasa nnactuHa; 3 — pe-
3MHOBas Npokragka; 4 — ranka; 5 — xogoBOW BUHT; 6 — HanpasnswLwme; 7 — kaTos.

Mo mepe nctnpaHus katoga 3a3op ¢ paboyen NOBEPXHOCTbIO anMasHo-
ro Kpyra crnegyet perynmposaTb C NOMOLLBIO CrieunanbHOro Xo4oBOro BUHTa
HenocpeacTBEHHO B npouecce paboThl.

Teno katoga O0MKHO BbITb N30MIMPOBAHO OT KOopryca CTaHka, AN Yero
cnegyeTt UCMNoNb30BaTb TEKCTONUTOBbIE M30NATOpbl. Heobxoanmo obpaTtuTtb
BHMMaHWe Ha obecrneyeHne NNOTHOro NpureraHns N3oNAUMOHHbBIX NAACTUH K
KOXYXY LUNNAGOBanbHOIrO Kpyra Ha CTaHKe C Lefiblo UCKNIYEeHNS BblDpachiBa-
HUA oxaxgarowen XXUAKOCTU HapyXXy U YyCTpaHeHust nomex pabodemy.

MopgepHnsaunss MexaHM4YecKoM 4YacTu KpyrrowwsnumdoBanbHOro craHka
npeanosiaraeT BO3MOXHOCTb BapbMpOBaHUS CKOPOCTU AeTann B LUMPOKOM
AuanasoHe, BKMKO4Yas peanusaumio CKOpPOCTWU OeTanu Vp,eT =1 M/MuH. Ons

9TOro BpallaTenbHOEe ABMXEHME Ha JeTanb nepegaeTcs OT Bana 3MeKTpo-
ABuraTensi NoOCTOSIHHOro Toka, ogHako obecneynBaTb NOCTOAHCTBO TAKOW He-
BGonbLlON CKOPOCTU AeTanuM BeCbMa CrOXHO M3-3a Marnoro nepenatoyvHoro
yucna npueoga. B cBA3n ¢ atum, 6bin1 paspaboTaH U N3roToBreH HOBbIN Npu-
BOA BpaLLeHUst AeTanu co ckopocTblo Ve <1 M/MUH (puc. 3.25). KoHTponb

CKOPOCTM AeTanu OCYLLeCTBMSIeTCS TaXxOMETPOM, YCTaHOBMEHHbIM Ha Barny
ABvratens npuMeoaa.
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Puc. 3.25. Cxema npuBoaa BpalleHus aetanm
Ha KpyrnownudoBanbHOM CTaHKe

3.7. PaspaboTka acpcheKTMBHOMN TEXHOMOMMU KPYrnoro
Hapy>XHOro rmyouHHOro anmasHoro wnudgpoBaHusa getaneu
ABUraTensa BHYTPEeHHEro cropaHus ¢ BbICOKOMPOYHbIMU
NOKPbITUAMU

BoccTtaHoBneHne M3HOLWLIEHHbLIX AeTanen C UCNofib30BaHUEM BbICOKO-
NPOYHbIX MOKPbLITUMA NO3BONSIET B 2 pa3a U 6onee noBbICUTb CPOK paboThl
apuratens BHyTpeHHero cropaHus (OBC). Bmecte ¢ Tem, Kak oTMe4yanoch B
n. 3.1, CNOXHOCTM OCYLECTBIEHNSA WIN(OBaHMUSA MNOKPbITUMA TBEPLOCTLIO
HRC > 60 orpaHn4nBaloT nx NpUMEHeHne ANt BOCCTAaHOBMEHUS! N3HOLLEHHbIX
petanen [IBC, yto TpebyeT co3gaHus apeKkTUBHbLIX TEXHOMNOMMI LWnngosa-
HUS. Bbllle Hay4yHO OBOCHOBaHbI BO3MOXHOCTWU BbICOKOMPOM3BOAUTENBHON
obpaboTkn nokpblTu TBEpaocTeto HRC > 60 Ha ocHoBe MCNofb30BaHWA
rMyBUHHOIO anMasHOro 3f1IEKTPO3PO3NOHHOMO LWNMGOBaAHUS. JTO OTKpbIBaET
LUNPOKMEe nepcnekTmBbl adpdekTnBHom obpaboTkm aetanen OBC ¢ nokpbITK-
SIMW: KfanaHoB rasopacnpeneneHusi, KoneH4aTblX Banos, KyrnadkoBblX BafoB
ragzopacnpegenenuns n gpyrmx getanen. OgHako peanumsaumsa Ha npakTuke
HOBbIX TEXHOMOMN CBsi3aHa C PsSiAOM TPYAHOCTEN TEXHOMNOMMYECKOro Xapak-
Tepa. Hanpumep, HEBO3MOXHOCTb XXECTKOro KpenfeHUs Ha CTaHKe KnanaHa
raszopacnpegeneHuns Npu Kpyrriom HapyXHOM WMgpoBaHMM BOCCTAHOBIIEH-
HOW MOKpbITMEeM ackm (puc. 3.1) NPUBOANT K CHMKEHWUIO NMPON3BOAUTENBHO-
CTU N TOYHOCTM 06paboTKM, YTO AenaeT 3Ty onepaumio WnnudoBaHna Hanodo-
nee TPy4oOeEMKOW B TEXHONOrMYeckom npouecce obpaboTkn getanen OABC.
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[na onpeneneHuns ycrnosun nosbliweHna aPPeKTUBHOCTY WM OBaHUS
C Y4ETOM YNpyrux nepemMeLleHnin B TEXHOOrMYeCcKkon cucteme crieayeT pac-
CMOTPETb pacyeTHYI 3aBUCUMOCTb TEKyLLEN MPON3BOANTENBHOCTM 00paboT-
KN Qqex [85]:

C AT ~ C-Vip K7

QTe|< = QHOM 11-e 7 Daer laer = QHOM 11-e 7 Daer ler @ ) (3-44)

rae Qo — HOMMHAMbHAs NPOU3BOANTENLHOCTL 06PaBOTKN, M°/MUH;

C — NpuBeJeHHasa KOHTaKTHas XeCTKOCTb Npw wnndgosaHuu, H/wm;
A = Qe /Py =V, Ky /o — yAenbHas NHTEHCMBHOCTb Cbema MaTepua-

na, M /MuH-H;
o — YCIOBHOE HanpsbxeHue pesanust, H/m?;
Ky =P, /Py ;

P,, P, — TaHreHumansHas v paguanbHasi CoCTaBMsoLMe CUMbl pesa-

Hua, H;
Dpers lper — AMameTp n anvHa obpabateiBaemon getanu, M;

7 — BpemMsi 06paboTku, C.

Kak BMOHO, C U3MEHEHUEM BTOPOro MHOXWUTENA TeKyllad npoun3Bogun-
TeJIbHOCTb QTeK MOXEeT USMEHATbCA B LUNPOKUX Mpeferiax: OT HyJ1d OO 3Ha-

yeHuss Quon- [103TOMy BbIGOP ONTUMAnbHBLIX yCrioBuin 06paboTkn cnepyet

NPOM3BOANTL U3 YCNOBUSA NPUBIIMKEHNST BTOPOro MHOXUTENS K eauHuLE, T.€.
N3 yCroBusi:

cAt

e "Prerlrer 0 (3.45)

[Ansa BbinonHeHus ycrnosus (3.45) HeobxoauMMO nokasaTenb CTeneHu

n-D
[@HHOTO BbIpaXXeHNs yCTPEMUTb K BECKOHEYHOCTH (C y4eToM 7 = —2°L  rae
et
N — TeKyLlee YMCo BPaLLeHWUi aetanm):
c-A-n
AN (3.46)
Vp,eT 'IneT
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N3 BblpaxkeHna (3.46) BbiTeKaloT ABa BapuaHTa ero peanusauuun. lep-
BblA COCTOUT B YCTpPEMSEHMN K BECKOHEYHOCTM NapaMeTpoB, CTOSALLMNX B YMC-
nutene. BTopon coCTOUT B YCTPEMISIEHUN K HymMO napamMeTpoB, CTOALMX B
3HamMeHaTene. YuntbiBasi, YTO napameTpbl C U A, CToSLWME B YucnuTtene, Mo-
YT U3MEHATLCA B OrpaHUYEHHbIX npegenax u, criegoBaTesibHo, He MOryT
NpUHUMaTb BEeCKOHEeYHble 3HaYeHUd, peanu3oBaTb AaHHOE YCOBME MOXHO
3a cyeT yBenuyeHusa napameTpa n 4o 6eckoHe4yHoCTU. Toraa BTOPOM MHOXMU-
Tenb 3aBUCUMOCTU (3.44) yBennunuTCa N BAUSHUE YNPYrnx nepemMeLLeHnin B
TEXHOJIOTMYECKON CUCTEME Ha MNPOU3BOAUTENBLHOCTL 00paboTknm cTaHeT
BeCbMa He3HauyuTemnbHbIM, YTO nNpuBEeLAEeT K BbIMNOSIHEHUIO  YCIIOBUS
Qe = Quom (pyC. 3.26).

QT(.EK
QHOM
1____.___.____
a—
e
0 n

Puc. 3.26. 3aBucumocTb oTHOWEHUA Qo / Quom
OT Konu4yecTBa 060pPOTOB AeTanu n

OpHako HeyCcTaHOBMBLUMICS NPOLECC WNUJOBaHUS B 3TOM criydae xa-
pakTepudyetcs HebonblIoN TekyLlen npon3BoaUTENbHOCTLIO 06paboTku
Q; ek, MOCKONBLKY ANA OOCTUXKEHWS Tpebyemoro HaTtara B TEXHOSIOrM4eCcKom

cucteme npu obpaboTke HepaBHOMEPHbLIX MOBEPXHOCTEN AeTanen C HU3KOW
XXECTKOCTbIO UX KpenneHns Ha CTaHke HeobXxoaAMMO 3aTpaTuUTb 3HaYUTENbHOE
TEXHOJorM4yecKoe Bpems.

Hanbonee npnemnembiM BapunaHTOM peanusauum ycrosua (3.46) cne-
AyeT paccMmaTpuBaTb BTOPOW Cryyaun, CBA3aHHbIA C CYLECTBEHHbIM YMeEHb-
weHnem V., koraa Takke cnpasefnueo ycnoene Qe — Qyom (PYC. 3.27).

C uenblo KOMMNeHcaunn CHWXEHUS HOMUHAaNbHOM NPOW3BOAMTENBLHOCTU OO-
pabotkn Quom = Vper -t-lper, BCNEACTBME CHKeHUS V.., Heobxoaumo

yBenuumBatb ryouHy wnungosannsa t= Qo / Vaer -lper A0 BENUYMHBI CHU-
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Maemoro npunycka. Toraa cbem npunycka 6yaeT npovM3BOAUTbCSA 3a OOMH
obopot getanu (n = 1) B ycnoBusix rMyOMHHOIo WANGoBaHUA.

Qrek
Quom
7| PR AN N R
\\
™\
0

VAeT
Puc. 3.27. 3aBuCUMOCTb OTHOWEHUA Qo / Q)0 OT CKOPOCTHU
Aetanu V., npy rmyébuHHom wnudosaHum

Takum obpa3om, JoKas3aHO NPenMyLLECTBO NpuUMeHeHna (ona obpaboT-
K/ BbICOKOMPOYHbIX MOKPbLITUN C HEPABHOMEPHbLIM Cl0OEM CHMMAaemMoro npu-
nycka) cxembl rny6uUHHOro WngoBaHus.

ABTOMaTM3MPOBAHHBIA LMK BPE3HOro rMyoBuHHOro LWnndgoBaHnsa Oon-
XEH BKNoYaTb: Bpe3aHue Kpyra B HEMOABWXHYIO AeTanb Ha NOSHYK rnyouHy
pe3aHus 1 CbeM Npunycka 3a ognH obopoT AeTanw.

Takon UMK BPE3HOro WnindoBaHUs OTNMYaeTcs OT LMKII0B, NPUMEHS-
€MbIX B COBPEMEHHbIX KpYrrownngoBanbHbix cTaHkax MLW-197B.

Ha cepuiiHO BbiNyCKkaeMblX CTaHKax 4aHHOro Tvna MOXHO peanu3oBaTb
ABa aBTOMaTU3MPOBaAHHbIX UMKIa. [lepBbi MCNONb3yeMbIN LMK onpenens-
eTca POpCMpPOBaHHLIM MOABOAOM Kpyra K obpabaTbiBaeMon MOBEPXHOCTU
(yyactok OA, kpuBasi 2, cM. puc. 1.4) n BpesaHnem ero ¢ NOCTOSAHHOW nopaa-
yen B Aetanb (ydyactok AE). Nocrne goctmxkeHna HeobxoaMmoro Hatsara B
TEXHOMNOIMMYEeCKoOn cucteme npoucxognT obpaboTka MOBEPXHOCTU B Tpebye-
Mbln pa3mep. 3agaHHasi ymctota obpaboTkMm OOCTUraeTcsl BbIXaXXMBaHUEM
onpeaeneHHoe Bpemsl.

BTopon ncnonb3yembin LMK onpegenseTtcs popcupoBaHHbIM NOABO-
AOM Kpyra k obpabaTtbiBaemon nosepxHocTh (ydactok OA, kpusas 1, cM. puc.
1.4), a 3aTeM YCKOpPEHHbIM Bpe3aHuem B geTanb (ydactok AE Ha puc. 1.4).
Ha atane BC npoucxogut yepHoBasi obpaboTka ¢ Bpe3Hon nogavyen B 4 — 5
pa3 MeHblle, YeM MPU YCKOPEHHOM Bpe3aHuun. Tpebyemasa yactoTa NoBepx-
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HOCTKU 06paboTkn gocTuraeTcsa BbiXakmBaHMeM. OTNNYMTENBHON OCODEHHO-
CTbl0 BTOPOro aBTOMAaTU3MPOBAHHOIO LMKNa OT MepBOro sABMsgeTca 3Ha4yn-
TeNbHO MeHblUuMe 3aTpaTbl BPEMEHM Ha LOCTMXKEeHue Tpebyemoro HaTtsra B
TEXHOSIOMMYECKON CUCTEME, KOTOPbIN OOCTUraeTCsl Ha 3Tane YCKOPEHHOro
Bpe3aHus, 4To crnocobcTByeT NOBbIWEHUD ahdekTMBHOCTM 0BpaboTkn. Co-
nocTaBnsas NpeanoXeHHbIN UMK (C y4eTOM ryOMHHOW CXeMbl WG OoBaHMSA)
N ABa UMKNa, UCNOSb3yeMble Ha CEPUMHO BblMyCKaeMblX KpyrnownndoBanb-
HbIX CTaHKax, cnegyeT oTaaTb npeanodTeHne nepBOMY, MOCKOSIbKY B 3TOM
cnyyae, BO-MepBblX, peanuayeTtca 6onee BbICOKONPOU3BOAUTENBHOE yOuH-
Hoe wnunoBaHne, BO-BTOPbIX, OTCYTCTBYET HEOOXOAMMOCTb KOHTPOMS CO-
3aBaeMoro Hatdra B TEXHOSOMMYeCcKon cCUcTeMe C Lefbio ypaBHOBELUMBA-
HUS CUN pe3aHnsa Ha dTane Bpe3aHusl 1 YepHOBOro LWIMOBAHNS, YTO BECH-
Ma CITOXXHO C TOYKWU 3peHusi NpaBuUbHOCTN BblIGopa COOTHOLLEHNA nogad npwu
Bpe3aHMn N YepHoBOM wWwnngosaHmn. OCoOBEHHO 3TO BaXXHO MpWU ariMa3HOM
WwnudoBaHuKW, rae camosaTaymBaHWe Kpyra OTCYTCTBYET, U OH MHTEHCUBHO
3acanueaeTcq.

[MpeanoXXeHHbIN LUK BPe3HOro rmybuHHoro wnndgosaHna He Tpebyet
pa3paboTkn CrOXHbIX Cregsuwmx CUCTEM U OTHOCUTESIbHO MNPOCTO MOXET
ObITb peanuM3oBaH Ha CYLLECTBYHOLLMX KPYrOWNGOBasbHbIX CTaHKaXx.

[Ons peanusaumm anmasHOro 3f1IEKTPO3PO3NOHHOIO WMoBaHUs BOC-
CTaHOBJIEHHOW (packu KnanaHa BbICOKOMPO4YHbIM nokpbiTnem MIM-10H-01 Ha
KpyrnownugosaneHoMm ctaHke MLL-197B npoBegeHa Heobxoanmasa moaep-
HU3aUMA CTaHKa M Y3M0B reHepaTtopa 3MEeKTPUYECKUX UMIMYIIbCOB. JNEKTPO-
N3onaumns anMasHoro Kpyra oT LUNWMHAENBLHOrO y3na u nogBon TeXHonornye-
CKOro TOKa OCYLLEeCTBMIEHbl aHaNoOrM4yHo BapuaHTy, onMcaHHomy B M. 3.6. Ha
KpyrnowsnugoBanbHOM CTaHke Oblf1 yCTaHOBMNEH KpynHOrabapuTHbIM anmas-
HbI Kpyr 1A1 500x25x305x6 AC6 200/160 100 M2-01, koTopbIn nmMen 3Ha-
ynTenoHoe pagunanbHoe 6bueHne (0,6 — 0,7 Mm), He nNo3sonsoLWee HopMarnb-
HO OCYyLLeCTBNATb npouecc wnndgosaHna. MHOroYMCneHHbIMU SKCNePUMEH-
TanbHbIMW UCCNeaOBaHUAMW O0Ka3aHO, YTo AN obecneyeHus yCTOMYMBOM
paboTbl anMasHOro Kpyra C ykasaHHbIMW pa3MepamMy U XapakTepucTukamu
pagunanbHoe BueHne OormkHO HaxoauTbesa B npegenax 0,01 mm. [na ycTtpa-
HEeHUs paguanbHOro GmeHna ctaHok Obln obopyaoBaH cneuuanbHbIM MpuU-
crnocobneHnem, kotopoe paboTaeT no NPUHLMNIY SNEKTPOIPO3NOHHOIO yaa-
neHna matepuana c NnonoXmnTenbHO 3apsKEeHHOro afekTpoaa, T.e. ¢ anmMas-
HOro Kpyra Ha TokonpoBoasiuen caaske (puc. 3.28).

OCHOBHbIM 311EMEHTOM KOHCTPYKLMM Takoro npmucnocobnexHus asnset-
CSl KaToA, N3roTOBMEHHLIM U3 Megun. [py nomoLwM Xo40BOro BMHTA U Hanpas-
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NALWNX YCTaHaBNMBaeTCs HeOBXoaMMbIN 3a30p MexXdy Ternom Kkatoda u pe-
XKyLLEN MOBEPXHOCTbIO Kpyra, KOTOPbIA UrpaeT BaXKHYO pofib B 3PO3MOHHOM
npouecce yganeHnsa marepmana cesasku. KatogHoe yCTponcTBO M30NMPOBAHO
OT KOpnyca CTaHKa NOoCpPeAcTBOM TEKCTONMTOBOM MNACTUHbI U K HEMY MOA-
KNOYEeH oTpuuaTenbHbIA BbIXOA reHepaTopa umnynbcoB. Ons obecneyeHus
npouecca 9pO3MOHHOI0 BO3AEWCTBUS paspsagHOro Toka B 3a30p MeXay pe-
XyLLEen noBEPXHOCTLIO Kpyra un katoga noasoautca COTC no cneumanbHOMY
TpybonpoBoay. B cnyyae npekpalleHus npouecca npaBku Kpyra Ha Tpybo-
NpoBOAE MMEETCHA KpaH, MO3BONSAKLWMIA NEPEKpbITb Nogady oxnaxkgaroLen
XUAOKOCTWN.

Puc. 3.28. YcTporCcTBO ANSl 3N1eKTPO3IPO3UOHHOWN NpaBKU
anmasHbIX KpyroB

[MpsiMOnMHENHOCTL Obpasylolen Npoduna pexyllen 4actn Kpyra B
npoLecce 3MeKTPO3PO3MOHHOW MpPaBKMU OOCTUraeTCs OCUMUINUPYIOLLMM Oce-
BbIM [BWXEHMEM LUNUHAENA ¢ anmasHbiM Kpyrom. C y4eToM MakcuMasnbHOro
OCEBOro xoAa wnuHaena anga obecnevyeHns HageXHOCTU NPSAMONMHENHOCTHU
npocuns BoibpaHa onTuMarnbHas LWMPUHA KaToga, kotopas pasHa 20 Mm npu
OCeBOM xoae wnuHaensa 16 mm.

Ans adpdPeKTMBHOIo OCYLLECTBIIEHUS Mpouecca yCTpaHeHusa paguarb-
HOro GueHus anMasHoro Kpyra onpegeneHbl onTuMmaribHble napamMmeTpbl UM-
nynbCHOro Toka. B kayecTBe reHepartopa MMMySIbCOB PEKOMEHOYeTCHa WC-
nons3osatb LUMA-80x 2.

B n. 3.2 nogpo6HO paccMOTpPEH XapaKkTep BO3AENCTBUA pas3psagHOro To-
Ka Ha TOKOMPOBOASLLYIO CBA3KY Kpyra W, B YACTHOCTW, Ha MeTannn4yeckyro
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ceasky M2-01. lNoaTomy ans aHanu3a 3akOHOMEPHOCTEN NpoLiecca dNeKTPo-
9PO3NOHHOW MpaBKX ariMasHoro Kpyra criegyeTt BOCNOSb30BaTbCs 3TUMU pe-
3ynbTatamu. Kak n3secTtHo, npouecc wnngoBaHUsa ¢ OAHOBPEMEHHbLIM MpPo-
TEeKaHWeM pas3psgHOro Toka Yepes getanb M Kpyr xapakrepudyeTtca Hebosb-
WOV NSIOWAaAbio UX KOHTaKTa, NMo3TOMY 3PO3MOHHLIA NPOLECC Ha pexyLuen
NOBEPXHOCTWN Kpyra HOCUT JlOKarnbHbIN xapaktep. [logaepxaHve B npouecce
00paboTKM yCTaHOBIIEHHOW B XO4e UCCreoBaHnin onTUMarbHOW KOHUEHTpa-
unmn Toka K; =1,4 A/MMm? ans ceaskm M2-01 obecneunBaeT HagEXHY OYUCT-

Ky anmMasHOoro Kpyra oT CTPYXEK, yaaneHue CroeB CBA3KUM M ODHaKeHne Ho-
BbIX PEXYLLNX 3EPEH.

B cnyyae yctpaHeHus pagmanbHoro 6ueHms HeobxoanmmMo 3a KOpPOTKOoe
BpeMsa yaanntb 6onbluoe KONM4ecTBO CBA3KW. [0na aToro npegnaraetcs Ho-
BOE pelleHne, CocTosiLee B 3HAYNTENBHOM YBENMYEHUN NIowaan 3pO3nN0H-
HOro BO3AENCTBUSA, YTO OCTUraeTcs yBenuvyeHnem paboyen yactu katoaa.
B cBs3n ¢ aTMM, ONs yCUIeHust 3pO3NOHHOIO npoLecca NoOBEPXHOCTb KaToaa
BbIMNOSIHEHA B BUAE YepeayoLnxcs nasos.

Ncnonb3ayembin reHepatop umnynbcoB LUMN-80x2 moxeT obecneuntb
cuny Toka ICp =80 A, 4yero gocTaToMHO Ans co3gaHust Heob6XoaMMON KOHLEH-

Tpaunn TOKa Ha NOBEPXHOCTU TaKOro Karoaa. B aTtom cny4yae KOHUEeHTpauunto
TOKa KT cnenyert paccMmartpuBaTtb nepemeHHoPl BENNYMNHOWN, NOCKOJ1bKY MO

mMepe NUHENHOro yaaneHna Ccrioa CBA3KM nrowab €€ KOHTakKTa C KaTogoM
yBeIin4nBaeTCAd, a KOHUEHTpauua ToKa KT HECKOJIbKO YMeHbLUaeTCA, O4HaKo,

No Mepe yBenuyeHus nnowaan 3po3MOHHOr0 BO3AENCTBUS KONMYECTBO yaa-
NIEHHOro MeTana CBA3KN BO BPEMEHMW YBENMUYMBAETCS.

[Mpouecc 3pO3MOHHOrO BO3OEUCTBUSA Ha CBSA3KY ariMasHOro Kpyra cne-
AyeT pasgenutb Ha ABa dTana. Ha nepBom aTane ocyLlecTBASeTcs YepHoBas
obpaboTka c yganeHmem G0nbLUIOro KONMYecTBa CBSA3KU M yCTpaHEHUeM pa-
AnanbHoro 6ueHnst paboyer NOBEPXHOCTM Kpyra, a Ha BTOPOM 3Tane — 4u-
cToBasi 06paboTka pexyLLen NOBEPXHOCTM U HeENOCPeaCcTBEHHAA NOArOTOBKA
Kpyra K wnundgoBaHuto. Npn 4epHOBOM 3pPO3NOHHOM BO3AENCTBMM KOHLIEH-
Tpaumsa TEXHONOMMYECKOro Toka AOMMKHa ObITb MakCMManbHOW, YTO OOCTUra-
eTCA BKMOYEHNEM BCEX NATU CUNOBLIX ONOKOB reHepaTopa, a Takke CHuXe-
HMEM MapameTpoB 4YaCTOTbl U CKBaXXHOCTM TOKa. B kauecTBe onTMmanbHbIX
3HaYeHNn 9TUX napameTpoB cnegyet paccmatpueatb f = 1 ... 3 «klu;
au=12..14; 1, =80 A.

OKOH4YaHWe 4YepHOBOW onepauun onpeaenseTcs BU3yanbHO MO Hanu-
YMIO CrNedoB 3PO3MOHHOMO MpoLiecca Ha Bcel paboyeirt MOBEPXHOCTU Kpyra.
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Mpn unctoBon nNpaBke HEOOXOAUMO W3MEHUTb JNEKTPUYECKME NapamMeTpsbl
nyTeEM YBENIMYEHNS YaCTOTbl U CKBAXXHOCTU MMMNYNbCOB COOTBETCTBEHHO 00
3HaveHun f=8 ... 22 kl'y; q, =2,7 ... 3,0. 31O NO3BONUT OBecneunTsL Bonee

paBHOMEPHOE BO3OENCTBME pPa3psiAHOrO TOKa Ha PEeXxyLUyk MOBEPXHOCTb
Kpyra. KOHTponb NOArOTOBMEHHOrO K paboTe Kpyra OUEeHMBaEeTCs MNyTeM
OCMOTpa Bcen ero paboyen NoBEPXHOCTU — NOBEPXHOCTb AOSMKHA ObITb paB-
HOMEPHO BCKpbITa 9PO3MOHHBLIM BO3AENCTBUEM, a paananbHoe bueHne Kpyra
He AommKHO npeBbiwaTb 0,01 Mmm.

[Tocne npekpalleHna npouecca 3f1IeKTPO3PO3NOHHOW MpaBKU Teso Ka-
ToAa C NOMOLLbLI XOO0BOro BMHTA OTBOAMTCS OT MOBEPXHOCTU Kpyra U Tem
camMblM NpeaoxpaHAeTcs OT npeXxaeBpeMeHHOro uaHoca. KoHTposibHble 3a-
Mepbl NIMHENHOrO M3HOCa KaTtoda MoKasblBalT, YTO OH, Kak npaBwuno, He-
BGONbLLION N NO3TOMY MOXET MCMNOSb30BaTbCs AnNnTenbHoe Bpems. [nsa 3ame-
Hbl KaTofa B CBA3W C M3HOCOM He TpebyeTca npunaratb 605bLUMX YCUNA,
TaK KaK KOHCTPYKLUMSA YCTPOMUCTBA NpeaycMaTpuBaeT 3Ty onepaumio.

BaXXHbIM MOMEHTOM Ha 3Tane MogepHu3aumm CcTaHka ans rnybuHHOro
anMasHoOro 9neKkTPo3PO3NOHHOIO WNGOBAHUS BOCCTaAHOBSIEHHOM dacKu
KrnanaHa siBnsietcss obecneyeHne CKoOpocTu aetanu VneT =0,4 — 0,6 M/MUH.

CnoXHOCTb BbINOMHEHUST 3TOFO YCMNOBUSI COCTOUT B TOM, YTO 3aXMM Tena
KnanaHa OCYLLECTBNSAETCS aBTOMaTMYEeCKM C NMOMOLLbIO rMaponpuesoaa, a 3To
HaknagblBaeT JOMNONHUTENbHbIE CMOXHOCTU B €r0 KOHCTPYKTMBHOE MCMONHe-
Hue. HanGonee npvemnembiM BapMaHTOM peLLeHNss JaHHOro Bonpoca ABns-
eTcs Ucrnonb3oBaHMe creuuanbHOro peaykropa ¢ aneKkTpoaBuraTenem Molll-
HocTbio 1,1 kBT B ogHOM kopniyce. NMNepeaaTtoyHoe Yncro peaykTopa AOMmKHO

ObITb ipe,Jt =300. B cnyyae ncnonb3oBaHWs yKa3aHHOro arnekrtponsuraTens c

peoyKTopoM oTrnagaeT HeobXoAMMOCTb YTO-NIMOO M3MEHSATb B KMHeMaTude-
CKOM CxXxeMe npuBoAa BpaLleHus getarnu.

OKCnepuMeHTarnbHO YCTaHOBIEHO, YTO BaXXHbIM pe3epBOM MOBbLILIEHNE
NPOU3BOAUTENBHOCTUN LUNNAOBAHNA MOKPbITUA (packn KnanaHa SABMSeTCs
yBenuyeHne XecTKOCTU KpernrneHua Tena getany B npuesode BpauweHus. Ha
CEepUNHO BbiNyckaeMoM KpyrnowsnudgosansHom ctaHke ML-197B B kade-
CTBa 3axuma geTanum MCMNoNb3yeTCsa LaHroBbl 3axum, obecneymsatoLmin
BXOL CTEPXHA KnanaHa Ao ynopa B uUaHry Ha rnybuny 18 mm. YeBennuntb
rnybuHy 3axofa CTEepPXXHSI B LLI@HroBbIN NaTPOH HEBO3MOXHO U3-3a cneuuanb-
HOro YCTPOMCTBa AJS1 aBTOMaTMYEeCKOM CMEeHbI KnanaHoB npu 3arpyske. ba-
3MpoBaHMe geTanu NpoucxoguT no paboyven UUMANMHOPUYECKON YacTu CTepX-
HA KnanaHa Ha cneumansHoM ntoHeTe. ONopHbIe YacTu JIlOHETA U3roTOBSIEHDI
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N3 UCKYCCTBEHHOIO aHTUPUKLUMOHHOIO MaTepmarna u pacrnonoXeHbl nog yr-
nom 90°. MNon penctsnem paguanbHOW cocTaBndloWwen cunbl pe3aHusa P,
npoucxoauTt omkatue obpabaTbiBaeMOW MOBEPXHOCTU MOKPLITUS ddacku OT
Kpyra, KoTopoe Bkro4aeT gedopmMauuio ONOPHOW MOBEPXHOCTU IOHETa, a
Takke n3rmb Tena cTepXHsa knanaHa. Takum obpa3om, yCTpaHMB ABE YKa3aH-
Hble NPUYKHbBI Npu 6asnpoBaHum obpabaTbiBaeMon geTanu, MOXXHO NOBbICUTb
€€ XEeCTKOCTb.

Hanbonee npvemnemMblM peLLUeHneM nNpu 3ameHe nnacTtMaccoBbIX YMo-
POB SABMSIETCSA YCTAHOBKA paguvanbHbIX MOALMNHMKOB Tpebyemoro tunopas-
mepa (puc. 3.29). UN3rmb Tena CTepXHA KranaHa MOXHO 3Ha4YuMTESbHO
YMEHbBLUNTb MYTEM YCTAHOBKM CO CTOPOHbI BbIMYKIIOCTM CTEPXHSA ynopa c pa-
AnanbHbIM NOALLMMHUKOM OAMHAKOBOro Tunopasmepa ¢ nepsbiM. B cBssn ¢
TEeM, YTO B npouecce WngoBaH1s UCMONb3yeTCs oxNaxaawLwas XnaKkocTb,
N NoALWMUMHUKN ByayT HaxXoaAUTLCH B 30HE ee AeNcTBuA, paboyyto YacTb Noa-
LLUMMHUKOB HEOBXOOMMO 3aKPbITb.

Puc. 3.29. MpucnocobneHne ans yBenM4YeHUA XKeCTKOCTU KpenreHuns
KflanaHa B NpuBoAe BpalleHUs cTaHKa

[MpoBeaeHHbIe UccreoBaHUSA XXeCTKOCTM OMMCAHHOIO Bbile KpensieHus
KnanaHa B npuBoAe BpalleHus (Mpy CTaTUYecKkoM HarpyxeHum cunon Py ) no-

Kasanu Ha BO3MOXHOCTb ee yBenuyeHus Ha 20 ... 25 %, 4To no3Bonumnio no-
BbICUTb MPON3BOAUTENBHOCTL 06PaboTKM BOCCTAHOBIEHHbIX KranaHoB.
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ABTOMaTmM3aumns npouecca obpaboTkm BocCTaHOBNEHHOW dbacku Kna-
naHa Ha moguduumposaHHom ctaHke ML-197B sBnaeTca HeoTbeMIiEMbIM
YyCrnoBMEM peanu3auunm HOBOro TEXHONOMMYeCKoro npowecca.

B npegnaraemom npouecce rnybuHHoro wnmgosaHna atan opcmnpo-
BaHHOro nogsoda Kpyra Ao KacaHust ¢ obpabaTbiBaeMon NOBEPXHOCTbIO Ae-
Tanu criegyet octaBuUTb 63 N3MEHEHNS, MOCKOSbKY 3TOT 3Tan Takom Xe, Kak
N Npu wnmgosaHMm abpasmnBHbIM Kpyrom. Ha aTtane BpesaHusa pexyLien va-
CTW Kpyra B [eTanb MMeeT MeCTO MHTEHCUBHOE 3acanunBaHue MNOBEepPXHOCTU
anMasHoro Kpyra npoaykramum obpaboTkum, 4YTO SABMSETCA onpeaensiowmnm
dhakTopoM npu Bblbope napameTpoB BPe3HOW Nogayvv U MMMNYfbCHOroO TOKa.
Hanbonee uenecoobpa3Ho B 3TOM Cry4yae Bpes3aHue nNpovs3BOaUTb NpU He-
noaswkHon aetanun Vpe; =0, npuyem, BpesaHue AOMKHO ObiTb Ha rnyOuHy

CHuMaemoro npunycka 1. [locrne goCcTuxXeHUsa pexyLlen NoBepPXHOCTbIO Kpyra
OTMETKN BENUYUHBI NPUMNyCKa, MOXHO 3a OOHO BpalleHue aetanu yoanutb
CHMMaeMbIN NPUMNYCK.

[Mlo mepe Bpe3aHus kpyra B obpabaTtbiBaeMyko geTanb NpPOUCXoauT
yBenuyeHue nnoLiaan KOHTakTa Kpyra ¢ obpabatbiBaeMor NOBEPXHOCTLIO, a,
cnefoBaTenibHO, CHMKEHME KOHLEHTpauuuM paspsgHOro Toka Ha pexylien
NOBEPXHOCTWN, YTO BeAdeT K 3acanuBaHuI0 Kpyra yaandemMbiMu CTPYXXKaMu.
YMeHbLUEeHNE TOMLWMUHbI CPEe3a 8, max MNPV BPE3aHMM YMEHbLUAET HanpsKeH-

HOCTb npouecca pesaHus U TeM cambiM No3BonseT n3bexaTb 3acanvBaHuA
Kpyra. Kak ycTaHOBNeHO pacyeTHO-IKCNnepuMeHTarnbHbIM nyTem, onTuMarb-
HOe 3HayeHWe napameTpa a8, pax AOIMKHO OblTb Ha ypoBHe 12 MKM. Takown

NOAXO4 NO3BONSIeT peanu3oBaTb OAWHAKOBbIE 3HAYEHMSI NMapaMeTpoB pas-
PSIAHOrO TOKa B CryYae Bpe3aHusi Ha BENUYUHY CHUMAaEeMOro npunycka u npu
CbeMe OCTanbHOro matepuana nokpbiTus wnudosaHmem. Mcxoas ms aToro,
onpefeneHa obrnacTb U3MEHEHMSI CKOPOCTU Bpe3aHusi Kpyra B AeTanb npu
NnoAAepXaHUM NOCTOSIHHBIM NapamMeTpa a, max =12 MkM. [JokasaHo, 4To npu-

emMriemMasi CKOpoCTb Bpe3aHud npu obpaboTKe BbLICOKONPOYHOrO MOKPbLITUSA
MNr-10H-01 gomkHa coctaBnNATb VBp =0,4 ... 0,5 mM/MUH.

Otan BpesaHus kpyra B AeTanb npu Vo, =0 npeanonaraeT HEKOTOpbIe

N3MEHEHUSI B SNTIEKTPUYECKON CXEME CTaHKa, OAHAKO OHU HEe CIOXHbl U He
TPebYOT NPUMEHEHUS LOMOSTHUTESNbHbLIX KOHCTPYKTUBHbLIX YCTPOMUCTB. [locne
Bpe3aHus Kpyra Ha MOSHyko riybuHy BKMOYAETCHA BpalleHue aetanu u npouc-
XOOWUT WNngoBaHME OCTaribHOM MOBEPXHOCTU BOCCTaHOBrEHHOW dhacku. Kak
y)Xe OTMe4arnocb, napameTpbl TEXHOSIOrMYECKOro TOKa Mpu 3TOM OCTalTCA
npexHumu: f =3 kl'y; q, =1,1... 1,3; B, =5; ICp =67 ... 70 A.
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OTan yganeHna matepuana nokpbiTus ¢ rnybuHon wnudoBaHus, pas-
HOW BENMYMHE NpuUnycka, siBNgeTcs OAHOBPEMEHHO N YNCTOBOMN 06paboTkon,
obecnevuBaroLLEel LLepoxoBaToCTb 0bpaboTaHHOM NoBepxHOCTN R, < 1 MKM.

[Ana HopManbHOro MpoTeKkaHWsa npouecca ariMasHoOro ANeKTPOIPO3NOHHOIO
LWNNdpoBaHUSA NOKPbITUA dackm N AOCTMXKEHUS TpebyeMbix nokasatenen Lwe-
pOXOBaTOCTU N TOYHOCTWU MOBEPXHOCTU HEOOXOAMMO yCTaHaBfvMBaTb OMTU-
MarbHble pexXnumMbl 06paboTKu.

CraTtucTnyeckuin aHanmns BenMYMHbI CHUMaeMOoro npunycka npun obpaboTtke
KnanaHoB nokasan, 4Yto rmybuHa wnmndoBaHua nameHsietca t=0,6 ... 0,8 mm.
B cnyvae peanunsaumm TONWMHBLI CPeE3a A, max =15 MKM 1 obecneveHum Le-

poxoBaTocTn obpaboTaHHOM noBepxHOCTM R, < 1 MKM ckopocTb getanwu
Heob6XoaMMO yCTaHaBnMBaTb PaBHOM V;leT = 0,6 M/MnH. OTO No3BoNAET Oo-

BuTbCA ycTondnson obpaboTkm BOCCTaHOBNEHHOM backu KnanaHa B aBToMa-
TU3MPOBAHHOM LIMKNEe. DNeKTPO3IPO3MOHHON NpaBKon Kpyra obecneymBaeTcd
NOCTOAHHOE NOoAAepXXaHWe ero BbICOKOW pexyLlien cnocobHOCTM U TeM ca-
MbIM JOCTUraeTcs NosiHOe yaaneHue cpes3aemMoro crosi matepuana c Tpeby-
eMon Ynctotom obpaboTkn. OgHaKo 3Ha4YMTENbHAs HEPABHOMEPHOCTb HaHe-
CEHHOro MOKPbITUS OTpULATENBHO CKa3blBaeTCs Ha TOYHOCTU obpaboTaHHOM
dackn knanaHa. bueHne o06paboTaHHOM MOBEPXHOCTM COCTaBnsEeT
0,012 ... 0,014 mm, 4TO npeBbiwaeT gonyctumble npegesnsl 0,008 ... 0,01 mm.
OTO CcBMOETENbCTBYET O HEAOCTAaTOYMHOW XXECTKOCTU Tena KnanaHa U BO3HUK-
HOBEHMN 3HAYUTESbHbIX YAPYrnX NnepemMeLeHnin B TEXHONTOMMYECKON CUCTEME
n3-za 60MbLWON HEePaBHOMEPHOCTM HAHECEHHOrO Criosi BbICOKOMPOYHOro
NOKPbITUSA. PelwmnTb 3TOT BOMPOC YOanocb CHUXEHWMEM CKOPOCTM geTanun Ao
ypoBHS Ve =0,5 M/MuH. Ha puc. 3.30 npuBeaeHa CTpykTypHas cxema, B

COOTBETCTBUN C KOTOPOW orpeferieHbl MakCMmanbHO BO3MOXHas MpoOn3Bo-
ANTENBHOCTb N PEXNMbI LLUNNGOBaAHNA.

Pesynbtatbl peanusauun paspaboTaHHOM TEXHONOMMU rnyouHHOro an-
Ma3HOro 9N1eKTPO3PO3NOHHOIO LLNMAOBAHNA B NMPOUN3BOLCTBEHHbIX YCITOBUSX
npuBegeHbl B 1abn. 3.9. [Ins KOMNnekroBaHUs MOAEPHU3MPOBAHHbLIX Kpyr-
nowsnmdgosarneHbix ctTaHkoB MLL-197B MCTOYHMKaMKM TEXHONOMMYECKOro Toka
nog pyKOBOACTBOM aBTOPOB HaCTosALEeN paboTbl pa3paboTaHbl cneynanbHble
KOHCTPYKUMN ManorabapuTHbIX reHepaTopoB MMMNYSIbCHOMO TOKa M OpraHu3o-
BaHO MX NPOM3BOACTBO B Heobxoammom konuyectBe. C yyacTnem aBTOPOB
Takke B HIMNO "PempeTtans” (r. MockBa) paspaboTtaH u M3rotoBneH aBsromar
AN HAHeCeHUs1 BbICOKOMPOYHbIX MOPOLLKOBLIX MOKPbITUA Ha (packy knana-
HOB, KOTOPbIN BHEAPEH Ha NpeanpuATUAX arpornpoMbILLSIEHHOrO KOMMseKca.
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Tabnuuya 3.9

PekomeHayeMbie ycroBusi o6paboTku

XapaktepucTtuka Kpyra 1A1 500x25x305x6
paKTep i AC15 200/160 M2-01 100
Ver, M/MUH
O6pabaTbiBaeMblit AeT 0,5
maTtepuan: Vip» Mlc 28
NnoKpbITHE VBp’ MM/MUH 0,5
Mr-10H-01 0,8
t, Mm
lep s A 67 ... 70
MapameTpbl MMMYLCHOTO TOKa f, Ky S
Bc, Wr. S
Q 1,1...4,3
[MpousBoguTensHoc ouecca
pou3BOANTENBHOCTbL NPOLY Q, MME/MUH-MM 170
0bpaboTku 3a umkn
KonuyecTtBo 06paboTaHHbIX KranaHoB
Nin, THIC. LUT. 75
Kpyrom [0 ero nosiHoro n3Hoca
LLlepoxoBaTocTb 06paboTaHHOM Ra. MKM 0.8..10
NMOBEPXHOCTH
O deKkTnBHAsA MOLHOCTb WM oBaHus Nog, BT 70 ... 90

CoBmecTHO ¢ HINO "PempeTtanbk", SHNMC n MockoBckum 3aBoaoOM aB-
TOMaTUYECKMX NUHNI NpoBeaeHa paboTa No cornacoBaHUIO TEXHUYECKOWN O0-
KyMEHTaunn Ha NPOEKTUPOBAHME N NOCTAHOBKY Ha NPOM3BOACTBO crieuunanb-
Horo obopyaoBaHusa ans obpabotkn getanen [OBC ¢ BbICOKONPOYHbIMU MO-
KPpbITUSIMX C UCMONb30BaHMEM pa3paboTaHHON TEXHOMNOMMKU ariMasHoro Lm-
doBaHus. [laHHasa TEXHOMNOrMSA anmMasHoro LWnMdoBaHMAa Takke BHeApeHa Ha
psage npeanpusaTUiA Ha onepauusix WwnmgoBaHMs KnanaHoB WM KynadkoBbIX
BanoB rasopacnpeneneHust.

3.8. Kpyrnoe HapyxHoe rmybuHHOe anma3Hoe wnudoBaHne
OypOBbIX UHCTPYMEHTOB C BbICOKOMPOYHbLIMU MOKPbLITUSIMMU

3aTouka u wnuoBaHne TBepAoCnnaBHbIX OYPOBLIX MHCTPYMEHTOB —
ofHa u3 Haubornee apPeKTUBHBIX 0BnacTen NPMMEHEHNS ariMasHbIX Kpyros.
bnarogapss CHUMXEHUIO CUMMOBOW M TEMNOBOK HaMNpPsS»KEHHOCTWU npouecca o06-
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paboOTKN, yBENMNUYEHUID CTOMKOCTU MPUMEHAEMbIX ariMasHbliX KPYroB pelueHa
npobriema noBbILWEHUS KayecTBa 06paboTKM N CHWXKEHUS pacxoda OypoBbixX
WHCTPYMEHTOB [47; 124].

BmecTte ¢ Tem, wnudoBaHme 6ypoBbIX UHCTPYMEHTOB C HAHECEHHbLIMU
Ha ux paboyne NOBEPXHOCTU M3HOCOCTOMKUMU MOKPbITUAMU (PENUT 1 T.4.),
No-NpexHeMy, Npon3BoamnTcsl OBbIYHBIMW abpasmMBHbIMK Kpyramm C OTHOCK-
TeNbHO HU3KMM Ka4yecTBOM 06paboTku. NpuMeHeHne anmMasHbIX KpyroB Ha
ornepaumsax Kpyrnoro Hapy>XHoro windoBaHns 9KOHOMUYECKN Hed(deKTnB-
HO B CBSA3N C HM3KOM MPOU3BOAUTESNIBHOCTLIO M BbICOKOW Ce0EeCTOMMOCTLIO
00paboTKn, MNOCKOMbKY B peasibHbIX YCMOBUSX MNPOM3BOACTBA LOCTUTHYT
ype3Bbl4alHO BbLICOKMW YPOBEHb MPOU3BOAUTENBHOCTM abpasnBHOrO LUMAK-
doBaHusa — 0o 50 Tbicsv MM°/MUH 1 Gonee. CrnenoBaTesibHO, NPUMEHEHNEe
anMasHbIX Kpyros B3ameH abpasmBHbIX BO3MOXXHO MpWU YCrOBUM CYLLLECTBEH-
HOrO MOBbILLEHUS NPON3BOAUTENBHOCTU 06PaboTKM NpU 3KOHOMUYECKN 0BOC-
HOBaHHOM pacxone anvasa.

O PeKTUBHbIM peLleHneM npobnemMbl MOXeT OblTb MpakTU4eckoe uc-
nosib3oBaHne paspaboTaHHON TEXHOMOMMKU rIyOMHHOINO anmMasHOro 3NeKTpPo-
9pPO3NOHHOrO WnndgosaHus. B ceasm ¢ atum Ha MO "Kyinbbiwesdbypmalu” (oc-
HOBHOM MNpou3BoauTene AaHHOro Tuna 6ypoBbIX MHCTPYMEHTOB) peanu3oBa-
Ha CXxema Kpyrrioro Hapy»Horo riyouHHOro wnnudoBaHus, BKNOYatoLasa Bpe-
3aHMe anMasHoro Kpyra Ha nonnyt rnybuny pesanus (0,9 mm) npm Heno-
ABWXHOW geTanu (LWapoLlKke O0N10TYaToOn KOPOHKM) U CbeM BCENO Npunycka 3a
OHO BpalleHune aetanu ¢ pukcnpoBaHHou rmybuHon pesanna (0,9 mm).

BmecTto abpasuBHoro kpyra guametpom 600 MM ncrnonb3oBaH KpynHO-
rabapuTHbI anMasHbln Kpyr guameTpom 500 mm 1 wmnpuHon 50 MM Ha me-
Tannuyeckon ceaske M2-01, 4To No3BONMNO OAHOBPEMEHHO ObpabaTtbiBaTb
BCHO MNOBEPXHOCTb AeTanu (44 mm) 6e3 npuMeHeHNs NPOL4ONbHON Nogauu.

CKopoCTb BpalleHUsa OeTtanu ycTaHaBnmBanachb V;leT =1 M/MWH, 4TO

obecneumBano nponssoanTenbHOCTb 0b6pabdoTkn 900 MM3/MUH MM unu Gonee
40 TbIC. MM®/MWH, OCTUrHYTOW Npy aBpasmBHOM LLNMAOBAHMUMN.
[MpeoBapuTenbHble UCCeaoBaHUs MNokasanu MNpakTUYECKU Hernpuem-
NeMOCTb 3NEKTPO3PO3NOHHOM MPaBKM Kpyra ¢ NOABOAOM 3NEeKTPUYECKOro To-
Ka Yyepes 30HY pe3aHus. B cBa3u ¢ obpaszoBaHMEM ONIMHHbBIX CTPYXEK anmMas-
HbI KPYr Ha Mpo4HOM MeTannuyeckon ceaske M2-01 MHTeHCMBHO 3acarnu-
Bancs n yepes onpeneneHHoe Bpemst TEPSN PexyLLyto CnocobHOCTbL He3aBu-
CUMO OT U3MEHEHUS ANEKTPUYECKOrO pexmnma paboThbl reHepaTopa MMMysibC-
HOro Toka. [NpuMeHeHne 3NeKTPOIPO3NOHHOWN MpPaBKM BHE 30HblI pe3aHusi C
YCTaHOBKOW cneumarnbHOro npassiLLEero ycTtponucTea (katoga) no3Bosivno no-
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BbICUTb CTOMKOCTb ariMasHoOro Kpyra, O4Hako B MOSIHOM Mepe pelunTb npo-
B6rnemMy KayeCTBEHHEN OUYNCTKM Kpyra oT NpoaykToB 06paboTkn He yaanocs.

B cBA3u ¢ 9TMM Ha [NonTtaBckomMm anmasHoM 3aBofe 6bin paspaboTaH u
N3roToBMIEH cheunanbHbI KpynHOrabapuTHbIM anmasHbin Kpyr AnameTpoMm
500 MM 1 wmpmnHom 50 MM Ha MeHee nNpoYvHon MmeTannmyeckon ceaske M1-01.
Heobxoanmo oTMeTuTb, YTO NoNTaBCcKkMn anmMasHbii 3aBOf paHee He BblMnyc-
Kan Takux KpyroB Ha cBsa3ke M1-01, um Obln OCBOEH BbIMYCK KPYroB JMLLUb Ha
ceaske M2-01. lMoaTtoMmy Ond M3roToBMeHUs Kpyra Obina paspaboTaHa u
co3faHa cneumanbHaa TEXHONOrMs U TexXHorormdeckas OcHacTka (npecc-
dopmbl U T.4.). MNpakTnyeckoe MCNorb3oBaHWE TakKOro Kpyra no3Bonumio no-
NyyYnTb MNONOXUTENbHbIE pe3ynbTaTthl. MMerowaa mecTo camosaTadunBae-
MOCTb afniMa3Horo kpyra Ha metannumyeckon cBaske M1-01 B coyetaHun c
HenpepbIBHbIM 3M1EKTPO3PO3MOHHLIM BO3AENCTBMEM Ha ero pabouyyto mno-
BEPXHOCTb npeonpeaennsiv BO3MOXHOCTb Ka4eCTBEHHOW OYUCTKM N NpaBKu
Kpyra B npouecce wnudoBaHAa 1 NogaepxaHue ero BbICOKOW PexyLLen cro-
coBbHOCTU B TeyeHne cmeHbl (npyn obpaboTtke Ao 100 wapoLuek).

[Mepexon Ha NonHyt anmasHyto 06paboTKy 3a CHET CHMUKEHNA CUITOBOW
N TENNOBOW HaMpshXeHHOCTEN npouecca No3BOSIU CYLLECTBEHHO MOBbLICUTb
Ka4eCTBO M TOYHOCTb LWIMPOBAHHbLIX MOBEPXHOCTEN (YCTPAHUTL CKOSbl, MUK-
POTPELLUMHBI N NPUXOTK), YyyYLWNTb SKONOIrM0 NPOM3BOACTBA 3a CYET UCKIHO-
YyeHus obpasoBaHus abpasuBHOW nbiIK. [JOCTAaTOMHO OTMETUTb, YTO Mpwu
AENCTBYIOLEN TeXHoNormm abpasmBHOro WMgoBaHns B TeYEHNE CMEHbI B
CBS3M C MHTEHCUBHbLIM M3HOCOM Pacxo4oBasiocb A0 LWEeCTU abpasnBHbIX Kpy-
roe gnametpom 600 mm. BTO conpoBoXxganocb 6onblWMM BblaeneHnem ab-
pPa3nBHON NbISIN U 3HAYUTENBHbBIM YXyALEHNeM ycnosumn paboTsbi.

Pac4yeTbl nokasanu, YTO M3HOC ariMasHOro Kpyra COOTBETCTBOBas npu-
MEPHO OOWHAKOBbIM 3aTpaTtam Ha npuobpeTeHne anmasHoro n abpasmBHOro
MHCTPyMeHTa. Takum obpasom, No npon3BoAUTENBHOCTU N CceBECTOMMOCTH
006paboTkn NpeanoXeHHbI NPOoLEeCcC anMasHoro WindoBaHUA COM3MEPUM C
AEVCTBYIOLWUM npoueccoM, a adhekT goctmraeTca 3a cYeT MOBbILLEHNS Ka-
YecTBa M TOYHOCTM 06PabOTKKM, YNyyLEHUs1 SKOMOrMn NPOn3BOLCTBA U YCNO-
BUN Tpyaa, UCKITIOYEHNA TPYAOEMKUX onepaumin No Yyacton 3ameHe abpasmB-
HbIX KPYroB B CBA3WU C UX MNOJSTHbIM U3HOCOM (4O LWECTU pa3 B CMEHY).

HeobxogMmo OTMEeTUTb, YTO AEWCTBYHOLLAA TEXHOMOrMsi OCHOBaHa Ha
MCMNONb30BaHNN CXEeMbl BPE3HON0 MHOrOMPOXO4HOro LWNGOBaHNA C NpPo-
aonbHOM ocuunnaumen kpyra. CKopocTb getanu coctaBnset 4o 60 M/MuH.
[MonbITKN WNndoBaHMA anmMasHbiM Kpyrom no AaHHOM CXxeMe MpuBESNU K OT-
puuaTenbHbiM pedynbTataMm U, Npexae BCero, 3a CYET NpepbiBUCTOCTU 0O-
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paboTkn. Kak n3sectHo, obpabatbiBaeMasa NoBepxHOCTb AeTann (LapOoLLKK)
MMeeT MPepLIBUCTLIN XapakTep. B CBA3M C BbICOKOM CKOPOCTbIO AeTann 3To
npegonpeaenseT yaapHbiM Xxapaktep B3aMMOAENCTBUSA U 3HAYUTENbHbIE OU-
HaMUYeCcKne Harpysku, KOTopble NPUBOAST K UHTEHCMBHOMY U3HOCY arnMasHo-
ro kpyra. [ns abpasvMBHOro Kpyra TakOM pPeXum LWNMoBaHUS SBMSETCS
9(pbpeKkTMBHBIM, MOCKONbKY obecnevymBaeT HenpepbIBHYK MNpaBKy Kpyra u
nogaepXaHne ero BbICOKOW pexyuwen cnocobHoctn. CoBCTBEHHO 3TUM
00BACHAETCSA BbICOKMI U3HOC abpasnBHbLIX KPYroB M UX YyacTasa 3ameHa B Te-
yeHue cmeHbl. ObpabaTbiBaemasn getanb (Lapollka) B JaHHOM cryYyae Bbl-
noNHaeT yHKUMO npasswero anemeHTa. CneposatenbHo, 06paboTky
anMasHbIMU Kpyramu npepbiBUCTbIX NMOBEPXHOCTEN 3KOHOMWYECKM Heuerne-
coobpasHO NPOM3BOANTL MO CXEME MHOrONPOXO4HOro wnngosaHna ¢ 6onb-
LLON CKOPOCTbI AeTanu, 3(p@eKkTMBHO UCMNOofb30BaTb CXeMy rryOMHHOIo
LWNndpoBaHUs ¢ HEBOMbLUOW CKOPOCTLIO AeTanu.

PaspaboTaHHas TexHonorna rriyouHHOro anmasHoro LwnnudoBaHus
npoLuna nponsBoACTBEHHYIO anpobaumio u NpuHaTa ans sBHeapeHus Ha N0
"Kynobiwesbypmar". TexHonorna MoxeTt ObITb UCnonb3oBaHa Ha [porobbiy-
CKOM [0SIOTHOM 3aBO€e B OCHOBHOM MNPOU3BOACTBE.

[MpakTnka nokasana, 4YTo MO CPaBHEHWIO C ariMasHbIM LUndOBaHNEM
OypOBbLIX WHCTPYMEHTOB C HaHECEHHbIMU BbICOKOMPOYHBIMU MOKPLITUSIMU,
lWwnndoBaHne TBepAocnaBHbIX BYpOBbIX MHCTPYMEHTOB MOXHO OCYLLECTB-
NATb ¢ bonee BbICOKOW NPOM3BOAMTESNbHOCTBLIO, MOCKOSTbKY anMasHbIv Kpyr B
MeHbLUEN Mepe NnoaBepraeTcs 3acanuBaHuio U obnagaeT NoBbILWEHHON pe-
XyLlen cnocobHoCTbo. OTO no3Bonuno pekomeHgosatb Ha 10O "Kynbbl-
lwesbypmall" TEXHOMOMMIO anmasHoro LWnngoBaHna TBepLOCNIaBHbIX Bypo-
BbIX WMHCTPYMEHTOB Kpyramum Ha 6oree npo4vyHOW MeTansmMyeckon CBS3Ke
M2-01, 4To obecneymno CHMXKeHUE U3HOCa Kpyra no CPaBHEHMIO C KPYroM Ha
ceaske M1-01.

[OCTUrHYTbIN YpOBEHb MNPOM3BOAUTESNBLHOCTU FNYOUHHOINO anmasHoro
wnudoBaHus GypoBbIX MHCTPYMEHTOB C PENUTOBLIMU MOKPbLITUSIMU MPEBbI-
luaeT ypoBeHb MNPOM3BOAUTESNLHOCTM anMasHoro wnmMdoBaHus geTtanen c
NOKPbITUAMW MeTannyprudeckoro HasHadeHna [131; 133]. MNo-Bngnmomy, aTo
00yCcnoBneHo MeHee XeCcTkuMn TpeboBaHUAMN K YPOBHIO NPOM3BOANTESIbHO-
CTW B CBSI3N C 3aMeHOW abpasmBHOro WngoBaHus anMasHbiM B MeTannyp-
Mn, a Takke TeM, YTO MUCMNONb3oBaHa bonee NPoM3BoAUTENbHAA cxema rny-
BuHHOro wnngosanusa (¢ rnybuHon pesanunsa 0,9 mm).

B 3akntoveHne cnegyet OTMETUTb, YTO LJOCTUTHYThIA YPOBEHb NPON3BO-
ANTENbHOCTN arMasHoro WnmMgoBaHusa getanen ¢ BbICOKONPOYHLIMU NOKPbI-
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Tmamm — 900 MM®/MUH-MM — sSIBNsieTcs B page criyyaeB HegoCTaTOYHbIM ANs
NPUMEHEHNA arnmasHbIX KpyroB B3aMeH abpasmBHbIX. IOTO TpebyeT panb-
Henwero rnoucka HoBbIX peLueHun No 3PMEKTUBHON OYUCTKE W MpaBKe ar-
Ma3HOro Kpyra B YCNoBUSIX BbICOKONPOM3BOAUTENBHOIO WIMGOBaHUSA BbICO-
KOMPOYHbIX NNACTUYHbIX MaTepmnarnos, K KOTOPbIM OTHOCATCS MOKPbITUS.

BbiBOoAbI K pasgeny 3

1. PaspabotaHa MmaTemaTumyeckass mogenb rnybuHHOro anmasHoro
LWNMdOBaHNA C NO3ULMN Pa3HOBLICOTHOMO BbICTYNaHWA 3epeH Ha CBA3KOW
Kpyra n BepOSATHOCTHOIO y4actnsi nx B oopMmpoBaHMn pexyLiero npoduns
AnameTpanbHOM MAOCKOCTU Kpyra, YTO MO3BOSIUAO aHanuTUYeCcKn onucaTb
OCHOBHbIE NapameTpbl npouecca ryouHHOro WnnMdoBaHUs, Takne Kak Mak-
cManbHas TosWMHa cpesa OTAeNbHbIM 3ePHOM ariMasHoro Kpyra, napameTt-
pbl LLEepOXoBaTOCTU NOBEPXHOCTU U Apyrne. PacxoxaeHne pesynbLTaTtoB pac-
4YEeTOB WU JKcrnepumeHTanbHbIX AaHHbIX coctaBnset 10 — 15 %, yTto genaer
BO3MOXHbIM MPaKTUYECKOE UCMNONb30BaHNE MOSTyYEHHbIX aHaNUTUYeCcKux 3a-
BUCUMOCTEMWN.

2. Ha ocHoBe aHanuTuyeckon ontMmusauum rnyobuHHOro anmMasHoro
LWNMdOBaAHNA YCTaHOBIIEHa HOBAsA 3aKOHOMEPHOCTb MpoLuecca, CBA3aHHas C
BO3MOXXHOCTbLIO YBENIMYEHNS NPOM3BOAUTENBHOCTU 006paboTKM Npu ogHOBpeE-
MEHHOM YMEHbLUEHNUN NapamMeTpoB LIEPOXOBATOCTM MOBEPXHOCTU N OBY-
cnoBneHHasi NPUMEHEHNEM ONTUMAarbHbIX COOTHOLLIEHWIA CKOPOCTU AeTanu u
rmybuHbl WnudoBaHmsa Ansa 3agaHHOW MakCUMarbHOW TOMLWMHbLI cpe3a OT-
AenbHbIM 3epHOM. [Moka3aHo, YTO B YCMOBUAX FYOMHHOrO anmasHoro Lmun-
doBaHNA C MakCMMarbHOW TOSILLMHOW cpe3a OTAESIbHbIM 3€PHOM, pPaBHOM
15 MKM, N napamMeTpoMm LiepoxoBaTtocTu nosepxHoctTn Ra = 0,8 ... 1,0 MKm,
MOXeT OblTb [JOCTUrHyTa yAernbHasi Mpou3BOAMTENBHOCTL 06paboTku
Ha yposBHe 1 200 MM /MUH MM, CYLLLeCTBEHHO MpeBblWawan 3HavYeHus
yaenbHOM NPon3BoaUTENBHOCTM 06paboTKM M3BECTHBIX MPOLIECCOB ariMa3Ho-
ro n abpasmeHOro wnugoBaHus.

3. TeopeTnyecku n aKcnepmmMmeHTanbHO 060CHOBaHa BO3MOXHOCTb pe-
anu3aummn BbICOKONPOU3BOAMUTESbHOIO rMyOMHHOrO anmasHoro wnindoBaHus
Aetaneun ¢ BbICOKOMNPOYHbLIMU MOKPbITUAMW KPpyramn Ha MeTasnindyeckmx CBA3-
Kax, B TOM 4Yucne v KpynHorabapuTHbIMMU anmMasHbIMW Kpyramu, 3a cYeT npu-
MEHEHNS ONTMMAasibHbIX CXEM WNGOBAHUSA U 3MEKTPOIPO3MOHHON MNpaBKu
anmMasHoro kpyra. [JokazaHo CyLlecTBOBaHME SKCTpEMaribHOW 3aBUCUMOCTM
(C HaNM4Mem MakcMmyma) NPOM3BOANTESNBHOCTU 00PabOTKN BLICOKOMPOYHOIo
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NOKPLITUS OT rMYyOUHbI WINGOBaHKS, YTO CBA3AHO C NOTEPEN peXxyLLen cro-
COBHOCTM anmMasHoro kpyra. [lokazaHO Takke CylLleCTBOBaHME ONTUMarbHOM
KOHLEHTpaumn paspagHoro anektpuyeckoro toka (Kr=1,3 ... 1,5 A/MMZ), no-
NOSTHATENIbHO BBOAMMOIO B 30HY LIMANGOBaHMA, M ONTUMArbHOM Mnowaan
KOHTaKTa Kpyra C getanbto, 00yCnoBreHHOW OOCTMXEHMEM MaKCUMMarbHOW
npousBoauTenbHOCTN 0bpaboTkm n 6GesgedekTHoCTblo obpaboTaHHOM MoO-
BEPXHOCTU, KOTOPbIE B COBOKYMHOCTU onpeaensatT ycroBua 3deKTUBHOIO
NPUMEHEHUS anMasHOro 31IEKTPO3PO3NOHHOIO WNGOBaHUSA OeTanemn C Bbl-
COKOMPOYHBLIMU NOKPLITUSIMM.

4. DKCnepuMeHTarnbHO YyCTaHOBIEHbI 3aBMCUMOCTMN NPON3BOANTENBHO-
CTN 00paboTKM, OTHOCUTENBHOIO pacxoda anmasoB, MOLLHOCTU WM oBaHUS
N LLEPOXOBATOCTM NOBEPXHOCTU OT NapamMeTpPoB PEXUMOB LUNNGOBAHNS, Xa-
pakTEPUCTUK ariMasHoOro Kpyra m yCrnoBuUK 9NeKTPO3PO3NOHHOM MpaBKu ar-
MasHoro kpyra. NokasaHo, YTO NPUMEHEHNE ONTUMAarbHbIX YCNOBUI NyOUH-
HOro anMasHOro 3NeKTPO3PO3MOHHOIO WIMgoBaHMs No3eBonsaeT B 2 — 3 pasa
NOBbLICUTb NPOM3BOAUTENBHOCTL 06paboTkn U B 3 — 4 pasa YMEHbLUMUTb OTHO-
CUTESNbHbIA pacxod anMasa no OTHOLLUEHWIO K CYLEeCTBYHOLWKUM npoueccam
anmasHoro wnngosaHna nokpblTnn TBepgocTeio HRC 60 — 62.

5. PaspaboTtaHbl pekomeHgaumm no BblGOpy ONTUManbHLIX YCIOBUN
wnudoBaHus, obecneynBaloline rapaHTUpPoOBaHHOE MOfy4YeHne napameTpa
lWepoxoBaTocTn nosepxHoctn Ra = 0,8 ... 1,0 mkm. [NponsBeneH pacyeT on-
TUManbHbIX 3NEKTPUYECKUX NMapamMeTpoB npouecca WngoBaHus, KoTopble
obecneunBaloT MakCMManbHO BO3MOXHYH MPOU3BOAUTENBHOCTbL 06paboTkm
B YCNOBUSAX MYBUHHOro WnudoBaHus. YCTaHOBEHO, YTO YeM Donblue cuna
MMMYNbCHOrO TOKa, TeM Gonblie rnybuHa wnudoBaHnSa, NpU KOTOPOM UC-
KNoYyaeTcs 3acanuBaHMe anmasHOro Kpyra v nogaepXmBaeTca ero BbiCoKas
pexyLuasa cnocobHOCTb B NpoLecce LWingoBaHus.

6. PaspaboTaHbl npakTuyeckne pekoMeHgauum no 3dpekTUBHOMY
NPUMEHEHNIO BbICOKONPOU3BOAUTENBHOMO rNyOUHHOrO anmMasHOro 3nekTpo-
9PO3MOHHOrO LWndoBaHnA ans obpaboTkn getanen asuratensa BHYTPEHHEroO
CropaHns C BbICOKONPOYHbIMUK NOKPLITUSAMU, Hanpumep dackn kKnanaHa, ocy-
LLIECTBNSIEMOM NO CXEeME KPYrioro Hapy>XHoro wnndosaHua. NpnBeneHsl pe-
3ynbTaTbl paspaboTkn N TEXHUYECKME XapaKTEPUCTUKU CreumanbHOro reHe-
paTopa UMMNYfbCHOrO TOKa ANs OCYLECTBIIEHUS anMa3HOro 3reKTpo3po3un-
OHHOrO WNNgOBaHMA, a Takke peKoMeHLauumy No OCyLLECTBIEHUIO MOOEPHM-
3aumn W oBarnbHbIX CTAHKOB Ans paboTbl ¢ KpynHorabapuTHbIMU anmMas-
HbIMW Kpyramu.
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4. AnmasHoe wnudoBaHMe N3nennn, N3roToBrIEHHbIX
U3 HeMeTanJZIM4ecKnx matepumarnoB NoBbILLEHHON
TBEepAoOCTHU

4.1. AnmasHoe wnucgpoBaHue agetanen
U3 Kepamuk u cpepputoB

4.1.1.YcnoBus noBbiweHNa 3appeKTMBHOCTU ariMa3Horo
wnudoBaHNA aeTaneun us kKepamuk n cpepputoB

UpesBbl4anHO BbiCOKasi TBEPAOCTb KepaMuK, UCNOMb3yeMbIX OM9 U3ro-
TOBMEHUs AeTanen 3MeKTPOHHOM MPOMbILSIEHHOCTN, npegonpenenseTr ux
appekTnBHYIO 06pabOTKy MCKNIOYUTENBHO anmMasHbIMW Kpyramm Ha meTtan-
nunyeckunx cesskax M2-01 v T.n. YcTaHoOBMNEHO, YTO Npu TOpLOBOM LWNndoBa-
HUM anMasHbIM Kpyr GbICTPO TYNUTCH, U TepsaeT pexylime CBOWCTBA, B pe-
3ynbTaTe 4yero pes3ko BO3pacTalT Curlbl U Temnepartypa pesaHusi, Ha obpa-
BGaTbiBaeMbIX MOBEPXHOCTSAX 00pasyoTca TPELUMHbBI U CKOMbl, YBENUYMBAKOTCS
notepu ot 6paka. B ocobon mepe 3TO OTHOCUTCA K ABYXCTOPOHHEMY LLNNEO-
BaHUIO KepaMuMyecKux nnactmH Ha ctaHkax mogenu 3102. OcywectBnsas
LWndpoBaHME NO XKECTKOW CXxeme, BCneacTBMe 3aTynieHnsa ariMasHoro Kpyra
3HaYMTENbHO BO3pacTaeT paguanbHas cura pesaHud, YTo NpMBOAUT K 3Ha-
YUTENbHOMY YBENUYEHWUIO HArpy3oK, AENCTBYIOLWNX HA pagnanbHO-YNopHbIe
NOALUMMAHUKA LWNNHOENBHOIO y3ra CTaHKka, U NpexaeBpeMEHHOMY BbIXO4Y WX
N3 cTpos. ATo TpebyeT NpoBeAeHUs TPYOOEMKOro peMOHTa CTaHKa.

[MpnMeHsaeMble METOAbI MEXaHMYECKOW NpaBKN ariMa3Horo Kpyra mano-
9(pPeKTNBHBI, TaK KaK BbICTyNaHne 3epeH Hag YPOBHEM CBS3KM Kpyra nocne
NpaBKN HECYLLECTBEHHO, obpabaTbiBaeMbIl MaTtepuan MHTEHCMBHO KOHTaK-
TUPYEeT C MeTannnM4yeckon CBA3KOW, Bbi3biBasi pOCT CU U TeMnepaTypbl pesa-
HWUS1, NOBbILLEHNE N3HOCA Kpyra, CHUXeHne KadyectBa obpaboTku. Kpome Toro,
Ana nopgaepxaHus 6onee BbICOKOM pexyllen CnoCobHOCTWU Kpyra npu Wu-
doBaHNKN ero Heob6xoaMMOo YacTo NPaBUTb, YTO TPYAOEMKO N CHUXAET Npons-
BOOAUTENBHOCTb 06pPaboTKMK.

[lepcnekTnBHbIM peLlleHneM Npobnembl NOBLILLEHUS PeXyLLen cnocob-
HOCTM anmMasHoro Kpyra npu wnmdoBaHMM KepaMUYeCKMX NNacTuH cnegyet
paccmaTpuBaTb MPUMEHEHME MNEPUOANYECKON INEKTPOIPO3NOHHON MNPaBKM,
obecneunBatoLlen 6onee ka4yeCTBEHHOE BCKPbITUE ariMa3OHOCHOrO Criost Kpy-
ra U, COOTBETCTBEHHO, Horee NpoaoMKUTENbHLIM Nepuoa HopManbHon pabo-
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Tbl Kpyra. YunTblBas To, YTO 06paboTka Ha cTtaHke mogenn 3102 npounsso-
ANTCS OQHOBPEMEHHO ABYMSA anMasHbIMU Kpyramu, pacrnosioXXeHHbIMU napa-
neribHO, HeobXoAMMO OpraHm3oBaTb OAHOBPEMEHHYH 3NEKTPOIPO3UOHHYHO
npaBKy ABYX KpPyroB 6e3 CHATUA MX CO CTaHKa (C Lenbl NOBbILWEHNA TOYHO-
cTn obpaboTkn). ITO0 TpebyeT co3gaHMsa cneumaribHOM OCHACTKM U CXeM
NpaBkM B aBTOMAaTU3MPOBAHHOM pexunme. YUnTbiBasi TakkKe HEenpoaoSKu-
TeNbHbIN Nepunos Mexay npaBkaMmn Kpyros, NoBbICUTb 3EEKTUBHOCTb LLSN-
PoBaHUSA KepaMU4eCKUX MacTUH MOXHO 3a CYeT yBenunveHusa nnowaan pa-
Bbouyen 4Yactn kpyra (yBenudeHust guameTpa u BbICOTbl ariMa3HOro Crost Kpy-
ra), CHWXast UHTEHCMBHOCTb 3aTynreHna Kpyra.

[MpakTnyeckMm BOMSIOLLEHNEM OAHHOrO peLleHns criegyeT paccMmartpu-
BaTb AEUCTBYKOLIME Ha psae nNpeanpuaTum TEXHONOrMM TOpLOBOro LWNugo-
BaHUSA MNSIOCKMX MOBEPXHOCTEN AeTanen (M3 kepamuk, oepputoB U OpPYrux
TpyaHooOpabaTbiBaeMbIX HEMETaNNIMYEeCcKux matepuanoB) KpynHorabapwut-
HbiMK (D 800 MM 1 Bonee) cOOPHLIMU anMasHbIMK Kpyramu Ha LWnndgoBank-
HbIX CTaHKax c Bpallatowwmnmesa ctonom mogenun 36756 (puc. 4.1 [122]).

F*.w1 L W,
. Y

Puc. 4.1. CO0pHbIN anmMasHbIN KpYyr ANSA TOPLOBOro

mnMd)OBaHMﬂ HemMeTansinyeCKknux matepuanoB
YcrnoeHbie 0603HaYeHuUs: 1 — anMasHble 3NeMEHTHI.

Bnarogapsa ysenudernuto nnowaam paboyen noBepxHOCTU Kpyra, CyLue-
CTBEHHO YBENNYMBAETCSA NPON3BOAUTENBHOCTb M Ka4ecTBO 06paboTkM, CTON-
KOCTb Kpyra mexay npaskamu. Bmecte ¢ Tem, ¢ co3gaHnem KpynHorabaput-
HOro c6OPHOro anMasHoOro Kpyra BO3HWUKIIM CIIOXHOCTW NO MOArOTOBKE €ro K
paboTe 1 B npouecce aKcnsnyataumu. Tak, nocne cbopku pexyLimx anemMeH-
TOB (MMEILMX LnuHapuyeckyto dopmy & 40 MM) MMeeT MeCTO MX 3HauW-
TenbHas Pa3HOBbLICOTHOCTb (40 1 MM UM BbIlWeE), KOTOpas yCTpaHAETCS Ln-
doBaHMEM COOPHBLIM ariMasHbIiM Kpyrom Topua abpasmBHOro Kpyra, BbIMoOn-
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HAKOLLEro posib NpasBswero MHCTpymeHTa. [JaHHas onepauusi BeCbMa Tpyno-
eMKa W NpoJosmknTeribHa — COCTaBnsieT HECKONbKO CMeH. Kpome Toro, Tpe-
ByeT noTpebrieHns 3HaYMTENLHOro KonnyecTsa abpasmBHbIX Kpyros. [1paBka
anmasHoro Kpyra B npouecce akcnnyaTaumm Takke BbIMOMHAETCS MeTogoM
LWwnNrudoBaHna abpasnBHOro Kpyra u 4ocTaTo4YHO TPyLOEMKa — MO MPOLOSHKM-
TEeNbHOCTU COCTaBNSAET HECKOSIbKO YacoB M NPOU3BOAUTCS OOBOJSIbHO YacTo,
He peXxe OfHOro pasa B cMeHy (npu obpaboTtke getanen us depputos). Hms-
Kasi CTOMKOCTb Kpyra ykasblBaeT Ha HU3KOe Ka4eCTBO BCKPbITUS ero ariMasHo-
ro Crosd — HegoCTaTOMHOE BbICTYNaHWE 3epeH HaL YPOBHEM CBA3KWU, YTO He
NO3BONSIET NOBLICUTL NPOU3BOANTESIBHOCTD U YIYYLLUTL Ka4yecTBO 06paboTku
— npu wWnnudoBaHUN NPOUCXOOUT MNEepPeHOC KOMMOHEHTOB MeTarfinyeckom
CBA3KN Kpyra Ha obpabaTbiBaeMyto NOBEPXHOCTb, YTO yXyAlWaeT aKcnsyaTta-
LIMOHHbIE NOoKasaTenun getanen n3 peppuTos.

[1ns NoBbIWEHUS CTOMKOCTN COOPHOro anmMasHoro Kpyra B3aMeH meTtarn-
nunyeckon ceaskn M2-01 npumeHsitotca 6onee nNpoyHble KOBanNbTOBbLIE CBA3-
Kn. Mpyn 3TOM TPyAOEMKOCTb M NPOAOSPKUTENBHOCTE MEXaHMYECKOW MpaBKu
Kpyra pesko Bo3pacTatloT, YTo TpebyeT npumeHeHus 6oriee nNporpeccuBHON
TEXHOSIOrMN 3NIEKTPO3PO3NOHHOM npaskn. OgHaKo, OTCYTCTBME OMblTa 3feK-
TPOSPO3NOHHOWN MNpaBKM KpynHorabapuTHbIX COOPHbBIX TOPLOBLIX afiMasHbIX
KpyroB (C y4yeTom obpasoBaHMs Ha HMX 3abDOpPHOro KoHyca) TpebyeT npose-
AEHUS1 KOMMIeKca Hay4YHO-UCCreaoBaTeNbCKUX M KOHCTPYKTOPCKO-TEXHOSIO-
rmyeckmx paboT No cos3gaHMo HOBOW TEXHOMOMKU NpaBKK, cneumnanbHON Tex-
HOJTOrMYeCKOM OCHACTKM (MpaBsaLmMX YCTPONCTB) AN €€ OCYLLEeCTBIEHNS.

4.1.2. TopuyoBoe anmMasHoe ABYXCTOpPOHHee wnudgoBaHue
KepamMuyecKux nnacTuH Ha ctaHkax moaenu 3102

Cxema wWnudoBaHMS KepaMudeckux MNNacTMH Ha CTaHke C Bpallato-
LLIUMCS CTOSIOM N HENPEPLIBHOW paanarnbHOW nogaden B CBS3M C UX BOMbLUON
nnowaabld KOHTaKTa C ABYMSA anMasHbiMU Kpyramu dasnseTtcs Haubornee
NpPON3BOOUTENBHON M3 BCEro MHOroodpasuns CywecTBYOLWUX KMHeMaTude-
CKMX CXeM LnngoBaHus.

BmecTe ¢ Tem, BbiCOKasi cunoBasi HanpsXKeHHOCTb npouecca LWingo-
BaHWA B CBA3U C BbICTPbIM 3aTynsieHMEM anMasHbIX KpyroB Ha meTannuye-
CKOW CBA3KE MPMBOOUT K pPacTPeCKMBAHUIO TOHKUX KepaMWYeCKUX MNacTuH,
o0Opa3oBaHM0 Ha HUX CKOSTIOB U MUKPOTPELLMH, YTO yBENn4MBaeT notepu ot
Gpaka. [Ana onpegeneHns ycnoBumn noBbiEHUS 3PPEKTUBHOCTHM LNNdoBa-
HUA criegyeT pacCcMOTpeTb pacyeTHble 3aBMCUMOCTU Ons onpeaeneHust co-
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CTaBNSAWMX CUMNbl pe3aHuns Py n P, npu wnudoBaHuu No XeCTKoN cxeme C

dMKCUPOBAHHOW NMPON3BOANTENBHOCTLIO 06paboTkn Q [14]:

7-tgy-HV-Q .
= X 4.1)
y 2'V|<p'(1_77)

p - Q _\/z.tgy.acx.Hv, 4.2)
VKp (1_77)
roe 2y — yron npuv BepLlUunHe 3epHa;
HV — TBepaocTb ob6pabaTbiBaeMoro Matepuana (no Bukkepcy), H/m;
Oox — Npenen npo4yHoCTU Ha cxaTue obpabaTtbiBaeMoro matepuana,
H/m?;
n=0 ... 1 — 6e3pasMepHbIn KOIPPULMEHT, onpeaensatowmn cTeneHb
3aTynneHus 3epeH (anga octporo 3epHa n=0, onga 3aTtynneHoro 3epHa n — 1).

Ncxopa mn3 3asucmumoctn (4.1), ymMeHbWNTb paguanbHy0 COCTaBrsto-
LUyto cunbl pe3aHnsi Py MOXHO yMeHbLUEHWEeM NPOU3BOAUTENbHOCTM Obpa-

6oTkn Q, Ge3pasmepHoro koaduruneHTa 7 1 yBENMYEHNEM CKOPOCTU Kpyra
Vip- OueBnaHO, ONTUMarbHbIM YCMOBMEM SBNSETCA YMeHblueHue Gespas-

MepHoro koadppuuymneHta n7—0, T.K. 3TO He TpebyeT CHUXKEHUS NPOU3BOAM-
TenbHOCTU o0bpaboTkn Q. [na peanusauun OaHHOrO ycroBusi HE0H6XoaUMO
Mcnonb3oBaTh 3PEPEKTUBHYIO 3MEKTPOIPO3MOHHYIO NPaBKy ariMasHoOro Kpyra,
obecneuvnBatoLLy0 Ka4eCTBEHHOE BCKPbITUE ariMa3OHOCHOrO Cros, yaaneHue
C paboyen MOBEPXHOCTU 3aTYNUBLLUMXCHA 3epeH, hopMuvpoBaHWEe Ha Kpyre
"ocTporo" pexylero pensega.

[Ansa aHanusa xapaktepa M3MeHeHUs KoapduumeHTa 7 3aBUCUMOCTb
ANa onpegeneHvs nnowanm nornepeyvyHoro ceveHns eAMHNYHoro cpesa:

S =H? tgy —x2 gy =H2-(1-%)- tgy (4.3)

c yyeTom H = x/n cnepyet npeactaBuTb B BUAE:

n= 4.4
S ) ( )
72 -1
tgy - X
rge X — BeJimdnHa NMHENHOro n3Hoca 3€pHa, M.
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Ncxons ms 3aBnucumocTu (4.4), ymeHblWnTb 6e3pasmMmepHbIn Koaddurum-
€HT 777 MOXHO YBENN4YeHNEM S U YMEHbLLUEHNEM BENUYMHBI JIMHENHOIO N3HO-
ca 3epHa x. Npu ycnosun x — 0 6espasmepHbIn koapdpuumeHt n — 0, T.e.

OCHOBHbIM YCIOBMEM YMEHbLUEHNA 77 ABFEeTCS wrmgoBaHue "ocTpbiMn” pe-
XYLWUMWN 3epHamMu, UCKNYas obpasoBaHne Ha HUX MroLwagok u3Hoca. YBe-
nnyeHne S NpMBOAUT K YMeHbLUEeHUO Be3pasmMepHoro koadduumeHTa 7, oa-
HaKO 3TO CBA3aHO C YBENUYEHUEM NPoM3BOANTESNTbHOCTN 06paboTkn Q, KOTO-
pas BXOOUT B yncnutens 3aBucnumocTu (1.34) n Bbi3biBaeT yBenuyeHne pa-
AvarnbHOW COCTaBMAOLWEN CUIbl pe3aHns Py. OTUM MNoKasaHo, 4YTO yBenn4e-

HUe napameTpa S He No3BONAeT PeLUnTb 3aaady CHIKeHUs P .

1151 NoBbIWEHUST CTOMKOCTU anMasHoro Kpyra Heobxoaumo obecnevnTb
yaaneHne ¢ paboyen NOBEPXHOCTU 3epeH C 3agaHHON BENTMYMHON JIMHENHOIO
M3HOCa X. ITO MOXHO peann3oBaTb NyTeM UX OOBLEMHOro paspyLlUueHusi, Bbl-
Bupasa 3epHUCTOCTb U MapKy anmasa. [JaHHbIM BblBOA BbITEKAET U3 pacyeT-
HOM 3aBUCUMMOCTU O onpeaeneHnsa pagnarnbHOW COCTaBNSOWEN CUIbl pe-
3aHUs, 4ENCTBYIOLLLEN Ha OTOENbHOE 3EePHO:

P, =O,5-ﬂ-tgy-HV-(i+x2]. (4.5)
tgy

[Mpu domkcnpoBaHHbIX 3HadYeHuax HV, S, X, ¥ paguanbHas coCcTaBrisito-

Lias cunbl pesaHns Py, Ae1CTBYIOWAs Ha OTAeNbHOe 3epHO, AO0IKHA ObITh

paBHa MPOYHOCTUN 3epHa Ha pasgasnuBaHue. Vicxooa ns sasmcumocTu (4.5),
C yBenuyeHnem TtBepaoctn obpabatbiBaeMmoro matepuana HV pagmanbHas
COCTaBnsOLAs CUNbl pesaHust Pyq, OenCTBylOLWAas Ha OTAeNbHOe 3epHo,

yBENMYMBAETCS, YTO TpebyeT NpUMEHEHNs armasHbliX KPYroB Ha MNPOYHbIX
MeTasM4Yecknx cBA3Kax ¢ NPOYHbIMU aniMasamMm NoBbILLEHHOW 3EPHUCTOCTM.
Kak nokasaHo B pabote [115], yBennyeHne 3epHUCTOCTM BeOET K yBe-
NMNYEHUI0 NPOYHOCTM 3epHa Ha pasgasnvBanue (puc. 4.2). CnepgosaTenbHO,
npu WnnMdoBaHNN KepaMUK BbICOKOWM TBEPLOCTM HEODXOAMMO UCMOSb30BaTh
KPYMHO3EpHUCTLIE arniMasHble Kpyrn Ha MeTannmyeckux cssaskax tuna M2-01.
CHWXeHMe NPOYHOCTHLIX XapaKTepuUCTUK paboyern NOBEPXHOCTU arMasHoro
Kpyra npvBefeT K YMEHbLUEHUIO ero CTOMKOCTWU BCIeACTBME MHTEHCUBHOIO
paspyLleHust 3epeH U X BbiNageHNsa U3 CBA3KM (Hanpumep, Npu Ucnosib3oBa-
HUW KPYroB Ha MaronpoYHbIX OpraHMYeCcKnX CBsA3Kax), a YpesaMepHoe yBesv-
YeHMe NPOYHOCTHLIX XapaKTEPUCTUK Kpyra — K 06pas3oBaHUIO0 3HAYUTENbHbIX
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MMoLLIaAoK M3HOCA Ha 3epHax (T.e. K BbINOMHeHuo ycrnosust 7 — 1) u yBenu-
YEHWIO CUN pe3aHusi.

P [
W s
49,0 v
//
39,2 7
29.4
’ Vd AC15
19,6 )4 /I/
9,8 /,,7:;
0 AC2 |
3888 8 2 8 8
SoT N o ¥ 1
N oowo n & © o
N O - O ™
- O\ ™M < 0 [{e]

Puc. 4.2. NTapaHTMpoBaHHble HOPMbI Npo4YyHocTU P, wnudgnopolikos
pPa3fMyYHbIX MapOK CUHTETUYECKMX afriMa3oB

Cnepys 3aBucnmocTu (4.5), yMeHbLUeHMe NapamMeTpoB S U X NO3BONSET
MCMNONb30BaTb MEHbLLUYIO 3€PHUCTOCTb, @ TakkKe anMasHble Kpyru, Xxapakrepu-
3yloLmecss MeHbLUen MPOYHOCTbID paboyen NOBEPXHOCTU (MeHee MpOoYHble
CBSI3KW, anMasHble 3epHa 1 1.4.).

[Ons npaktnyeckon peanusaumm ycnosust 77— 0 NPUMEHUTENBHO K
CXemMe TOpLIOBOro ariMasHoro ABYXCTOPOHHEro LWndoBaHUSA KepamMnyecKmnx
nnactuH Ha ctaHke mogenu 3102 paspaboTaHa KOHCTPYKUMSA MpaBALLEro
YCTPOMCTBA OIS 3NEKTPOSIPO3NOHHOWN Nepruogmnyeckon npaBkm ogHOBPEMEHHO
ABYX KpYroB (yCTaHOBMEHHbIX MapannenbHO), He CHMMasi UX CO CTaHKa.
YcTponctBo obecneumBaeT paboTy B aBTOMaATUYECKOM pexume. [NpumeHe-
HWe YyCTpPOMCTBa MO3BOMSAET NPOM3BOAUTbL Ka4eCTBEHHOE BCKPbITUE ariMaso-
HOCHOrO Cros 3aTyNMBLLNXCA KPYroB, YCTPaHEHNe TOpLOBOro bueHnsa Kpyros,
nogaepXxaHue npamMonMHENHOCTN npodounsa paboden YyacTn Kpyros, YTO Cro-
COBCTBYET CHWXEHMIO CUIT U TeMnepaTypbl pe3aHusi, NOBbLILEHNIO NPON3BO-
ANTENbHOCTN, TOYHOCTU N KadecTBa 06paboTKn, CHMKEHMIO NOTEPb OT Bpaka
LWNUdyeMbIX KepaMUYeCKUX NITACTMH.

YMeHbLIEHNE CUMN Pe3aHns CHUXaeT Harpy3ku Ha paguanbHO-ynopHble
NOALUMMHUKA LUNUHOENBbHOMO y3na CTaHka M yBenmuMBaeT HaOeXHOCTb ero
paboTbl. [MpMeHeHMe NpaBaALLEro YCTPONCTBA MNO3BOSISAET TakkKe YMEHbLUUTb
pacxoq anmasa 3a CYeT MCKIIoYeHUs MarnoadeKTUBHON MexaHUYeCKoW
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npaBKM anmasHblX Kpyros. YCTaHOBJIEHO, YTO NpUMeHeHne 3PdeKTUBHOMN
9NEeKTPO3PO3NOHHOM npaBkn, obecrneymBarollen noadepxaHne Ha Kpyre
"ocTporo" pexyuiero penbeda (T.e. BbinosiHeHWe ycnosus n — 0), no3sons-

€T MCMNosib30BaTb NpU WIMGOBaHNN KepaMUYeCKnX NNacTUH ariMasHble Kpyru
Ha MeTannM4ecKknx cesa3kax nosblleHHoW 3epHucTocTh (250/200), koTopble B
OObIYHbIX YCMOBUAX B CBA3N C HEBO3MOXHOCTbIO A0CTaTOYHOrO BCKPbITUA
anmasHbIX 3epeH npakTnyeckn HepaboTocnoCoBHbI.

[aHHasa TexHonorna anmMasHoro wnMgoBaHNa BHeApeHa Ha npeanpus-
TUW PaguO3NEKTPOHUKK, rae nepeobopyaoBaHbl BCe CTaHKM OCHOBHOMO Mpo-
n3BoacTBa. Ha aTtom Xe npeanpuaTum BHegpeHa TeXHosorus npodunmposa-
HUA anmasHbIx Kpyros dpopmbl 1A1 guametpom 300 MM, KOTOPbIE NCMONbL3Y-
IOTCA ONA acoHHOro LWnMdpoBaHNA KepaMnyeckux usgernumn. TexHornorus
LUNMEOBAHNA OCHOBaHa Ha 3S1IeKTPOIPO3NOHHOM BO3AEVUCTBUM Ha arnMasHbIn
KpYr C NOMOLLbIO crieunaribHbIX NpaBsLMX 31eKTPOA0B. OTO MO3BOMUNO pe-
LWNTb NpobrieMy Co3g4aHnsA CRNOXHbIX reOMeTPUYECKMUX Npodunen Ha anmMas-
HOM Kpyre, NoBbICUTb NPOU3BOAUTENBHOCTb N KAQ4eCTBO (PACOHHOrO LWnNgo-
BaHNA U34eNUM U3 KepaMuK BbICOKOW TBEPAOCTU. TexXHONorns ncnonb3oBaHa
Ha ornepauusix Kpyrmoro Hapy>Horo v nyiockoro LWingoBaHmS.

4.1.3. TopuoBoe wnucoBaHue aetaneun n3 HeppuUToB U KepamMunk
KpynHorabapmMTHbLIMU ariMa3HbIMU COOPHLIMU KpyramMu
Ha cTaHKax mogenu 3756

Hanbonee nonHO TEXHONOrM4yeckne BO3MOXXHOCTM BbICOKOMNPOM3BOAU-
TeNbHOW CXeMbl TOPLIOBOrO LWNNOBaHUS geTanemn n3 kepamuk n gepputos C
BpaLaloLLMMCS CTOSIOM CTaHKa, Korga OCu BpalleHUs Kpyra u ctorna He COB-
nagarT, peannayrTcs Ha cTaHkax mogenu 34756 ¢ NnpuMeHeHUeM KpymnHO-
rabapuTHbIX COOPHbLIX TOPLOBbLIX anmasHbiX kpyroB anametpom o 1 000 mm
N Bblwe. B pe3ynbTaTe CyWeCTBEHHOIO YBENMYEHNS MNOWAAN KOHTaKTa Kpy-
ra ¢ naketom obpabaTbiBaeMblX OeTanen, YrOXEeHHbIX Ha CTofie CTaHkKa,
npoussoanTeNbHOCTL 06paboTkn yBennumBaeTca Ao ypoBHA 50 ... 100 Tbicay
MM>/MUH ¥ Bbille, 4To Ao 10 pa3 u Gonee npeBbILLAeT NPOU3BOAUTENBHOCTb
lWwnudoBaHUsa OBbIYHBIMW anMasHbIMKU Kpyramn. BmecTte ¢ TeM, Kak oTMeYa-
nocb B pasgene 1, oaHHbIN npouecc WnMdoBaHUA anMasHbIMU Kpyramu Ha
MNPOYHbIX METaNMMYEeCKNX CBA3Kax geTanen ns epputoB N KepaMuK xapak-
TepusyeTcsa ObICTpOM MnoTepen pexyLlien crnocobHOCTU anmasHoro Kpyra,
BOCCT@HOBUTb KOTOPYO C MPUMEHEHMEM TPAAULMOHHBLIX METOAOB MexaHn4e-
CKOW NpaBKWN YPe3BbIYaMHO CITIOXKHO KaK C TOYKM 3PEHUSI NPOLOIHKUTENBHOCTH
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NpaBKW, TaKk WU KavyecCTBa BCKPbITUS ariMas3OHOCHOro crios. ATo TpebyeTt va-
CTbIX MPaBOK Kpyra n noTpebneHnsa 6onbLoro Konmyectsa abpasmBHbIX Kpy-
roB Afs OCYLLUECTBMEHNA NpaBKn, YTO CHWXXaET NPOn3BOAUTENBHOCTL TpyAa U
yBenuinBaeT TpyLoeMKocTb 0b6paboTkm, ocobeHHO Ha aTane nepBoHavasrib-
HOW MOAroTOBKM Kpyra K paboTe (nocrne cbopku Kpyra), korga Heobxoammo
YCTPaHUTb 3HAYUTENbHYIO Pa3HOBbLICOTHOCTb PACMOfIOXEHUS anMasHbIX ane-
MEHTOB (00 1 MM U BbiLLE) U BbIBECTU DMEHMe Kpyra.

[MpyMeHeHne pe3ynbTaToB UCCreaoBaHUW AaHHOM paboTbl MO3BONUIIO
pewnTb npobriemy nosbileHNs 3PGEKTUBHOCTU anmMasHoro LwnnudgoBaHus
aetanen n3 epputoB n kepamuk. NponssoanTenbHOCTb 06paboTkn onpe-
AernseTcsa 3aBUCMMOCTBIO:

2-P,-V,
-— Y ® (1-p), (4.6)
7 -tgy -HV

roe Py —cuna npwkuma obpabaTbiBaEMOro Usfenvsi K anmMasHomy kpyry, H.

Kak BuaHO, AobutbCcsa yBenmyeHnsa npomsBogmTenbHocTn obpaboTkm Q
C yBeNu4eHnem TeBepaoctn obpabaTtbiBaeMbix MaTtepmanos (heppuToB n Ke-
pamMrK) MOXHO MyTeM CHWXeHna 6GespasmepHoro koadpduumeHta n — 0,

T.€. NyTeM WMOBaHUS Kpyrom ¢ “ocTpbiM” pexywimm penbedom. [Jobutbca
NCKITIOYEHNS NNOWAA0K N3HOCA Ha 3epHaX MOXHO MyTeM peanusauun ycro-
Bua (4.5) — ¢ ysenunyeHnem TBepaocTn obpabaTtbiBaemoro matepuana HV
HeobXxoauMOo yBenuumBaTtb NpenernbHy Harpysky, OeACTBYHOLLYIO HA 3epHO,
3a cYeT NPUMEHEHNSA anMasHbIX KPYroB Ha NMPOYHbIX MeTanIM4yeckmux cBA3kax
C anMasHbIMK 3epHaMu yBENTMYEHHOW 3E€PHUCTOCTM N NPOYHOCTU. B cBA3n ¢
9TUM MpPefIokKeHO MCNonb30BaTb Kpyrn 3epHUcTocTbio 315/250 n 6onee u3
anmasoB AC15. [Ina KayeCTBEHHOIro BCKPbITUA ariMas3OHOCHOro Criosa Kpyra
pa3paboTaHa 3dPeKTUBHAS TEXHOMOMMS NEPUOONYECKON INEKTPOIPO3NOH-
HOMW npaBkM C WCMNOMb30BaHMEM crneuuanbHbiX rabapuTHbIX nNpaBALLNX
YCTPOWMCTB, crneuuanbHO pa3paboTaHHbIX reHepaToOpOB MMMYMbCHOMO TOKa,
peanuaylLwmx ONTUMarbHbIN 3NEKTPUYECKUI PEXMM MPaBKU KPYMNHO3EPHU-
CTbIX afiMasHblX KPYyroB B COOTBETCTBUM C pesynbTaTamu UccregoBaHUN,
NnpuBEOEHHLIX B pasgene 3.

ccnegoBaHUsIMM YCTAHOBEHO, YTO B TeyeHne 20 MUHYT 3MeKTPoapo-
3MOHHOM npaBkM obecneynBaeTcsl Ka4eCTBEHHOE BCKpPbITUE ariIMa3OHOCHOIO
CNnosi KPYNHO3EPHUCTOrO Kpyra, pexyuwme 3epHa BbICTynalwT Hagd YPOBHEM
CBSA3KM Ha 3HAYUTESIbHYIO BbICOTY. OTO CYLLECTBEHHO MOBbLIWAET CTOMKOCTb
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anmasHoro kpyra. [epnognyHocTb NpaBku — OAWH pa3 B 7 CMEeH, Toraa Kak
nocrne MexaHu4yeckom npasku obecneymBanacb CTOMKOCTb ariMa3HOro Kpyra
2 ... 4 yaca paboThbl, T.e. anmasHbIi Kpyr Heobxoanmo 6610 npaBuTb 2 ... 3
pasa B CMEHY.

Kpome TOro, B npouecce mexaHM4eckon npaBkn He obecnevymBarnach
Heobxoaumasa BbICOTa BbICTYMNaHUS 3epeH Hag YPOBHEM CBSA3KW, YTO MPUBO-
ANNO K UHTEHCMBHOMY KOHTaKTy MeTarnfimdeckon cBs3KM ¢ obpabaTbiBaeMon
NMOBEPXHOCTBID M MEPEHOCY 3NIEMEHTOB CBA3KM Ha obpabaTbiBaemyto Mo-
BEPXHOCTb, @ 3TO HeAONYyCTUMMO ANA AeTanen 3NeKTPOHHOW MPOMbILLSIEHHO-
cTn. lNocne aneKkTpodPO3NOHHON NpaBKkU 3TO sBfieHME BbINIo UCKIYEHO, B
pesynbTate 4ero wnndoBaHne Npon3BoaNTCHA arnMasHbiMU 3epHamMu, OTCYT-
CTBYET TpeHue CBA3KM C obpabaTbiBaeMOW MOBEPXHOCTbIO, YMEHbLUAKTCHA
CUnbl U TeMMepaTypa pesaHusl, NOBbILLAETCS KayecTBO 06paboTKu.

CHwKeHMne CUoBOn HanNpsPKeHHOCTU npoLecca WwniMgoBaHna ¢ npuve-
HEeHMEM 3IIEKTPOIPO3MOHHON MpaBKM ariMasHoro Kpyra no3sosinmo yBeNuyYnTb
paguanbHyo nogady u nponsBoauTeNbHOCTb 00paboTKM Kak 3a cYeT MoBbl-
LUEHNS pexyLien cnocobHOCTU ariMasHOro Kpyra, Tak 1 3a CHET CHATUS orpa-
HU4YeHNn 06paboTKM B CBA3MN C HEBO3MOXHOCTbIO MPOYHOro KpensieHns geta-
nen 3 eppuToB M KepamMnK Ha MarHWTHOM NNUTE CToNa CTaHka (getanu
HEeTOKOMPOBOAHbI), @ TAKKe B CBA3N C HEQOCTAaTOYHOM NPOYHOCTLIO N XKECTKO-
CTbto cO6CTBEHHO 0OpabaTbiBaeMbIX TOHKOCTEHHbLIX AeTanen.

Takum obpasom, 6narogaps paspaboTaHHON TEXHOMNOIMMU 3NIEKTPOIPO-
3MOHHOW NpaBkn pelleHa npobrnema 3 dPEKTMBHOIO NCMNOMb30BaHMUS BbICOKO-
NPOU3BOANTENBbHbBIX KPYMHO3EPHUCTLIX ariMa3dHbIX KPYroB Ha MeTasnindeckmx
ceaskax Tuna M2-01 n 6onee npo4vHbIX KOBGANbLTOBLIX CBSA3KAX, KOTOpblE C
NPUMEHEHNEM MEXaHMYECKOM MpaBKU MpakKTU4eckn HepaboToCcnocobHbI B
CBSI3M C HEBO3MOXXHOCTbLH Ka4eCTBEHHOIO BCKPbITUSA afIMa30OHOCHOIO Cros.

[aHHaga TexHonorna npasku obecnevnna peweHne BaxXHOM nNpodnemsol
— YCTpaHeHMe PasHOBbLICOTHOCTM arMasHbIX 3N1IEMEHTOB nocne cOopku ux B
Kpyre. puM MCNOMb30BaHUN MEXaHMYECKOW MpaBKM MPOLECC YCTPaHEHUs
Pa3HOBLICOTHOCTU OCYLLIECTBASANCS B TEYEHME HECKOSIbKMX CMEH, a Npu Uc-
Nosib30BaHNN pa3paboTaHHOW 3IEKTPOIPO3NOHHON 0OpaboTKM — B TEYEHUEe
HeckonbKkux YacoB. [Mpn 3aTOM 3a c4eT pa3paboTkM cneunanbHOM TEXHOMOIM-
YeCcKoW OcCHacTKm obecrneuymBanocb NpoduUNMpoBaHME Ha ariMasHOM Kpyre
3abOpHOro KOHyca, YTO BECbMa BaXHO AJS11 HOPMasribHOro NpoTeKkaHus Npo-
uecca wnudoBaHus.

Heobxoanmo OoTMeTUTb, YTO CO34aHMe MeXaHU4yecknm nytem 3abopHO-
0O KOHyca Ha ariMasHOM Kpyre Ha MpOYHOW MeTanfnnMyecKkon CBSI3KE BecbMa
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npobnematnyHo. [na 3TOro Ha npeanpusaTUM MCMNoNb30oBanacb HU3KOKaye-
CTBEHHas crnecapHasi obpaboTka C UCMONb3oBaHMEM HanunbHUKA, KOTOpas B
KOHEYHOM MTOre He pellana gaHHOro Bonpoca.

P,

\

b

B

0
-
-
/

0

Puc. 4.3. PacyeTHble
cxeMbl obpasoBaHusA

AKTyarnbHbIM CTan BOMPOC WCKMYEHNS
obpasoBaHMa CKONoB Ha obpabaTbiBaeMbIX ge-
Tansax, NOCKOSbKY MPOLEHT BbiIXoAa roAHbIX ge-
Tanenm B 3HAYMTESNbLHOM CTerneHn oOycnoBreH
MMEHHO 3TUM (PaKTOPOM. YUuTbiBasd BaXXHOCTb
BOMpoOca, ornpefereHbl YCNnoBUS, CHWXaroLme
BEPOATHOCTb 06pa3oBaHMsi CKOMOB, NPUHUMAS,
YTO B MOMEHT BbIXO[a pexyLlero 3epHa Kpyra
N3 KOHTaKTa ¢ obpabaTbiBaemMon NOBEPXHOCTLIO
nog gencremem cun P,q 1 Py1 NPOUCXoaNT MUK-

pocKkon nog yrnoM f3; K MAOCKOCTM LWnndoBa-

HUA Ha PacCTOsHMM a OT TOPLOBOM MOBEPXHO-
ctn getanu (puc. 4.3). B pacyeTHon cxeme B
KayecTBe napameTpa B paccmaTpuBaeTCs LUM-
pUHa cpes3a egUHUYHbIM 3EPHOM.

CornacHo nosIoXeHUsIM CONPOTUBIIEHUS
MaTepuanos, MUKpPOCKON ByaeT obpa3oBbiBaThb-
CH NPU YCNOBUU OOCTUMXEHUS B MNISIOCKOCTU CKO-
na npepenbHbIX HanpsbkeHUn Ha CABUT Tgng.

na onpepgeneHnsa nosfioXXeHnAa MnJiIoCKOCTU CKO-
J1a nojiydeHa 3aBnCMMoOCTb, YCTaHaBIMBaloLlas
KacaTesibHOE HanpAXXeHne:

: 1
r:(PZ1 -cos fB1+ Py -sm,81)-s—, (4.7)

MMUKPOCKOJSIOB
Ha obpabaTtbiBaemMmow
NOBEpPXHOCTHU
a-B

COS Sy

1

— nrnowaab ckona, M>.

C yyetom K, =P,1/Py1 =tgy 3aBucumocTb (4.7) Bbipasues:

~ Pyy-cos By -sin(By +y)

, (4.8)
a-B-COSy

roe w — YCNnoBHbIN Yron wingpoBaHums.
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Kak BugHo, ¢ yBenuyeHvem yrna [y MHOXUTENb sin(,b’1 +¢//) yBeSmym-
BaeTCcs, a MHOXMUTENb COS 1 — YMeHblUaeTcs. YuntoiBad bornee NUHTEHCKB-
HbIi pocT sin(f; + ) npu HeBoMbLIMX yrnax Sy NO CPaBHEHWIO C yMEeHbLLe-
HWeMm cos f4, 04eBUOHO, UMEET MeCTO MakCuMyM 7 OT f4. [ina onpeneneHus
SKCTpeManbHOro 3HayeHus f; cregyet npoavdepeHumpoBaTtb 3aBUCK-
MOCTb (4.8) no yrny f4 1 NPpOM3BOAHYI0 NPUPABHATL K Hyrto. [ocne Hecrnox-
HbIX Npeobpa3oBaHN NOSTy4EHO:

py=45° Y. (4.9)
2
CnepoBaTtensHo, yron 4 onpeaensercs Nuilb YCIOBHLIM YIIOM LLSN-
oBaHuS i . bonblemMy 3Ha4YeHUIO yrna ¥ COOTBETCTBYET MeHbllee 3Hade-
HWe yrna f4, T.e. YeM OCTpee 3epHo, Tem Borblue yron y u, COOTBETCTBEH-
HO, MeHbLUe yron pj.
MoacTtaenssa saBucumMocTb (4.9) B (4.8) M NpuHUMas 7 =745, ONpeae-

JIeHa BEJIM4YMHa MMKPOCKOJ1a:

Py -sin2(45° +’>"j
2
2= . (4.10)
B Topp - COSY

YMEHbLUMTL BEMYMHY MUKPOCKOSA @ MOXHO YMEHbLLEHWEM cunbl P4,
NPUXOAALLENCH HA EAMHULY LUMPWHBLI Cpesa B, T.e. yMeHblueHuem P /B.

YBenuyeHue yrna y, a COOTBETCTBEHHO U yBenuyeHue KoapduumneHTa pe-

3aHVs npu WMdoBaHUK, Takke CNOCOOBCTBYIOT CHUXEHUIO BENUYMHLI a. YBe-
nnyenve Ky, =P,1/Pyy npegnonaraet ymeHbluenue cunbl P,q, ogHako ¢

MEHbLUEN MHTEHCUBHOCTbIO, YEM CHUXEHMNE Py1.
YBenuyeHne npoyHoctTn obpabartbiBaemMoro marepuana Teps TAKXKe

NO3BONSET YMEHbLUNTb BEMNYMHY MUKPOCKONaA a.

3aBNCMMOCTb 41151 onpefeneHnst KacaTenbHOro HanpsKeHus ¢ B MO-
MEHT Bxoda 3epHa B obpabaTbiBaembii matepman (puc. 4.36) npuHumaeT
BUA:
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rzcsz’B1 (=P, -cos By + Py -sin B ). (4.11)

C yyeTom yrna y 3aBucuMocCTb (4.11) BUAON3MEHUTCS:

Py1 -COS f4

r="L —"".sin(f-v). (4.12)
a-B-Ccosy

AHarnornyHo 3aBucumocTu (4.11), KacaTenbHble HaNPsHXKeHUs 7 C yBe-
nn4eHnem yrna f1 U3MEHSAITCA Mo SKCTpeMarnbHOW 3aBMCUMOCTU, MPOXOoas

TOYKY MakKCuMMymMma. Basas npon3BO4HYHO OT beHKLI,I/IVI 7 NO napameTpy ,81 n

npupasHAB MpPon3BOAHYHO HYIO, MOJIYyHYEHO BblpaKeHune And onpeaerneHnd
AKCTpemMalibHOro 3Ha4eHusa yriia ckona:

)i} :45%%. (4.13)

B paHHOM cnyyae C yBenuyeHuem yrna y yromn ckona f; yBenuuivsa-

eTcq. BennumHa Mukpockona a onpegensietcs nocne noactaHOBKM 3aBUCK-
MocTU (4.13) B (4.12) C y4€TOM 7 = 75!

P.-sin? 45° - ¥
y1 2
a= . (4.14)
B-COSy

CpasHuBaga 3asucumocTtn (4.10) n (4.14), HeTpyAHO BNOETb, YTO BENU-
YMHA MUKPOCKOMA a Npu BbIXOAE 3epHa U3 KoHTakTa ¢ obpabaTbiBaeMbiM Ma-
Tepuanom Bcerga donblue, 4em npu Bxoge. lNpuyem, ¢ yBenudeHnem yrna
v , T.e. C yBeJIM4eHMeM 3aTynreHnsa 3epHa, 3TO pacxoxieHue yBernnimBaeT-
ca. [Npu yrme v =0 BenuynHa MMKpOCKosia a ans AByX CriydaeB paBHa.

Taknum o6pa3om yCTaHOBIIEHO, YTO OCHOBHbLIM YCITOBMEM CHUXEHUA na-
pameTpa a criegyeT paccMaTpmBaTb yBenMYeHUe OCTPOTbl PEXYLUUX 3epeH,
NPUMEHAA ONA 3TOro 3PMEKTUBHYIO 3NEKTPO3PO3NOHHYIO NPaBKy ariMasHoro
Kpyra Ha meTannmyeckon cBsaske. [1poM3BOACTBEHHbIE MCMbITAHUA MOJSTHO-
CTblO NOATBEPAUNM TeopeTuveckne peaynbtaTtbl. [IpUMEHEHne INeKTpoapo-
3MOHHOM NpaBKW anMasHoOro Kpyra MO3BOMWUIIO MOBLICUTbL MPOLUEHT BbIXoAa

197



rogHblX getanen B CBA3U C YMEHbLUEHWEM KONMYecTBa CKOSOB Ha obpabo-
TaHHbIX JeTandax U UCKNYeHneM gpyrnx aedektoB obpadboTku.

Pa3paboTaHHasi TEXHOMOMNsI C BbICOKOM 3(pPEKTUBHOCTLIO BHEAPEHA B
OCHOBHOE Npoun3BoacTBO Hay4dHo-npounssogcTteeHHOU hupmbl "deppokepam”
(r. benasa LepkoBb, Kuesckaa obnactb), KoTopas siBNAEeTCA OCHOBHbLIM MpPO-
nssoaunTenemM usgenun n3 epputoB B YkpavHe. Nog OaHHYHO TEXHOSOMMI0
610 nepeobopynosaHo bonee 20 ctaHkoB mogenun 31765, ykoMmnnekroBaH-
HbIX HEOBXOAMMbIM KONMYECTBOM ChneuuarnbHbIX reHepaTopoB UMMYSIbCHOro
TOKa M cneumanbHOM TEXHONOMMYEeCKONn OCHACTKOM AN 9NeKTPO3PO3NOHHOM
00paboTkn KpynHorabapuTHbIX anMasHbiX TopueBbiX Kpyros. LUnudosanue
NpPOM3BOANMIOCE C MUCMNOSb30BAHMEM aniMasHbIX 3fIEMEHTOB KPYMHOW 3epHU-
ctoctn 315/250 n 6onee Ha BbLICOKOMPOYHbIX KOBANbTOBbLIX MeTann4ecknx
cBA3Kax 1 ceaskax tmna M2-01.

4.2. UinudoBaHne NpupoaHbLIX ariMa3oB B OpUnnnaHTbI

4.2.1. CywecTByloLMe TexXHonorm wnmndcoBaHusa NnpupoaHbIX
anmasoB B OpuUnnnaHThbl

AnutenbHoe BpeMsa npouecc WnNudoBaHUA anmMasoB B OpunnvaHTbl
OCYLLECTBANCA C UCMONb30BaHMEM OrPaHOYHOro YyryHHOro AMcKa, LapXu-
POBAHHOIO0 MUKPOMOPOLLKOM U3 cUHTeTMYecknx anmasos ACH nnun ACM 3ep-
HUCTOCTbIO 7 ... 20 MKM 1 NOBEPXHOCTHOW KOHLIEHTpaUMen anmMasHbIX 3epeH
Ha kpyre — 0,0032 kap/cm? (puc. 4.4 — puc. 4.6) [31]. OrpaHoYHbIN AncK nMe-
€T 30HYy WnngoBaHns U 30HY nonupoBaHus. LLUnndgoBaHne BbINOMHAETCS C
yAaenbHbiM aasnedvem Py, = 0,25 ... 0,65 k[ c/MM?, a nonupoBaHue — ¢ Py =
=0,1 ... 0,25 kl'c/mm? (puc. 4.7) 1 CKOPOCTbIO BPALLEHUS MHCTPYMEeHTa 61n3-
kom kK 50 m/c. HegocTtaTkOM Takoro OrpaHOYHOro Aucka SABMsieTCA TO, YTO
nmwb 15 — 20 % 3epeH y4yacTBYIOT B pe3aHun, a ocTalnbHble 3epHa, nonas-
lumMe B nopbl M rpaduTHblE BKAKOYEHUHA, OCTaKOTCA HEUCnOofb30BaHHbIMM.
Kpome Toro, 3epHa HENPOYHO yAepXnBaroTCcs Ha paboyen NOBEPXHOCTU ANUC-
Ka, BCneacTBMe Yero CTOMKOCTb ANCKa OTHOCUTENBbHO HebosbLlas.

C uenbio NOBbILWEHUS KOHLEHTPpaUUM anMasHoro MMKponopoLLKa B arn-
MasHOM CJ10€ N yBeNNYEeHUs CTOMKOCTU OrPaHOYHOro gucka, OCBOEHO Npoun3-
BOACTBO OMCKOB C rafibBaHMYECKUM MOKPbITUEM HUKEMb-XENe30 C UCMNOoSb30-
BaHMEM MeNKOAMCNEPCHbIX ariMasHbiX nopowkos [18]. YcTaHoOBNEHO, YTO Mo-
BEPXHOCTHAA KOHUEHTpauMsi anMasHOro nopoLlKka B HUX MOXET OocTuratb
75 % (oT BCcen nnowagn paboyen NOBEPXHOCTU), CTOMKOCTb yBenn4yeHa B
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4,5 pasa, a Npon3BOANTENLHOCTb 00paboTkn — B 1,7 pasa no CpaBHEHUIO C
YYTYHHbIMWU LWaPXUpOoBaHHbIMKM Auckamn. Bmecte ¢ TeM, OTHOCUTENBHO He-
BbICOKasi CTOMKOCTb U BPeAHOCTb YCIOBUN N3rOTOBMIEHUS TakUX ANUCKOB ranb-
BaHNWYECKMM METOAOM, a TakKkKe TPYAHOCTb MONy4YeHUS YCTOMYMBOIO 3rEK-
TpONMTa M BbICOKOW NMOBEPXHOCTHOM KOHLEHTpauun anmasoB (bonee 75 %)
orpaHu4nBaeT UX NPUMEHEHHNE.

J kap
Tt

0,06
0,05 /
0,04

0,03

0,02
0,01

8 24 56 70 X, MKM
Puc. 4.4. 3aBUCMMOCTb MHTEHCUBHOCTM CbemMa anma3sa J

OT 3epHUCTOCTM Kpyra X

J kap
Tt
0,06 D" D

0,05

0,04

0,03
0,02

0,01

0 70,0008 10,0032 0,0055K, kap/cm’
Puc. 4.5. 3aBUCMMOCTb MHTEHCUMBHOCTM CbemMa anmasa J
OT NOBEPXHOCTHOM KOHUeHTpauuu kpyra K

[danbHenwmnm aTanom COBEpPLUEHCTBOBAHUSA MHCTPYMEHTOB AN OrpaH-
KW anMasoB CTasfio co3daHue crneumanbHbIX anmasHbiX KpyroB (ans “"noa-
LWNndoBKN") U3 MeTanIM3anpoBaHHbIX KOBanNbToM U TUTAHOM HeMeTannuau-
POBaHHbLIX ariMasHbIX MUKPOMOPOLLKOB Ha PasfU4YHbIX MeTannnuyeckmux CBsI3-
kax (MH1, MO22) meTogammn nopoLLUKOBOW MeTannyprun, 4eTOHaUNOHHOIO U
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NasMeHHOro HarnblfIEHUA U 3NEKTPOKOHTAKTHOro npunekanus [51; 128]. Tak,
Ha [lonTaBCKOM anMasHOM 3aBo[e COo3daH crneuuanbHbIN anMasHbIn Kpyr
6A2 300x60x5x50 AC6 10/7 100 % Ha meTannuyeckon cesske M3-04.

xap
% PeE

0,07 A
0,06 /
0,05

0,04 .
0,03 /
0,02

0,01

0
0 11,1 22,8 32,4 38,4 43,2 VKp’ m/c

Puc. 4.6. 3aBUCMMOCTb UHTEHCUBHOCTM CbeMa anmasa J
OT CKOpPOCTH Kpyra VKIO
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Puc. 4.7. 3aBUCMMOCTb MHTEHCUBHOCTU Cbema anmasa J

OT yAeJsibHOro gaBneHun PYFI

HepocTtaTok Takoro anmMasHoro Kpyra — HEBO3MOXHOCTb U3rOTOBIEHUS C
KOHUeHTpaumen anmasoB 6onee 150 %, a Takke TEXHONOIMYECKNE CIIOXKHO-
CTW MONyYeHuUsl Ka4eCTBEHHOW MeTannm3auuMm anmasHoro MuKpornopoLlka B
AnanasoHe 3epHuctoctn 14/10...10/7, yto He obecneymBaeT TpebyemMbix
NPOM3BOAUTENBHOCTU N KayecTBa 06pabOoTKKN, CTOMKOCTM Kpyra.

B Hanbonbwen cteneHn TpeboBaHUAM NPOM3BOACTBA YAOBNETBOPSIOT
crneunanbHble LWIMGOBaNbHO-NONMPOBasribHble anMasHble Kpyrn opmbl
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6A2 300x60x3x50, paspaboTaHHble B IHCTUTYyTe CBEpXTBEPAbIX MaTepua-
nos nmenn B. H. Bakyna HAH YkpauHbl, ariMazoHOCHbIN CITIOM KOTOPbIX N3ro-
TaBNMBaETCA NyTEM ropsiyero cnekaHust U NponuTKM B BaKyyme, C BbICOKUM
coep>XaHMEM UM MPOYHbLIM 3aKpensieHNeM No BakyyMHOW TEXHONOrMN B afre-
3MOHHO aKTMBHOWM CBA3KE 3epeH MUKPOMOPOLLKOB arimasos [51].

AnmasHble Kpyrm M3rotaBfiMBalOTCs C NPUMEHEHMEM MMKPOMOpOLLKa
ACH 10/7 noBblleHHOW KOHUeHTpauun — 200 % Ha MeTannnyeckon cBA3Ke
Tvna MM2. OHn npegHasHa4veHbl ans obecnevyeHuns BCero npouecca orpaHku,
BKMNOYas onepaumm WnngoBaHMa U nonuposBaHnsa. HegoctaTok anmMasHoro
Kpyra — TEXHONOIMYECKN orpaHnyeHHas KoHueHTtpauma kpyra (200 %), koTo-
pass B 1,4 pasa MeHblle HeobxoauMmon Ansa nonmMpoBaHusl. OTOT geduuut
BbIHYXXOEHHO KoMneHcupyeTcsa BeBegeHnem B cocta COTC anmasHOro Muk-
pPONOpPOLLKA TOW Xe 3ePHUCTOCTbLIO C KOHUEeHTpaunen o 35 %.

BmecTe ¢ TeMm, HegocTaToOuHOE KONMYECTBO 3epeH Ha paboden nosepx-
HOCTW anMasHoro Kpyra npuMBOAUT K CHXKEHUIO MPON3BOANTENBHOCTU U Kaye-
cTBa 06paboTkm (Ha toBenupHbIX obpabaTbiBaeMblX NOBEPXHOCTAX Habsto-
AaeTcs nepeHoC KOMMOHEHTa MeTarsInyeckon CBSA3KM Kpyra — TUTaHa, 4To
HegonycTUMO ans GpunnuaHToBOro npomseoacTea). CnegoBaTenibHO, NOBbI-
CUTb 3PPEKTUBHOCTE 0OpabOTKM NPUPOAHBIX ariMa3oB MOXHO NyTEM YBeSn-
YyeHus yncna paboTalowmnx 3epeH anmMasHoro Kpyra. 31O NO3BONUT yBenu-
YNTb NPOU3BOOUTENBHOCTL 06PabOTKM M CTOMKOCTb Kpyra, YMeHbLUTb (UC-
KNIOYMTb) TpeHne obpabaTbiBaeMoro martepmarna Co CBSA3KOM Kpyra U, TeM
cambiM, obecrneynTb BbINONHeHNe TpeboBaHM No KadecTBy 06paboTKu.

Hanbonee npocton cnocob NoBbILLEHUS PEXYLLMX CBONCTB afiMa3Horo
Kpyra — npaBuribHasa NoAroToBka ero k paborte. CornacHo AenCTBYOLWEN Tex-
HOSOrMK, Nocne cnekaHns padboyvas NOBEPXHOCTb afiMa3HOro Kpyra BCKpbIBa-
eTca abpasnBHbIM OpycKOM, nepuognyeckas npaBka AOfsi NepenoaroToBKU
anMasHoro Kpyra takxke npomssogutcs abpasmeHbiM 6GpyckoM. ECTECTBEHHO,
9TO He MO3BONSET KAYEeCTBEHHO BCKPbITb ariMa3sHbIA CNON MENKO3EPHUCTOro
Kpyra, obecneuntb LOCTaTOYHOE BbICTYNaHWE 3epeH Hag YPOBHEM CBSI3KM,
yCTpaHuUTb OmeHue kpyra (obecneumTb TOYHOCTbL paboyen MOBEPXHOCTU B
npeaenax 0,01 Mm), 4YTO orpaHUYNBaAET UCMONb30BaHME 3ePEH MPU OrpaHKe.

CnoXHOCTM NOArOTOBKM ariMasHoro kpyra k pabote obycroBreHbl eLle
N TEM, YTO OH MMeeT 6onbllyo Nnowanb paboyern NOBEPXHOCTU — LUMPUHA
anmMasHoro crnos coctaensiet 60 mm. [JobuTbCS BbICOKOM TOYHOCTU 0OpaboT-
KN NOBEPXHOCTU (NSIOCKOCTN) MEXAHNYECKMM METOLOM YpPE3BblHYaMHO CITOXHO.

[MoaToMy TpaguMUMOHHO onepauun OorpaHknm MNPUPOAHLIX anMasoB B
BpunnnaHTbl NPON3BOAATCSA B YCIOBUAX HEMPEPLIBHOM 3MEKTPOXUMUYECKOM
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npaBKW anMasHoro kpyra. [ns aToro BpawjalomnMnca anmMasHbli Kpyr Ha mMe-
TannnMyeckon CBA3KE YCTaHaBNMBAETCS B BAHHOYKY C 31EKTPONUTOM, B pe-
3ynbTaTe 4Yero NPOMUCXOOUT BOCCTAHOBIIEHME €r0 pexylluen crnocobHocTn 3a
CYET JNEKTPOXMMUYECKOrO PacTBOPEHUS METanIMYeckon CBA3KN U NOCTOSAH-
HOro OBGHOBIIEHUS peXyLlero KoHTypa kKpyra. OgHako, Takon MeTod MnpaBKu
anmasHoro kKpyra, Bo-nepBblX, OrpaHMyYnBaeT BO3MOXHOCTU YBENNUYEHNSA CKO-
pOCTU Kpyra (T.e. yBenuyeHuss NponssoanTenbHOCTNn obpaboTkn) B CBA3K C
pas3bpbI3rMBaHMEM 3MEKTPONnUTa, a, BO-BTOPbIX, MPUBOAUT K 3arpA3HEHUro
paboyero mecra XMMMYeCKM akTUBHbLIMW BeLLLeCTBaMM U BO3MOXHOMY 3ab0-
nesaHunto paboyero. MoaToMy nepexon OT 3INEKTPOXMMUYECKOW MpaBKu K
9NEKTPOIPO3NOHHON MNpaBKe OTKPbIBAET HOBblE TEXHONOMMYECKNE BO3MOXHO-
CTV onepauun orpaHkM NpUpoLHbIX anMasoB B OGpunnuaHTbl, cocTosiume B
NCKNIOYEeHMN BPeHOro BO3LENCTBUA ANEKTponnTa Ha 340poBbe paboyero, a
Takke B MOBbILUIEHUM KaYyecTBa 1 NPON3BOAUTENBHOCTN 00paboTKu.

OpfHako OTCyTCTBME OrbiTa 3NEKTPOIPO3NOHHOMN 0OpaboTKM Menko3sep-
HUCTbIX ariMa3HbIX KPYroB Ha MeTanmn4yecknx cBaskax ¢ 6onbLIon nnowanbio
paboyein noBepxHoCTn TpebyeT pa3paboTKnm HOBbIX CXEM U TEXHONOMMYECKON
OCHACTKW, YCTAHOBMNEHUS ONTUMarbHbIX YCrOBUA 00paboTkn, BKIoYas Mexa-
HUYECKME N ANeKTpu4eckme napameTpbl 06paboTku.

AKTyaneH Takke BOMNPOC NMOAroTOBKM afiMa3HOro Kpyra Ha metannude-
ckomn cBsaske opmbl 1A1 k paboTe Ha onepauuu Kpyrroro npegsapuTenbHO-
ro Hapy»XHoro wnnudoBaHUA NPUPOLAHOro animasa, NoCKONbKy MexaHu4yeckas
obpaboTka anMasHoro kpyra rnocne ero crekaHus He obecneyuBaeT ycTpa-
HeHust BueHna (no nepudepun M TopUaM) U Ka4eCTBEHHOINO BCKPbITUS ar-
Mas3HOro crnos 3epHUcTocTbto 80/63, 4TO CHWXXaeT paboToCNoCOBHOCTL Kpyra.
BaxHbIM pe3epBOM B peLUEeHUU OaHHOro Bompoca cregyeT paccMaTpuBaTbh
9NEKTPO3PO3NOHHYD 06paboTKy, pacnonaratowyto 6onee WNPOKUMU TEXHO-
NOrMYECKNMM BO3MOXHOCTSIMM MO o6ecrneyvyeHnto TOHHOCTU U KadecTBa NOAro-
TOBKM ariMa3HoOro Kpyra k pabore.

4.2.2. BbicokonpounsBoauTternbHas oopaboTka NnpupoaHbIX
anmasoB B OpUINIMaHTbI U pacluMpeHne TeXHONOrM4ecKknx
BO3MOXHOCTEN NPUMEHEHUSA ariMa3HbIX KPyroB
Ha MeTannM4eckmnx cBfA3Kax

anpOJJ,HbIe anmMasbl gBnsaTCa Hanmbonee prﬂ,HOO6pa6aTblBaeMblMl/l
MaTepmnarammn. OTO BbITEKAET, B YACTHOCTU, U3 aHANUTUYECKON 3aBUCUMOCTM
A4 pacyeTa yriia casura B rnpouecce MMKpope3aHna eJnHNYHbIM 3€PHOM!
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ﬂ:%/%%.cosy/, (4.15)

roe ogx — Npegen nNpoyHOCTU Ha cxaTne obpabaTbiBaeMoro martepuana,
H/m?;

HV — TBepaocTb o6pabaTbiBaemMoro matepuany no Bukkepcy, H/m?;

a, — ToNwuHa cpesa, m;

R — paguyc okpyrneHusi BEpLUNHbI PeXYLLEro 3epHa, Mm;

w — yron TpeHus, onpegensertcsa us ycrnosusa f =tgy ;

f — KO3 PMUMEHT TPEeHUs pexyLlero 3epHa ¢ obpabaTtbiBaeMbiM MaTe-
puanom.

Kak cnegyetr w3 3aBucumoctn (4.15), 4eM MeHbLle OTHOLUEHUE
o /HV , Tem xyxe obpabaTbiBaemocTb MaTepuana pesaHveMm. O4eBugHo,

HauMeHbllee 3HaveHue o, /HV 0Oyaetr nmetb nNpupoAHbIn anmas, 4YT1o u

npegonpeaensieT ero HU3Kyt obpabaTtbiBaemocTb. Kpome Toro, npu obpa-
boTke anmasa TonwuHa cpesa a, MUHMManbHa BCIeACTBUE ero BbICOKOW
TBEPAOCTU, YTO AOMNOSHUTENBHO YMEHbLUAET Yyron casura.

B 3aBucumocTb (4.15) Bxoant nepemeHHbl napameTp R, ynpasneHue
KOTOpPbIM B npouecce wnmgoBaHns NO3BONSET yBENUYUTL yron S W MNoBbl-
cnTb adpekTnBHOCTL 0bpaboTkn. Yem meHbwe R, Tem Gonbwe F. Ons
YMeHbLUEHNA napameTpa R HeobxoanmMo Mcnonb3oBaThb ariMasHble Kpyrm Ha
MSATKMX CamMoO3aTauMBalOLNXCS CBA3SAX (OpraHMYecKnX, Kepammudeckmx) umm
anMasHble Kpyrm Ha MeTasnimyecknx CBs3Kax C X MUHTEHCUBHOW 3S1IEKTPO3PO-
3MIOHHOW MpaBKOW.

[obntbCca yMeHbLIEHNS Yrnia f MOXHO Takke 3a CHET YMEHbLUEHUS yr-
na TPeHUs y, OOHAKO OH BXOAUTb B 3aBUCMMOCTb (DYHKUMEWN KOCUHYCa W,
cnegosaTernbHO, Mano BNUSIET Ha yron f.

BbInonHeHHble pacyeThbl yrna £ nokasanu, YTo OH MOXET NpUHUMaTb

3HaueHns MeHbliue 1°. O4eBMOHO, peann3oBaTh NPOLECC YAANEHNS CTPYXKM
Npy TakoM HebOoMbLIOM 3HayeHuW yrra L nNpakTUYeckn HEBO3MOXHO, T.e.
npoLecc pesaHus B 3TOM criydae OyaeTt oTcyTcTBoBaTh. [103TOMYy CbeM Ma-
Tepvana 0ygeTt npoucxoauTb He OT AENCTBUS HarnpshKEeHUW Ha cxaTtue, a oT
HanNpPs>KeHUM Ha pacTsKeHWe, KoTopble obpasylTcsa nog 3epHoM (Bcnen-
CTBME TOro, YTo Npegen NPOYHOCTM armMmasa Ha cxaTue Bbllle, YeM Ha pac-
TshkeHune). M3 atoro crnegyeTt, YTo npu wnndgoBaHun TpygHoobpabaTbiBae-
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MbIX XPYMKUX MaTepmanoB, Npu onpeneneHHblX ycrnoBusax, cbem dyaeT npo-
NCXOOUTb HE MyTeM pe3aHus U OTAEeNeHns MUKPOCKOSOoB "Bnepean 3epHa”, a
nytem obpasoBaHns MUKPOCKOSIOB "Nofg 3epHOM" 1 "3a 3epHOM" B pesynbTaTe
TpeHus1 3epHa ¢ obpabaTbiBaeMbiM MaTepuanom. C ysBenuyeHmem koaddu-
LUMEHTa TPEHUS, T.e. C YBENIMYEHNEM CUMbl TPEHUS, MOXHO OXUAaTb YBESn-
YEeHUS1 MHTEHCUBHOCTM 0Bpa3oBaHMs MUKPOCKOSIOB M MOBbLILWEHNSA NPOU3BO-
ANTENbHOCTN 06paboTKM.

PaccMOTpeHHbIN MexaHu3M obpaboTkn maTepuana ykasbiBaeT Ha TO,
4YTO ANs peanu3aumm npouecca pesaHns HeobxoaMMOo MOCTOAHHO MpU LWAn-
doBaHUN nogaepXuBaTb BbLICOKYHD OCTPOTY 3epHa (yMeHbwatb R). [aHHoe
ycnoBue BbIMOSMHAETCA npu 06paboTke NpUpPOaHbIX anmasoB B 6punnvaHTbl.
Mcnonb3yemble npu 3TOM anMasHble Kpyrm Ha MeTasnfiMyecknx CBA3Kax
HeoOxoaAMMO noaBepratb HEMNPEepPbIBHOM 3NEKTPOIPO3MOHHON npaBke. IATO
NO3BOSNNT HEMNPEpPbLIBHO noanepumesaTtb "OCTpbIN" pexyLwmn penbed anmas-
HOro Kpyra u OCyLLeCTBNATb NPOLLEeCC pe3aHus.

Kak yke oTmMe4arnocsh, npaska ariMasHoOro Kpyra B 9TOM Criy4dae BbINosi-
HAETCA ANEKTPOXMMUYECKMM METOLOM NyTeM "MorpyxeHus" anmasHoro kpyra
B BaHHO4YKY C 3NeKTpONUMTOM B npouecce obpaboTku, 4To TpebyeT cyuie-
CTBEHHOIO CHWXEHWS CKOPOCTM Kpyra (Ha onepaumax Kpyrnoro HapyXHoro
LWnudoBaHus). ATO NPUBOANUT K CHUXKEHUIO NPOM3BOAUTENBHOCTN 06paboTKu.
[To3TOMY BaXXHbIM pe3epBOM YyBefIMYeHUss CKOPOCTU Kpyra v npomnsBoanTesb-
HOCTU 00paboTkM criegyeT paccmaTpmBaTb NPUMEHEHME aBTOHOMHOW (Nepu-
OAMNYECKON) 3MEKTPOIPO3MOHHON MPaBKM ariMasHoro Kpyra.

[na apdekTMBHOro ocyLlecTBneHna npouecca anmasHoro wnudosa-
HUA Heobxoanmo obecneunTb yaepXaHue anmMasHoro 3epHa B CBSA3KE C CU-
FION, paBHOW NPOYHOCTM €ro Ha pasgaBfnnBaHue.

CymmapHas cuna pesaHusi, 4eNCTBYHOLLAA Ha OTAeNbHOe 3ePHO Kpyra

Py = [P5 +PZ =Py - KG +1, (4.16)

npu koadppuumente wnueosanus K, =P,1/Py <0,5 mano otnuyaercs ot
HOpMarbHOMN Py1 cocTaBnsoLwen cunel pesaHus (rae P,q4 — TaHreHuynanbHas

cocTaBnsawwas cunel pesanus, H). CnegoBaTtenibHO, 3epHO B CBA3KE A0IHKHO
yOoepXuBaTbCA TakMM 06pas3om, 4TOObl UCKIKOYUTL ero yTonaHve nop new-
CTBMEM CUIbI Py1. [na atoro TBepaocTb cBA3kn HV g OormkHa yaoBneTso-

pATb YCIOBUIO:
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Py1
HVeg =—————, (4.17)
z-tgy-h

roe h — rnybuHa 3agernikvm 3epHa B CBA3Ke, M;
y — NOMOBWHA Yyrra npu BepLuMHe KOHYcoobpasHoro 3epHa.

O4eBugHo, Yem OGornblue TBepOoCTb CBA3KM HV.;, TeM MeHblwe h wu

Gonblle BbICOTa BbICTYNaHWs 3epHa, YTO MOBbLILLAET PEXYLLYH CNOCOBHOCTb
MHCTpyMeHTa. Cuny P4, paBHyl0 NPOYHOCTU 3epHa Ha pasfaBrvBaHue,

MOXHO npeactaBuTb B BUAE:

Py1 =a-X, (1.51=4.18)
roe a— pasMepHbIn KOIMMUUNEHT, XapakTepusyloLwmin Mapky anmMasa (ero

NPOYHOCTD).

Torga 6Gespa3smepHbilt k0addULMEHT ¢=h/X, onpegenswowwuii cTe-
NeHb 3aJeNk1 3epHa B CBA3KE, BbIpa3nTCs 3aBUCUMOCTbIO:

£= @« _ (1.52=4.19)
-1y -HVg - X

Kak BMAHO, C YMEHbLUEHNEM 3EePHUCTOCTU Kpyra X KOappULUMEHT &
yBENMUMBAETCH, T.e. O0NS BbICTyNaloWeEN Hag YPOBHEM CBA3KM YacTun 3epHa
YMEHbLUaeTca. ITUM OBbACHAETCS HM3Kaa paboToCrnoCOOHOCTb MerKo3ep-
HUCTbIX arnMasHbIX KpYroB. YBenuyeHve 18epaoctu cesaskn HV g ymeHbluaet

KO PUUMEHT ¢ . OgHaKo, C NPUMEHEHNEM BbICOKOMNPOYHbLIX MEeTanmyecknx
CBSA30K HapyLlaeTCcsl pexuM camo3aTadmBaHus kpyra. CrnegosaTeribHO, nep-
CMEKTUBHbIM Cnocobom 06paboTkM NPUPOAHbLIX aniMas3oB B BpUnnNuaHThbl cre-
AyeT paccMmaTtpuBaTb MNPUMEHEHME MENKO3EePHUCTbIX anMasHbIX Kpyros
(OrpaHOYHbIX KPYroB) Ha MeTann4eckmux cBAskax U adpdeKTUBHbIX MEeTOO0B
NX NpaBKkun (SNEKTPOIPO3NOHHON NPaBKN).

Kpome anmasHbix kKpyros coopmbl 1A1 Ha MeTannnyeckux cBsskax, us-
FOTOBMNEHHbIX METOLOM MOPOLUKOBOM MeTannyprum, Ha 3Tux ornepaumsax uc-
NOSIb3YITCA arnMasHble KpYru, N3roTOBSIEHHbIE 3NeKTporanibBaHNYeCckKnmM me-
ToAoM. Kak n3BeCTHO, 3TOT METOA ABNSAETCS elle MeHee SKOMOrM4Yeckn «4u-
CTbIM» METOOOM MO CPaBHEHWUIO C 3IIEKTPOXUMMUYECKOM MPaBKOW Kpyra, Tak
Kak NpuxoauTcs UCnofnb30BaTh 3HAYNTESNbHbIE 0ObeMbI BpeaHbIX A51s 300p0-
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Bbsl paboymx anekTponmtoB. Kpome Toro, NpogormKUTESNTbHOCTb paboThbl TakMx
KPYyroB HesHaumMTenbHa. [M03TOMy C uUenblo YCTpaHEHUsI anMasHbIX Kpyros,
N3roTOBSIEHHbIX 3reKTporanbBaHUYeCKUM MeTOAOM, U3 TEXHONOrM4ecKoro
npouecca 06paboTkn NPUPOAHbLIX anmasoB B OpuUNMaHTbl, NPeasioXeHo uc-
Nnosib30BaTh crneumasrbHble OrpaHOYHbIe ariMasHble KpyrM Ha MeTanindeckmx
cBaskax (Hanpumep, kpyr 6A2 300x60x5x50 AC6 10/7 4 M3-04), nsrotos-
NEeHHble METOLOM MNopoLLKoBOoM MeTannyprin. [na obecneveHns: nx BbICOKON
pexyLien cnocobHOCTM LenecoobpasHo UCMOMb30BaTh 3MEKTPOIPO3NOHHYHO
npaBky. OTO MNO3BOSNT CYLLECTBEHHO YBENUYUTbL CPOK paboTbl arnmMasHoro
Kpyra n appekTMBHOCTb OCYLLECTBIEHNSA npouecca LWngoBaHNS.

[Mpn obpaboTke orpaHOYHbIN Kpyr 6asmpyeTcs Ha onpaBke—OCU U 3a-
Kpennsietcsa mMexaHndeckum criocobom (puc. 4.8). [Ins HopManbHOro npote-
KaHus npouecca obpaboTkm GueHus pexyLuen nOBEPXHOCTU OrpaHOYHOro
Kpyra He AosmkHo npesbiwatb 0,01 mm. MNMoaTtomy orpaHoudHbIN Kpyr obsa3a-
TeNbHO NPOXOAUT OMHaAMUYecKyto HanaHCMpPOBKY, MOCKONbKY Bubpauuun cy-
LLIECTBEHHO BNUSIIOT Ha BESNIMYUHY DMEHUS ero pexyLuen noBepxHocTu (ama-
meTp Kpyra — 300 mm, a yacTtoTa BpalleHus npesbiwaeT 3 000 06./MuH).

VA

k| ~

Van
4+—>
| /\ 1 7 77
AN

M
Puc. 4.8. Cxema aneKTpo3apo3MOHHOM NpaBKMU OrpaHOYHOro

dayiMa3HoOro Kpyra
YcnogHble 0603Ha4YeHuUs: 1 — anMa3oHOCHbIN COW Kpyra; 2 — anekTpoa.

[MpakTKon YCTaHOBMNEHO, YTO YCTPaHUTb MeEXaHUYeCKMM Cnocobom
yBennyeHHoe bueHne Kpyra He NpUBOAUT K MOMNOXUTENbHBIM pesynbTaTtam.
HecmoTpsa Ha TO, YTO NMPOMCXOOMUT CHSATUE ariMa3oHOCHOro Crosd, Npodunb
pexyLlen NoBepXHOCTN (PaKTUYECKN He U3MeHsSeTCHa (OCTaeTcs UCXOLHbIM) U
BbueHne He ycTpaHsaeTcs. [103TOMy BbINOMNHATL OrpaHKy NPUPOAHbLIX arnvasoB
STUM KPYrom HeBO3MOXHO. B cBsi3M ¢ 3TMM Obina npeanoxeHa vaes ycrpa-
HEHNss BUeHna pexyllen NOBEepPXHOCTU Kpyra C MCMonb3oBaHMEM MeTona
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9NEKTPOIPO3NOHHON MNpaBkn. [Ona 3Toro ObiNO M3roTOBMEHO chneumarbHoe
obopynoBaHme. YTobbl MCKMOYNTL PSAg NOrPELLUHOCTEN MPU 3MEKTPOIPO3NOH-
HOW npaBKe Kpyra, ero obpaboTky Npon3BoAuIN Ha OrpaHOYHOM CTaHKe, rae
pasmMellann Bce Heobxoammble afieMEHTbI NpaBkn. BaXkHbIM MOMEHTOM OaH-
HOro peLleHna cTano TO, YTO OrpaHOYHbIN KPYr nNpaBurics B COOpaHHOM Buae
(Ha onpaBke-ocwn). MpaBawnn anekTpoq Obin U3roTOBMEH U3 rPacdUTOBOro
Matepuana u uMesn nasbl Ana nonagaHus oxnaxgarowen XUOKOCTU B 30HY
ncnpaeneHnd. dnekTpoay coobLiann Bo3BpaTHO-NOCTyNaTeNbHbIE ABUXKXEHUS
Ha BCIO LUMPUHY anMas3oHOCHOro crnogd kpyra (puc. 4.8).

Hanpasnsiowue anekrpoga narotaBnmBanncb U3 3akaneHHou ctanum u
COEQMHANUCb MeXay CobOoM C MOMOLLbI LWapUKOB. Takasd KOHCTPYKUMA WUC-
Kntovana subpaumn anekTpoda, yMeHbllana norpewwHoctn n obecneynsana
NPSMONIMHENHOCTb peXxyLlen noBepxHOCTU Kpyra. BosBpaTHo-noctynaTens-
Hble OBWXEHUS 3MeKTpoaa OCYLLUECTBIISANNCL OT 3NIEKTPOoABUraTens ¢ peayk-
TOPOM C NMOMOLLLK KPMBOLLMMHO-LIATYHHOroO MexaHuama. BenuuuHy gsuxe-
HUS ANeKTpoda perynnpoBan yBeSIMYEHNEM UNN YMEHbLUEHMEM LUTAHIU LUa-
TyHa. Qnekrtpoasuratesib ¢ pe4ykTopoMm nmen Hebonblumne rabaputbl U Nerko
ycTaHaBnmBarsncs Ha npucrnocobneHnn. Bce yCcTponcTBO Kpenumnock Ha cTone
cTaHka. BpesHasa nogadva rpaduToBOro anekrpoga Ha ariMas3oHOCHbIN CITOW
Kpyra OcyLlecTBnsnacb C MOMOLbIO napbl "BUMHT-rarMka" no LWTUTOBbLIM
Hanpasnawowmm. [nnHa atoro nepemerteHuns cocrasnsna 1 ... 4 mm. C no-
MOLLIbIO BUHTA MOXXHO BBOAWUTb rPadUTOBLIN 3NIEKTPOL B KOHTAKT C PeEXYLLEN
NOBEPXHOCTbI OrpaHoYHoro Kpyra. [lpouecc anekTpo3pO3MIOHHOM MNpaBKu
npoTekan nNpu obUNbLHOM OXNaXX4eHWUN 30HbI NPaBKU C UCNOSb30BaAHNEM TEX-
Hu4Yeckon Bofbl. lNpuHyouTenbHas nogadya >XMAOKOCTU OCYyLLeCTBRAnacb OT
HaCOCHOW CTaHUMu (C Ucnosib3oBaHMEM BOOSHOM MOMMbl OT 3aTOYHOrO CTaH-
ka mogenu 3[0642E). [Ina cbopa oTpaboTaHHOM XMOKOCTM NoL BpaLLatoLwmnM-
CS1 OrpaHOYHbLIM KPYroM yCTaHOBSEH crieuuanbHbli No4A0H, OTKyaa Boga no-
ctynaet obpaTtHO B Ba4ok HAacoCHOM CTaHuMW. [ns ncknoyveHus pasbpblarn-
BaHWUS XXMAKOCTM NPU BpaLleHMN Kpyra UCNosb3yeTCs 3alunTHBLIM KOXYX. B Ka-
YeCTBE UCTOYHMKA TEXHONOMMYECKOro TOKa 3NEKTPOIPO3NOHHOW NMpaBKku npu-
MEHSASNCA crneunanbHbli UMMNYNbCHbIA FeHepaTop.

OnNEeKTPO3PO3MOHHAA MpaBKa OrpaHOYHbLIX ariMasHbIX KPYroB C 3epHuU-
CcToCTblo 5 ... 10 MKM nMeeT CBOM OCOBEHHOCTH, CBA3aHHbIE, Npexae BCero, ¢
nogaepXaHMem HeobXo4MMOro 3asopa Mexay 3feKTPOAOM M NpaBsiLen no-
BEPXHOCTbIO Kpyra. PewunTb 3Ty 3agadvy yganocb MNyTeEM MCMNONb30BaHUSA
anekTpoaa m3 rpadurta n obmMnbHOW Nodadn oxnaxagarLlen XNaKkocTu Heno-
CPeACTBEHHO B 30HY NpaBKM.
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ONEKTPOIPO3MOHHAs rNpaBKa XxapakTepnsyeTcs NepeHOCOM CHATOro Mma-
Tepuana CBA3KM ariMa3Horo Kpyra Ha npaBsLnin aneKkTpoa (Ha Kpyr nogaeTcs
NOSIOXKUTENbHBIN 3apsi, a Ha 3neKkTpo4 — oTpuuaTenbHbIN), KOTOPbLIA B 3a-
CTbIBLLEM BMOE HaKanmMBaeTCs B nasax anekrpoga. HactynaeT Ttakou Mo-
MEHT, Koraa B OTAESIbHbIX MecTax OH NepeMblKaeT 3a30p MexXay 3NeKTPoLOoM
N CBA3KOM Kpyra. B pesynbTate pesko yBenuymMBaeTCs cua Toka rnpaBku U Ha
NOBEpPXHOCTN Kpyra obpasytoTca 6opo3gbl (3a cyeT 6oriee MHTEHCUBHOIO
cbema matepumana). [Npn ganbHenwWwen npaBke Ha pPeEXyLlen MOBEPXHOCTU
Kpyra obpasyoTcs 3HauynTesibHble HEPOBHOCTM.

OnuncaHHbIN BbiWE criyvyan OTHOCUTCS K MpaBKe 3f1EKTPOAOM, U3roTOB-
NEeHHbIM N3 MeTanna. YCTpaHUTb 3aCTbIBLUMW Ha 3MEKTpoLe maTepuan CBA3-
KN CMOXHO M3-3a HEBOMbLLOW BENUYMHBI BLICTYNaHNA 3epeH. [laHHas 3agava
yCreLwHo pellaeTcs npu UCNonb3oBaHUWM anekTpoga uid rpadgura. epeHe-
CEHHbIN Ha 3NeKTpo4 MaTepuan CBS3KWU Nerko OTpbIBaeTcsa OT rpadpuToBOro
anekTpoga, T.K. TemnepaTtypbl NraBneHusa rpadputa v matepuana CBS3KU
pasHble U MeXay HUMKU He NPONCXOOMUT NPOYHOIo CLENSTEHUS.

[MpakTnka nokasbiBaeT, YTo Npu 0bpaboTke NPUPOOHbLIX ariMas3oB BCe
Xe adppekTMBHEE MPUMEHSTH OrPaHOYHbIE KPYrn, U3rOTOBJIEHHbIE 3JIEKTPO-
raribBaHN4YeCKUM MeToAoM. 3TO 0OyCroBneHO MEHbLUMMK 3aTpaTaMn OOpPO-
rOCTOSLLEro anMasHoro nopoLika. Bmecrte ¢ TeM, U3roToBfIEHNE OrPaHOYHbIX
KPYyroB afiekTporanibBaHN4eCKUM METO0M ABNAETCSH 3KONOrMyeckn BpeHbIiM
NPOM3BOACTBOM M NO3TOMY OrpaHn4nBaeT npumeHeHne. BMecTo aTux Kpyros
cnegyeTt NPUMEHATb crneuumarnbHble OrpaHOYHbIE ariMasHble Kpyrm Ha meTarn-
nmnyecknx ceaskax 6A2 300x60x5x50 AC6 10/7 4 M3-04, n3rotoBneHHblE
MeTOJOM MOPOLLUKOBOW MeTasiyprum, ¢ Ux Nepnogmyeckon 351eKTpodpO3nNOoH-
HOW npaBkon. [1ns aToro onpeaeneHbl ONTUManbHbIE YCIOBUS 3NEKTPO3PO-
3MOHHOWM MpaBKM OrpaHOYHbLIX anMasHbiX Kpyroe, obecneuvnBatowimne bueHue
nx pexyuien nosepxHoctun B npegenax 0,01 mm, yero gpyrumm metogamn He
Aocturanocb. BCKpbIThi TakmM cnocobom anmasHbii CRon Kpyra xapakrepu-
3yeTCs BbICOKOM pexyLlen CnoCobHOCTbIO ANNTENbHOE BPEMS.

B pesynbtate ucnonb3oBaHus pa3paboTaHHOM TEXHOMOMMWU JNeKTpo-
9PO3MOHHOWM MpPaBKN SOCTUrHYTO MOBbILEHNE KayeCcTBa M NPOU3BOAUTENBHO-
CcTn 06paboTkn, yBennyeHa CTOMKOCTb Kpyra, OCYLWeCTBfeH nepexon oT ar-
MasHbIX KPYroB Ha raribBaHM4ecKon CBA3KEe K bonee adhdeKTMBHbIM anmas-
HbIM Kpyram, U3roToBJIEHHLIM MeTo4aMn MOPOLLKOBOW MeTannyprm. 3To UC-
KNKYaeT IKOTOrnm4eckn BpeaHoe Npom3BoACTBO ariMasHbIX KPYroB Ha OCHOBE
ranbBaHNYECKOro HaHEeCEHNSA anIMa3oOHOCHOrO Cnost Ha ero pabo4yto NoBepx-
HOCTb.
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[MpeonoxeHHoe TeXHNYECKoe peLleHne BbINo Takke NCNoSib30BaHO Npu
pa3paboTke TeXHONOrM4eckoro npouecca wnudoBaHus 6nok-maTpuy, Ans
CUHTE3a anmMasHoro rnopotwuka. bnok-matpmya cocTouT M3 ctanbHOW 060MMBI
C 3anpeccoBaHHOM B Hee TBEPLOCMIaBHON KamMepou, B KOTOPOW Npoucxoaut
npoLecc CuHTe3a anmMasHoro nopouwka. [ns obecnevyeHns nroCKOCTHOCTU
BepxHen 4actu Brok-maTpuubl NPOU3BOAUTCA ee LWNUGOBaHME ariMasHbIM
Kpyrom Ha nnockownungosanbHoMm cTtaHke mogenu 3[71. CoBmecTHada obpa-
6oTka cTanun n TBepaoro cnsaea anmasHbiM Kpyrom 1A1 250x20x5 Ha opra-
HWYECKOWN CBSA3KE, KaK MokasblBaeT NpakTuka, NpUBOANT K ero MHTEHCUBHOMY
N3HOCY U CHWKEHUIO NPON3BOAUTENBHOCTM 06paboTkun. NpuMeHeHne anmas-
HOro Kpyra Ha KepamMmn4yeckon CBSA3Ke NO3BOSSIeT B OnpenerieHHON CTeneHu
NOBbICUTb NPOU3BOAUTENBHOCTL 00PabOTKM U CHU3UTL U3HOC Kpyra. OgHako
NOSTHOCTLIO pewnTb NpobriemMy BbICOKONPOU3BOAUTESNBHOMO LUIMGOBAHNA HEe
yoanock. lNpobrnema 6bina pelieHa 3a CHET MPUMEHEHUsT anmasHoro Kpyra
1A1 300x20x5 Ha meTannuyeckon cesaske M1-01 n ero anekTpo3pPO3NOHHOMN
npaskn. [na atoro 6bia nponssBeeHa MogepHuUsauus nnockownmdosans-
HOrO CTaHKa, BKMOYalLWas 3MeKTpoM3OoNAuMio anmMasHoro Kpyra u Ocy-
LLlecTBNeHne TokonoaBoAda K HeMy 4depes rpadutoByto LeTKy. B kadectse
npaBsiLLEero anekTpoga nepBoHayanbHO ucrnonb3oBanack obpabaTbiBaemas
aetanb. ICTOYHMKOM TEXHOMOMMYECKOro Toka CryXus crieynanbHO U3roTos-
NEHHbIN reHepaTop MMMNYbCOB.

OfOHako 3neKkTpPo3pOo3MOHHAs MpaBka armasHoOro Kpyra Henocpegn-
CTBEHHO B npouecce WingoBaHna He No3eonuna oduUTbCa OXngaemMblx pe-
3ynbTaToB. [MNOTHLIM KOHTAKT Kpyra ¢ obpabaTbiBaeMON MOBEPXHOCTbIO, C
OLHOW CTOPOHbI, NPUBOAMUI K CYLLLIECTBEHHOMY YBESTMYEHUIO pa3pagHOro Toka,
a C Opyron CTOPOHbI, Bbl3blBasrli MHTEHCUBHOE 3acanuBaHue kpyra. Kpyr dak-
TMYECKM He noaBeprancs npaske, ero paboyasi NOBEPXHOCTb Obifia MOfHO-
CTblO MOKPbITa CBETSIO-CEPLIM CMOEM CTanbHOW CTPYXKU. [103TOMYy OT Takomn
naoen ANeKTPo3PO3NOHHOM NpaBKK Kpyra npuLnocb oTkasaTtbcs. BsaameH 6bl-
na npegnoxeHa uaes OCYLLUECTBIIEHUSI 3M1EKTPO3PO3MOHHOW MpaBKM C UC-
NONb30BaHNEM PYYHOro W3ONMPOBAHHOrO anekTpoga. llepBble OMbITbl MO
NpakTUYeCKOn peanunsaumm gaHHOM uaeun nokasanun nonoXmnTenbHble pe3yrb-
TaTbl. Hanpumep, HOBbIM anMasHbIn Kpyr Ha MmeTannuyeckon csaske M1-01,
YCTAHOBSIEHHbIN HA CTAHOK U UMEBLUNW 3HaYnTENbHOE BueHne paboyen no-
BEPXHOCTW, C NMOMOLLbIO PYYHOro anekTpoga 6bin nogrotosneH Kk pabote 3a
HeBONbLUON MPOMEXYTOK BPEMEHW.

CyTb 9NIeKTPOIPO3NOHHOW MpaBKM COCTOUT B criegyowem. Msonmpo-
BaHHbIN [-06pa3HbIn ANeKTpo NPUXKMMaeTCs K nepudepumn anmasHoro Kpyra
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B 30HE MWHTEHCMBHOrO nonagaHna Ha Hero oxnaxjatlowen XnokocTu
(puc. 4.9). OtcyTcTBMEe BreHns paboyen NOBEPXHOCTU ariMa3HOro Kpyra cro-
cobcTBYyEeT ycTOM4YMBOMY nonoxeHuto -obpasHoro anektpoga (He nNpoucxo-
AnT ero otbpacbiBaHMS OT anMasHOro Kpyra). B pesynbTate anmMasHbli Kpyr
ObICTPO ouMLLaeTca OT NPoayKToB 00paboTKM (CTanbHOro Hanerta) n ofHo-
BPEMEHHO BCKPbIBAETCH €ro aniMasoHOCHbIN cnou. Npu cune Toka 15 — 20 A
BpeMs rnpaBKu COCTaBnsAeT 5 — 7 CeKkyHA.

COX

0 %2022
Puc. 4.9. Cxema aneKkTpo3apo3nOHHON NpaBKu animasHoro kKpyra (1)
C ncnosnb3oBaHueM anekTpoaa (2)

[Onsa ocyuwectBneHns npeanoXeHHoOW SNeKTPO3PO3NOHHOM MpaBKu
(noasanpaBkn) HEOBXOOMMO anmasHbIf Kpyr BbIBECTU U3 30HbI 0O6pabOTKN U
BbIKMIOYNTE NPOLOSbHYIO nogadvy, Yto BecbMma yaobHo ans paboyero. [Mo-
crnefyoLlyo npaeBky (nogsanpaBKy) anMasHoOro Kpyra crnegyeT npovMsBoanTb
Npyv NOABNEHUN B 30He 06paboTKM LWyma, YTO ABNSAETCHA NepBbiM MPU3HAKOM
3acanuBaHus anmasHoro Kpyra.

YCTaHOBMEHO, YTO CTOMKOCTb aniMasHoro Kpyra Ha meTtansimyeckomn
ceaske M1-01 nocne anekTpo3pO3MOHHOM NPaBKK C UCMONb30BaHUEM PY4YHO-
ro U30fMPOBAHHOMO 31IEKTPOAa MHOMOKPaTHO yBeNnu4mBaeTcs. OTO NO3BONA-
eT adhekTUBHO obpabaTbiBaTb TBEPAOCMNABHbIE BNOK-MaTpULbl B YCIOBUAX
CbeMa 3HauuTeslbHbIX MpPUMNyckoB. KonmyecTBO MpPOLWWNMGOBaHHbIX Onok-
MaTpuvL, Mexay 3anpaskaMy anmasHoro Kpyra n3ameHsinocb, OgHaKo, B OCHOB-
HOM M3-3a PasnNUYHON BENTMYNHBLI CHAMAEMOTO Npunycka.

Taknm obpa3om, 060CHOBaHbI BO3MOXHOCTU 3(O(PEKTUBHOIO NPUMEHEHUS
SNEKTPOSPO3NOHHOM MPaBKM anMasHbIX KPYroB Ha MeTansimdeckux CBs3Kax
B3aMeH TpPaaMLUMOHHO NPUMEHAEMOro MeToda 3IEKTPOXMMUYECKOWN MpaBKu
Npun orpaHke NpUpoaHbIX anMasoB B 6punnuaHTbl. [peanoxeHbl HOBbIE KOH-
CTPYKTUBHbIE CXEMbI OCYLLECTBEHUS INEKTPOIPO3INOHHOM MPaBKMU.
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4.3. Anma3Hasa obpaboTKa usgenmm u3 ctekna, xpycrans
U TBepAbIX NOpoa KaMHSA

4.3.1. NMpob6nembl anmasHon o6paboTkn nsgenmmn
M3 cTeKna un xpycrans

Mo paHHbIM npennpuatnn YkpauHol, Poccun n Pecnybnuku benapyce,
3aHMMAaIOLMXCS N3rOTOBMIEHMEM arniMasHbIX MHCTPYMEHTOB, A0 95 % anmas-
HbIX KPYroB Ha MeTasnfIn4yeckux CBsidkax Mcnonb3yeTtcs npu obpaboTke pas-
NNYHBIX HEMETanNM4eckux martepuanoB (HaTypanbHble W CUHTETUYECKME
anmasbl U gpyrue cBepxTBepable maTtepuarnbl, Kepamuku, eppuTsl, rpadm-
Tbl, CTEKIO, XpyCTarb, TBEPAbIE NOPOAbLlI KAMHS, OrHEYNOPHbIE MaTepuanbl K
T.4.). YUpesBblHanHO Bonbluoe noTpebneHne anmMasHbIX KpyroB Ha meTtannm-
4YeCKnx cBsi3Kkax npm obpaboTke n3genuin u3 xpycrtansa. 34ecb BaxHo obecne-
YNTb BbICOKYID Pa3MeEpPHYK CTOMKOCTb MPOMUIIbHBIX ariMasHbiX Kpyros, Mo-
9TOMY NPUMEHSAITCS BbICOKOMNPOYHble MeTannunyeckne cesaskm tuna M2-01.

[ns Hape3aHus anMasHOW rpaHn Ha U3gennax U3 Xpycrans UCnonb3yrT
anmasHble kpyrn gopmbl 14EE1 gnametpom 250 mm m3 3epeH AC6 63/50 ...
200/160 100-npoUEHTHON KOHLEHTpaUuM Ha MeTannuyeckon CBsA3Ke Tuna
M2-01 1 npo4Hee (puc. 4.10).

Puc. 4.10. Anma3Hbin Kpyr ¢popmbl 14EE1

[Mpn o0OpaboTke Hambonee WHTEHCMBHO MNPOUCXOAUT WM3HOC OCTPUS
arnmasHoro Kpyra — notepsi reometTpmyeckon oopmMbl U pasmepos (puc. 4.11), uyto
TpebyeT MOCTOSIHHOW MpaBKM Kpyra C Uenbko npuaaHua Tpebyemon TOYHOCTU
dopMbl, a TaKKe OOHAXKEHUST PEXYLLINX 3EPEH C LIENbIO NMOBLILLEHUST EM0 PEXYLLEN
crnocobHocTn. lNocnegHuin akTop MMEET WCKITYUTENBHO BaXXHOE 3Ha4eHue,
MOCKOJSTbKY HaHeceHue anMasHOM rpaHu NMpou3BoaUTCA "BPYYHYKO" N MOHWXKEHUE
pexyLen CnocobHOCTM anmasHoOro Kpyra npuBOOUT K  BO3HWKHOBEHMIO
3HaAUMTENbHbIX YCUNUA pe3aHns npu obpaboTke M3genuin mn3 xpycrans, a 3To
BedeT K uanyeckum neperpyskam paboyero B TedeHue paboyen CMeEHbI,
YXYOLLIEHWIO KayecTBa 06paboTKM U CHUPKEHUIO NPON3BOAMTENBHOCTU Tpyaa.

211



110° +30°

N

a 6
Puc. 4.11. ®opma HensHoLWweHHOU (a) n n3HoweHHoU (6) pabouen

YacTu aniMa3Horo Kpyra

TpagnunoHHas npaska anmasHOro Kpyra npous3BoguMTCA MeXaHUYEeCKUM
MEeTOAOM C ucnosib3oBaHvem abpasmBHoro Opycka. [lpyM aTOM mMcnonb3yeTcs
Bonblwoe konuyecTBo abpasumBHbIX GpyckoB gunametpom 100 MM U BbICOTOM
20 MM (NpuMepHO oguH Bpycok B CMeEHY Ha Kaxaom paboyem mecte). Kak
NnokasblBaeT NpakTuka, Takon MeToz npasBkn ABSeTca ManoaddekTneHoeiM. Bo-
NepBbIX, CMIOXXHO BOCCTAHOBUTbL TpebyeMbln yron a npu BEpPLUMHE ariMasHoro
Kpyra, BO-BTOPbIX, HEBO3MOXHO YCTpaHUTb BueHne anmasHoro Kpyra Hernocpen-
CTBEHHO Ha paboyeM CTaHKe, B-TPeTbUX, HEBO3MOXHO MPOU3BECTUN KayecTBEeH-
HOe BCKpbITME 3epeH (obecneuntb JOCTAaTOYHOE UX BbICTYNaHWe Hag ypPOBHEM
cBsA3kn). Kpome TOro, B npouecce nNpaBku NPOUCXOAUT NOTEPS reoMeTpUYecKomn
doopMbl ariMasHoro Kpyra, 4to BedeT K CHWXEHUIO KadecTBa obpaboTku Xpyc-
Tangd. [loaTomy 9Tu Kpyr BOCCTaHaBNMBAOT Ha cneumanbHOM CTaHKe C UCMOfb-
30BaHMeM abpasnBa (onepauus Tpygoemkasa ¢ bonblumm pacxogom abpasmea).

YCTaHOBMEHO, YTO anmMasHble Kpyrn 3epHuctoctbio 125/100 obnagatoT
AOCTaTOMHO BbICOKOM peXxyLlen CnoCOBHOCTLIO nocrne abpasvBHOW MNpaBKU.
OgHako 3TO NpPYMBOAMT K YBENMYEHUIO LepoxoBaTtocTn obpaboTaHHoM
MOBEPXHOCTN, YTO TpebyeT ee ANUTENIbHOMO XMMUYECKOrO MOSIMPOBAHUSA U
HeadppekTmBHO. [lpmeHeHne abpasvMBHOM nNpaBkKM anmasHblX  KpYyros
3epHucTocTblo 63/50 TpebyeT GonbLIOro pacxoga abpasvBHbIX OPYCKOB U He
obecneymBaeT [OOCTATOYMHOW pexyLwen CcrnocobHOCTU Kpyra. ITO CHWXaeT
NPOU3BOANTENBHOCTL 00paboTkM n3gennn U3 Xpycrtansi, XOTs LIepOoXoBaToCTb
obpaboTaHHOM NOBEPXHOCTU XpycTand npu 3TOM yMeHbllaeTcs. [aHHbIn
BapunaHT 00paboTkun Takke ManoaddPeKTUBEH.

YCTaHOBMEHO, 4YTO B pe3ynbTaTte HU3KOWM pexylen crnocobHOCTU
anmasHoro kpyra Ha obpabaTbiBaeMblX MOBEPXHOCTAX WU3Oenui u3 xpycrans
obpasyTca  npwkorm wn  TpewwuHbl. [lpyu nocnegyloweMm  XMMUYECKOM
NoSIMPOBaHMN  XpycTana KucrnoTa MpPOHMKAeT B TPelWwuHbl U paspyliaeT
MaTepuan Ha pgocTtatodHO Oonbuwyto rnybuHy. B utore obpasyetca Tak
HasblBaeMas "naytMHa" MNOBEPXHOCTU, ANA YCTpaHeHusi KoTopon TpebyeTcs
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3HaudnTensHoe Bpemd. HeobxoaMmMo OTMETUTb, YTO XMMUYECKOMY NOSNTMPOBAHNIO
noaBeprarTCca BCe MU3Oenus, MOCKOSIbKY HapesaHHble rpaHu xpycTtans Bcerga
MMET  MaToOBYIO MNOBEPXHOCTb, a KUCMOTa CHUMaeT  HapyLUeHHbIN
NOBEPXHOCTHbIN Crion, obecnevnBasi NPo3pavYHOCTb BCEN MOBEPXHOCTH.

N3BecCTHbI noaxodbl K NPOPUIMPOBAHUIO W MpaBKe anMasHoro Kpyra
9NEeKTPO3PO3NOHHBIM MeToaoM [118 — 120]. OgHako peanbHOro NPUMeHeHUs
npun 0bpaboTke U3Zenum U3 cTekna n Xpycransg OHWU He MONy4Yunu, YTo ceBsa3a-
HO C TPYAHOCTSIMM OpraHu3aummn npolecca 3NeKTpo3PO3NOHHON NpaBKM Heno-
CpeAcTBEHHO Ha paboyeM MecTe, TaK Kak npaBka anMasHoro Kpyra Ha cneuu-
anbHOW YyCTaHOBKe TpyOoeMKa, He Mo3BonsdeT yaanutb bueHue kpyra, n He
NPUBOOMT K OXngaemomy apdeKTy.

CnepoBaTtenbHO, pelueHne npobnemMbl 3MEKTPO3PO3NOHHOM NpPaBKU U
npodunupoBaHnsa anmasHblx Kpyros gopmbl 14EE1 TpebyeT co3gaHus Ho-
BbIX CXeM 06paboTKn, TEXHONOrnM4yecKom OCHACTKW, YCTaHOBMEHWA OMTu-
MarbHbIX YCMOBWUA, AOCTAaTOYHO MPOCTO peanudyembiX Ha Kaxaom paboyem
MecTe. JNeKTPOIPO3MOHHbBIN MeToL NpaBKM MOXET ObiTb 3(PdeKTUBHO UC-
NONb30BaH Takke AN NPOPUINPOBAHUSA ariMasHbIX KPYros, UCMONb3yeMbIX
Ans obpaboTkn hbaueTa Ha NIMCTOBOM CTEKNe, B 3epKaribHOM NPOU3BOLACTBE.
OTO CBA3aHO C ObICTPOM NOTEPEN reoMeTpmuyeckon opmMbl U pa3MepoB ar-
Ma3HOro Kpyra B npotecce o6paboTkn n BecbMa BbICOKOW TPYLOEMKOCTbHO UX
NpaBKM C UCNONb30BaHNEM abpasnBHOro Kpyra.

3HauuTenbHbIn 00bEM 0OPaboOTKM OMTUYECKUX MU3OENUA NPOM3BOAUTCA
MO CXeMe KPYrroro Hapy>XHoro wnndoBaHu4, a Takke "BpyyHyto" (aHanorny-
HO cxeMe 3aTOYKM WMHCTPYMEHTA) C MUCMNOJSIb30BAHMEM ariMasHbIX KPYroB Ha
meTannuyeckon ceaske M2-01 cgopmbl 1A1 ganametpom go 500 mm. Kak no-
KasblBaeT MpakTuKa, ariMasHbl Kpyr ObICTPO TepsieT pexyLlyto cnocobHOCTb
n obpaboTka NPONCXOaUT HaANPSXKEHHO, C BbICOKOW SHEPTrOEMKOCTbIO LIIMGO-
BaHNA. OTO CHMXaeT NPOU3BOAUTENBLHOCTb M KayecTBO 06paboTkM (Ha CTek-
ne obpasytotcsa ckosbl). I3HOC anmMasHoro kpyra Baosib obpasytoLen npouc-
XOOUT HepaBHOMEpPHO C rmybuHon BbleMkn o 3 MMm. EctecTBeHHO, [obuTbCA
NpPAMONMHENHOCTN OoBpasylollen anmMasHoro Kpyra, Takke Kak U NoBbICUTb
ero pexyLy crnocobHOCTb C UCMONb3OBaHMEM MNpaBkn abpasveHbIM Bpyc-
KOM WIN KPYroMm Ype3Bbl4anHO CIOXHO.

B cBA3n ¢ atum npeacraeBnaetca apPeKTUBHbIM NpodunniMpoBaHue n
Nnepuoanyeckyro npaBKy ariMasHoOro Kpyra rnpous3BoanTb C MCMOSb30BaHUEM
bonee Npomn3BOAUTENBHOIO 3NIEKTPO3PO3NOHHOro Metoda. [nsa atoro Heob-
XOOMMO peLNTb BOMPOCHI MPaKTUYECKOM peanusauum metoda Hernocpen-
CTBEHHO Ha paboyem mecTe (6e3 CHATUA ariMasHoro Kpyra co CTaHka) C UC-
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NOSIb30BaHNEM MPOCTbIX B TEXHUYECKOM WCMOSTHEHUM NpaBsLMX YCTPOUCTB,
TaK KakK MonbITKA MPUMEHEHUsT (N0 AAHHbLIM Hay4HO-TEXHMYECKOW nuTepary-
pbl) CITOXHbIX KOHCTPYKUUIM NpaBsLmMxX YCTPOMUCTB (B TOM YMCre C perynmpoB-
KOW MEXIMEKTPOAHOro 3a3opa) okasanucb 6e3ycnellHbIMU U pacnpocTpaHe-
HUA He nony4unu. BaxkHom npobrnemon siBnaeTcsa cosgaHue creumnanbHbIX
ManorabapuTHbIX MCTOYHMKOB TEXHOMOIMMYECKOro ToKa Afs OCYLLECTBIIEHUS
npoLecca npaBkM anMasHoOro Kpyra Ha O4HOM WM HECKOSNbKUX CTaHKax on-
HOBPEMEHHO.

4.3.2. YcnoBusa 3chpeKTMBHOro NpUMEHEeHUSA 3NIeKTPOIPO3NOHHOMN
npaBKX anMa3Horo Kpyra Ha MeTasniJsin4ecCKom CBA3Ke AN Hape3aHus
rpaHen Ha n3pgenuax us xpycrans

Ona ycTpaHeHus1 yKkasaHHbIX Bbllle HegocTaTKoB — paspaboTaHa
apdpeKkTBHaASA TEXHOSOMMS 3NIEKTPO3PO3MOHHON MPaBKM  anMasHoro Kpyra
dopmbl  14EE1 Ha wmeTannunyeckon cBaske M2-01, wmcnonb3yemoro Aans
Hape3aHna TrpaHen Ha wusgenuax u3 xpycrana Ha cradkax CAI [82].
ONEKTPO3PO3MOHHAA MpaBka OCYLLECTBISETCA Nepuoguyeckm  paboynm-
pPe34YMKOM XpycTansa HernocpencTBEHHO Ha KaxgoM paboyem mecte 6Ge3 chema
Kpyra co ctaHka. Bpemsa npasku — 5 ... 10 cekynn, nepuogmnyHoctb — 15 ... 20
MUH. Mcnonb3yeTcs MpPOCTOe YCTPOMCTBO (MpaBsWMW  3M1EeKTpon), KOTOpoe
yaepXmnBaeTcs B pykax paboyero [83]. OnekTpuyeckne paspsgbl BO30yxaatTcs
OT crneumanbHOro ManorabapuTHOro ANEKTPOUMMYbCHOIO reHepaTopa, KOTOpPbIN
OOHOBPEMEHHO MOXeT obcnyxmBate 10 cTaHkoB. B pgaHHOM crnydae He
TpebyeTcst OCYLWECTBNATL COXHY0 MoaepHu3auuio ctaHka CAlN, He TpebyeTcs
BbICOKasl KBanudwukauus pabodero. [JoctaToyHO obecneynTb TOKOMoABO4 OT
reHepaTtopa WMMYSIbCHOrO TOKAa K CTaHKy. Pes3ynbtatom 3fekTpodpO3MOHHOM
NpaBKM ariMasHoOro Kpyra Ha MeTanlfIMyeckon CBSI3KE SBMSETCH KauyeCTBEHHOE
BCKPbITUE anMas3OHOCHOrO0 Criod, 4TO [MOSIHOCTLIO BOCCTaHaBfMBaeT €ero
PEeXyLLYIO COCOBHOCTL U obecneymBaeT Tpebyemyo TOYHOCTb (POPMbI PEXYLLIEN
YacTu. ITO MO3BOMSET MPOU3BOAUTL KayeCTBEHHOE BbICOKOMPOU3BOAUTESTbHOE
Hapes3aHune rpaHen Ha N3genusax u3 xpycrans.

[MpMeHeHne  SNeKTPO3PO3MOHHOM  MNpaBKM  anMasHoOro  Kpyra Ha
METanMM4YeCcKon CBSA3KE MO3BOMWMO MOSIHOCTbKD OTKa3aTbCA OT  NpaBKu
abpasnBHbiM Bpyckom. Paboumii Ha CTaHke MOXeT yCTpaHuTb BueHune kpyra w
Npomn3BecTn ero boree KayecTBEHHYK noasanpaBky. lNpsmas obpasyowasa Ha
nnacTuHax anekTpoda B npouecce npaeBku obecnevmBaeT yCTpaHeHME 3aBasioB
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Ha rpaHu anmasHoro Kpyra. B pesynbtate gocturaetca Tpebyemasi reomeTpus
arnmasHoro Kpyra.

Bonee kayecTBEHHOE BCKPbITUE 3€PEH Kpyra No3BosisieT YBENMUYNTL BpeEMS
Mexay noasanpaBkamn 0o 2 — 3 pas, a 9TO CHWXKaeT pacxop anMasHoro Kpyra.
[MoBbIWEeHNe kayecTBa 00paboTKM XpycTans NpMBOAUT K TOMY, YTO NMOCHe XUMU-
4YeCKOro MnofiMpoBaHUA Hape3aHHble rpaHu UMEKT COBEPLUEHHO APYron KayecT-
BEHHO HOBbIV BMA, CBUAETENBLCTBYOWMIA 00 N3roTOBNEHNN BbICOKOKA4YE€CTBEHHOM
npoaykumn. MNMprMeHeHe aNekTPO3PO3NOHHONM NPaBKM NO3BOMSET 3@ CYET MNOBbI-
LUEHMS peXxyLlen crnocoBHOCTM anMasHOro Kpyra Ha MeTanfn4yeckon CBSI3KE Cy-
LLIECTBEHHO MOBLICUTb MPOU3BOAUTENBHOCTL M KA4YeCTBO Hapes3aHus rpaHen Ha
N3Oenusax u3 Xpycransi, CHU3UTb 3HauYUTENbHble U3NYECKME Harpy3km Ha
pabo4yero B npouecce "py4yHoro" HapesaHus rpaHen Ha U3genusax U3 Xxpycransi.

[na oueHKM BO3MOXHOCTEN TexHonormm obpaboTkm xpycrans anmasHbl-
MU Kpyramu nocrne mx 351eKTPO3PO3NOHHOM NpaBKn onpeaeneHbl YCroBusa no-
BbILLEHUSI MPOMN3BOANTENBHOCTU WNMGOBaHMSA Q Ha OCHOBE aHanMTUYECKOM
3aBUCUMOCTH (4.6).

Kak BMAHO, NOBLICUTbL NPOM3BOAUTENBLHOCTL 06paboTkm Q MOXHO yBe-
nuyeHvem napameTpoB Py, Vi, 1N yMeHblUeHneM Be3pa3mepHoro koapunum-

eHTa 17 — 0. Bo3moxHoCTU yBenunyeHusi napametpos Py n V,, orpaHuyeHsbl
XapakTepucTnkamm ctaHka n TpeboBaHuaMn No KadectBy obpaboTkn. beapas-

MEPHbIN KOI(PPULUMEHT 77 MOXET U3MEHATLCA B LUMPOKMX npegenax: 0 ... 1.

CnepoBaTtenbHo, HanbonbLlmMn 3dEKT OCTUraeTcs OT YMeHbLUeHna 6e3pas-
MepHoro koadduumeHta r. C dusmyeckon ToUKMN 3peHna bes3pasmMepHbin Ko-

APPUUMEHT 7 paBeH OTHOLLUEHWUK BENUYMHbI JIMHEMHOro MU3HOCa 3epHa X K

MakcMmarnbHOW TonwmHe cpe3a H, oTcuMTbiBass ee OT BepLUMHbl MCXOLHOro
Hen3HOLLEHHOro 3epHa (puc. 4.12). Torga

X
. 4.20
=3 (4.20)
4/900-X° P,
roe H= ; (4.21)
m-F-HV
F— nnowanb KOHTakTa Kpyra ¢ obpabaTtbiBaemMon getanbio, M2,
C yyetom 3aBucmmocTu (4.21) koadpdonUMEHT 7 Bblpa3nUTCS:
m-F-HV

=X-3 = : (4.22)

900- X” -Py,
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YMeHbLUNTL Be3pasmMepHbli KOIMUUMEHT 77 MOXHO YMEHbLUEHNEM Be-

NIWYMHBLI NIMHEWHOro M3HOCca 3€pHa X, KOHUEHTpauun ariMma3HoOro Kpyra m,
TBEPOOCTU o6pa6aTb|BaeM0ro MaTtepunana HV n yBenm4eHnem 3epHNCTOCTU

kpyra X 1 OaBneHus P, /F. Hanbonbliee BnusiHne Ha 6e3pasmepHbIn koad-

dVLMEHT 1 OKasbiBaeT BenuuMHa NMHenHoro n3Hoca 3epHa x. CnegosaTternb-

HO, Heo6xoanmo B npoLlecce WnNMdoBaHMS NogaepXXuBaTb BbICOKYO OCTPOTY
kpyra. C yyeTom (4.22) 3aBNCUMOCTb (4.6) npu ycnosuu tgy = 1 npuMeT BUA;:

_2'Py'VKp. 1 . m-F-HV

3 —
z-HV 900-X°-P,

(4.23)

C yBEJINHEHNEM pap,maanoM COCTaBnsAlOWEN CUMbI pe3aHnd Py npouns-

BOAUTENBHOCTbL 00paboTkn Q yBenuyuBaeTcsa Gornee YyeMm no NMHENHOMY 3a-
koHy. OHaKo 3TOMY NpPensiTCTBYET yBENMNYEHNE BENNYMHbBI JIMHENHOIO U3HOCA
3epHa X, KOTOPOE CHMKaEeT NPoM3BOANTENBHOCTL 00paboTkn Q. YBenuueHue
BEMUYMHbI JIMHEHOTO N3HOCa 3epHa X ODYCMOBMEHO yBenuyeHnem cunel Py,

AEenCTBYKOLLIEN Ha OTOeNnbHOE 3epHO Kpyra [146]:

900-X° -P,
m-F

Py

=05-73HV. (4.24)

CnepoBaTenbHO, 40OMTLCA NMPOMNOPLMNOHANBHOIO YBENUYEHUS MPOU3BO-
anTenbHocTn obpaboTkn Q C yBenuMyeHMEeM pagunanbHOW COCTaBMSOLWEN CU-
MNbl pe3aHnst Py MOXHO yMeHbLUEHUEM unn cTabunusaumein BO BPEMEHN BENu-

YMHbI NIMHEMHOIO M3HOCa 3epHa X. [Ansa aToro Heobxoaumo obecneynTb nepu-
oOMYecKkoe BbiMafeHNe M3 CBSA3KU 3aTyMUBLUMXCA 3EPEH, T.e. PEXUM pPaBHO-
MEPHOro BO BPEMEHM U3HOCa Kpyra (pexmnm camo3saTavymBaHusl).

[nsi Toro 4To6bI 3aTyNMBLLEECS 3EPHO BbINAno 13 CBA3KKU Kpyra, Heobxo-
OMMO MPUIIOKUTL K HEMy cunly Py, paBHyio curie, yaepxuBatoLien 3epHO B

CBA3Ke. B cooTBETCTBUM C 3aBMCUMOCTbIO (4.24), cuna Pyy Tem Gonblue, Yem
6onblue napametpbl HV, X, Py N MeHblle m, F. [1na 3agaHHbIX 3HA4YEeHUN

m, X, HV poctuyb npegenbHoe 3HayeHue Py1 MOXXHO M3MEHEHMEM Py1/F.

[1ns oTHOCUTENBHO ManorpoYyHbIX CBA30K 3HAa4YEeHNA Py1 " Py /F — HebonbLune.
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[MoaToMy camo3aTaumBaHMe Kpyra OygeTr npoucxoguTb MPU OTHOCUTESTbHO
HM3KOW CUIOBOM N TENSTOBOW HaNpsXKeHHOCTW npoLecca.

YBenuyeHne TBepaoCcTu (NPOYHOCTU) CBSA3KM yBenndmBaeT npeernbHoe
3Ha4eHvie Pyq. BenmunHbl pagnarnbHON CoCTaBnsiloLLieN Cunbl pesaHus Py Mo-

ET ObITb HEAOCTATOYHO AN AOCTMXEHMUS NpedesnbHoro sHavexus Pyq. Toraa,

ncxoasa ua 3aBucMmocTu (4.24), Heo6xoANMO YBENUYNTL 3EPHUCTOCTb Kpyra X
N YMEHbLUNTb OOBEMHYIO KOHLIEHTpaumo 3epeH kpyra m. O4eBuaHo, adhdekT

Bbille OT yBEeNMYeHus1 3epHUCTOCTU Kpyra X, KoTopas BxoauT B (4.24) ¢ mak-
CMMaribHOM CTEMNEHbI. ITUM MOXHO OOBACHUTbL 3(PPEKTUBHOCTL CHUXEHUSA
3€PHUCTOCTM B anMasHbIX Kpyrax Ha OTHOCUTENbHO "MArknx" cesskax. Pexum
camo3aTaunmBaHUs ariMasHoro Kpyra TpebyeT Takke BbIMOSIHEHUS yCNoBUS pa-
BEHCTBA CKOPOCTEW U3HOCa 3epeH M CBA3KW. [laHHOe ycnosue npegnonaraet
pasgeneHve paananbHOM COCTaBMSAOWEN CUMbl pe3aHns Py YCNOBHO Ha aBe

cocTaBnsawoLme.
[MepBas cocTaBngawowas OOSMKHA 3aTpayMBaTbCa Ha BOABNUBaHME 3epeH
B obpabaTtbiBaeMbin MaTepuan, BTopas — Ha npwxkaTtme obpabatbiBaemoro ma-
Tepunana u MUKPOCTPYXKEK K CBA3KE Kpyra N ee M3HOC CO CKOPOCTbIO N3HOCA 3e-
peH. [1na "Markux" cBA30K BTOpasi cocTaBrnsowas Cusbl Py Hebonbwaa. Ansa

TBEPAbIX CBA30K OHA CYLLECTBEHHO BbIlLE N HE Bceraa MOXeT OblTb AOCTUMHY-
Ta Ha npakTuke. B peaynbtate anmasHbii Kpyr 6yaet paboTaTb B pexunme 3a-
TYnneHus, T.K. CKOPOCTb U3HOCa 3epeH ByaeTt Gonblue CKOpoCTU U3HOCA CBA3-
kn. ObecneunTb pexmnmM camosaTadnBaHUs Kpyra MOXXHO YMEHbLLEHMEM CKOPO-
CTU M3HOCA 3€epeH, NpuMeHsisi bonee npoyHble abpasvBHble MNU anmasHble
3epHa, yBenmumBasi 3epHUCTOCTb M KOHLIEHTPAUUIO Kpyra.

Takum 0bpas3omM nokasaHO, YTO C TOYKM 3PEHUS BbINOSIHEHUS YCMOBUS
paBeHCTBa cunbl pe3aHus Pyq, AENCTBYIOWEN HA 3EPHO, U CUMbl yaepKaHWs

3epHa B CBsI3ke, HEOOXOAMMO YBENUUYUTbL 3EPHUCTOCTb Kpyra X U YMEHbLUUTb
0ObEMHYIO KOHLEHTpauuio 3epeH kpyra m. C TOYKM 3pPEHUS BbINOMHEHUS
YCIOBUSI paBeHCTBa CKOPOCTEN M3HOCA 3EPEH U CBA3KM HEOBXoaUMO yBENUYm-

BaTb M 3€PHUCTOCTb Kpyra X U OBBLEMHYI0 KOHLIEHTpauuio 3epeH Kpyra m.
YuntbiBasi TO, YTO Ha NpakTUKe MNpPU BbICOKOMPOM3BOAUTENbHON 06paboTke
3epHa TPyOHO BbIMNOMHUTbL BTOPOE YCroBUE, HEOOXOAMMO CTPEMUTLCS K yBe-

nMYeHnto napamMeTpoB X U m, T.e. NPUMEHATb arMasHble Kpyrin Ha Mpo4vYHOWN
MeTannuyeckon ceaske tuna M2-01 3epHuctoctbtio 100/80 n 6onee n KOHUEH-
Tpauuen 100 %. IMeHHO 3TUM 0BCTOATENBLCTBOM MOXHO OOBACHUTL TO, YTO
NpW orpaHke NPMpPoLHbIX anMasoB B OpunnnaHTbl IPUMEHSIIOT aniMasHble Kpyru
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Ha MeTannnyeckon cBA3Ke C BblCOKOM KoHUeHTpaunen (200 % v bonee), no-
CKONbKY 34€eCb MpaKkTU4YeCKN OTCYTCTBYET KOHTaKT obpabaTbiBaeMoro matepu-
ana co CBA3KOM U ee N3HOC, YTO He obecneymBaeT pexnum camo3aTadmBaHUs
Kpyra. [nsi CHUXEHNS CKOPOCTM M3HOCA 3€PEH U BbIMNOSTHEHWUS YCITOBUS PaBEH-
CTBa CKOPOCTEN M3HOCA 3EPEH U CBA3KM B 9TOM Crlydae B 30HY 06paboTku va-
CTO BBOOAT CBOOOAHLIN abpa3smB, YTO SKBMBANEHTHO MOBbLILLIEHUIO KOHLUEHTpa-
umm 3epeH B kpyre 0o 400 %. EcTecTBEHHO, N3roTOBUTbL ariMasHble Kpyru ¢ Ta-
KOW BbICOKOM KOHUEHTpaunen aepeH Metogamm rnopoLLKOBON MeTannyprum He-
BO3MOXHO.

BaXHbIM ycrnoBmMem BbIMNOMIHEHUSA PaBEHCTBA CKOPOCTEN U3HOCA 3EPEH U
CBSI3KM Kpyra siBNsieTCs npaBuibHbIN BbIOOP TUMNa cBA3KW. B HacToswee Bpemsa
co3gaHo 60MblLOEe KONMMYECTBO PasfMYHbIX MO COCTaBy CBA30K, B TOM 4ucrne
MeTanmmnyeckmx, KoTopble obecneymBaloT pPexum camo3aTayMBaHUs Kpyra.
OTO OOCTUraeTcsi B OCHOBHOM 3a CYET CHWXEHWUSI TBEPLAOCTM CBA3KU, YTO CO-
NPOBOXOAETCSH CHUXXEHMEM MPOYHOCTU yaepXXaHUs 3epeH N cpoka paboTbl Kpy-
ra. OgHako nNpu 3TOM YBENUYMBAIOTCH pexyLlasa crnocobHOCTb Kpyra u npous-

BOOMTENbHOCTL 06paboTkn Q BCNEACTBME YMEeHbLUeHUs napameTpoB X v 7 —
B COOTBETCTBUM C 3aBucumMocTamu (4.6) n (4.23). YMeHbLUEHNe 3epHUCTOCTU

kpyra X BedeT K CHUXeHMIo pecypca paboTbl 3epeH B anmMasHom kpyre. Mo-
9TOMY C TOYKM 3PEHUS YMEHbLUEHNS cebecToMMoCT! 00paboTKM CyLecTByeT

onTUMaribHoe 3Ha4yeHue 3epHUCTOCTU Kpyra X, KOTopoe OOMmKHO obecrieyu-
BaTbCA ONTUMasibHbIM COYeTaHMEM TBEPAOCTU CBA3KN, 3€PHUCTOCTU U KOHLIEH-
Tpauuu Kpyra. Ecnu gBa BblleykasaHHbIX YCOBUSA caMmO3aTaunmBaHWA Kpyra He
BbIMOMHATCA, TO Kpyr byaeT pabotaTtb B pexume 3aTynyieHns n ero Heobxo-
ANMO nepuoanyeckn npaBuTb. Ona aToro apdeKkTMBHO UCMONb30BaTb METO[,
9NEKTPO3PO3NOHHOM MPaBKW, OCHOBAHHLIN Ha TEPMUYECKOM pa3pyLUEeHUn me-
TannM4yeckon CBA3KM OT LOENCTBUA INEKTPUYECKUX paspagoB. TemnepaTypa
HarpeBa MOBEPXHOCTHbLIX CMOEB CBA3KM B MOMEHT OENCTBUS 3SIEKTPUYECKOro
nmMmnyneca pasHa [81]:

© k-A
p-c-S-I’
roe k — TennoBon SKBMBAneHT paboThl;
A =1-U-7 — paboTa anekTpnyeckoro Toka, [x;
| — cuna Toka, A;
U — HanpsixeHue, B;
T — BpeMS 4ENCTBUSA SNEKTPUYECKOro MMMybCea, C;

(4.25)
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C — yaernbHas TENNOEMKOCTb MeTannm4eckon cesasku, Ix/kr-K;
p — MAOTHOCTb METaNMMYecKoii CBA3KM, KI/M°;

S — dakTMyeckass NNoLadb KOHTaKTa CBSI3KM Kpyra C MpaBsiLMM 3rnek-
TpoaoMm, M2
| — TONLWMHA MEX3MEKTPOAHOrO 3a30pa, M.

Kak BugHo, Temnepatypa t° tem 6onblue, 4Yem Gonblue paboTa anekTpu-
Yyeckoro Toka A 1 MeHblue S u |. B HayanbHbIN MOMEHT NpaBKX 3aTyNNEeHHOro
Kpyra, korga BenuumHa | Hebonbwas (I — 0), Temnepatypa t° npuHumaet
GonbluMe 3HaYeHusi, 4OCTaTOYHble ANs TePMUYECKOro paspylueHus. o mepe
yBEeInMYeHUs BbICTYNaHUSA 3epeH Hag CBSI3KOW, BENUYMHA | Bo3pacTaeT, a TeM-

nepatypa t° ymeHbLUAEeTCsl, YTO NPV OnpeerneHHbIX YCNOBUSIX MOXET npuBe-
CTW K MpeKpaLleHnIo npoLecca anekTpospo3un. B aTom crnyvae Heobxoanmo
yBENNUYUTb paboTy 3NEeKTPUYEecKoro Toka A.

C yBenuyeHnem npoyHocTun (TBEPAOCTUN) CBA3KM TemnepaTtypa t° n pabo-
Ta anekTpuyeckoro Toka A yBenuumalTcs. [1paBka KpynHO3EPHUCTbIX an-
Ma3HbIX KPYroB B CBSI3M C yBenundeHunem | TpebyeT yBenmyeHns paboTbl anek-
Tpu4yeckoro Toka A. 3aBucuUMOCTb (4.25) MOXHO npeobpasoBaTb:

LS . (4.26)
p-C 'an

rae N=1-U — MOLWHOCTb 9nekTpuyeckoro Toka, BT;
Qpp =S -1/7 — Npon3BOANTENBHOCTL NPaBKMK, m’/c.

Mpn gocTmkeHun npeaensHoro 3HaveHus t° npomssoanTenbHOCTL Npas-
KM Qn, 3aBMCUT NLb OT MOLLHOCTK 3dnekTpuyeckoro Toka N: yem Gornbuwe N,

Tem bonbLie an. I'IpM 3TOM HarnpsaxeHue U onpenendeT TOJILLMHY MEX3J1eK-

TpoaHoro 3a3opa |:

. k-U?.r
t° =

PC: Pom -
roe pPou — YAENbHOE COMPOTUBMNEHUE CBA3KM, OM-MM/M?,

2 (4.27)

Cuna Toka | onpegensaet dakTnyeckyto nnowaib KOHTakTa metannuye-
CKOW CBSA3KW C 3MEeKTPOAOM Sy :
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2
oK Perpgy

(4.28)
p-C: Sﬁn

B HayanbHbIi MOMEHT npaBku, kKorga |~0, HanpsbkeHne Hebonbluoe
(Npu gocTmxeHun npeagernibHon TemnepaTtypbl). C Te4eHMeM BpeMeHU ToswmHa
3a3opa | yBenuumBaeTcs, YTO COMPOBOXAAETCA yBenmyeHnem HanpsxeHmna U.
CnepoBaTtenbHo, Ans obecnedenuns bonbwero 3asopa | HeobxoanmMo Mcnosib-
30BaTb BbICOKME 3HAYeHUNA HanpskeHna U. OTO OTHOCUTCA K 3S1IEKTPO3PO3NOH-
HOW NpaBKe KPYNHO3EePHUCTbIX ariMasHbIX KPYroB, BbICOKOMPON3BOAUTENBHOMY
YepHOBOMY WM OBaHUIO U T.A4.

Cwuna Toka | B HayanbHbI MOMEHT NpaBku (B CBSA3M C HeBoMNbLIOWN NJlo-
Laabio KOHTaKTa CBA3KWU C 9NeKTpoaoM) npuHuMaeT bonbluoe 3HavyeHne (Bo3-
MOXHO KOpPOTKOe 3aMblkaHue). 1o mepe cbemMa MUKPOHEPOBHOCTEW CBS3KM
nnowanb S,;, YMeHbLuaeTcs, YTO BedeT K CHWXeHuo cunbl Toka. Cneposa-

TEeNbHO, MNPV NepBOHA4YarbHOM BCKPbITUW anmasHoro kpyra (npy 6onbLion
NNowaan KOHTaKTa CBA3KU C 3NEKTPOAOM) HEODX04MMO MCMNOofb3oBaTb NUCTOM-
HWKM TOKa, obecneymBatoLLme BbICOKME 3HAYEHUS CUMbl TOKA.

C yBenuyeHuem r, Kak cnegyet ua sasucumocten (4.27) n (4.28), ans

AOCTUXKEHUS1 npeaenbHon TemnepaTypbl t° TpebytoTcs MeHblune 3HayveHust U
n |. CnepgoBartenbHO, HEQOCTATOK MOLLHOCTM UCTOYHMKA TOKA MOXHO KOMMEH-
cMpoBaTb YBENUYEHNEM ASNUTENBHOCTU 3NEKTPUYECKOro mmnynbca (npu uc-
NONb30BAHUN JNEKTPOUMMYIbCHBIX FEeHEeEpPaTopoB) WUNN YBENUYEHWEM ASIHbI
pabouyen yactu anektpoaa (Npuv NOCTOSTHHOM 3NEKTPUYECKOM TOKE).

TeopeTnyeckme pesynbTaThl COrNacyrTCa C 9KCNEPUMEHTaNbHbIMU AaH-
HbIMW, NpuBeaeHHbIMKU B paboTe [118] (puc. 4.13).

C yBenuyeHvem BpeMeHW NpaBku anmMasHoro kpyra cuna Toka |, w

MOLLHOCTb ToKa P, ymeHbluatoTcsl, a Hanpskenne U, yBenuuusaetcs. IJT0
CBSI3aHO C YMEHbLUEHVMEeM nnowaan KoHTakTa S, NpoU3BOAUTENbHOCTM
npaskn Qp, U yBenuyeHuem | B COOTBETCTBUM C MPUBEAEHHBIMU 3aBUCUMO-

ctamu [118] (puc. 4.14), 4To Takke BbITEKaeT N3 3aBUCMMOCTH (4.28).
C yBenuyeHnem MoLlHOCTW Toka P, npousBoauTenbHOCTb npaskn Qp,

yBenuuymeaeTtcs. Kak BuaHo, peanumsaums Ka4eCTBEHHOM npaBku TpebyeT ycTa-
HoBneHna HanpshkeHns U go 30 B n 6onee, cunbl Toka | — 6onee 40 A, mou-
HocTu Toka N — 6onee 1 kBT.

TeopeTnyeckme pesysibTaTbl COrMacyrTCA C aKCNepuMeHTanbHbIMU AaH-
HbiMn MiBaHoBa H. I1. n Kob63aps J1. E. [49] (puc. 4.15, puc. 4.16).
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Pos Up, Iy,
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560 |24 [40
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42018 30/ [~ P
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140 6|10 P
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0o 2 4 6 8 10 1, muH

Puc. 4.13. UameHeHMe aneKTpnyecKux napameTpoB
npouecca npaBKu ariMa3HoOro Kpyra BO BpeMeHU

an,

Mm3

MWH /
85

15 /

150 300 450 Pp, Bt

Puc. 4.14. 3aBucMMOCTL NPOM3BOANTENBHOCTU NpaBku Q,

OT MOLLHOCTU TOKa Pp

5 /
4 ///2/
Il EE
2 4/

16 22 U, B

Puc. 4.15. 3aBMCUMOCTb NSIOTHOCTU TOKA i OT HanpsxxeHus U
YcnoeHbie ob6o3HaveHusi: 1 — AC6 50/40; 2 — AC6 125/100; 3 — AC6 200/160.
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Puc. 4.16. 3aBUCMMOCTb NPOM3BOANTENBLHOCTU NPaBku Qp,

OoT HanpsxeHusa U
YcrnogHbie obosHaveHus: 1 — 1A1 200x10x75; 2 —1A1 250x16x75; 3 —1A1 300x25%x127.

C yBenun4yeHnem HanpsbkeHns U npu anekTpo3po3MOHHOM npaBke (MUc-
TOYHUK TOKa — crneuunanbHbl ABYXMONYyNnepuoaHbIN BbINPAMUTENDb C MaKcu-
ManbHbIM TOKOM BO BTOPUYHON 0BMOTKE cunoBoro TpaHcgopmartopa 200 A)

NAOTHOCTb TOKa | U Nnpon3BOAUTESIbHOCTb MpPaBKA an, npumxogdLlimneca Ha

€OVHULY WUPUHBbI  Kpyra, YyBenuuuBatoTcsa. [ns  anmasHoro Kpyra
1A1 250x16x75%x5 AC6 200/160 4 M2-01 (no3unums 2 Ha NpuBeAEHHbIX rpa-
tukax) npovssefeHue i-U n npon3soautenbHOCTb Npaekn Qq, C yBenude-

HUNeEM HanpaxeHud U YBEJIMYMNBAKOTCA B OQAMHAKOBOE KOJIMYECTBO pas. Co-

rnacHo 3aBucMMocTy (4.26), 3TO yka3blBaeT Ha NOCTOSIHCTBO TemnepaTypsl t°
B npoLecce 3f1IeKTPO3PO3NOHHOIO (TEPMUYECKOr0) paspyLleHna meTtannnye-
CKOM CBA3KM anMasHoro kKpyra.

CnepoBaTtenbHO, C yBENUYEHUEM HanpshkeHus U TonwuHa Mexanek-

TpoaHoro 3a3opa | npu ycnosum t° = const B COOTBETCTBUM C 3aBUCMMOCTbIO
(4.27) ysBennuuaeTcsa. O6 aTOM CBMAETENbCTBYIOT Takke 3KCnepuMeHTarb-
Hble AaHHble MO BbICOTaM BbICTYMMNEHUS 3epeH Hag YPOBHEM CBA3KKU (puc.
4.17 [50]). C yBenudeHuem HanpskeHns U mopanbHas u MakcumaribHas Bbl-
COTbl BbICTYNaHUs 3epeH yBENNYNBAIOTCA.

YCTaHoBIEHO, YTO NapameTpbl i u Qp, C yBEIMYEHNEM 3€PHUCTOCTY MpU

ycnosun U = const ymeHbluatoTca. Micxons na sasmcumocTu (4.28), aTo cesAsa-

HO C yBeJindyeHune nnowaan KoOHTakTa SI‘IJ‘I npn ycrnosunu t° =const. N3 npumee-

AEHHbIX OaHHbIX crefyeT, YTo MNPOLIECC 3MEKTPO3PO3MOHHOW npaBku obecne-
ymBaeT npowunssogutTensHoctb 4o 1 000 MM>/MUH npu cune Toka go 100 A
(HanpshkeHne U= 28 B).
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Puc. 4.17. 3aBucumoctn mopgansHoun h,, ¥ MakcumansHou h,,,, BbICOT
BbICTYNaHUA 3epeH oT HanpsikeHna U
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Puc. 4.18. 3aBuCMMOCTH NPOM3BOANTENBLHOCTM NpaBkn Q, 1 cpeaHen

MOLLUHOCTU INEeKTPN4YeCKOoro Toka Pcp OT AJYIMHbI NpaBsLlero aneKkTpoaa h

Mo akcnepumeHTanbHbIM gaHHbiM MaTioxu I1. . [74] (puc. 4.18), c yBe-
nnMyeHneMm OnuvHbl NpaBdwlero anekTpoga h npousBoguTenbHOCTL Mpouecca
9NEKTPO3PO3NOHHON NpaBkn Qq, W CPefHssi MOLLHOCTb 3MEKTPUYECKOro Toka

Pep

h=10 ... 40 MM — NpnuBNM3nNTENLHO B 4 pasa). OTO yKka3biBAaeT HA NOCTOAHCTBO

YBENUYMBAIOTCA B OAMHAKOBOE YUCMO pa3 (Hanpumep, B AnanasoHe

Temnepatypbl t° B 3aBUCMMOCTb (4.25) HE3aBUCUMO OT U3MEHEHUS] SNEKTPU-
YeCcKnx napameTposB.

MpuMeHsis nonyyYeHHble TeopeTuyeckme pesynbTaTbl AN aHanu3a npo-
Lecca aneKTpo3pO3NOHHOIO LWNMEOBaHUSA, KOraa porb npaBsLwero anekrpoaa
BblNosiHseT obpabaTbiBaemas geTarnb B npouecce WnMdoBaHUs, 3aBUCUMOCTHU
(4.26) — (4.28) cnenyeT npeacTaBvTb B BUAE:
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k-1-U

" =——; (4.29)
p-C-Qnp
2
t° = k-U ; (4.30)
P-C Pom |- Vip
K-12-1- poy, - V,
o _ Pom Kp’ (4.31)
p-C-Qpp

roe p — NNoTHoCTb obpabaTbiBaeMoro matepuana, Kr/m>;
C — yaenbHaga TennoeMKocTb obpabatbiBaeMoro matepuana, x/(kr-K).

Mpyn 3nNeKTPO3PO3NOHHOM LUNNEDOBAHUN BaXXHO CBOEBPEMEHHO YCTpa-
HUTb C paboyeit NOBEPXHOCTU Kpyra NpoaykTbl 06paboTkn, He aonyckas 3aca-
nuBaHusA kpyra. ATo obecneymBaeTcs, Npexane BCero, TepMMYECKUM paspyLue-

HMeM 00pasyoLLMXCSA CTPYXKEK NPU OOCTUXKEHUN NpeaenbHOM TeMmnepaTypbl t°.
[ns yBennyeHus nNpon3BoAUTENBHOCTM MpoLecca 3NEKTPOIPO3NOHHOMN
npaBKu an mMowHocTb Toka N=1-U n cuny Toka | HeobxogMmo yBenuunTb

(t° = const). Ins yBennYeHns TOMLLMHbI MEX3NEKTpoaHoro 3asopa | Hanps-
XeHune U Takke HeobxogMmo yBENUYnTb.
[Mpn 3apaHHbIX 3HaveHusx Qu, u | ¢ yBenmyeHnem ckopocTun kpyra Vg,

HanpsbkeHne U yBenunumBaeTcs, cuna Toka | ymeHbLllaeTcsl, a MOLHOCTb TOKa
N ocTaeTcst NOCTOSAHHON.

3 npuBeaeHHOro aHanmsa MOXHO caenaTthb BbiBOAbI:

e YpOBEHb MPOM3BOANTENBHOCTMN NPOLIECCa 3MEKTPOIPO3NOHHON NpaB-
ki Qpp, BMONHE OAHO3HAYHO OMpeaenseTcs MOWHOCTbIo Toka N=1-U;

e NnA peann3aunn BbICOKUX 3Ha4YeHumn npon3BoanNTENIbHOCTU MpoLecca
SJ'IeKTp03p03VIOHHOl7I NnpaBKn an Heob6xoaMmo YBEJINMHNTL TOJILLUNHY MEX-

9M1eKTpoaHOoro 3asopa | nytem nosbieHNa HanpskeHus U;
e yem Bornblle TOMWWHA MEXINeKTpogHoro 3asopa | npu 3agaHHOM
3HaYeHUn NPOV3BOANTENILHOCTH NpoLiecca AMEeKTPOIPO3NOHHON NpaBkn Qpy,

TeM MeHbLUe TpebyeTca cuna Toka;
 4Yem bornbLue CKOpoCTb Kpyra Vi, Npu 3adaHHbIX 3HauveHnsx | u Qqp,

TeM MeHbLUue TpebyeTcs cuna Toka u 6onblue HanpspkeHne U.
N3 npuBeOeHHbIX 3aBMCUMOCTEN crieayeT, YTo NPU BbICOKOMNPOU3BOAM-
TEeNbHOM 3MEKTPO3PO3NOHHOM LUNNGOBAHNM OCHOBHbLIM 3MNEKTPUYECKMM Napa-

224



METPOM SBNAeTCs HanpshkeHne U, KoTopoe Heobxoaumo yBenuuumBaTb. Y4u-
TbiBas OrpaHUYeHNss Ha BenUUYMHy HanpsbkeHns U no TexHuke Ge3onacHoCTu
Tpyaa, ucxoasa ns sasmncumoctu (4.30), HEOGXOAMMO YMEHbLLIATb CKOPOCTb KpY-
ra Vi, . OOHaKo 310 BEAET K CHIKEHUIO NPOU3BOAUTENBHOCTY 06paboTKy.

TeopeTnyeckne pesynbTaTbl COrMacyrTCA C dKCNepUMeEHTanbHbIMU OaH-
HeiMu [118] (puc. 4.19). MollHocTb Toka P, ¢ TeyeHMeM BpemeHu ocTaeTcs

NoYTU MOCTOsIHHOW. CrieqoBaTernibHO, 3a CYET MpaBKW anmasHoro Kpyra nog-
AepXXnBaeTcs NOCTOSIHHOW BO BPEMEHW NMPOU3BOANTENBHOCTL 00PaboTKW.

Pp, Up, Ip,

Br| B|A

160| 8|20 :
)p’//

120| 6|15 — Up
\g

80| 4|10 e

Pp
40| 2| 5

0O o O 5 10 15 20 25 t, MUH

Puc. 4.19. U3aMeHeHune 3neKTpUYeCcKUxX napamMmeTpoB NpaBKM ariMa3HoOro
Kpyra B npouecce wnucgpoBaHus

Hanpspkenue U, ¢ Te4eHneM BpeMeHy NpaBKu HECKOIBKO YMEHbLLAETCs.

CnepoBaTtenbHO, YMEHbLUAETCS TOSIWLMHA MEXIrIeKTpOAHOoro 3asopa | B cooT-
BETCTBUU C 3aBUCUMOCTbIO (4.30).
YMeHbLIEeHNE TOSILMHBbI MEXdNeKTpoaHOro 3asopa | npu nocTosHCTBE

npon3BoanTENbHOCTM 06paboTkn 1 TemnepaTypbl t° NPUBOANT K YBENUYEHUIO
CUnbl TOKa B COOTBETCTBMU C 3aBUCUMOCTbIO (4.31), 4TO Takke cornacyeTcs C
SKCnepMMeHTasibHbIMU JaHHbLIMWN,

[na ocywectBneHna adpdpekTUBHON 31EKTPO3PO3NOHHOW MpaBKu anmas-
HbIX KPYroB Ha NPOYHbIX MeTannuyeckmx cegaskax tmna M2-01 MOLLHOCTb TOKa
HeobXxoauMO CyLeCcTBEHHO yBenuymeaTh. [1pn ee orpaHnvyeHnn — ymeHbllaTb
CKOPOCTb JIMHEMHOro U3HOCAa 3epeH NMyTeM yBeNnUYeHUs UX NPOYHOCTU N U3HO-
COCTOMKOCTW, a Takke nyTem yBenudeHusa nrowaan paboyven noBepxXHOCTU
Kpyra (anameTtpa v BbICOTbl) U KONMU4YEeCTBa PaACMOSIOKEHHbIX Ha HEWN 3epeH.
OTuM npeponpenensetTca 3EKTUBHOCTb NPUMEHEHUSA KpyNHOrabapuTHbIX
anmasHbIX KpyroB Ha MeTanimyecknx CBsA3Kax.
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4.3.3. PacyeT n aHanus wepoxoBaTocTn obpaboTtaHHOMN
NOBEPXHOCTU NPU Hape3aHMUMU rpaHen Ha N3pJenuax us xpycrtans

CywecTBEHHbIM HeOOCTaTKOM MNPUMEHEHUs anMasHblX KpyroB Ha
MeTannmyeckmx cCBsi3Kax Npu WnvdoBaHUN MU3Oennin uU3 xpyctans aBnseTcd
OTHOCUTESTbHO HMU3KOE KayecTBO 06paboTKM B CBA3U C BbICOKMMU 3HAYEHUSIMU
napameTpa LIepoXOBaTOCTM MNOBEPXHOCTM Ra, BbI3BaHHbIMKW, [MNaBHbLIM
obpasom, obpasoBaHnemM Ha obpabaTbiBaeMOn NOBEPXHOCTU rMYyBOKMX PUCOK-
uapanuH. MNMoatomy npu obpaboTke M3genum M3 xpycrana BaxHo obecneynTb
Tpebyemylo LIepoxoBaTOCTb MOBEPXHOCTU. Hwxe npousseneH pacyeT
LLIEPOXOBATOCTUN MOBEPXHOCTU N aHANn3 BO3MOXHOCTEN €€ YMEHbLLEHMS.

[lapameTp LepoXxoBaTOCTM MOBEPXHOCTU Ryax MNPy WMdoBaHUN

anMasHblM KpPYrom C OOWHAKOBbIMW MO pasMepy 3epHamu onpeaensieTcs

3aBMUCUMOCTbHO [146]:
R =(1-1)-X 31/900' y (4.32)
max n AV :

Kak cnepyet ns 3aBucmumocTyt (4.32), yem Gornblue 3epHUCTOCTb Kpyra X,
paduanbHas cocTaBnsiowas cunbl pesaHns Py 1 MeHblue 6e3pasMepHbiii Ko-

achpnumneHT n, TBEpaocTb Matepuana HV, obbemHas KOHUeHTpaunsa 3epeH
Kpyra m, Tem 6onblle napamMeTp LWepoXoBaTOCTU MOBEPXHOCTU R4y -

Haunbonblee BnusiHue Ha napameTp R,ox OKasbiBaloT napameTtpbl X U i, T.€.

9(ppeKkTNBHO yNpaBnATb LLEPOXOBATOCTbLIO 06paboTkM 3a cHET U3MEHEHUS Xa-
paKTePUCTUK ariMasHoro Kpyra.

ArnmvasHble KpyrM u3roTaBnmBalOTCA C onpeneneHHbIMU AnanasoHamu
3€pPHUCTOCTU. Y4ecTb pa3bpoc reoMeTpuyecknx pasmepoB 3epeH B pacyeTHON
3aBMCUMOCTW ONA onpeneneHnd napameTtpa LepoxoBaTOCTM MOBEPXHOCTH
Riax MOXHO MyTeM YMeHbLUEeHMA "yCrOBHOW" KOHLIEHTpaUWUnN Kpyra, YMHOXUB

R
napameTp m Ha ABa koadduumneHTa K = rzax n K,. 3gecb 4 — gnanasoH

pasbpoca pa3smepa 3epeH. [lepBbln koapduumeHT K, onpegenseTr To, 4TO

CNnoun wepoxoBaTocTu obpaboTaHHON MOBEpPXHOCTU hopmMupyeTcs Haumbornee
BbICTYNaKLWMMM U3 CBA3KN 3epHaMN, BEPLLMNHbBI KOTOPbIX YAaneHbl OT BEPLUMHbI
MaKcumarnbHO BbICTyNarLLEero 3epHa Ha paccTtosiHue He bonee R,,ax - BTopon

KOSCbeVILI,VIeHT K2 paBeH OTHOLWEHUIO KoJin4ecTBa 3epeH, WMeLnX
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HanbonblUMe pasMepbl, K KONMYECTBY 3epPeH, MMEKLWUX HauMeHbLLMe pa3me-
pbl. Kak nokasbiBaeT npakTuKka, KPYnHbIX 3epeH Bcerga MeHbLUe, YeM MENKUX.
MoaToMy koadbpmumeHT Ky Bcerga MeHblle eavHULbl U MOXKET ObiTb paBHbIM

0,5; 0,3 n meHee. C y4yeTOM MPUHATLIX AONYLLEHUW, 3aBUCUMOCTb (4.32) npe-
obpasyeTcs

225-P, -4

4.33
K (4.33)

Rmax = ‘\1/(177)3 ‘)_(3 :

217

| / A
Rmax =4 Rmax3 -4 @ ) (4-34)

roe Ryax — napamMeTp LepoxoBaTOCTU MOBEPXHOCTU, onpeaernsemMbii B COOT-
BETCTBUU C 3aBUCUMOCTbIO (4.32).

W3 saBucumoctn (4.34) cneayeT, 4T0 Ry > Rmax, Tak kak Ky <1.
Hanpumep, ansa sepHucroctv 100/80 napametp A4 =20 mkm. C yyetom K, =0,3

MHOXUTEnb 4 A =4 2 ~ 3.
Ko \/ 0,3

Takum o6pa30M NoKa3aHo, 4YTO Hanunydme Anana3oHa pa36poca 3epHN-
CTOCTU A BeAeT K yBEeNnUYEeHUo Rmax I'IpVI6J'IM3VITeJ'IbHO B3 pasa. C YMEHbLLEe-

Huem koadpdpuumneHta K, Hxke 0,3 (4TO BrorHe BO3MOXHO) napamMeTp Liepo-
XOBaTOCTb MOBEPXHOCTN Rax YBENMUUTCA B Bonbluee yucno pas. Cneposa-

TenbHO, anMasHble Kpyrm HeobxoaumMoO u3roTaBfvMBaTb C MUHMMArbHO BO3-

MOXHbIM Arana3oHoM pa3bpoca 3epHUCTOCTEN A, yMeHbLIas ero 4o Hyns.
HeobxoanmMo OTMETUTb, YTO NPU HEKa4YeCTBEHHOM MNpocenBaHUN anmvas-

HbIX 3epeH koapduumeHT K, MOXeT ObITb 3HaUMTENbLHO yMeHblueH. [locTa-

TOYHO B MaccCy 3epeH MnonacTb HECKOSTIbKMM KPYMHbIM 3epHaMm, YTobbl yMEHb-
WnTb KoadpdpuumeHt K, ao 3HaveHun 0,1 unum 0,01. MNapameTp wepoxosaTo-
CTW NOBEPXHOCTN R,ax Npy aToM yBenuuutca B 10 n Gonee pas. Ynyywutb
LepoxoBaToCTb 06paboTkM B 3TOM criydae npu WNndoBaHUM He yaacTcs.
Heobxoommo BBOOUTL HOBble TEXHOMOrMYeckne onepauum, Hanpumep, npu
obpaboTke nsgenun M3 xpycrans — onepaumo XMMUYECKOro NnosiMpoBaHnNS n
NPOV3BOAUTL 3HAYUTESbHLIM CbeM MaTepuana ansa yCTpaHeHUs LepoxoBaTo-
ro cnos.
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CyLiecTBeHHbIMK (pakTopamMu, BAMAIOLWMMK Ha nNapaMmeTp LlepoxosaTo-
CTW NOBEPXHOCTU Ry, 5y, ABNAIOTCA TaKXKe Hann4ve HepoBHOCTEN (BbICTynato-

LLINX Yy4acTKOB) Ha Kpyre u bueHne kpyra. Hannune HepoBHOCTEN NPMBOAUT K
3HAYMTESNIbHOMY BbICTYNAHMIO OTAESNbHbIX 3epeH MO OTHOLIEHUIO K OCHOBHOWM
Macce 3epeH, YTO 9KBMBANIEHTHO PacCMOTPEHHOMY Bbllle Criydato, CBA3aHHO-
MYy C CyLleCTBOBaHMEM [manasoHa 3epHUCToCcTn A. B pesynbTate Ha obpabo-
TaHHOW NOBEPXHOCTM 0bpa3yroTcs rnyoboKne OTAENbHbIE PUCKM-LIApanuHbl, KO-
TOpble CyLLEeCTBEHHO yXyALalT LWepOoXoBaTOCTb 06paboTkM N He YCTPaHAKTCA
LWNrUdoBaHNEM, a YCTPaHAIOTCA, HanpuMmep, B npouecce 3rneKTPOXMMNYECKOro
NOSIMPOBaHUS N3OEeNUN N3 XpycTars C BbICOKOW TPYLOEMKOCTbLHO.

Kak nokasbiBaeT npakTuka, Hannyme HePOBHOCTEN Ha Kpyre XapakTepHOo
A5s NPOYHbIX MeTannyecknx cBA3ok. Yem npodHee cBs3Ka, TeM TpyaHee [0-
BUTbCA OAHOPOAHOCTN NOBEPXHOCTU Kpyra.

[MpMeHeHne MeTO4OB MeXaHMYEeCKOW MpaBKU He MO3BOMSAET YCTPaHUTb
HepaBHOMEPHOCTb MOBEPXHOCTU afiMa3HOro Kpyra Ha MeTansiMyeckon CBA3Ke
M2-01 B cBA3M C KonupoBaHMeM NoBepxHOCTU. MoaTomy achdekTuBHO npume-
HATb GECKOHTAKTHYH 3MEKTPOIPO3NOHHYIO NPaBKy, YCTPaHSAIOLWY0 Kak HepoB-
HOCTW CBSI3KM, Tak U BueHme Kpyra, Bbi3blBalOLEro BOSHUCTOCTb Ha obpabo-
TaHHOW noBepxHOCTU. [NoaTeepXaeHnem ToMy criefgyeT paccmatpuBaTb pas-
paboTaHHYy0 aBTOpaMn paboTbl TEXHOMOMMIO 3NEKTPOIPO3NOHHON MpaBKK an-
MasHbIX KpyroB Ha MmeTannunyeckon ceaske goopmbl 14EE1, koTopas, kak noka-
3aHO BblIlwe, nonyyuna apdekTMBHOE NpuUMeHeHne B npounssoacTtee. [1paBka
Kpyra npou3BOANTCS HEMOCPEACTBEHHO Ha KaxaoM paboyem mecte 6e3 cbema
Kpyra co ctaHka. Bpemsa npasku 5 ... 10 cekyHn, nepuoandHocTtb — 15 ... 20
MUH. [1paBKa BbINOMHAETCS C NMOMOLLbI CheunanbHOro afiekTpoaa, KOTopbiin
yaepXXumBaeTcs B pykax paboyero [83]. dnektpuyeckue paspagbl BO30yxaaroT-
ca OT ManorabapuTHOro 3fEeKTPOMMMNYNbCHOMO reHepaTopa, KOTOpbIA OOHO-
BpeMEHHO MoXeT obcnyxmBatb 10 cTaHKOB.

B pesynbTaTe npyMeHeHUs aNeKTPO3IPO3MOHHON NpaBkn obecnednBaeT-
CA KayeCTBEHHasl NOAroToBKa afiMasHoro kpyra K paboTe: yCTpaHsOTCS He-
POBHOCTU CBSI3KM U €ro bueHune, ncnpaBnaeTcs NorpeHoCcTb reoMeTpu4ecKom
doopMbl Kpyra, 4TO CNOoCOOCTBYET MOBLILLEHUIO €0 peXxyLlen crnocobHoctTn. B
coveTaHUn C NPUMEHEHMEM anMasHbIX KPYroB C ONTMMAasribHbIMU XapaKTepu-
CTukamn, OBOCHOBAHHbLIMWU Bbille, 3TO MNO3BOMAET CYLLECTBEHHO MOBbLICUTL
NPOM3BOAUTENBHOCTb U KayecTBO 00paboTkn, CHU3UTb PU3NYECKME Harpy3Ku
Ha pabo4ero B npouecce py4yHom obpaboTKu.

C uernbio yMeHbLUEHNs napameTpa LUepoXoBaTOCTU NMOBEPXHOCTU Riax

ObINU N3roTOBEHBDI cneunarnibHble arniMa3Hble Kpyrn ¢ ogunHakKoBbIMW MO pas3-
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MepaMm anMasHbiMM 3epHamu. VIX npuMeHeHue AeNCTBUTENbHO MO3BOMMUIIO
YMeHbLWNTb napameTp R,ax, OAHAKO MOMHOCTLIO pewnTb npobnemy obecne-

YeHns TpebyemMon LLepoXoBaTOCTN NOBEPXHOCTU HE YOanocCh.

OnblTaMn yCTaHOBIEHO 3HAYUTESIbHOE BIUSHME Ha LWEepOoXOBaTOCTb 00-
paboTKM KayecTBa WM3roTOBMEHMUS anMasHbIX KpyroB. Hanpumep, anmasHble
Kpyrm Ha meTtannuyeckon cBsaske M2-01 ogHOM M TOM Xe XapaKTepUCTUKM,
npoun3BefeHHbIE pasfIMYHbIMU NpeanpusaTusaMun YkpauHol, Poccun n Pecnybnu-
kn Benapycb, obecneunBaloT pasfnnyHyIo LLEPOXOBATOCTb NOBEPXHOCTH.

OnblTaMn TakKe YCTaHOBIEHO, YTO BaXKHENLIEN NPUYNHOWN, OrpaHuymBa-
IOLWen JOCTUXKEHME BbICOKMX MoKasaTernen LIepoxoBaTOCTU MOBEPXHOCTU Npu
LWNMEOBAHUM ariMasHbIMU Kpyramu Ha MeTansim4eckon CBA3Ke, ABMSETCA He-
A0CTaTO4YHOE KONMUYECTBO 3€peH, PacrnorioXeHHbIX Ha paboyen NoBepXHOCTU
Kpyra. [1oaToMy C uUefiblo yBENUYeHUs NOBEPXHOCTHOW KOHUEeHTpauuu 3epeH
NCMonb3ylTCHA anMasHo-abpasnBHble MHCTPYMEHTbI (OAHOCIONHbIE), N3rOTOB-
NEeHHble 3fieKTporanbBaHNYeCKUM MeToOOM. [1oBEpPXHOCTHas KOHLUEHTpauus
3epeH npu 3ToM yBenuuusaeTcs 40 5 n bonee pas, YTO 9KBUBAIIEHTHO anmas-
HbIM Kpyram 400 — 600-NpoLUEeHTHON KOHUEeHTpaumm (M3roToBreHHbIM METOAOM
MOPOLLUKOBOM MeTannyprum). Takme anmasHble Kpyru, Kak oTmevariocb B pas-
aene 4, 0ocTatovHO 3A(PEKTUBHBI AN OrpaHku NPUPOAHbLIX anmasoB B 6pun-
NNaHTbl, OAHAKO TEXHOMNOrMs UX M3roTOBMNEHUS He ABNSAETCH 3KONOrm4ecku
6esonacHon. C y4eTOM CKasaHHOro, npefBapuTernbHyH0 onepaunto ob6amnpkm
cnegyet nNpou3BoauTb OObIMHLIMWU ariMasHbIMU Kpyramyv Ha MeTasnsimyeckom
ceaske M2-01, a okoHYaTenbHble LWNNMJOBanbHO-NONIMpOBarbHble ornepauum
cnegyeTt Npouns3BOAUTb C UCMOMNb30BaHMEM ariMasHbIX OrpaHOYHbIX AUCKOB, U3-
rOTOBIIEHHbIX 3NeKTporanbBaHNYEeCKUM MEeTOL0M.

4.3.4. dNeKTpPO3pPO3NOHHAA NpaBKa KpynHorabapuTHbIX
anmMasHbIX CerMeHTHbIX NuJl, UCNONb3yeMbIX
Ana obpaboTku TBepAbIX NOpoa KaMHA

[oObnTbCA CHUMXKEHUs TemnepaTtypbl pe3aHUs MOXHO Nepuoguyeckum
npepbiBaHMEM npoLuecca anvasHo-abpasmsHon obpaboTkm [171], a yBenu-
YUTb NPOUN3BOAUTENBHOCTL MNP 06paboTke MaTepranoB BbICOKOW TBEPLOCTH,
Kak nokasaHo B pasgene 1, — noBblLLleHNEM 3€PHUCTOCTU ariMas3HOro UHCTPY-
MEHTa Ha MeTanIM4eckon ceaske. AT ABa akTopa yaavyHo peanm3oBaHbl B
KOHCTPYKUMAX anmasHbIX OUCKOBbIX cerMeHTHbIX nun & 250 ... 1 500 mm n
bonee, nMeWUX NPeEpPbIBUCTYIO paboyyto MOBEPXHOCTb C ariMas3OHOCHbLIM
CNoeM, COCTOSALMM U3 3ePeH MPUPOLAHOro UM CUHTETMYECKOro arimasa Bbl-
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cokoun npo4vHocTn 3epHuctoctbto 1 000/800 n 6onee Ha BLICOKOMPOYHON Me-
Tannuyeckon cesaske (puc. 4.20). Munbl nCnonb3ylOTCs NpU paspeske TBep-
AbIX Nopoa kKamHs (Mpamopa, rpaHnTa un 1.4.). C uenblo NoBbILWEHNA UX CTOW-
KOCTU M ynydlleHus1 BCEX BbIXOAHbIX MokasaTenen obpaboTtku, achdpekTUBHO
NPUMeHeHne KpynHorabapuTHbIX anMasHbIX AUCKOBbIX CEFMEHTHbIX MU gua-
meTpom & 1 500 mm 1 Gonee.

Puc. 4.20. Anma3Hass AucKkoBasa cerMeHTHasa nuna

[Mepen Havyanom paboTbl peKoMeHOYeTCs BCKPbITb afiMasHble 3epHa Ha
pabounx MOBEPXHOCTSAX CErMeHTOB NuSibl NyTeM pe3aHust abpasnBHOro mMa-
Tepvana unmu necyaHo-uemeHTHbIX 6rokoB [122]. OgHako, Kak nokasbiBaeT
ONbIT UX NPUMEHEHNS, NOCcre NpuNanBaHnA ariMasHbIX CErMEHTOB K KOprnycy
NuIbl B pesyfibTaTe HeCOBEPLUEHCTBA TEXHOSMOMM, Kak npaBuno, MMeeT mMe-
CTO 3Ha4MUTENbHAA Pa3HOBbLICOTHOCTb YCTAHOBKWM cermeHToB (4o 1 MM, a B
psge crniydaeB un 6onee). YCTpaHUTb 3Ty Pa3HOBLICOTHOCTb MyTeM OObIYHOM
NpnpaboTkM Kpyra BeCbMa CrOXHO, npouecc TpyaoeMoK. B ¢Bs3n ¢ aTM Ha
3aBOax-M3roToBUTENAX ariMa3HOro MHCTPYMEHTa Npou3BOAAT WngoBaHme
nun (no nepudepun 1 Topuam) abpasmBHbIM KPYrom Ha UMMNOPTHOM obopy-
A0BaHWN, Hanpumep UTanbsIHCKOro Npon3BoOACTBa.

OTO MO3BOMNAET YCKOPUTb MOArOTOBKY NMunbl K paboTe, ogHako, npouecc
He adpdekTnBeH. Bo-nepBbix, OH SABNSAETCSA 4OCTAaTOYHO MPOAOIMKUTENBHbIM,
BO-BTOpPbIX, 0becnevymBaeTcs HU3KOE KayeCTBO BCKPbITUS ariMas3OHOCHOro
cnos, B-TpeTbUX, noTpebnserca 6onbluoe KoNM4ecTBo abpasmBHLIX KPYroB.
Kpome TOro, ¢ nosiBfieHMem B MocriegHne rofbl HOBbIX CBEPXMPOYHbIX Me-
Tannumyecknx cBA30K obpaboTka nun abpasmMBHLIM KPYroM cTana npaktuye-
CKM HEBBIMONHUMON. 109TOMY HEeCcOBEpLUEHCTBO TEXHOSIOMMU U3roTOBIIEHMS
yKasaHHbIX NWUST OrpaHNYmMBalOT UX TEXHOSOrMyeckne BO3MOXHOCTU. Bce aTo
CBMAETENLCTBYET O HEOBXOAUMOCTU NPUMEHEHUS Bonee COBEpPLUEHHbIX TeX-
HOJSTOrMI NOArOTOBKN CErMEHTHbIX MU K paboTe.

B HacToswee BpemMsi uMeeTCs onpefeneHHbIn OnbIT NpaBKM KPYMHO-
3€PHUCTBIX armasHbIX KpyroB 3SIeKTPOIPO3NOHHBbIM MeTogom [118; 161], B

230



4YaCTHOCTK, C UCNOSb30BaHNEM crneumnanbHoro rmbkoro anekrpoga. OgHako B
ycnosusix cbema 6onbLloro obbema anmMasHoro crnosi ¢ Uenbko yCcTpaHeHUs
pPa3HOBbLICOTHOCTM asfiMa3HblX CErMEHTOB NpPepbIBUCTON paboven noBepxHO-
CTU NWUIbl, N3BECTHbIE METOAbl 3NEKTPOIPO3NOHHON MPaBKMU NPUMEHEHUSA He
nony4unnn. OgHa U3 NPUYMH — NPaKTUYECKN OTCYTCTBUE ANEKTPOIPO3IUOHHOIO
npouecca B CBA3M C DONbLUMM MEXINEKTPOAHBIM 3a30pOM, onpeaensiemMbiM
BONbLLION 3EPHUCTOCTLIO, N MHTEHCUBHBLIM UCTUPAHMEM MeTanmna anekrpoaa.
CnepoBaTtenbHo, Ansa 3(deKTUBHOrO OCYLLUECTBIIEHMS MpoLecca 3eKTPo-
9p0O3MOHHON 06paboTkn HeobxoaMMo pewnTb NPobriemMy nNpakTUu4eckon pea-
nn3aumm oNTUMarnbHOIO 3NEKTPUYECKOrO pexumma, obecneuvmBarowlero tep-
MUYecKoe paspyLLUeHne anMasoHOCHOrO Cros C BbICOKOM MHTEHCUBHOCTbLHO.

B cBs3n ¢ aTtum, aBTopamu paboThbl NpeanoXkeHa TEXHONOMMA 3MeKTpo-
9PO3MOHHON 06paboTKN KpynHOorabapuTHbIX arnMasHbIX CEerMeHTHbIX Mun, oc-
HOBaHHasi Ha MCMOJSIb30BaHUM CreunanbLHOro reHepaTopa UMNYJSIbCHOro TOKa,
B KOTOPOM peanun3oBaH OMTUMarbHbIA 3NEeKTPUYECKUN pexnm obpaboTku
anMasHoOro MHCTPYMEHTa 4pe3BbldalHO BbICOKOW 3€PHUCTOCTU B COOTBET-
CTBMWN C pesynbTaTamMu UCCnenoBaHUW, NpMBeaeHHbIX B pasgene 3. YBenu-

UATb TemnepaTypy HarpeeBa MeTannuyeckoil CBA3KM t9 ans ee ymapHo-

TEPMUYECKOro paspyLleHnss Nnpu 60MbLION BENUYMHE 3a30pa MEX3EPEHHOIo
NPOCTPaHCTBA Yy KPYMNHO3EPHUCTOINO MHCTPYMEHTa | MOXHO yBennyeHuem
HanpskeHnss U n anutenbHOCTU MMNynbca Toka 7. Peanusaumsa aTux OByX
YyCrnoBUIN B cneumnanbHO paspaboTaHHOM reHepaTope UMMYfbCHOro ToKa MNo3-
BONUa NOBbICUTb SHEPIUNIO ANEKTPUYECKMX UMMYNbCOB N obecnevntb yaap-
HO-TEPMUYECKOE paspyLleHne MeTanMYecKon CBA3KUM C JOCTATOYHO BbICO-
KO MHTEHCMBHOCTbIO. OTO Aano BO3MOXHOCTU NPOM3BOAUTbL BbICOKOMPOU3-
BOOMTESbHYIO 9NEKTPO3PO3NOHHYID 00paboTKy paboven NoBEpPXHOCTU an-
MasHOM Muibl CO CbeMOM OonbLLOro o6bema anmasoHOCHOro Crod, ycTpa-
HATb PA3HOBLICOTHOCTb N BUeHne Nunbl, obecneymBaTb BCKPbITUE aniMasHbIX
3epeH Ha OTHOCUTENBbHO BOSbLUYIO BbICOTY.

OOHUM N3 HeCcOBEPLUEHCTB AaHHOW TEXHOMNOIMMU SBAAETCA MOBbILEH-
HbI M3HOC 3NeKTpoLa B CBSA3M CO 3HAYMTENbHbIM BbICTYNaHMEM anMasHbIX
3epeH Hag YPOBHEM CBS3KM M HEOBXOOMMOCTbIO nogaepxaHus (perynmposa-
HWSA) YBENMNYEHHOIO MEXINEKTPOAHOro0 3a30pa, OCOBEHHO NpU yCTPaHEeHUM
Pa3HOBbLICOTHOCTM PACMONOXEHUSI CErMEHTOB B npegenax 1 mm.

CnepgoBaTenbHO, NOBbICUTL 3MEKTUBHOCTb AAaHHOW TEXHOMOIMMN 3nekK-
TPO3PO3NOHHON 0BPaboTKM MOXHO nyTemM Bonee KadyeCTBEHHOM YCTaHOBKU
CErMEeHTOB Ha KOpMyC NuIbl, CHUXKEHNSA Pa3HOBBLICOTHOIO PacnofioXeHUs Cer-
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MEHTOB, 4YTO AOCTUraeTca BBEAEHMEM onepauum cneumanbHOW MNOLrOHKM
cerMeHToB. [JaHHasi TEXHOMOrnA 3NeKTPO3PO3NOHHON 0BpaboTKn BHeapeHa
Ha [oMenbckoM 3aBoAe anmasHbliX MHCTPYMEHTOB C UCMONb30BaHNEM Mepe-
00opyaoBaHHbIX MOA 3NEKTPO3PO3NOHHYID 0B6paboTKy CTaHKOB AS11 MeXaHu-
yeckon 06paboTkM KpynHOrabapuTHbIX anmMasHbiX CErMeHTHbIX MW, 4TO
obecneunmBaeT Ka4yeCTBEHHYKD MOArOTOBKY nui K paboTte Ha 3aBoje-
n3rotToBuTeEne.

BbiBOALI K pasgeny 4

1. YcTaHOBMeEHO, YTO NMpu OBYXCTOPOHHEM TOPLOBOM WM OoBaHUM MO
XXECTKOWN CXeMe KepamMuUyecKux nnactuH (MCNonb3yeMblX B 3N1EKTPOHHOW Npo-
MbILLSIEHHOCTK) Ha cTaHkax mogenun 3102 BcneacTBue 3aTynfieHUa anmas-
HbIX KPYroB Ha meTtannuyeckon cesaske M2-01 3HauMTenbHO yBenNnYMBarTCA
CUnbl pe3aHnd, a 3TO NPUBOAUT K CHMKEHUIO KadecTBa ob6paboTkm M nosbl-
LUEHUIO Harpysok, [OeWCTBYIOLWMX Ha paguanbHO-YrNOpHble MNOALLUMMHUKK
LWWNNHOENLHOrO y3ria CTaHKka, U npexneBpeMEHHOMY BbIXO4Y WX U3 CTPOS.
710 TpebyeT TpyAOEMKOro peMoHTa cTaHka. [lpumeHaemMble MeToabl Mexa-
HUYECKOW NpaBKW anMasHoro Kpyra mManoaddekTuBHbI, Tak Kak He obecne-
YMBAKOT OOCTATOYHOrO BbICTYMAHUS ariMasHbiX 3epeH HaL YPOBHEM CBS3KU
Kpyra. [1ns ocyLeCTBNEHUS 3NEKTPOIPO3NOHHON NEPUOLNYECKON NPABKM OA-
HOBPEMEHHO ABYX ariMasHbIX KpyroB (YCTaHOBJSIEHHbIX NapasnnesibHO) Herno-
CpeaCTBEHHO Ha CTaHKke, pa3paboTaHa KOHCTPYKUMA NpaBsALLEero yCTpoOMCcTBa,
paboTatoLlero B aBToMaTM4eCKoM pexmnme, 4To obecnevmBaeT yBefiMyeHHoe
BbICTYNaHMe 3epeH, YCTpaHseT TopuoBoe bueHune KpyroB, MHOFOKpaTHO Mo-
BbILLAET MX CTOMKOCTb, TOYHOCTb M KayecTBO obpabaTbiBaeMblX Kepamunye-
CKMX NMacTWH, YMeHbLlaeT pacxod anmasa. [MpyuMeHeHue 3neKTpo3pOo3nOH-
HOW NMpaBKu MO3BOSNIIO MNOBbLICUTb NPOU3BOAUTENBHOCTL 06paboTKN 3a cyeT
MCNONb30BaHNA NpU WNIMGOBAHMM anMasHbIX KPYyroB MOBbLILUEHHOW 3epHU-
ctoctn 250/200, koTOpble B OObIYHbLIX YCOBUSX HepaboTocnocobHblI n3-3a
BO3MO>XHOCTM AOCTaTOYHOIrO BCKPLITMUSI afiMa3oHOCHOIO Crnosi Kpyra.

2. [Npwv wnudoBaHuu getanen n3 kepammkm u eppmuToB Ha CTaHKax C
Bpawawowmmecs ctonom mogenu 30756 npuMeHsaTCs KpynHorabapuTHble
TopuoBble COOPHbIE anMasHble Kpyrm Ha MeTannmyecknx KobanbToBbIX CBA3-
kax n ceaske M2-01 gnametpom 800 mm 1 6onee. Npu 3TOM BO3HUKAIOT MPO-
6rnembl NOArOTOBKM Kpyra K paboTe, Tak Kak nocrne cbopkn pexyLimx anemMeH-
TOB (LUMNIMHOPUYECKUX BCTaBOK agnameTpomMm 40 MM) B Kpyre MMeeT Mecto Ux
3HauYnTenbHasi PasHOBLICOTHOCTL (40 1 MM 1 Bonee). YcTpaHeHne pasHOBbI-
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COTHOCTU TPagULMOHHO NPOU3BOAUTCA LWnnoBaHnem cCOOPHOro arnmasHoro
Kpyra abpasvBHbIM KpPYrom, OQHaKo faHHasi onepauusi BeCbMa MpPOAOSIKU-
TenbHa n Tpygoemka, TpebyeT notpebrneHns Gonbloro konuyectsa abpa-
3MBHbIX KpyroB. PaspaboTaHHasi TEXHOSOrMsi 3NeKTPO3PO3MOHHOW MNpaBKu
anmasHoro kpyra, cneuuanbHasa TeXHONoOrm4yeckas ocHacTka u cneumanbHble
SNIEeKTPOUMMYIbCHbIE reHepaTopbl CYLWEeCTBEHHO COKpalialoT Bpems noaro-
TOBKW ariMasHoro kpyra K wniMgoBaHuo, Tak Kak He TpebyeTca npumeHeHne
abpasmBHbIX KpyroB. B npouecce aneKkTpoapoO3MOHHOW npaBku obecneyn-
BaeTCs KadyeCTBEHHOE BCKPbITME ariMas3OHOCHOro CInosi KpyrnHO3epHUCTOro
Kpyra, YTO CyLLUEeCTBEHHO MOBbILWAET ero CTONKOCTb, CHUXaeT MHTEHCUBHOCTb
TpeHuss CBA3KM C obpabaTbiBaemMbiM MaTepuariom W MoBblWaeT KayecTBO
obpaboTKkn.

3. ObBocHOBaHblI BO3MOXHOCTU 3PEKTUBHOINO MPUMEHEHUS SNEKTPO-
SPO3MOHHOW MpPaBKW armasHbIX KPYroB Ha MeTasifiM4eckux CBA3Kax B3amMeH
TPaAULMOHHO MNPUMEHAEMOro MeToda 3JrIeKTPOXUMUYECKOW TMpaBku Mpu
orpaHke NpPUPOAHbLIX anmas3oB B OpunnuaHTbl. [peanoxeHbl HOBblE KOH-
CTPYKTUBHbIE CXEMbl OCYLLECTBIEHUSA 3IEKTPO3PO3NOHHOM NpPaBKW, KOTOpble
NO3BOMAIOT CYLLECTBEHHO MOBbLICUTbL ero 3PMEKTUBHOCTL B MPOU3BOLACTBEH-
HbIX YCIOBUAX, YIyYLLUTb 9KOMOrMi0 NPon3BOACTBA. Tak, B npouecce anek-
TPO3PO3MOHHOM NpaBkn obecrneymBaeTCca NOBbILLEHNE TOYHOCTU pabounx no-
BEPXHOCTEN anMasHbIX Kpyros (nriockoctHocTn) B npegenax 0,01 Mm 1 oTHO-
CUTENbHO OOMbLUOE BbICTYNAHWE 3epeH HaL CBA3KOW. YCTaHOBSIEHO OTCYT-
CTBME MacconepeHoca KOMMOHEHTOB MeTannnM4yeckon CBA3KM Ha obpabaTbl-
BaeMOM M3genun, YTo UMeSIo MECTO NOCie MeXaHU4YeCcKon nNpaBkn anMasHo-
ro kpyra. lNpuBegeHbl KOHKpPETHbIE NMPUMEpPLI peanu3aunn 351IeKTPOIPO3NOH-
HOW MNpaBKM anMasHbIX KPYroB Ha MeTalfIM4eckux CBA3Kax Ha onepaumax
OrpaHkM MNPUPOAHbIX anmMasoB B OpunnmaHTbl M NAOCKOro wnmdoBaHnd
TBEPAOCNIAaBHON OCHACTKN CMHTE3a UCKYCCTBEHHbIX afiMas3os.

4. PaspaboTaHa TEXHOMOrMs Hape3aHusi rpaHen Ha M3genusx U3 xpy-
cTana C WUCMofb30BaHNEM 3MEKTPOIPO3NOHHOM MNpPaBKU ariMasHbIX Kpyros
dopmbl 14EE1 Ha wmeTtannudeckonm ceaske M2-01. 3nekTpoapo3noHHas
NnpaBka Kpyra npou3BOAUTCA HENocpeacTBEHHO Ha Kaxaom paboyem mecTe
6e3 cbema kpyra co ctaHka. Bpema npaBkm — 5 ... 10 cekyHn, nepuoaund-
HOCTb — 15 ... 20 MuHyT. [lpaBka BbIMNOMHAETCA C NOMOLLbLIO CrneunanbHOro
aneKkTpoaa, KOTopbln yaepXMBaeT B pykax pabouni. dnekrpuyeckme pasps-
Abl BO36yxgarTca oT mManorabapuMTHOro anekTpoMMNYfbCHOro reHeparopa,
KOTOpbIN OOHOBPEMEHHO MOXeT obcnyxusaTtb 10 cTtaHkoB. B pesynbTate
NPUMEHEHNA 3NEKTPO3PO3NOHHOM MNpaBkM obecneyMBaeTCcs KaydecTBeHHas
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No4roToBKa Kpyra K paboTe: yCTpaHATCA HEPOBHOCTN CBA3KN N DMEHUE Kpy-
ra, ucnpasrisieTcs NnorpelHoCcTb reoMeTpnuydeckon popmMbel Kpyra u noBbilLa-
eTcsa ero pexyuasa cnocobHocTb. B codyeTaHMn ¢ npuMeHeHMeMm anmasHbIX
KPyroB € ONTUManbHbIMU XapakTepuctukamu, o60CHOBaHHLIMWU Bbllle, 3TO
NO3BONSAET CYLLECTBEHHO MOBbLICUTL NMPOU3BOAUTESIBHOCTL U Ka4eCTBO Hape-
3aHM4 rpaHen Ha u3gennax N3 Xpycransd, CHU3UTb 3HauYuTenbHble Pusnde-
CKMe Harpyskm Ha pabodero, KOTopble MMET MecTO B npouecce "pyyHoro”
Hape3aHus rpaHen Ha usgenusix u3 xpycrtans. PaspaboTtaHHasa BbICOKOAM-
dreKkTMBHAA TEXHOSOMMSA Hape3aHusl rpaHen Ha U3Oenusix U3 xpycrans BHea-
peHa Ha psage CTeKosbHbIX 3aBOA0B, U3roTaBnNuUBaOLWNX N3fenus u3 xpycra-
na. MNoa gaHHyo TexHonormo nepeobopynosaHo 6onee 100 paboymx mecT,
CTaHKM YKOMMJSIEKTOBAHbI AOCTAaTOYHbIM KOMMYECTBOM ManorabapuTHbIX re-
HepaTopoOB UMMNYNbCHOrO TOKa.

5. PaspaboTtaHbl 1 BHeOPEHbI TEXHOMNOMMM 3NIEKTPOIPO3NOHHON obpa-
BOTKM cneymnanbHbIX NPOUNbHBLIX arMasHbIX KPyroB, UCNOSb3yeMblX ANs CO-
30aHusa haueTta Ha NMCTOBOM CTeKre, B 3epKasibHOM Mpou3BOACTBE U T.4.
C nomoLblo 3TUX TEXHOMNOIMN pelleHa npobriema npaBkM anMasHbIX Kpyros
dopmbl 1A1 Ha meTannmnyeckon ceaske M2-01, ncnonbdyembix onga wnimdgo-
BaHUS ONTUYECKUX U3OENNN, B YaCTHOCTU, ANS WwiMgoBaHUs NNH3 Npu nU3ro-
ToBNeHMn o4vkoB. B nocnegHem crnydae obecneyMBaeTcss KavyecTBeHHasd
npaBka anMasHblX KpyroB (B TOM 4ucrie rabapuTHbIX) Ha MeTannmn4eckom
cBaske M2-01 ¢ ncnonb3oBaHMEM NPOCTbIX NPaBsALLNX YCTPOMUCTB. [NoBbille-
HMe pexyLien cCnoCoBHOCTU anMasHbiX KPYroB NO3BOMSET YNydlWnTb Kade-
CTBO obpabaTbiBaeMbIX NOBEPXHOCTEN, YMEHbLLUUTL O6pa3oBaHMe CKOSOB Ha
HUX U T.4. TexHonorus BHeApeHa Ha npeanpuatum "3up” (r. XapbKkoB) 1 Opy-
X NpeanpuaTUaX, 3aHMMatoLLNXCS U3rOTOBIIEHNEM JIMH3 4N OYKOB.

6. PaspabotaHa adhdekTMBHAA TEXHOMOrns 3MEKTPOIPO3NOHHON 0O-
paboTKN KpynHorabapuTHbIX anMasHbIX CEerMeHTHbIX nNun (anameTpom bonee
1000 mMm), ucnonb3yemblx B KamHeobpaboTke, koTopas obecneymBaeT
yCTpaHeHne 3Ha4YMTENbHOW Pa3HOBLICOTHOCTM (bonee 1 MM) pacnonoXxeHus
anMasHbIX CerMmeHTOB Ha Kopryce nusibl U Ka4eCTBEHHOE BCKPbITUE anmMaso-
HOCHOMO Crnosi BbICOKOM MPOYHOCTU, YTO HE AOCTUranocb B npouecce Mexa-
HU4YeCKoN npaBkM abpasmBHbIMW Kpyramm Ha crneuuanbHOM ob6opyaoBaHUK
3anagHo-eBpPONENCKOro NpoM3BoacCTBa.
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5. NMepcnekTuBbl 3¢ PEeKTUBHOro NUCMONb30BaHUSA
KPyNnHOrabapuTHbIX anMasHbIX Kpyros
Ha MeTansin4yecKux cBa3sKax

Kak nokasaHo B pasgene 1, npu BbICOKONPON3BOANTENBHOM LUNNGOBa-
HUK, B OCOBEHHOCTU NYBUHHOM LWINMEOBAHUN BbICOKONMPOYHbIX MAACTUYHBIX
MaTepuanos, ariMasHbIn Kpyr Ha MeTannumyeckon ceaske M2-01 MHTEHCUBHO
3acanmBaeTcs U TepsaeT pexyLlyto cnocobHocTb. BBeaeHne B 30HY pesaHus
AOMNONHUTENBHOW SHEPrMn B BUOE INEKTPUYECKMX pa3psiaoB He NO3BOSSET B
NMOSTHOW Mepe YyCTPaHUTb 3acanunBaHWe Kpyra, NOCKOSIbKY MOBbILLIEHNE MOLL-
HOCTU MMMYSIbCOB paspsagHOro TOKa BCNEACTBME MepeMblKkaHUA CTPYXXKKaMu
MEXANEKTPOAHOro 3asopa NpMBOAUT K KOPOTKOMY 3aMbIKaHUIO U NpekpaLle-
HUIO NpoLecca 3NEeKTPOIPO3NOHHOIO (TEPMUYECKOr0) paspyLUEHNs MeTannm-
YeCcKoMW CBA3KM Kpyra un npoayktoB obpaboTkn. OgHnm 13 adpdeKTUBHbIX My-
TeN YMEHbLUEHNS WHTEHCMBHOCTM 3acanunBaHuUs anMasHOro Kpyra npu Lwnm-
doBaHUN MOXeT ObITb yBenuyeHne nnowaan ero paboyen NOBEPXHOCTU 3a
CUET YBENMYEHUS ero Hapy>XHOro gMameTpa 1 BblCOThbl Kpyra. B coyetaHuum c
HenpepbIBHON 3SIEKTPOSPO3NOHHON MpPaBKOW 3TO MO3BOMUT  MOJSIHOCTbLIO
YCTPaHUTb 3acanuBaHue armasHoro kpyra n obecnedmt BbICOKONPOM3BOAU-
TEeNbHbIN CbeEM MaTepuana, 4ocTaTouHbIn Ans 9gEKTUBHOIO MCNonb30Ba-
HWSA anMasHoro Kpyra B3aMmeH abpasnBHOro Ha onepaumax npegBapuTenbHO-
ro wnmgoBaHns TBEpPAbIX CMNAaBOB, BbICOKONPOYHbLIX cTanen u apyrux Tpya-
HoobpabaTbiBaeMbIX MaTepuanos.

B oTnnune ot KpynHorabapuTHbIX abpasmnBHbIX KPYroB, Hapy>XHbl Ana-
MeTp KoTopbix gocturaet 2 000 MM, UenbHble anMasHble kpyru doopmbl 1A1
N3rotTaBnuBaloTCa ¢ guameTpomMm He Bonee 500 mMm. Takume anmasHble Kpyru
n3rotasnueaeT [lonTaBckmn anmasHbin 3aBod. V3rotoBneHme uenbHbIX an-
MasHbIX KpyroB gnameTtpom 600 MM 1 Bblle ABNSETCA TPyAHOPa3peLnMONn
npobriemon B CBA3N C OTCYTCTBMEM B HACTOSLLEE BPEMS COOTBETCTBYHOLLEIO
obopynoBaHus, a Takke HECOBEPLLEHCTBOM M3rOTOBIIEHNSA TEXHOTOMMYECKOM
ocHacTku. Tak, OCHOBOW [N WM3rOTOBMEHUS anMasHOro Kpyra siBnsierca
npecc-gopma, npeacrasnaLas cobom CNoXHbIN KOHCTPYKTUBHLIW Y3€r, CO-
CTaBHbl€ YaCTU KOTOPOro WM3roTaBfMBAKOTCSA M3 CreunanbHOro BbICOKONErn-
pOBaHHOro cnsiaBa. TexHonornma M3roToBreHnsa npecc-popmMmbl BeCbMma Tpy-
AoemMka, obbscHAeTcs aTo obpaboTkon KpynHorabapuTHbIX geTanen ¢ BbiCO-
KOW TOYHOCTbIO Ha chneuuanbHblX rabapuTHbIX KOOPAWUHATHO-PACTOYHbIX
CTaHkax, 3aTeM B rabapuTHbIXx nedyax npu TepmoobpaboTke. CTOMKOCTb
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npecc-popmMbl OTHOCUTENBLHO HebonbLUAasa, HaNpUMep, ogHon nNpecc-opmMon
MOX>XHO M3roTOBUTb 40 AECATM anmMasHbix Kpyros guametpom 500 mm.

[MonNbITKN N3rotToBneHus npecc-oopMbl ANS anmMasHoro Kpyra gnamert-
pom 600 mm Ha lMonTaBckom anmasHoM 3aBoge B 1982...85 rogbl okasanuncbh
BesycnelHbIM1 BBUOY YPe3BblHaNHOM TPYAOEMKOCTU MEXaHU4ecKon U Tep-
Muyeckon obpaboTkn ee CoOCTaBHbIX YacTen.

B cBsasu ¢ atum B UICM HAH YkpaunHbl 1980-e rogbl nownu no nyTtu co-
30aHUs  COOPHbIX KOHCTPYKUMK KpynHOrabapuTHbIX arnMasHbIX KpYyros.
Hanpumep, 6bin n3rotosrieH cbopHbin anmasHbii Kpyr 1A1 600x40 AC15
350/300 M2-01 4, KoTOpbI NpoLlesl LWMPOKUE UCMbITaHUS Ha XapbKOBCKOM
CTaHKOCTpOUTENbLHOM 3aBogde MMeHu Kacumopa c uenbto onpegeneHuns BO3-
MOXXHOCTEWN OCHAaLLLEHUSI UM CrieunanbHOro KpyriownmudoBanbHOro ctTaHka Ha
6asze mogenu 3M151 ansa wnudoBaHMa TBEPOAOCMSIAaBHbIX MHOrOM€3BUNHBIX
NHcTpymMeHToB (Tabn. 5.1 [103]). B xoge ucnblTaHWM YCTaHOBMEHO, YTO OA-
HUM M3 HECOBEPLLEHCTB Kpyra siBNAeTCA ero rnoBbllEHHbIN M3HOC B MecTax
CTblKa ariIMa30HOCHbIX CErMEHTOB, M3 KOTOPbIX COCTOUT KPYr, T.€. KOHCTPYK-
ums Kpyra 6bina He[oOCTaTOYHO HadeXxHa u TpeboBana fanbHeunwero coep-
LLIEHCTBOBAHMUSI.

Tabnuuya 5.1

Pe3yn bTaTbl AKCNepuMeHTalsNIbHbIX uccnenoBaHun

Ycnosus ObpabatbiBaembli MmaTepman
06paboTku TutaHoBLIN cnras Cranb | Cranb | Cranb YyryH
BT-3 45 XBIr
Ver, M/C 0,47 | 0,44 0,4 0,72 0,43 0,417 0,35 0,33
Snoq-10% m/c 25 | 16,6 50 6 30 30 6,6 50
P, H 30 127 364 170 364 364 30 165
Ra, MKM 1,5 1,9 2 2 2,5 1,9 2 1,5

Mpumevanue: NccneposaHusa nposogunucek B natopatopum OKBLUC npu XapbkoBckom
CTaHKOCTpouTeNbHOM 3aBoae umeHu Kacuopa nog pykosogcrtsom [lNawkosa . A.

OKCNepUMEHTanbHbIE 3HAYEHUSI TaHIeHUManbHOM COCTaBNAOLLEN CUMbI
pesaHua P, 1 napameTtpa LepoxoBaTocTn obpaboTkn R,, nornyyvyeHHblie npwu

Kpyrfiom  Bpe3HoM  wnudoBaHmn  anmasHbiM  kpyrom  1A1 600x40
AC15 350/300 M2-01 4 pasnun4yHbix obpabaTbiBaeMbix MaTepmanos Ansa pas-
NAYHBIX  3HAYeHUd ckopocTn aetannm Vp.r W BpesHoW nodaun Sp,

(VKp =40 m/c; gnameTp obpabaTbiBaeMon getanu Dper =44 MM).
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B uenom mncnelTaHna nokasann nepcnekTUBHOCTb NPUMEHEHNSA KPYMHO-
rabapuMTHOro anMasHoro Kpyra B nfiaHe yCTpaHeHWs 3acanvBaHusa U NOoBbl-
LLEHNS NPON3BOANTENBHOCTM 06paboTKu.

B a10 e Bpems B8 MCM HAH YkpaunHbl 6binn 3rotoBneHbl 1 BHEPEHbI
B NPOM3BOACTBO OrMbITHble 00pa3subl COOPHbLIX ariMasHblX KPYyroB AnameTpoMm
800 mm 1 6onee ans wnmMdoBaHns KpynHorabapuTHbIX AeTanen ¢ NoKpbITU-
AMW N HanmaBkamu MeTannypruyeckoro HasHadveHma [131; 133]. AnmasHble
Kpyru, U3rotoBfieHHble Ha meTannuyeckon ceaske M1-10, paboTatoT gocrta-
TOYHO YCTOMYMBO B peXume camo3aTaumBaHus U He TpebylT npuMeHeHusd
9I1IEKTPO3PO3NOHHOMN NPaBKMU.

BmecTte ¢ TeM, npumeHeHne OTHOCUTESTIbHO Manornpo4yHoOM MeTannuye-
ckon cBsaA3kM M1-10 ons n3roToBneHus KpynHorabapuTHOro anmasHoro Kpyra
AnameTtpom 800 MM He NO3BONUIO B NOSTHON MEPE MUCNOob30BaTb €ro TEXHO-
nornyeckne BO3MOXXHOCTU, TaK KaK C yBefiM4eHneM gunameTpa Kpyra W cooT-
BETCTBEHHO ero paboyen MOBEPXHOCTU, CBA3Ka AO0SMKHA ObiTb Mpo4YHee.
BnonHe BO3MOXHO, YTO 4SSl TAKOro anmMasHoro kpyra addektnsHee 661510 Obl
ncnonb3oBatb 6orsiee npoyHyto cBaA3ky M2-01, koTtopas manoadpdekTuBHa
AN1s anmasHbIX KPpYyroB MeHbluero gunametpa. B codeTaHun ¢ anekTpoaposu-
OHHOW MpPaBKOW TaKOW aniMasHblil Kpyr no3sonun Obl yBENUYUTbL NPOU3BOAMN-
TenbHOCTb 06paboTKM 3a cyeT ocyllecTBneHus paboTebl 6e3 3acanueaHus. B
CBSI3M C BbICOKOM CTOMMOCTbO pa3paboTaHHble COOpHble anmasHble Kpyru
Anametpom 800 MM 1 BGonee nonyyYnnn NpUMEHEHUE NUlb B MeTannyprum
npy WnndoBaHUM KpynHorabapuTHbIX AeTanen, rae npuMeHeHne oBbIYHbIX
anMasHbIX KpyroB TEXHUYECKN HEMPUEMNEMO.

Taknum obpasom, B HacTosiLLiee BpeMs NMPUMEHEHNE KpynHOrabapuTHbIX
anmMasHbIX KpyroB Ha meTannmndeckon ceaske M2-01 goopmbl 1A1 orpaHnyeHo
Anametpom 500 MM, NPOMBILSIEHHBIN BbIMYCK KOTOPbIX OCBOEH [lonTtaBckum
anmMasHbiM 3aBogoM. OcHOBHOW 0651acTbi0 MX WCMNOSb30BaHUA SBRAeTCH
LWNudoBaHne HemMeTanndecknx matepuanoB (OrHeynopoB, CTekna, xpycra-
na v 1.4.). Mpn wnudgoBaHum TpygHoobpabaTbiBaeMbIX MeTanIn4eckmx ma-
TepuanoB OHU NPUMEHEHUS (PaKTUYECKN He MONy4mnu, YTo CBA3aHO C Tpysa-
HOCTAMM MOArOTOBKM UX K paboTe n adhdeKTUBHON dKCcnnyaTauuun. Tak ycTta-
HOBJIEHO, YTO BHOBb M3rOTOBJIEHHbLIWN afiMasHbIN KPYr NMocsie ero yCTaHOBKN Ha
CTaHOK uMeeT pagmanbHoe buenue 0,3 mm 1 bonee. YcTpaHuUTb Takoe 60sb-
woe bueHne (cbem Bonbloro obbema arMasoHOCHOrO Crosi) OBbIYHLIM Me-
XaHMYEeCKMM MeToAOM 3aTpydHeHo. 3aTpydHEeHO TaKKe KayeCTBEeHHOoe
BCKPbITUE ariMa3oHOCHOro cnos Kpyra 60nbLwon nnowaan, 4To orpaHMynBaeT
BO3MOXXHOCTU 3PEKTMBHON 00paboTKkM MeTannmyeckux matepuanoB. bo-
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nee TOro, B npouecce WNgoBaHMSA NPOUCXOOUT 3acanvBaHue asimasHoro
Kpyra o0pasyrolMMUCS CTPYXKaMKU, YTO CHMXKAET ero pexyllyt crnocob-
HOCTb. B COBOKYNHOCTU yKa3aHHble (0aKTopbl OrpaHNYnBalOT MCNOSb30BaHNE
anmasHoro kpyra @ 500 MM npu BbICOKONPOM3BOAMUTENIBHOM (B 4acTHOCTU
rnyobuHHOM) WnNudoBaHUM geTanen U3 TBepablX CrnaBoB N APYrNX BbICOKO-
NpoYHbIX MaTepuanoB. CriegoBaTesibHO, OCHOBHbLIM YCITOBMEM MX LUMPOKOro
NPUMeHeHNa MOXeT ObITb co3faHne aPEKTUBHBIX TEXHOMOMIN 3NEKTPOIPO-
3MOHHOM 00paboTKM anMasHoro Kpyra c Lenbio ycTpaHeHnsa 6onbLworo pagu-
anbHOro GuMeHna N KayeCTBEHHOrO BCKPLITUS ariMa3OHOCHOrO Crosi Kak Ha
aTane NoaroToBKU Kpyra K paboTte, Tak U B NpoLecce ero HenpepbIBHON Unu
nepuoanyeckon npasku Npu wnngosaHun. MNpu aToM napamMeTpbl npouecca
9NEKTPOIPO3NOHHOM NPaBKN LOSMKHbI OblTb YBA3aHbI C MEXaHUYECKUM PeXn-
MOM LUNNGOBAHNA M3 YCMOBUS MaKCUMaribHOro0 UCMNOSIb30BaHUSA MPOYHOCT-
HbIX CBOMCTB paboyer NoBepxHOCTUM arMas3Horo kpyra u obecnevyeHuss Mak-
CManbHO BO3MOXHOW MPOU3BOAUTESNTBHOCTM 00paboTkn. B npoTMBHOM cCry-
Yyae, NPUMEHEHNe anmasHoro Kpyra 6ygeTt 9KOHOMUYECKU HelernecoobpasHo
B CBSI3M C BbICOKOWM CTOMMOCTbIO MO CPaBHEHWUIO C OObIYHBbIM anMasHbIM Kpy-
rom gnameTtpom 300 MM, T.e. KpynHorabapuUTHbIN anmasHblid KpYr LOSMKeH
paboTaTb B YCNOBUSX CTpPOroro cobnogeHns onTUManbHOro pexumma LWium-
doBaHus.

B otnuume oT anmasHbix KpyroB dopmbl 1A1, NPOMbILLIEHHOCTLIO
OCBOEH BbIMYCK TOPLOBLIX COOPHLIX ariMasdHbiX KPYroB Ha MeTannnyeckmnx
cBsA3Kax C BOMbLIMM HapyXHbIM AnameTpoM — cBbilwe 1 000 mM. 3Tn Kpyru
MCNONb3YTCA ANS NAOCKOro WindoBaHNA HeMeTannM4ecknx TpyaHoobpa-
BGaTbiBaeMbIX MaTepuanoB: KepaMuKW, KPEMHUS, repMaHusa, ¢eppuToB,
dapdopa u 1.4. COOPHLIN KPYr COCTOUT U3 Kopnyca (nnaHwanbbl) n pexy-
LLIMX ariMasHbIX 35IEMEHTOB, U3rOTOBMNEHHbBIX MeToA4aMMN NOPOLLKOBOW MeTar-
Nyprum UCKNIYMTENBbHO Ha MeTannuyeckon cesaske M2-01 npowussoactsa
[MonTtaBckoro anmasHoro 3aBoga. B Hactosdwee Bpemss OnbITHbIM 3aBOAOM
NCM HAH YKpanHbl OCBOEHO NPOM3BOACTBO ariMa3HbIX 3IeMEHTOB Ha bonee
MPOYHbLIX MeTasIMYEeCcKUX CBA3Kax, YTO MO3BOSISET MNOBLICUTbL CTOMKOCTb
cbopHbIX anmasHbix Kpyros. OgHako npu 3TOM BO MHOMO pas yBenudusaroT
TPYOOEMKOCTb MX MPaBKM Kak Ha aTane noaroToBKW Kpyra K paboTe, Tak 1 B
npouecce akcnnyaTaumn. lNpoBeaeHHble NccrnegoBaHUAa Nokasanu nepcrek-
TUBHOCTb 31EKTPO3PO3MOHHOWN MPaBKN ariMasHoro Kpyra B3amMeH UCnosib3ye-
MOW TEXHOMOrMMU OBLIYHOM MEXaHU4YeCKoM NpaBku, ogHako obpaboTka 60onb-
LIOW nnowagn padboyen NoBEPXHOCTU Kpyra co cbemoM Bonbluoro obvema
anMasoHOCHOro croda TpebyeT noaBoAa BbICOKOW KOHLIEHTpaUUK 3feKkTpude-
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CKOW 3Hepruun. ITo NpegnonaraeT pa3paboTky HOBbIX MOOXOLOB K CO34aHWUI0
TEXHOMNOMMYEeCKON OCHACTKW, MCTOYHMKOB TEXHOSIOMMYECKOro ToKa M Bblbopy
OnTMManbHbIX YCNnoBun 06paboTkK, Tak Kak N3BECTHbIE pekoMeHaaumMmn no op-
raHM3auumn 3NeKTPO3PO3NOHHON NpaBKM ManorabapuTHbIX anMasHbIX Kpyros
Ha MeTannM4eckMx CBA3Kax NpakTU4eckn Henpuemnembl. PaspaboTaHHble
TEXHOMNOMM 3MEKTPOIPO3NOHHON 06paboTKn HeobXoanMbI Takke Ans NoAro-
TOBKM K paboTe KpynHorabapuTHbIX ariMasHbIX CErMEHTHbIX MU U OTPE3HbIX
KpyroB, anMasHbIX KpyroB Ons OrpaHkuM NpUpoAHbIX anmMasoB U U3enun u3
cTekna n xpycrtans, obpaboTkn onTnyeckux getanenm n T.4.

Heobxoanmo oTMeTuTb, 4YTo nosieneHne B 1960-e rogbl METOO0B AneK-
TPO3PO3NOHHOW MpPaBKM anMasHbIX KpYyroB CTano anbTepHaTMBOW MUCMNOMb3Y-
€MbIM MeXaHW4YeckMM MeTodam MpaBku abpasvBHbIM KPYyrom unn 6pyckom
(Hanpumep, 13 kapbuga 3eneHoro), KOTopble He obecneymBaroT OCTAaTOYHO-
ro BbICTYNAHUS 3epeH Had YPOBHEM CBS3KWU, NPUBOASAT K CyLLLECTBEHHOMY U3-
HOCY Kpyra n MexaHU4eCcKoMy NoBpEeXOeHUIO anMasHbliX 3epeH Npu npaske u
CHKEHNIO paboTOCNOCOBHOCTM anMasHoro Kpyra B npouecce wnmgoBaHus.

OcCHOBaHHbIN Ha UCMNONb3oBaHMN adddeKTa ANEKTPOIPO3UM MeTansm-
YecKom CBSA3KM (YOapHO-TEPMUYECKOrO ee paspyLleHUd), MEeTo 3NEKTPO3PO-
3MOHHOW MNpaBKW MpPaKkTUYEeCKN He 3aBUCUT OT MPOYHOCTU MeTann4yeckom
CBSA3KM anMasHoro kKpyra, nosponseT 6onee KadyeCTBEHHO BCKPbITb anMaso-
HOCHbI CMOW Kpyra u NoBbiCUTb ero pabotocnocobHoctb [10; 26; 59; 118;
148]. Kak npaBusio, npouecc 31IeKTPO3PO3NOHHOM MNPaBKM OCYLLECTBNAETCA
Ha cneuuanbHOW YCTaHOBKE, YKOMIMIEKTOBAaHHON UCTOYHUKOM TEXHOSornye-
CKOro TOKa, C MCMNoSfib30BaHWEM MpaBsILLEro anekTpoaa m3 yrnerpadoutoBbiX
MaTepuanos UMM Ceporo 4yryHa, crtanu, Mmeaum v Opyrux matepuanoB, KOTO-
pble 061agatT BbICOKOW AN1EKTPO3PO3NOHHON CTOMKOCTLIO. B KadecTBe anek-
Tpoaa MOXeT ObiTb MCMNOSb30BaH TaKKe KPYNMHO3EPHUCTbIN anmasHbi Kpyr
nnn BpPycoKk Ha MeTanIn4Yeckom CBs3Ke.

Bornee appeKkTUBHO 3MIEKTPOIPO3NOHHYHO MPaBKy OCYLLECTBNATL Heno-
CpeaCcTBEHHO Ha paboyem cTaHke. JTO NO3BOMUT YCTpaHUTb BueHne anmas-
HOro Kpyra 6narogapsi UCKIOMEHUIO €ro NepecTaHOBKN CO CTaHKa Ha CTaHOK
N NOBLICUTb TOYHOCTb 0B6pPaboTkM paboyen MOBEPXHOCTN Kpyra.

B koHue 1960-x n Hayane 1970-x rogoB LUMPOKOE pasBuUTUE MOMYyYUnn
Takke MeTodbl 3NEeKTPO3PO3MOHHOIO MNPOMUANPOBaHNA anMasHbiX Kpyros
[80; 161; 162], 4TO OTKPLIIO HOBbLIE MEPCMNEKTUBLI NPUMEHEHNSA ariMas3Horo
dacoHHOro wnndoBaHus.

[MepBble paboTbl MO MCNOMNb30BaHUID MeToda 3NEKTPOo3POo3un And
NpaBKN ariMasHoOro Kpyra HenocpeaCcTBEHHO B npouecce wnudoBaHus CBs-
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3aHbl C n3obpeTeHnem, nNpeasioXeHHblM B XapbKOBCKOM MOSIMTEXHUYECKOM
YHUBEPCUTETE YYeHbIMW NOA PYKOBOACTBOM npodyeccopoB Cemko M. ®. un
BeasybeHko H. K. [9; 10]. CyTb ero coctouT B TOM, YTO B Ka4eCTBe npassiLle-
ro anektpoda wucnonb3yeTtca obpabaTbiBaemas getanb npu WnNndoBaHUN.
[Mpn nponyckaHMn ToKa Yyepes 30HY pe3aHusl BO3HMKAOT dneKkTpuyeckue pas-
paabl, KOTOpble 06pa3yloT B NoKamnbHbIX 30HaX BbICOKOTEMMNEPATYPHbIE o4varu,
AOCTaToOYHble AN NnaBfieHNA CTPYXXEK U MeTannmyeckon CBA3KM Kpyra. B
pesynbTate 3TOro NpPoMcxoauT HenpepbiBHOE 0BHOBMNEHME paboyen NoBepx-
HOCTU Kpyra, XapakTepusyloLeNnca BbICOKOW pexyuwen cnocobHocTbio. B
Hay4YHO-TEXHUYECKOW NuTepaTtype npeanoXeHHbIn MeToq obpaboTku nony-
4ymn HasBaHue "anmasHo-uckposoe wnundgosanue" [8; 10]. 3ToT MeToa Oo-
CTaToO4HO rnyboKo nccnegoBaH NpUMEHUTENBHO K 06paboTke pasnuyHbIX Ma-
TepuanoB Ha OCHOBHbIX onepauuax wnudosanus [26; 54; 105; 118; 124;
154; 160]. Ero nccnegoBaHuio NOCBALLEH pag AnccepTaunoHHbixX pabot [10;
28; 71; 75; 77; 156]. OnbiITaMn yCTaHOBSIEHO, YTO MpPWU anMasHO-UCKPOBOM
LWIMoBaHNM pexyLume 3epHa BbICTYNalT HaZ YPOBHEM CBSI3KM Ha 3HAYM-
TEeNbHYI BbICOTY, NPAKTUYECKN UCKIToHaeTcs TpeHne obpabaTbiBaeMoro me-
Tanna co CBA3KOW, MHOMOKpaTHO YBENMYMBAETCHA CTOMKOCTb ariMasHoro Kpy-
ra. ATO NO3BOSIET YMEHbLUMUTL CUSbI U TEMMepaTypy pe3aHns, yrnydlnTb Ka-
YyecTBO ObpabaTbiBaeMbIX NOBEPXHOCTEN, a YBENMYEHNE OBBbEMA MEX3IEPEH-
HOro NMpPOCTpPaHCTBa co3daeT OObEKTUBHbIE NPELNOCLIIKN ANS yBENMYEeHUs
NpPOn3BOANTENBHOCTN 0BpPaboOTKM 3a CYET MOBbILLEHUS NapamMeTpoB CPe30B
(yBEnM4yeHus nnowazam nonepevyHoro ce4eHns u OfvHbl cpesa).

BmecTte ¢ TeM, HECMOTPS HA MHOTMOYMCIIEHHbIE NPOBEAEHHbIE UCCEnO-
BaHWUS, TEXHOSIOMMYECKMEe BO3MOXHOCTU OAaHHOro Metoda LWnndoBaHUsA n3y-
YeHbl HeOCTAaTOYHO. OTO CBA3AHO C TEM, YTO UCCNeaoBanmcb OTHOCUTENBHO
Manonpon3BoauTeSIbHbIE NMPOLLECCbI MHOrOMNPOXO4HOro KPYriioro Hapy»Horo,
BHYTPEHHEro M NSIOCKOro WwnngoBaHus, 3aTOYKM MHCTPYMEHTOB, BbIMOSHSAE-
Mble C npousBoanTenbHOCTLO A0 10 ThiC. MM3/MUH [28; 71; 118; 155; 156].
OueHka BO3MOXXHOCTEN MCMNOSMb30BaHUS METoAa Npu BbICOKONPOU3BOAUTENb-
HOM, Hanpumep, rMyonHHOM WNMGOBaHMK, C NPOM3BOANTESNBHOCTLIO 20 ThbIC.
MM>/MUH 1 Bbile He npousBoaunacb. Kpome Toro, nccrnenoBaHUsi B OCHOB-
HOM BbIMOSTHANNCE C UCMOJSIb30BaHNEM ariMasHbIX KPyroB Ha MeTasiiimdeckmx
cBaskax Tuna M1-01, KoTopble CKNOHHbI K caMmo3aTadnBaHuIo.

BO3MOXXHOCTN BbICOKOMPOU3BOAUTESBHOIO ariMasHO-UCKPOBOro  LMn-
dooBaHMA Kpyramm Ha NPOYHbIX MeTannuMyeckux cedaskax tuna M2-01, koTto-
pble B 0BbIYHbIX yCrnoBuax obpaboTkm HepaboTocnoCobHbI, MPaKTUYECKN HEe
OLlEHUBaNUChb.
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B kayecTBe HegocTaTKka crnefyeT Takke OTMETUTb OTCYTCTBME METOAMUK
pacyeTa OMTMMAarbHOIrO 3NEKTPUYECKOro pexmma paboTbl MCTOYHMKA TOKa
Ans peanu3aumn 3afaHHOro MexaHM4ecKoro pexmnma WwningoBaHus. OTO He
NO3BONSET YNpaBfisiTb MPOLECCOM C TOYKU 3PEHUS UCKITOYEHUS (MNKn cyLue-
CTBEHHOIO CHWXEHWS) TpeHusi obpabaTbiBaeMoOro martepuana coO CBSA3KOM
anmasHoro kpyra, nogaepxaHusa Ha ero paboyen NoBEPXHOCTM ONTUMAarbHO-
ro pexywero penbeda n 1.4. OTCYyTCTBME ITUX PELLUEHUN, HA Hall B3rnsg,
ABMSAETCA OCHOBHOW MPUYNHOW HU3KOMN 3PEEKTUBHOCTU NPUMEHEHUS B NPO-
MbILLITEHHOCTM CEPUNHO BbINYCKAEMbIX CTAHKOB AJS11 9NEeKTPO3PO3NOHHOIO
lWnudgooBaHusa (Hanpumep, ctaHkoB mogenen 3K12P, 3K227BP, 3E6243P wu
ap.). lNo nmerowmmcsa gaHHbIM, 3T CTaHKWM B OCHOBHOM paboTaloT B pexume
00bI4HOro WmMdoBaHusa 6e3 NCNONb30BaHUS 3NEKTPOIPO3NOHHON MPaBkn an-
Ma3HbIX KpyroB Ha MeTann4eckux cBaskax.

OTcyTCcTBYET TakKe OMnbIT afiMasHO-UCKPOBOMO LWNNGOBAHNSA KpynHOra-
BapuUTHBIMM anMasHbIMU KpyraMmy Ha MeTanimn4yeckux cBsidkax, YTo He No3Bo-
nset 9adekTUBHO MCMNONb3oBaTb Oonee NpoyvHble MeTanfIM4yeckne CBS3KU
Ans yBENUYEHUS NPon3BOANTESNBHOCTU N APYINX TEXHUKO-9KOHOMUYECKNX MO-
kasatenen obpaboTku. Takmm o06pa3oM MOXKHO 3aKr4uMTb, YTO arniMasHo-
NCKpOBOE LUNUoBaHME ABNAETCA OCHOBHOW Mpeanochinikon apdeKkTUBHOro
NPUMEHEHNS KpynHorabapuTHbIX anMasHbIX KpyroB, OAHAKO, 3TO TpebyeTt
AanbHenwero cCoBepLUIeHCTBOBaHNA npoLiecca.

Kak oTmeyanocb Bbllle, TpebyeT COBEPLUEHCTBOBAHUA U MNPOLIECC
npeaBapuUTenibHON 3NEKTPO3PO3NOHHOM MNpPaBKM KpynHOrabapuTHbIX TOPLIO-
BbIX afiMa3HbIX KPYros, NOCKOMNbKY MMEKLLasCs TEXHOOrn4yeckasi ocHacTka u
MCTOYHUKN TEXHOMOMMYECKOrOo TOKa He NO3BONAT 06ecneynTb BbICOKYH KOH-
LEeHTpaLMIO 3NEeKTPUYECKON dHeprmm npaeku Ha 6onbwon nnowaan obpaba-
TbiIBAEMOW NOBEPXHOCTU ariMasHOro Kpyra Ansa OCYLLUEeCTBIIEHUS BbICOKOMPO-
N3BOANTENBHOIO Chema 6onbLUMX 0O BEMOB ariMa3HOro Crosi C BbICOKOW TOY-
HOCTbIO (NpWU yCTpaHeHMn BONbLIOro pagmanbHOro GueHnsl, pasHOBBLICOTHOIO
pacnosioXKeHUs1 PEXYLLUNX 3NEeMEHTOB COOPHOro anMasHoro Kpyra un 1.4.).

BbiBoAabl K pasgeny 5

1. YCTaHOBMEHO, YTO YMEHbLUUTb MHTEHCMBHOCTb 3acannBaHus an-
Ma3HOro Kpyra npuv WnngoBaHUM MOXHO yBennyeHnem nnowagum ero pabo-
Yen NOBEPXHOCTU 3a CYET YBENUYEHMS HAPYXXHOrO AnameTpa U BbICOTbl KpYy-
ra. B couetaHnn ¢ HenpepbIBHOW 3M1EKTPOIPO3MOHHON MPaBKkon 3TO NO3BONUT
NOSTHOCTbIO YCTPaHUTL 3acanmBaHue anMasHoro Kpyra n obecnevmt BbICOKO-
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NpoOn3BOAUTENbHBIA CbeM MaTepuana, JOCTaToYHbIN ANns 9 PEeKTUBHOIO UC-
NONb30BaHUA anMasHoro Kpyra B3ameH abpasmMBHOro Ha onepauusix npeasa-
pPUTESbHOIO LWNNGOBaHNA TBEPAbIX CMaBOB, BLICOKONPOYHbLIX CTanen u apy-
rmx TpygHoobpabaTbiBaeMbix MaTepmnasos.

2. [lokasaHo, YTO NPUMMEHeHue OTHOCUTESIbHO MaronpoyHou MmeTarn-
nunyeckon cBaskn M1-10 ons M3roToBneHUs KpynHorabapuTHOro armasHoro
Kpyra anametpom 800 MM He MO3BONUIIO B MOSIHONM Mepe UCMOoNb30BaTb €ro
TEXHOSOorMyeckne BO3MOXHOCTU, TaK Kak C yBerIM4eHneM guameTtpa kpyra wu
COOTBETCTBEHHO ero paboyen NOBEpPXHOCTU, CBA3Ka OOMMKHA ObITb MpoyHee.
[MoaTomMy ans KpynHorabapuTHOro anMasHoro Kpyra uenecoobpasHo ncnosb-
3oBaTb Oonee npoyHyto cBasky M2-01, koTopas mManoadpdekTuBHa Ans an-
MasHbIX KPYroB MeHbLUEro AnameTtpa, paboTatowmx, Kak npasumo, B pexmnme
3acanueaHus. B coyeTtaHnn ¢ aneKkTpoapO3NOHHOW NpaBKOW TaKOW KpymnHora-
GapuTHBIA anMasHblA Kpyr NO3BOMUT YBENUYUTL NPOU3BOANTENBHOCTL 0bpa-
BOoTKM 3a cHeT ocyulecTBrieHns paboTbl 6e3 3acanvBaHus.

3. Ons adpdekTnBHOro mcnonb3oBaHus anmasHoro kpyra @ 500 mm
NpWY BbICOKONPOU3BOAUTESTIbHOM rIyOUHHOM WMdoBaHMM eTanen U3 TBep-
AbIX CMNfiaBoOB N OpYyrux mMartepuanosB MNOBbLILWEHHOW TBEPLOCTUM MnapamMeTpsbl
npouecca 3f1IeKTPO3PO3NOHHOM MPaBKU OOIMKHbI ObITb yBA3aHbI C NapamMmeT-
pamMy MexXaHW4eCcKoro pexmma wnmgoBaHna ¢ y4eTOM MakKCUManbHOro uc-
NONb30BaHNA NPOYHOCTHBLIX CBOMCTB paboyen NoBepXHOCTU anMasHOoro Kpyra
n obecnevyeHnss MakcMmarsribHO BO3MOXHOW NPOU3BOAUTENBHOCTU 06paboTKu.
B npoTuBHOM crniyvae, NnpuMeEHeHWe armasHoro kpyra 6yaeT 9KOHOMWYECKM
HeuenecoobpasHO B CBSA3W C €ro BbICOKOW CTOMMOCTbIO MO CPaBHEHUIO C
00bl4HbIM anmasHbiM Kpyrom gnametpom 300 mm, T.e. KpynHoraGapuTHbIN
anmasHbIn Kpyr gormkeH paboTtaTb B YCNOBUAX CTpoOroro cobnwogeHuss napa-
METPOB ONTMMArbHOIO pexuma LWnMgoBaHus.

4. lMokasaHo, 4YTO anMasHo-UcKpoBoe WMdoBaHMe SBMASETCA OCHOB-
HOW Npeanocbinikon 3dEKTMBHOIO NPUMEHEHNSA KpynHorabapuTHbIX anmMas-
HbIX KpYros, OfHaKo, 3TO TpebyeT AanbHeWnwero coBepLleHCTBOBaHUSA Mpo-
uecca. TpebyeT coBepLIEeHCTBOBAHUA TaKKe W Mpouecc npeaBapuTeribHOM
SNEKTPOSPO3NOHHOM MpPaBKU KPyrnHOrabapuTHbIX TOPLOBbLIX anmMasHbIX Kpy-
roB, NOCKOJSIbKY CIOXHO 06eCneyYnTb BbICOKYH KOHLIEHTPALMIO SNEKTPUYECKON
SHeprun npaeku Ha Gonblion nnowaan obpabaTbiBaeMO NOBEPXHOCTU ar-
MasHOro Kpyra [Ans OCYLUECTBIIEHUS BbICOKONPOU3BOAMUTESILHOIO ChbeMma
B6onbnx 06HLEMOB anMasHOro Cros C BbICOKOM TOYHOCTBIO MPU YCTPaHEeHUU
6onbloro paguaneHOro 6MeHnsi, PasHOBBLICOTHOIO PACMONOXEHUSA PEXYLLNX
9NeMeHTOB COOPHOro afiMasHoro Kpyra u 1.4.
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6. CoBpeMeHHble TeXHOJIOrMMN MeXaHU4eCKOWU
00paboTKN NEe3BMMHbIMU PEXYLMUMMN UHCTPYMEHTaMM

6.1. O6ocHoBaHue ycrnoBumn achhpeKTUBHOro NpUMeHeHus
BbICOKOCKOPOCTHOIO pe3aHusi maTtepuarnosB

O6paboTka pesaHMeM B HacTosiLlee BPeEMS SABMSIETCSA OCHOBHbIM METO-
AoM oopmMoobpasoBaHUs NOBEPXHOCTEN MPU N3FOTOBMEHNUM BbICOKOTOYHbLIX U
BbICOKOKaYeCTBEHHbIX AeTanen MalmnH. O3To TpebyeT nomcka HoBbIX 3dhdek-
TUBHbIX PEeLUEHNA COBEpPLLUEHCTBOBAHUSA MNPOLIECCOB pe3aHna maTtepuarnos,
rmaBHbIM 0Bpa3oM, 3a CYET yBEeSIMYEeHUS CKOPOCTU pe3aHns — MPUMEHEHMS
BbICOKOCKOPOCTHOIO pe3aHus.

3a nocnegHue gecAaTuneTns B 3TOM HanpasfieHUM OOCTUMHYTbl onpe-
AEeneHHble yCrnexu: co3faHbl CTaHKN U NIE3BUNHbIE MHCTPYMEHTLI, peanuayto-
lwne ckopoctn pesdaHmsa 100 — 200 m/c. Takne ctaHkn 3apybexxHOro npoms-
BOACTBa NOCTYNalwT U B YKpanHy, 0gHaKo onbiTa ux 3aoEKTUBHOIO UCMNOSb-
30BaHNA HepoctaTtovyHO. OCHOBHblE TPYOHOCTU CBA3aHbl C HU3KOW CTOWKO-
CTb0 OTEYECTBEHHbIX PEXYLUMX MHCTPYMEHTOB, OCOBEHHO NpPU CbeME HepaB-
HOMEPHbLIX NpuMNyckoB. NoaTomy Anst 06oCcHOBaHNA NyTen COBEPLLUEHCTBOBA-
HUSA NPOLLECCOB BbICOKOCKOPOCTHOIO pe3aHns BaXXHO OLEHUTb UX TEXHONOIM-
Yeckne BO3MOXHOCTM.

B obwem cnyyae MowHoOCTb pe3aHna N onpegensieTcs nponsseseHu-
€M TaHreHumanbHOW COCTaBNsAoLEN Curbl pe3aHna P, n cKopocTu pesaHus

V, 1.e. N=P,-V. O4yeBngHo, C yBenn4yeHnem cCKopoctu pedaHua V MoLL-

HOCTb pe3aHus N ysenuumBaetTca. Hanpumep, npun yBennyeHUM CKOPOCTH
pe3aHnsa V ¢ 2 go 100 m/c mowHocTb pe3daHna N (npu ycnosumn P,= const)

yBenudnsaetcs B 50 pas 1 MOXeT JOCTUYb JOCTAaTOYHO BOMbLINX 3HAYEHU.
[MoaTomy peanusaums BbICOKOCKOPOCTHOrO pe3aHus TpebyeT co3gaHus me-
TannopexyLwmux CTaHKOB NOBbLILLEHHON MOLLHOCTH.

C yBenuyeHnem CKOpOCTU pe3aHus V yMeHbLUaeTCs BpPeMsi KOHTaKTa
MHCTPYMEHTa C (PUKCUPOBaHHbLIM cevyeHnem obpabaTbiBaemMon getanu, B pe-
3ynbTaTe 4Yero ymeHbLUaeTcs BpeMs TENmoBOro BO3AenUCTBUSA Ha geTarb. 3TO
crnocobcTByeT ynydlweHnio kadectsa obpaboTku. bonblasa yacTtb Tenna oT-
BOAUTCA obpasytolencs cTpyxkon. OgHaKo Npy 3TOM yBENUYMBAETCA MOLLL-
HOocTb N TennoBOro NOTOKa B 30HE pe3aHusd, YTO NPUBOAUT K YBENUYEHUIO
TemnepaTypbl pe3aHus 6.
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Takon BbIBOA criegyeT M3 U3BECTHOW M3 Kypca PU3MKM 3aBUCUMOCTH,
yCTaHaBnMBalLWEeN CBA3b MEXQY MOLLHOCTbI TennoBoro notoka N 1 pasHu-
uen TemnepaTtyp 64—6, =6 Ha OBYX MNOBEPXHOCTAX CTEHKU TomnwmHoW |

(YCNoBHO paBHOM TOSILLMHE peXyLLen niacTuHbl pesua):

N:z.s1.@, (6.1)

roe A — KoaduUMEHT TeNNonpoBOAHOCTM MaTepuana pesua;
S4 — nnowanb NOBEPXHOCTU CTEHKM (nrowanb KoHTakTa obpasyoLuen-

CSl CTPYXKKW C nepeaHeit MOBEPXHOCTLIO pe3La B M2).

Ecnu npencrasntb MowHOCTb TensioBoro notoka N B Buae [146]:
N=o0-S-V, To nocne npeobpasoBaHnmn 3aBucnmocTu (6.1) nmeem:

0 = M, (6.2)
A

roe o — yCrnoBHOE HanpshxeHue pesaHus, H/im;
S = @ - Sy — nnowaaL NoNepeyYHoro ceveHns cpesa, M;

a — 6e3pasmepHbIi KO3 MOUUMEHT, 3aBUCALLNN OT TOSILMHBI CTPYXKK U
TONWwMHbI cpesa (a <1).

Temnepatypa pesaHus € onpenensieTcsl CKOpoCTblo pesaHust V, 4to
corracyeTtcsl C NPakTUKOW pe3aHunsa: nepuos CTOMKOCTU MHCTPYMEHTa Bblpa-
XaeTc4a rnaBHbiM 06pa3oM CKOPOCTHbIM (pakTopoM.

[MapameTp S sBHO B 3aBMCUMMOCTb (6.2) He BxoauT. OH cBs3aH C TeM-
nepaTtypon pesaHuma 6 KoadpPULUMEHTOM «, KOTOPbIN Mano U3MEHSeTcs C
N3MeHeHnemM napameTpa S. M3 3Toro MOXXHO 3aKIounTb, YTO nnowagb none-
PEYHOro ceyeHnsa cpes3a S HeCyLLEeCTBEHHO BNUSAET Ha TemnepaTtypy pesa-
HMa 6. MNoaToMy C Uenbl MNOBbLIWEHUS MPOU3BOAUTENBHOCTU 0B6paboTKu
nnowanb nonepeyHoro ceyeHms cpesa S uenecoobpasHo ysenunumatb. Oa-
Hako, yBenmyeHne S orpaHM4eHO NPOYHOCTLIO MHCTPYMEHTA.

YMeHbLWNTL TEMNepaTypy pe3aHus ¢ MOXHO YMEHbLUEHNEM MapaMmeT-
poB a, o, |, V nyBenmyeHnem A. Kak n3BectHo, ¢ yBefiM4eHNEM CKOPOCTHU
pesaHna V yMeHblUaeTCa YCITIOBHOE HanpsiKeHue pesaHusl o, OHaKo, He-
CyLWeCcTBeHHO. 10aTOMy C yBENMNMYEHNEM CKOPOCTU pe3aHna V Temnepatypa
pesaHna ¢ 0Oypet ysenunumBaTbCs. COBGCTBEHHO 3TUM M ONpenensrTCcs
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OCHOBHbl€ TPYAHOCTW, C KOTOPbLIMWU CTASIKUBAKOTCH MPU OCYLLLECTBIEHUMN MPO-
LLeCCOB BbICOKOCKOPOCTHOIO pe3aHus.

Kak yxe oTmevanocb, napamMeTpbl ¢ U ¢ Mano U3MeHsTCa ans pac-
cmaTtpmBaemMoro obpabaTbiBaemoro matepuana. [ostomy c uUenbl0 YMEHb-
LUEHNS TemnepaTypbl pe3aHus &, ucxoas u3 3aBUCMMOCTU (6.2), UBMEHATb
HeobOxoanmo napameTpbl | n A, onpegensowme reoMeTpuo MHCTPYMEHTa U
ero TennonpoBogHOCTb. B aTonm cBA3nM 3GpEPEKTUBHO NPUMEHEHNE WHCTPY-
MEHTOB M3 CUHTETUYECKMX CBEPXTBEPAbIX MaTtepuanoB (CMHTETUYECKUX ar-
Ma30B, anbbopa, rekcaHuTa u gp.), XxapakTepumsyrLmxca HaMMEHbLLUNMUN 3Ha-
YeHUSMU Ko dULUMeHTa TennonpoBOgHOCTU A U3 BCEX MHCTPYMEHTalNbHbIX
MaTtepuanoB. BaKHbIM yCHOBMEM MOBbLILLEHUS] CTOMKOCTU PEXYLLErO UHCTPY-
MEHTa HeobxoauMo paccMaTpuBaTb HAHECEHUSI Ha ero paboyme NoBepxXHO-
CTWU N3HOCOCTOMKUX MOKPbITUMA, KOTOPbIE B MEHbLUEN CTEMNEHU NOABEPXKEHbI
M3HOCY B YCITOBMSAX NOBbLILEHHON TeMnepaTypbl pe3aHus, YHem maTtepuan uH-
CTPYMEHTa.

Tabnuua 6.1

Pe3ynbTaTbl UCNbITaHUMA YNIPOUYHEHHbIX PEXYLUMX UHCTPYMEHTOB

YBenuyeHme cton-
HanmeHoBaHne | ObpabaTbiBaembin Teepaocts KOCTH YNPOTIHERHO-
Ne obpabaTbiBaemMoro ro UHCTPYMEHTA K
WHCTPYMEHTAa mMarepwman
mMarepwuana HeynpoYHEHHOMY
( konu4yecTBO pa3)
1 Ceepno 3 um TuTaHoBbIN crinas HRC,>35,5 ep. 20 pa3
CTtanb KOHCTPYKL M-
2 | Ceepno 1,6 mm | oHHas Bbicokonern- | HRC,35 — 43,5 eq. 18 pas
poBaHHas
CTtanb KOHCTPYKLUun-
3 Jon6sak M 1,5 OHHas BbICOKONErun- HRC,> 30 ep. 8 pas
poBaHHas
CTtanb KOHCTPYKUHn-
4 | Don6sk M 1,25 | oHHas Bbicokoneru- HRC,> 30 ep. 8 pas
poBaHHas

Ans oueHkn 3PPEKTUBHOCTU NPUMEHEHNA PEXYLLUX UHCTPYMEHTOB C
N3HOCOCTONKUMW MNOKPbITUAMU (HaHEeCEHHbIMU No TexHonorum KNHT — koH-
AeHcaumss C MOHHOM 6GombapampoBKon Hu3koTemnepatypHasa [45]) Ha
M1 XapbKoBCKMM MalUMHOCTpouTenbHbIM 3aBog "®3" B nabopatopumn nepe-
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A0BbIX MeTogoB 06paboTkm meTtansnioB 6binn nposedeHbl UCMbITaHUSA YNpoY-
HEHHbIX NHCTPYMEHTOB NMpU pe3aHnn psga TpyaHoobpabaTbiBaeMbIX MaTepua-
nos (Tabn. 6.1).

[MpnBeneHHble B Tabn. 6.1 gaHHble NOKasbIBalOT, UTO YNPOYHEHNE pe-
XYLLMX NHCTPYMEHTOB M3HOCOCTONKUMW MOKPLITUAMU NO3BONAET MHOrokpaT-
HO MOBbLICUTb MX CTOMKOCTb. OTO CO34aeT OObLEKTUBHbIE MPEANOCHISIKA WH-
TeHCUUKauMmM pexuMoB pe3aHus 1 B NepBylo ovyepenb — YBENIMYEHUSA CKO-
pOCTU pe3aHns 1 nepexoga B 0651acTb BLICOKOCKOPOCTHOIO pesaHund. Jkcne-
PUMEHTAarNbHO YCTAHOBIEHO, YTO YMPOYHEHHLIN WUHCTPYMEHT obecnevnBaeT
OCYyLLEeCTBMNEeHne npouecca pesaHus TpyaHoobpabaTbiBaeMbiX Matepmasnos B
Tex crnyyasx, koraa pesaHue obbl4HbIM (HEYNPOYHEHHBIM) NHCTPYMEHTOM He-
BbIMOSTHMUMO.

6.2. Onpep,enel-me OoNTUMAJibHbLIX NapamMeTpoB peXXnMmoB
pe3aHnda nNno KputTepuro HaMMeHbluen ceb6ecToMmocTun
06p360TKM N Hay4dHble NpeaAnocCbLIJIKN UX peanndaumm

CHmxeHne cebeCToMMOCTM N yBENMYEeHUe NPOoU3BOAUTESNTLHOCTU Me-
TannoobpaboTkn ABNATCA BaXKHENLUMMM YCIOBUSMU CO34aHNS KOHKYPEHTO-
CNOCOBHOM MaLUMHOCTPOUTENBHON NpoAYyKUMKN. Bornblioe 3HavyeHe nNpy aToOM
MMeeT NpaBusibHbIA BbIOOP ONTMManbHbIX NapamMeTpPoB PEXUMOB pe3aHus U
XapaKTEPUCTUK PEXYLUNX WHCTPYMeHTOoB. [Ana pacyeTa 3KOHOMMUYECKU Bbl-
rOOHbIX PEXUMOB pe3aHns nepBoHa4anibHO HEOOBXOAMMO YCTaHOBUTL CBSA3b
OCHOBHOrO nokasatenst 06paboTkM — CTOMKOCTU PEXYLLEro MHCTPYMEHTA — C
NPOM3BOANTENBHOCTLIO NpoLEecca pe3aHuns.

B pabote [13] npuBegeHa amnupuyeckas 3aBUCMMOCTb AN onpeaene-
HUS CTOMKOCTU PEXYLLIEro MHCTPYMEHTa T, OCHOBaHHas Ha pesyrbTaTax MHO-
ropakTopHOro nNaHMPOBaHNA IKCNepUMeHTa:

— (6.3)

m p’
V 1.tQ.SO

roe t — rnybuHa pesaHus, m;

Sp — npoponbHasa nogaya 3a oauH obopoT getanu, m/06.;

C4,Mm4,q, P — MOCTOSIHHbIE ANSA OnpeferieHHbIX YCrnoBuMn obpaboTku
(my>q>p; my>1).
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MponsBeneHne napameTpoB t-Sy Npu NPOAOSILHOM TOYEHWUM PaBHO

nnowagun nonepeyHoro cedeHust cpesa S. NpounssoanTenbHOCTbL 06paboTku
Q onpepensaetca 3asucumoctblo Q=V-t-Sjy. Torga nocne npeobpasosa-

HUW 3aBUCUMOCTHU (6.3) NONy4YeHo:

_ C, : (6.4)
V™P 4aP.QP

Paspeluasa 3aBucnmocTb (6.4) OTHOCUTENBHO NPOM3BOAUTENBHOCTUN 06-
paboTkn Q, nmeem:

C, 1% P, (6.5)
V™

Kak BMAHO, CTOMKOCTb pexyLiero MHCTpyMeHTa T BNUSeT Ha Npoun3Bo-
ANTenbHOCTb 06paboTkm Q 3HAYNTENBHO MEHbLLE, YEM CKOPOCTb pe3aHuna V.
CnepoBaTefilbHO, OCHOBHbIM YCMOBMEM MOBbILEHUA MNPOU3BOAUTESNBHOCTb
obpaboTkn Q Heobxoammo paccmaTpmBaTb YMEHbLUEHME CKOPOCTU pe3aHnsd
V. OpgHako, 3TO BbI3blBAET yBENMYEHWE Mnowagn NnonepevyHoro CeveHus
cpesa S=Q/V, koTopasa cBA3aHa C TOSILMHON a U LUMPUHOW cpe3a b OTHO-
lweHunem S=a-b.

[MocKONbKy TOMWMHA cpe3a a orpaHuYeHa NPOYHOCTLH) MHCTPYMEHTA,
YBENUYNTL S MOXHO 3a CHET yBeNnn4eHns WnpuHbl cpesa b =t/sing (rae ¢
— yron pesua B nfaHe), T.e. 3a c4eT yBenudeHns rnyobuHbl pesanus t. Mcxogs
n3 aToro, rmybuHa pesaHus t gormkHa NpMHUMaTb MakcMMasibHO BO3MOXHOE
3Ha4eHne, paBHOE BENNYMHE CHUMAEMOro npunycka. 3Hasa rnyouHy pesaHus,
MOXHO onpeaenuTb LWMPUHY cpesda b =t/sing 1 nnowanb nonepeyHoro ce-

YyeHust cpe3a S=a-b=t-al/sing, roe TONwWKMHa cpes3a onpegensieTcsa u3

ycroBusi obecneyvyeHnst MPOYHOCTM MHCTPYMeHTA. [peacraBnss 3aBMCUMMOCTb
(6.3) B BUgeE:

C,t9P
v™.gP

, (6.6)

ANnA 3agaHHbIxX 3HadveHun T, Cy4, t, S, 13 3aBucmumocTu (6.6) onpegensercs
CKOPOCTb pe3aHuna V:
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1

4G-p My
V= 3$é3- . (6.7)

[Mocne nogctaHoBkKM 3aBucumocTn (6.7) B (6.5), onpenensieTcs Makcu-
ManbHO BO3MOXHasi NPOU3BOAMNTENbHOCTbL 00paboTkm Q:

.t97P \m -
q-|Cat s ™ (6.8)
T
C y4yeTOM N3BECTHOrO BblpaXxeHust S =t-a/sing nony4eHo:
1 . aq 1-P
ngiyﬂwnhﬁiijﬂ 69)
T sing

Kak BMAHO, npomn3BoauMTENbHOCTL 006paboTkm Q Tem Oonblue, 4Yem
bonblie napameTpbl t, @ n MmeHblie T, ¢. YuutbiBas, uto T ~1/Q, addek-

TMBHO 00paboTKy OCYLLEeCTBNATbL C MakCMManbHO BO3MOXHOW TeMnepaTypom
pesaHua 6. lNpogonbHylo nogavy Sp Heobxoaumo BbIBMpPATL M3 yCrOBUSA

Sy =S/t.
BaxxHbiM nokasaTtenem npouecca pe3aHnsa ABJIAETCA 00beM CHATOro

matepuana $=Q-T 3a nepmog CTOMKOCTU MHCTPpyMeHTa T. C yyeTom 3aBu-
cumocTu (6.9), umeem:

1 1 q Y

SIS T —
g=CM.T W-tm«(41J ™ (6.10)
sing

Kak BUaHO, yBeNUUYNMTb 0ObEM CHATOrO Matepmana ¢ MOXHO yBenude-
HUEM CTOMKOCTW PEXYLLEro MHCTPYMeHTa T, YTO COOTBETCTBYET YBENUYEHUIO
CKOPOCTU pe3aHusa V, ncxogs ua saBUCMMocTn (6.7), 1 yMEHbLLUEHMIO MPOU3-
BOAMTENBHOCTM 06paboTkn Q, ncxoas ns sasucnumocTu (6.9).

YuunTbiBasi NPOTUBOMOSIOXKHOE BINSHME CTOMKOCTU PEXYLLEro WHCTPY-
MeHTa T Ha 4 n Q, BaxHO npoBecTn aHanm3 cebectommocTn obpaboTku C,
BKMNIOYalLEN 2 nepeMeHHble CTaTbW pPacxodoB, CBsSi3aHHble C 3apaboTHOWN
nnaton paboyero M CTOMMOCTbO MHCTPYMEHTOB, Heobxoammbix Ansa obpa-
6oTkn N getanen (CyMmmapHOro cbema matepmana oobemom 4).
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KonnyectBo WMHCTpyMEHTOB, HEobXoouMMbIX AN CyMMapHOro cbema
mMaTtepuana obbemom ¢, paBHo:

n=", (6.11)

rne 9 — o6beM mMaTepmana, CHUIMaeMoro OIHMM WHCTPYMEHTOM 3a Nepuop
ero cToiikoctu, m>.

Torga, cornacHo pabote [146], nony4eHo:
C=n-T-3y5-k+n-L, (6.12)

roe 3ugc — YacoBasi TapudHas ctaBka paboyero, yac;

K — KOOpPUUMEHT, yYnTbiBAOLLNN BCEBO3MOXHbIE HAYMUCNEHNA Ha 3a-
paboTHyto nnaTty paboyero;
LI — ueHa nHCTpyMeHTa, rpH.

[Mocne npeobpasoBaHU 3aBUCUMOCTb (6.12) npuHMMaeT BUA:

1

T3, .
C= o T Suac K + %1 . (6.13)
1a P11t a 1-P
cC™M .t M. La | m cM. .1 M ¢ ™, ca | m
4 sing 4 sing

Kak BUOHO, CTOMKOCTb pexyLlero MHCTpyMmeHTa T HeO4HO3HaYHO BNUS-
eT Ha cebectonmocTb 06paboTkn C. CyllecTByeT aKCTpeMaribHOe 3HayYeHue
T, npn Kotopom cebectommocTtb obpaboTtkm C npvHUMaeT MUHUMAarbHOE
3HayeHue. [nsa onpeneneHusi 3KCTpemarnbHOro 3HadeHms T Heobxoammo
B3ATb NPOM3BOAHYI0 OT (pyHKUMM C no BenuumHe T 1 NONyvYeHHoe Bblpaxke-
HMWE MPUHATL PaBHbIM HyMt, T.e. NOAYUHUTL (pyHKuMo C Heobxognmomy
YCrOBUIO 9KCTpeMymMa (MUHUMYMA), puc. 6.1:

-imq -1
TC-)KCTp N u3£301'k ) (614)

Kak BMOHO, aKCTpeMaribHoe 3HayYeHWe CTOMKOCTU PEXYLLEro WHCTPY-
MeHTa Tycrp HE 3aBUCMT OT PEXMMOB PE3aHNs, a ONpeaesnseTcs SKOHOMM-
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yeckumun napametpamu L|, 3,,;, kK 1 nokazatenem m, o6ycrnoBneHHbIM u-

3UKO-MEXaHNYECKNMMN CBONCTBAMM MHCTPYMEHTanbHOro n obpabaTtbiBaeMoro
matepuanoB. MuHumanbHoe 3HadyeHne cebectoumoctn obpabotkm C onpe-
aendeTcs nyteM NoACTaHOBKM B 3aBUCUMOCTb (6.13) BblpaxeHus (6.14). lNo-
CKOIbKY 9KCTpeMaribHoe 3Ha4eHNe CTOWKOCTU PEXYLLEro MHCTPYMEHTa Tyyerp

He 3aBUCUT OT PEXMMOB pe3aHunsd, TO XapakTep BIUAHUA napameTpos t, a, Q

Ha MWHUManbHoe 3HadeHne cebectoMmocTn obpaboTkm C onpepgensercs
3aBUCMMOCTbIO (6.13).

CA

QSKCTp Q'
6

Puc. 6.1. Obwun BuA 3aBUCMMOCTU cebecToumMmocTn obpabotku C
OT CKopocTu pe3aHusa V (a) u nponssoauTeribHOCTU obpaboTku Q (6)

YMeHbLNTb MUHMMarnbHoe 3HayeHne cebectommocTn obpabotkn C,in

MOXHO yBenn4yeHnem rnybuHbl pesaHus t u TonwmHbl cpesa a. JTO OOCTU-
raeTca NPUMEHEHMEM COBPEMEHHbIX COOPHbLIX BbICOKOMPOU3BOANTEMBHbLIX
TBEPAOCNSIaBHbIX MHCTPYMEHTOB C M3HOCOCTOMKUMMW MOKPLITUAMMU B YCIOBUSX
BbICOKOCKOPOCTHOIO pe3aHusi, Hanpumep O4HOM M3 KPYMHENLWMX MeTannoob-
pabaTtbiBatoen komnaHum mupa TaeguTec (KOxHaa Kopes), dunmnanom ko-
TOpon B YkpauHe aBnsetca ompma TaeryTek YkpauHa (r. QHenp).

[ns peannsaumm BbICOKOCKOPOCTHOIO pe3aHusi MoryT OblTb pEeKOMEH-
AO0BaHbl MeTannopexywme ctaHku ¢ YUY Ttuna "obpabaTbiBaowmm LeHTp"
npoussoacTBa komnaHmm Doosan (KOxHas Kopes). CTaHkn npegHasHadeHbl
ANs1 BbICOKOCKOPOCTHOM 06paboTkM getanern mM3 pasHblX MaTepuanoB CO
CNOXHbIMW MPOCTPAHCTBEHHbIMU (hopMaMn.  IKCKNHO3UBHbIM ANCTPUBLIOTO-
pom koMmnaHum Doosan B YkpauHe asnsetca OO0 "BapuTek" (r. QHenp).

KomnaHun TaeguTec n Doosan Takke TECHO COTpygHM4YaloT C TexHu-
yeckum LleHTpom «BapunYc» (r. [IHenp), KoTopbln, paboTtad Ha NPOMbILLSIEH-
HOM pbIHKE YKpauHbl, ABRsieTCs HanbornblUen KOMMaHnen, cneuuanuanpyto-
Lencs Ha obecneyeHun NpegnpusaTuin obopygoBaHMEM, MHCTPYMEHTaMu, 3a-
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nacHbIMKU Yactamum u T1.4. TexHuyeckun LleHTp «BapuYc» npepocrtasnder
NOSIHbIA KOMMeKc paboT no pa3paboTke U BHELPEHUID TEXHOMOrMMM Mexa-
Huyeckon obpaboTkn, a Takke NocTaBke U cepBucy MeTannoobpabaTbiBa-
owero obopyaoBaHus npakTuyeckn ans Bcex paboTatowmx npeanpuaTum
MaLMHOCTPOUTESIbHOW, MeTarlypruyeckon n Jpyrnx otpacnen npoMbiLl-
NIEHHOCTWN, BKIlOYasa MHOrMe nogpasneneHns XenesHolx gopor. upekropom
TexHuyeckoro LleHTpa «BapuYc» aBndetca kaHOoupatr TEeXHUYECKUX Hayk
XXosTobptox B. A. — oguH 13 aBTOpOB HacTosiwen moHorpadun. oaTomy
HUXE pPaCCMOTPEHbl TEXHOMOrMYeckne BO3MOXHOCTM NpPeasIOKEeHHbIX Me-
Tannopexywmux CTaHKOB U UMHCTPYMEHTOB U pa3paboTaHHble Ha UX OCHOBE
BbICOKOI(D(PEKTUBHbIE 3KONOrnMyeckn OesonacHble TEeXHOMOrMM BbICOKOCKO-
POCTHOM MexaHn4YecKkon o6paboTKn pasnnyHbIX AeTanemn.

Cnenyet OTMETUTb, YTO 30HA pe3aHus Ha npegnaraembiX CTaHKax B
npouecce paboTbl MOMHOCTBLID U30NMPOBAHA, CTAHKM 3aKPbiTbl 3aLLUTHBIMM
KOoXXyxamu. Bce 3awuTHble CUCTEMbI CTAHKOB CNPOEKTUPOBaHbl Tak, YTOObI
Npn HopMarbHbIX YCNOBUAX paboTbl NpeaoTBPpaTUTL BO3MOXHbLIE PUCKU (KOH-
TakT paboyero ¢ npumeHsiembimn macnom n COXX, sabixaHme napos COXK n
MbINK, BbI3BaHHbIX 0COBEeHHOCTAMM 0BpabaTbiBaeMbIx MaTepmnasnos 1 T.4.).

YCTaHOBMNEHO, YTO YPOBEHb WMOHU3UPYIOLLEro U3My4YeHUs B TOYKax pa-
Bouyen 30Hbl CTaHKa MeHbLUEe npeaeribHoro ypoBHA. CrniegoBaTenbHO, CTaHOK
He $BMSETCA WMCTOYHMKOM OMAaCHOMO YPOBHS WMOHU3UPYIOWNX W3MYyYEeHUN.
YCTaHOBMNEHO TakxKe, YTO YPOBEHb LUyMa Mpu HopMarsibHbIX pabo4ymx ycrnoBu-
AX He npesblwaeT 8046, YTo He NpeacTaBnNseT OoNacHOCTM AnA nonb3oBaTe-
nen ctaHka. Bce aTo nossongaeT obesonacutb paboyvero Bo Bpemsi paboTbl Ha
CTaHKe M yrnydllaeT 9KOMOrni npomM3BOACTBaA, @ NPUMEHSIEMbIE TEXHONOMM
MexaHun4yeckon obpaboTkmM Ha CTaHKe crnegyeTt paccMaTpuBaTb 9KONOrMYeCcKu
YUCTbIMM N Be30nacHbIMM TEXHOSTOTNAMM.

6.3. MNaTuoceBon nopranbHbIN 0OpabaTbIBalOWMUNA LLEHTP
DOOSAN BM 2740U — nyJwee peLwieHue ans
BbICOKOCKOPOCTHOU 06paboTKu KpynHorabapmuTHbIX
aBUaALUMOHHbIX aAeTaneun

Kak noka3aHo BhblilLe, BbICOKOCKOPOCTHasi MexaHu4yeckas obpaboTka sB-
nseTcs OAHMM M3 MPUOPUTETHLIX HanpaBneHUN COBPEMEHHOW TEXHOMNOrmm
N3roTOBNEHNSI AeTanen netaTenbHbIX annapatoB. BHeapeHue Takon obpa-
OOTKM B aBMALMOHHYH NPOMBbILLIIEHHOCTb NO3BOMSIET CYLLECTBEHHO NOBLICUTL
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Npon3BOANTENBHOCTbL TpyAa Npn 0gHOBPEMEHHOM MOBbILLEHUN TOYHOCTU 00-
paboTKM M KadecTBa U3roToBMeHNA caMoneTHbiX AgeTanen [38]. B aBnaymoH-
HbIX KOHCTPYKLMAX HaXOAAT LUMPOKOE NPUMEHEHNE BbICOKONPOYHbIE aritoMu-
HWeBble, MarHMeBble N TUTaHOBbIE cnniasbl. [1py M3roToBreHMn getanen u
yarnoB camoneTtoB Ao 25 — 35 % oT obLen TpyaoeMKOCTU N3roTOBNEHUS N3-
Aenuin COCTaBnsalT onepauun MexaHuyeckon obpaboTknm Ha MmeTannopexy-
LLKX cTaHKax (puc. 6.2). icnonb3oBaHMe B KOHCTPYKLMSAX arperatoB camorsie-
Ta KpynHorabapuTHbIX MOHOMUTHLIX AeTanen CroXHbIX (hopM 13 TpyaHOO6-
pabaTblBaeMblX MaTtepuanos Bbl3blBaeT yBenndeHne obbema paboT no me-
XaHu4yeckon obpaboTke.

Puc. 6.2. letanu n y3nbl camonerTa,
KOTOpble noagBepraroTcss MexaHn4yeckomn obpadboTtke

KomnaHuna Doosan (KOxHas Kopesi), OpueHTUpyACb Ha 3akasyuka, no-
CTOSAHHO pa3pabaTtbiBaeT u BHeapsieT nepenoBble TEXHONMOormm mMeTannoob-
paboTkn B MalLMHOCTPOEHUU, co3aaBas obopyaoBaHNe OTANYHOIO KadecTBa.
E>xerogHoO KoMnaHua MHBECTUPYET B CBOE pa3BUTUE, BCreACTBME YEero nosie-
NATCA HOBble Mogenn obopyaoBaHUA U peLleHus], YCNeLwWwHo NPUMEHSAIoLWK-
ecs Ha npeanpuaTUaX aBUaLMOHHOM U KOCMUYECKOW NPOMBbILLSIEHHOCTU A4
06paboTKM pe3aHneM CroXxHbIX geTanen.

MatnoceBon nopTanbHbI obpabaTtbiBaowmn LeHTp Doosan BM 2740U
(puc. 6.3) cneumanbHO CNpPOeKTUpoBaH ANns 06paboTku aBMALMOHHLIX AeTa-
nen CrioXXHon (popmbl 3a OAWH YCTAHOB, YTO MO3BOMSET YIyHLWNTbL Ka4eCcTBO
nony4YyaembIx U3genumn, a Takke CHU3UTb cebecTOMMOCTb NX U3FOTOBMEHUS MO
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CPaBHEHUIO C TpaaULMOHHON 06paboTKOM Ha HecKosbkux cTaHkax. Obpaba-
ThiBalOWMn LeHTp Doosan BM 2740U yxe B 6a30BOM UCMOMHEHUN OCHALLEH
LenbiM HabopoM LOMOSTHUTESbHbLIX OMUMK, MO3BOSISAIOLWNX BbINOMHATL BbICO-
KOCKOPOCTHYIO MPeLUn3noHHy0 0bpaboTKy uenoro psga TpaauuWoHHbIX AS1s
a’3poKOCMUYECKOU oTpacnu getanen. TOYHOCTb NO3ULMOHMPOBAHUSA MO TPEM
NMHENHBIM OCSIM COXPaHSETCA NOCTOSIHHOM NMPU CaMOM Harpy>XeHHOM pPexu-
Me paboTbl bnarogaps cucteme TepMokomMmneHcauuu. Kpome Toro, Bce nu-
HEeWHble OCK B CTaHAapTe OCHaLleHbl NPEeLM3MOHHBIMU POSTIMKOBLIMWU Hanpas-
NAOLWMMU 1 ONTUYECKUMU NUHENKAMN.

Puc. 6.3. ObpabaTbiBatrowinun LeHTp Doosan BM 2740U

MopTanbHasi KOHCTPYKUUSA CTaHKa C ABYMSI CUMMETPUYHO pPaCrorioXKeH-
HbIMW (PUKCUPOBAHHBIMWN KOFTIOHHaMM MOBLILLEHHOWN XEeCTKOCTM obecneynBaeT
ctabunbHble ycnosusa obpaboTkm 6e3 Bubpaumm 3a cyeT cbanaHCMpPoBaHHOIO
pacnpeaeneHnst Beca, a Takke appekTMBHOro paccemsaHns Tenna, Bblgens-
€eMOoro B npouecce 06paboTku.

YHuBepcanbHas BbICOKOCKOPOCTHasi NMOBOPOTHAas rofloBka C MpsiMbiM
NPMBOAOM MO3BOMSET BbINOSHATL HENPEPbIBHYIO 06paboTky aeTtanen 6onb-
Wnx rabapuToB B TeYeHwe anutenbHoro BpemeHun. OgHOBpeEMEHHas 5-Tu
oceBas 06paboTka NO3BONSAET 3HAYUTENBHO COKpaTUTL BpeMsi, Heobxoanmoe
Ans 0bpaboTkm geTanemn co CroXxHbIM Npodunem.

KoHnyc wnuHaens ctaHka (HSKAG3) ocHawaeTcs Dual contact system —
cUCTEeMOM, KoTopas PUKCUPYET MHCTPYMEHT NO ABYM NOBEPXHOCTAM. KOHTaKT
OCYLLIECTBNSAETCS HE TONbKO MO GOKOBOWM MOBEPXHOCTU, HO M MO TOpLYy Onpas-
Ku, Npugasas cucteme omkcaumm MHCTPYMEHTa AOMOMHUTENBHYIO XXECTKOCTb
n obecneumBas BbICOKYHD TOYHOCTb 06paboTkm Ha ckopoctax go 18 000
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006./MVH 1 BblWe. OTa cuctemMa rnomoraeT CBECTU K MUHUMYMY BuBpauuu,
LLUYM M NOTEPU MOLLHOCTU, 0ObIYHO XapaKTepHble OS5 BbICOKOCKOPOCTHOM 006-
paboTtkn. Dual contact system BxoguT B KOMMMEKT cTaH4apTHOM MNOCTaBKM.

NHTepecHa Takke onpoboBaHHas BpemeHeM dyHKums Heat displace-
ment Control — Doosan Heat Control Device.

[na obecnevyeHna ToyHOCTM obpabaTtbiBaeMblx AeTanen B YCroBUAX
MaccoBOro MNpou3BoacTBa (HenpepbiBHbIM rpaduk paboTbl 0bopynoBaHus,
KO3dhpuMUMEHT ncnonb3oBaHna obopygosanus 0,9 — 0,95, noBbIWEHHbIE pe-
XUMbl pe3aHunsl, YyacTble nepexonbl OT YepHoBoW 06paboTkM K YMCTOBOW U
obpaTHO) CTaHKM OCHaLlalTCsa cuctemamm obpaTHOM CBA3M C AaTynkamm nn-
HEeWHbIX nepemMeleHnn (abCosnoTHbBIMN  N3MEPUTENBHBIMU  FIMHENKAMM)
HEIDENHAIN ('epmanus).

C aTon uenblo, ANa KOHTPONs TEennoBbiX gedopMaunin U CMELLEHUN
ocn Z Doosan ucnonbayeT cBoto paspaboTtky — Heat Control Device. NHdop-
Mauunsa 0 TeMmnepaTypHbIX KonebaHusaX B pexmnme peasibHOro BpemMeHu ¢ aat-
YMKOB, PACMONOXEHHbIX Ha LWNWHAENE U CTaHWHEe, NOCTynaeT B onepauuoH-
Hyt0 nporpammy. Npn 3TOM U3MeHeHNEe KMHEMATUYECKUX U TEPMUYECKUX Xa-
PakTEPUCTUK, a Takke BMMSHUE Harpy3ku Ha TOYHOCTb B npolecce obpaboT-
KN onpeaenstoTcs NMMHENHbIMU daTYnMKaMn N y4UTbIBAOTCA CUCTEMOW yrpaB-
NeHuns1, YTO NO3BONSAET AOCTMUraTb BblCOYaMLLEN TOYHOCTU MNO3NLMOHNPOBAHNS
ctaHka — go £ 3 mkMm. ObpabaTbiBatowmn LeHTp Doosan BM 2740U ynpas-
nsaetca cuctemon UlY Heidenhain iTNC 530. [aHHas cTomka oTnv4yaeTcs
ONTUMU3NPOBAHHOW CUCTEMOM YyNpaBrieHNsa NepeMeLLEHNEM N0 TPaeKTopPuUM,
KOPOTKMM BpemeHeMm o0bpaboTkm Kagpa v cneumanbHbiMU CTpaTternsmm ob-
paboTKM LWITaMNOBaHHbLIX AeTanen. LindpoBas apxutektypa M BCTPOEHHOE
umdpoBoe ynpaBreHne nNnpnBogamm ¢ MHTErPUPOBaHHbLIM NpeobpasoBaTteniem
obecneuvnBaloT BbICOKYDO CKOPOCTb 06paboTkM npu BbiCOYaWLLEN TOYHOCTU
KOHTYypa, 4YTo ocobeHHO Heobxoaumo npu obpabotke 2D koHTypoB unn 3D
dopm. [OuHamMuyeckmn KOHTPOISib CTOnkHoBeHun (onumsa DCM) cuctemsl
iTNC 530 NOCTOAHHO KOHTPONMpYeT paboyyto 30HY CTaHKa Ha NpeaMeT BO3-
MOXHbIX CTONIKHOBEHUN pabounx OpraHOB CTaHKa C 3aXXMMHbIMU MPUCNOCOD-
neHuamun. AgantneHoe ynpasneHue nogaden (onuus AFC) aBTomaTtudecku
perynmpyeT KOHTYPHYIO nogady B 3aBMCUMMOCTU OT MOLLHOCTU LUMUMHAENS U
Apyrnx napameTpoB. Takon Habop onuui 1 BO3MOXXHOCTEN CTaHKa Mno3BOSis-
0T ONTUMMN3NPOBaTb BpeMs 06paboTKn, KOHTPONMPOBATb MHCTPYMEHT U LUa-
ANTb MexaHuKy cTaHka. C y4eTOM BCeX BbllenepeyncneHHblX OCOBeHHO-
cten, obpabaTtbiBarowmin LeHTp Doosan BM 2740U no3BonsieT NnoaHATb 00-
paboTKy aBMauVOHHbIX AeTanen Ha Ka4eCTBEHHO HOBbLIN YPOBEHD.
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6.4. 9hheKTUBHOCTb NPAKTUYECKOro NpUMeHeHUs
MHOroyHKLUOHaNbHbIX TOKapHO-ppe3epHbIX
obpabartbiBaowmx ueHTpoB DOOSAN HOBOro nokosrneHus
cepuu PUMA SMX

Cepus PUMA SMX - MHO20QpYHKUUOHasIbHbIE mokapHo-
¢gpesepHblie obpabambisarowue ueHmpol DOOSAN Hoe020 nokoiie-
Hus. Bce yauie pykoBogutesnien MalMHOCTPOUTESbHbIX NPeanpuaTnn Ykpa-
MHbI B LieNsX NOBbILLEHNS KayeCTBa BblMyCKaeMon NPOAYKLUNN U €€ KOHKYPEH-
TOCNOCOBHOCTM MpuBreKalT LOCTOMHCTBA MHOrOQYHKLMOHANbHOro coBpe-
MEHHOro metannopexyuwero obopyaosaHus [33; 43]. Takon Tun obopynosa-
HUA NHTEepeceH, npexae Bcero, o6beanHeEHNEM BO3MOXHOCTEN HECKONbKUX
MalUMH B OAHOM CTaHKe, YTO MO3BOSIIET 9KOHOMUTb MNPOM3BOACTBEHHbLIE
nnowaan, paboyee BpeMsi U UCNOSb30BaTb CaMble COBPEMEHHbIE TEXHOO-
rmyeckme BO3MOXHOCTU. [1pon3BoanTenibHOCTb, TOYHOCTb M HAAEXHOCTb HAB-
NATCA OCHOBHbIMU KPUTEPUSIMU, KOTOPbIMWU, MO MHEHUKO noTpedbutenen,
AomKHO obnagate obopyaoBaHue. B To e Bpems, Bo3pacTarowasi Heobxo-
ANMOCTb B NMPOM3BOACTBE Bce Bonee CnoxHbix getanen ¢ MUHUManbHbIMU
3aTpatamu, TpebyeT npumeHeHns obopyaoBaHUsS C MakCcUMarbHON OYHKLN-
OHanbHOM MBKOCTbLIO.

D1 240 { 2120

Puc. 6.4. MHoropyHKUMOHanbHbIN Pwuc. 6.5. [lnana3oH
TOKapHo-thpesepHbIN ob6pabaTbiBaloWMn BpaweHusa ocu B
ueHTp PUMA SMX 2600S

TokapHo-dpesepHble obpabaTbiBaowme ueHTpbl cepun PUMA SMX
(puc. 6.4) komnaHnmn "DOOSAN Infracore Machine Tools" — 3T0 HOBO€E MOKO-
neHne MHOroyHKUMOHanbHbIX obpabaTbiBaloWmMX CTAHKOB, OT/NYaOLLMXCA
BbICOKOW NPOU3BOAUTESIbHOCTbBIO, UCKMOYNTENBHOM TOYHOCTBIO U NMPOCTOTOM
B 9KCnSlyaTauumu, KOTOpble NpeaocTaBfisloT BO3MOXHOCTb MCMNONb30BaHUSA
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Nyywmnx  pewweHnn B Knacce  MHOrodpyHKUuoHanbHoro obopyaosa-
HWMA. TokapHo-cbpesepHble LEHTpbl cepun SMX aBnarTCA MUPOBLIM NUae-
pOM B CBOEM Kriacce n obecnevmBaloT OT/IMYHbIE NOKa3aTeNny BbICOKOTOYHON
00paboTKkM 3a cYeT NPUMEHEHUSI CUCTEMbI MUHMMMU3ALMU TEPMUYECKON Ae-
doopmMmaumn, OCHOBAaHHOW Ha (PYHKUMAX TeMrepaTypHOMU KOMMeHcaumn B npo-
Lecce BbICOKOCKOPOCTHOIO pe3aHusi. SproHOMUYHbIN AM3alH CTaHKa MOBbI-
laeT KoMmcopT onepartopa, obecneymsas yqobCTBO 3arpy3ku—BbIrpy3ku ge-
Taneun, KOHTpons npouecca o6paboTkn 1 ganbHenwero obecnyxuneaHus, a B
Lenom adpPeKTUBHYHO IKCMyaTaumio BCEX TEXHOSTOMMYECKNX BO3MOXHOCTEN.

KpaTkune xapakrepuctuku ctaHkos cepum PUMA SMX:

— BbICOYaKLLAA XXECTKOCTb OPTOrOHasIbHOM KOHCTPYKLMN;

— yBennyeHHoe nepemeuteHne no ocu Y, pasHoe 300 £ 150 mm, yTO
onpegensaeT WMPUHY obpabaTbiBaeMbiX MOBEPXHOCTEN METOLOM (hpesepo-
BaHMA — 3TOT NapamMeTp Nyylnin B Krnacce aHarormyHbIX CTaHKOB cpeaun BCEX
MMPOBbLIX MPON3BOANTENEN;

— QPrOHOMWYHBLIN AN3anH N KOMMNAKTHbIE pasmepbl;

— BbICOKasi TOMHOCTb U MPOU3BOANTENBHOCTL 3a CHET NMPUMEHEHUS BCEX
N3BECTHbIX TEXHOMNOMMYECKNX pas3paboTok;

— NPUMEHEHME CUCTEM aBTOMATU3UPOBAHHOIO U3MEPEHUS N OYHKLMN
KOMMeHcauuu;

— [Ba BbICOKOMOLLHbIX TOKapPHbIX LWNWHAENSA, OCHALEHHbIX ABUraTens-
Mu Tuna "Built-in" (rmaBHbIN WNWHAENb U KOHTP-LUNNHOEND);

— aBTOMaTUYeCKNN Maras3vH MHCTpPyYMeHTa ANs (ppesepHoro wnuHaend
Ha 40 noavumn (B cTaHOAPTHOM KOMMSIEKTAUUM) C BO3MOXHOCTbIO yBeEnnYe-
HMa ao 80 no3uymi;

— aBuratenbs pesepHoro wnuHaens tina "Built-in" (BCTPOEHHLIN B NO-
BOPOTHYO dope3epHylo rofioBky) ¢ yBennyeHHon go 12 000 06./MuH makcu-
ManbHOW CKOPOCTbK MO3BOMSAET BbINOMHATL (Ppe3epHble onepaunn nodown

CMOXHOCTU, YTO oBecrneynmBaeTcs NOBOPOTOM (bpe3epHoii ronosku Ha 240°

(+ 120°) (puc. 6.5).

Bbicokasi npou3zeodumesibHocmb. CH/WXEHME MaLUMHHOIO BpPEMEHU
06paboTkn geTanun No-npexHemMy SBMSIETCS BaXXHbIM KPUTEPUEM, BIUSIOLLNM
Ha OOLLYD 3KOHOMUYECKYH 3(P(PEKTUBHOCTL MALUMHOCTPOUTENBHOINO nNpea-
npusaTna.  Bbicovanwaa npou3BOAUTENbHOCTL  cTaHkoB  cepun PUMA
SMX gocTturaeTca 3a cyeT cokpauleHus obuiero BpemMeHun obpaboTkm n Ko-
nuyecTtBa onepauun nyTeM KOMMMNEKCHOW MexaHudeckon obpaboTku gaxe
caMbIX CIOXHbIX AeTanu 3a oguH yctaHoB. OOHOBPEMEHHO CoOKpallaeTcd
BpeMS LMKNa U MexonepaunoHHoe BpeMsi, Yemy crnocobCTBYHOT HENPEB3OM-
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AeHHble nokasaTenu YCKOpPeHHbIX nepemelteHnn 0o 48 m/mMmH. Kpome BO3-
MOXXHOCTW KOMMMEKCHON obpaboTkn ToueHueM, ppesepoBaHMEM, LUK MPo-
M3BOACTBA AeTann COKpawaeTcs 3a CYEeT BbINOMHEHUS AONOMHUTENbHbIX
ornepaunmn ¢ UCrnosib30BaHMEM BCMOMOraTeibHOro LWNMHOESS.
lpeeocxodHasi MOYHOCMb. BbICOKYO TOYHOCTb M CKOPOCTb 06paboT-
Kn Ha cTtaHkax cepum PUMA SMX obecneynBaeT MCNonb30BaHME BbICOKO-
NPOYHLIX N BbICOKOTOYHbLIX Hanpasnawwmx tuna LM. Kpome Toro, Bo Bpems
ANUTENbHOro npouecca obpaboTkM TOYHOCTb COXpPaHSAETCHa 3a CYET MUHUMU-
3aumn TepmMmyeckux gedopmMmaunn WNUMHOENs n ocen nogadm ¢ NOMOLLbK COo-
BPEMEHHOM CUCTEMbI MacrnsiHOro oxnaxaeHus (puc. 6.6), obecneymBasi no-

CTOSIHHYIO CTeneHb TOYHOCTW BpaLlaloMXCs OCeN B npenenax 0,0001°, yTo
NO3BONSET YUTWN OT OBOAOYHbIX Onepaumii 1 yMEHbLUMTb NPOLIEHT Bpaka.

,* Bxon

“% Boixoa

OxnasmacHBe

iperepnora
LIIHHIEIH

OxaasIcHRC ICBOTO H
OpABROTO IMIMHHTCTA

Puc. 6.6. Cuctema macnsiHoro oxnaxaneHus

[na obecnevyeHna npeum3anoHHOM TOYHOCTM oDpabaTbiBaeMblx AeTa-
fen B yCNoBMSIX MacCOBOro npou3BoAcTBa (HenpepbiBHbIA rpaduk padboTbl
obopynoBaHuga, KoadhpuuneHT ncnosnb3osaHna obopygosaHna — 0,90 — 0,95;
NOBbLILLEHHbIE PEXUMbI pe3aHust; YacTble nepexoabl OT YepHOBOW 06paboTkm
K 4ucToBOM U T.M.) Bce mogenu ctaHkos cepumn PUMA SMX ocHawatT cu-
ctemamu obpaTHOM CBA3U C JaTyMKaMu FIMHEMHbIX NepemeLlleHnin (M3mepum-
TenbHbIMN nuHenkamn) npomnssoactea komnaHum "HEIDENHAIN" (I'epma-
HKUS). [pn 3TOM KMHEMATUYECKME U TEPMUYECKNE U3MEHEHUS, a TaKKe BIUS-
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HWe Harpysku B npouecce 06paboTku, onpenensTcs U yYUTbIBAKOTCS B KOH-
Type ynpaBfeHus, YTO NO3BOSISIET AOCTUraTb BbiCOYaMLLEN TOYHOCTWU MO3U-
LMOHNPOBAHUS CTaHKa — A0 3 MKM B N0OON MOMEHT aKcnnyaTauuu.

lMsamuoceesasi obpabomka. [Ana acddekTnBHON 06pabOTKM CNOXHbIX
petanen crtaHkn cepum PUMA SMX ykomnnekToBbiBaloT cuctemon Yy
FANUC 31i-B5, nossongtowen BbINONHATL HenpepbiBHYO 06paboTky ogHo-
BPEMEHHO MO NATM ocaM. [laHHas cuctema BKo4vaeT B cebsa cnegyowme
dyHKkuMn: TCP — yHKUMA KOHTPONSA LEHTPanbHOM TOYKM WHCTPYMEHTa
(puc. 6.7) n 3D Cutter Compensation — TpexmepHaa (ynpexgaroLiasa) Kom-
NeHcaumsa pexyLlero MHCTpymMmeHTa (puc. 6.8).

PeanbHoe nepemelleHWe MHCTPYMEHTA BapuaHTel mcnonssyemoix dpes
.r". -"""""‘-. ™ - .. Ty i
Y N / ~ A AN
s -..:' (_—"' : L ] f r
\;, r \ A ) o
o L Y ,,;,{
A i, \”'-x \ {
.:""'-_._."I | T "'-..r"".i' i Y ", e
P e, -
.l-..'.r l"\"\.
Vi A\
-
TpaekTopmn

Pezkywan kpomika

Puc. 6.7. ®yHkuua TCP Puc. 6.8. ®yHkuusa 3D Cutter
Compensation

Bnarogaps gaHHbIM yHKUMAM 0OpaboTka CroXHOMPOMUIIbHbIX MNO-
BEPXHOCTEN CTaHOBUTCA Bonee npoCcTon 1 TOYHOW, Hanpumep, npu obpaboT-
Ke gertanen tuna vmnennep (MexaHusm ANs CO34aHus PeakTUBHOM TArn —
nponennep, Kpbiibvatka, TypbuHa) n nonatka. OTNUYNTENBHON OCOBEHHO-
cTbto cTaHkoB cepun PUMA SMX aBnsieTca nx opToroHanbHas KOHCTPYKLUMS,
KOTOpas no3BonseT MakcMmmanpoBaTb nepemetteHne no ocn Y go 300 mm,
yBenuumBaga 30Hy 06paboTkun n rabaputbl obpabaTbiBaeMbix geTanen. Takke
OOHUM M3 OCHOBHbIX NPEUMYLLECTB KOHCTPYKLMM MOAENEN CTaHKOB AaHHOW
cepuun aBnseTcsa CTaHAapTHOE OCHaLLleHne nx npsaMbiM npusogom (Tun "Built-
in"), BCTPOEHHbIM HENOCPEACTBEHHO B Y351bl TOKAPHOIo U (ppe3epHOoro LWNmH-
aenen. OTcyTCcTBME NepedaTodHOM TPaHCMUCCUMU MO3BOSISIET HE TOJSIbKO MOo-
BblicuTb KM » uckniounTb BUMOpauum wWnNUHAOENs, HO Takke obecnevnBaeT
Bbonee AnuTenbHbIA CPOK 3KCNSyaTauum B YCHOBUSIX HENPEPLIBHOMO rpaduka
aKcnnyaTtauum.

[Onsa cneunduyecknx 3agad, Hanpumep, nNpu obpaboTKke CnoXHOMPOo-
dunbHLIX MOBEPXHOCTEN AeTanen Tuna "Ban" ManbiXx AMamMeTpoB C MaKcu-
ManbHou anvHon (go 1 500 mm), mogenu crankoB cepun PUMA SMX ocHa-
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LLaT nporpaMMuMpyemMbIiM rmapaBinyeckMm JIFOHETOM C HE3aBUCUMbIM Cep-
Boasuratenem. HaumHasa ¢ 2015 roga, npousBoanTCA BbINyCK YASMHEHHOMN
Bepcumn ctaHka PUMA SMX ¢ makcumansHon anuHon obpaboTtkn 2 500 mm.
TokapHo-tbpesepHble obpabaTtbiBatowme ueHTpbl komnaHnm DOOSAN
AOCTOMHO 3apekomeHaoBann cebst BO BCEM MUpe, BblNycKkas CroXHenwme
agetann aong aBMaLMOHHOM M OOOPOHHOM MPOMbILNEHHOCTU [epmaHun,
®paHuumn, Utanuu, Poccnn n CLUA, a Takke gna npeanpuaTtui Lenoro psaa
ctpaH Asun. ObopyaosaHue komnaHum DOOSAN cepum PUMA sasnsaetcs
3TanoHOM B NPOM3BOACTBE TOKAPHbBIX CTAHKOB YyXKe Ha npoTsikeHun 40 ner.

loxkapnan obpaboTka D pesepuan obpaborka Kourp-mnunnens

®
g

Hapyxnoe ToYeHne Topuesoe (ppeseponanne OTpe3ka

X
?EE

Crepnenne OGpaboTka oTBepCTHt [Mogpeska Topia

i
.

PacTaumBaHne [Mpodunbroe gpeseposanne Dpe3epOBAHNE MO YTIOM

X
¥

ObpaboTka oTBepcTHA M
Hapezanue peasbe PpeaepoBalne Moj YIAoM HapesaHie peskinl
METYHEOM

Puc. 6.9. BapuaHTbl 06paboTKu AeTanen Ha CTaHke
moaenu PUMA SMX 2600S

259



BapuaHTtbl 06paboTkn getanen Ha ctaHke mogen PUMA SMX 2600S
npuBegeHbl Ha puc. 6.9. Tonbko onga TpeboBaTenbHbIX €BPONENCKUX KITUEH-
TOB ObINO NocTaBneHo bonee 25 ThicAY TOKApPHbIX CTAHKOB 3TOW Cepun, cpe-
Aan kotopbix 6onee 500 MHOroyHKUMOHANbHBIX TOKapHO-(hbpe3epHbIX 0bpa-
baTtbiBatoWmMx LEeHTPOB. NpumeHeHne ctaHkoB cepun PUMA SMX cuntaeTtcsa
He TONbKO aPEKTUBHBIM, HO U NPECTUXHBLIM BO BCEM MUpe, NO3BOMSAS NoA-
HATb NPOU3BOAUTENBHOCTb N TEXHOSIOMMYECKME BO3MOXXHOCTU MPeanpuaTus
Ha HOBbIN, Bonee BbICOKNI YPOBEHD.

BornbLion ropaocTblo Ans YKpanHCKOro npeacraBuTeNbCTBA KOMMNaHUU
DOOSAN B YkpauHe sBngeTcs To, 4To Anst 06paboTkm Hanbonee CnoxHbIX 1
OTBETCTBEHHbIX AeTanen B YCNOBUSIX COBPEMEHHOro npou3BoACTBa npea-
npuatna NMAO "Motop Cuny", HaumHaa ¢ 2012 roga, ycnewHo aKcnnyaTupy-
IOTCA TPU CTaHKa npeablaylien Bepcun TOKapHO-pesepHbiX obpabaTbiBato-
lwnx ueHtpos — PUMA MX 2600. bnarogapsi NOCTOAHHbIM HOBbIM pa3paboT-
Kam n ycoBepuleHcTBoBaHMSAM komnaHna DOOSAN npoposmkaeT nyTb K MuU-
POBOMY NMAEPCTBY B OTPaciM CTAHKOCTPOEHMUs, MOMOrasi CBOUM KrMEeHTam
ynydlwaTtb KayeCTBO BbINyCKAaeMoOW MPOAYKUUM U pacLUMpPsTb BO3MOXHOCTU
npousBoacTBa.

[Ans obecnevyeHns: BbICOKOro ypOBHS OBCIy>KMBaHUA, KOMMNaHUS co3aa-
na ceTb odomumanbHbIX cepTnduumpoBaHHbix CepBuUCHbIX LIeHTpOB No Bcemy
MUPY, KOHTPONNPYS YPOBEHb YOOBIETBOPEHHOCTU KIMEHTOB 060pyaoBaHNEM
DOOSAN. C aTtoun uensto, Ha base ykpanHckoro npegcrasutenscrtesa — OO0
"BapuTek" B ropoge [Henp co3gaH oguH U3 nyywunx eBponenckmnx LleHTpos
NO rapaHTUMHOMY W CEPBUCHOMY OOCNYXMBaHMIO, YPOBEHb MNOArOTOBKU W
OMbIT CreunanncToB KOTOPOro No3BOSISieT pellaTb CePBUCHbIE 3aJa4uM Mnpak-
TUYECKMN NOBOro ypoBHS.

HecmoTps Ha To, 4YTO B YKpauHe akTUBHO 3KcnnyaTupyeTcs yxe 6onee
200 obpabaTtbiBatowmx LeHTpoB DOOSAN 1 1Mx 4Mcno NOCTOSAHHO pacTeT, B
80 % cny4aeB cepBUCHas 3afava pellaeTcsd B TEYEHUe NnepsBbiX CYyTOK Nnocrne
NoslydeHnst cUrHana 3a cyeT LOCTaTOYHOro wwTtaTa COBCTBEHHbLIX cneumanu-
cToB LleHTpa n Hann4us onepaTtMBHOrO 3arnaca 3anacHblX Yacten B YKpanHe
n B [epmanHun.

BbictaBo4uHbIn LleHTp ctaHkoB DOOSAN B r. [lHenp no3sonsieT rnocro-
AHHbIM kKneHTam OOO "BapuTek" Bcerga HaxoauTbCA B Kypce MNocneaHunx
HOBMHOK 06opyaoBaHus, a obyyatolwmin Knacc Ha NOCTOSIHHOM OCHOBE 3aHU-
MaeTcsl NOAroTOBKOW UM NepenoaroToBKOM ornepaTopoB U NPOrpamMMmnCcTOB-
TEXHOJSIOrOB KINMEHTOB, KOTOpbIE aKchnyaTupyloT obopyaoBaHue ¢ Yy kom-
naHum DOOSAN B YKkpauHe.
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6.5. 9dhdhekTMBHOE NpuMeHeHne COOPHLIX TBEpAOCNNaBHbIX
pPeXyLWnX MHCTPYMEHTOB C U3BHOCOCTOMKUMMU NOKPLITUSMMU
B YCNOBUSIX BbICOKOCKOPOCTHOMN 00paboTKu

MHorme aBma- 1 9HEpProcTpoUTENbHbIE NPEeanpPUATUS UCMbITbIBAOT BCE
BO3pacTalollee AaBnNeHWe pblHKA, CBA3aHHOEe C rnobanbHbiM MacluTabom
KOHKYPEHLMM 1 noBblleHnemMm cebectoumoctn obpaboTkm 6onee kayecTBeH-
HbIX, HO TPyAHOOGpabaTbiBaeMbIX MaTepmanos. Bo3pactaeT cnpoc Ha HOBbIE
MHCTPYMEHTarnbHble pelleHns no addekTmeHon obpaboTke M3genuim, musro-
TOBMEHHbIX U3 TpyaHoobpabaTbiBaeMbiXx MaTepuanos, 6e3 6onblumx gonosn-
HUTENbHbIX MHBECTUUMN. PelueHnem €BnAOTCA MHHOBALMOHHLIE pPeEXYyLUune
WHCTPYMEHTbI, KOTOPbIE HE TONbKO MPEBOCXOAAT MO TEXHUYECKMM XapaKTe-
PUCTMKaM MPUMEHSBLUNECS paHee, HO N CHWXKALIOT 3aTpaThbl HA NPOM3BOACTBO
npoaykumn [44]. Tak, ogHa 13 KpynHenwmnx meTtannoobpabaTbiBalowmnx KOM-
naHun mupa TaeguTec (KOxHas Kopesi), oTBeyaeT Ha 3TOT BbI30B PblHKA
paclumpeHmem cepumn MHcTpyMeHTa ChaseMold n HoBbIMM reomeTpusMu
NNacTWH, COOTBETCTBYIOLMMM NOTPEOHOCTAM KITMEHTOB B a3POKOCMUYECKOM
N 3HEPreTMYeCcKom oTpacnsax Ha onepaumsix obpaboTkm getanen, n3rotasnu-
BaeMbIX N3 BA3KMX U TpyaHooOpabaTbiBaeMbix MaTepuanos (puc. 6.10).

(NEW] (NEW]
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Puc. 6.10. HoBble KOHCTPYKLIMM peXYLNX NNacTUH

&
4

2

OgHa mn3 HOBMHOK MeTannopexyuwero uHcTtpymeHta ChaseMold —
cTpyxkonomatowaa reometpna MM cepum nnactmi RYM(H)X — nossonser
3HAYMTENIbHO CHU3UTb MNPOLEHT OpakoBaHHbIX U3OENUA MpU NPOU3BOACTBE
AOPOrocTosLLEN NPOAYKUMM aBUaALMOHHON NpOoMbILLeHHOCTU. brnarogaps Ta-
KMM OCOBEHHOCTSIM, KaK YCUNEeHHas pexyliasa KpoMKa U yBESIMYEHHbIN ne-
pegHun yron (puc. 6.11), ctpykkonom MM obecnevnBaeT OLLYTUMOE CHUXE-
HUE CUNbl pe3aHnda 1 NpeaoTBpaLlaeT CKoM NNacTUH Ha OTBETCTBEHHbLIX Ore-
paumsax mexaHuveckon obpaboTkm getanen. Boibop nnactuH ¢ reomeTpuen

261



MM — aT10 cTtabunbHasa obpaboTka U MArkoe pesaHue TpygHoobpabaTbiBae-
MbIX U BA3KMX MaTepuanos, TakNX Kak HepXxaBelLme ctanm 1 cnnaebl Ha OC-
HOBE TUTaHa, LUMPOKO MCMNOSb3yeMble B a9POKOCMUYECKON N 3HEPreTUYeCKOn
oTpacnsax, a Takke npu Npoun3BoACTBE Npecc—dopm u wramnos. 'eomeTpumn
nnactuH MLL u L (puc. 6.12) onTumanbHbl a4ns o6paboTky XaponpoyHbIX Cy-
nepcnnasoB (HRSA), Takmx kak cnnaBbl Ha OCHOBE TUTaHa, kobanbTa U Hu-
Kens. MNnacTuHbl C 3TON reoMeTpueEn pexyLluen KPOMKM oTnudarTcs bonee
NO3UTMBHbIM MNEPEAHUM YIiioM, CMOCOOCTBYIOLWMM MOBbILWEHNID 3FEKTUB-
HOCTW npouecca pe3aHns U CHKEHUIO YCUITUA pe3aHnsl, a YHUKarbHbIA OU-
3aMH Hacevyek He OO0NyCKaeT HanunaHuve BSA3KMX MaTepuarioB Ha NepeaHioro
NOBEPXHOCTb MNNACTUHbI.

a)

MLL

Puc. 6.11. Ctpyxkonom MM  Puc. 6.12. FeomeTpusa nnactuH MLL n L

[MnactuHbl ChaseMold co cTpyxkonomom L Becbma apdekTuBHbI ongd
MexaHudeckon obpaboTkM geTanen M3 XapornpoyHblX CNaBoB, Harnpumep,
MHKOHENA W TUTaHocoAepXalmMx MaTepuarnioB, a BOT CTPYXKoSiomatroLas
reometTpna ML — 6eccnopHbl nuaep Ha onepaumsax U3roToBfeHUs getanen
n3 TpygHoobpabaTbiBaeMbIX MaTepuarnoB MpU BbICOKUX PeXMMax pesaHus,
T.€. B YCITOBUSAX BbICOKOCKOPOCTHOM 06paboTkn. Cepns ncnbITaHNin BbILLEONK-
CaHHbIX pa3paboTok TaeguTec ¢ aHanOrM4YyHbLIMKM NPOAYKTAMN MUPOBLIX NPO-
n3BoaNTENEN NHCTPYMEHTa NOATBEpAMNAa X NPeBOCXOACTBO. HoBble nnactu-
Hbl cepumn ChaseMold npeBocxogaT Grvkanwmx KOHKYpeHToB npu obpaboTtke
WMHKOHENS N TUTaHOBbLIX CrJ1aBOB.

B 2015 rogy B Npou3BOACTBEHHbLIX YCMOBUAX BeOyWero YKPamHCKOro
NpeanpuaTUs adpOKOCMUYECKOW OTpacrnv Obifa YyCnewHo UCNbiTaHa cepus
ChaseMold, nokasas nonoxurtenbHble pe3ynbTaTbl (Tabn. 6.2) npu o6paboT-
Ke Laccu, U3roToBreHHoro u3 tmtaHa BT22 (puc. 6.13): 4OCTUrHYTO yBenu-
YeHne CTOMKOCTM MHCTPYMEHTA Npu BbICOKOM KadecTBe 00paboTku.

A ekt 0bpaboTkn rapaHTMpoBan HoBbi cnnaB T13540 (puc. 6.14).
OTOT YHUKASbHbIA MHCTPYMEHTanNbHbIM MaTepran Obin cneumnansHo paspabo-
TaH crneumanuctamum TaeguTec Onsi adpOKOCMUYECKOW OTpacnv C Lenbko
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3 eKTMBHOro hpesepoBaHnsa TpyaHoobpabaTbiBaeMbIX MaTepmUarnoB, Takux
KaK >XaponpoyHble, HEPXXaBELLNE N TUTAHOBbLIE CrniaBbl. HOBbIE MHCTPYMEH-
Tbl B psgy ChaseMold npeBocxogHO 3apekomeHgoBanun cedsa npyn obpaboTtke
TUTaHoBbIX cnniaBoB B CLUA, Takke WIMPOKO MUCMONb3yeMbIX Tam ANsi aspo-
KOCMWYECKOW OTpacsu.

Tabnuuya 6.2

Pe3ynbTathl ucnbiTaHnn nHctpymeHTa ChaseMold
npu o6paboTtke TntaHa BT22

Cepus ChaseMold
HeTanb KpoHwTenH
O6pabaTbiBaeMbii MmaTepuan Tutan BT22
CraHok 5-Tn oceBon obpabaTbiBalOLLMIA LLEHTP
Kopnyc pesbl MoaynbHas ronoska & 32R6 TERY 332-M16-12
MnacTtuHa RYMX 1205-ML TT3540
CkopocTb, M/MUH 35
O6opoTbl, 06./MUH 350
MNopava, Mm/MUH 150
my6buHa pesaHus, Mm 2
WnpuHa pesaHus, Mm 1-32
CTonKoCTb 1 KPOMKMK, MUH 307 MmuH

Puc. 6.13. llaccu, nsrorosneHHoe n3 tmtaHa BT22
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TT3540

——+  WM3HOCOCTOMKOCTBL

B
>

—  » [Mpou4HocTb

Puc. 6.14. Noka3aTenn U3HOCOCTOUKOCTU U MPOYHOCTU HOBbIX
MHCTPYMEHTalbHbIX MaTepuanos

Pexywue nnactuHbl nmetoT PVD noKpbiTUE N ABMISAOTCA CaMbIiM CO-
BPEMEHHbLIM peLUeHneM B pagy pesepHbix crnasoB. Ewe ogHa nonesHas
HOBWHKa OT MHXeHepoB KomnaHum TaeguTec — ABa HOBbIX TMMA MNAacCTUH
RYMX yHuBepcanbsHon cepum nHctpymeHta ChaseMold (puc. 6.15).

Puc. 6.15. HoBble Tunbl nnactmH RYMX

PaHee noTtpebutenam uMHCTpyMeHTa KoMnaHum TaeguTec yxe npeno-
cTaBfignacb BO3MOXHOCTb UCMOMNb30BaTh 8 pexyLUMX KPOMOK Ha MracTuHax
Tmna RYMX, HO npu aTtom rnybuHa pe3aHna gosmkHa 6biia HaxoauTbCs B
npegenax 3agaHHoro 3HadeHusa. Kak Tonbko rnybuHa pesaHusi npesbiwana
pPEeKOMEH0BAHHY0, 3Ta BO3MOXHOCTb NPOCTO COKpallanacb BasBoe — pabo-
YMMM OKasbIBanMCb TOMbKO 4 pexyLime KPOMKN.

[na noBbliweHnsa aPekTMBHOCTM 0O6paboTkn paspaboTaHbl N OCBOEHDI
npon3soAcTBOM nnacTtuHbl Tna RYMX 12 ¢ 6-10 pexywmmMmm KpoMkamn ans
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obpaboTkn ¢ rnybuHom pesaHmna 0o 2,5 mm (puc. 6.16) 1 RYMX 16 ¢ 7-10
Kpomkamu onst o6paboTku ¢ rnybuHon pesaHus go 3,5 mm (puc. 6.17).

8-KPOMOK 6-KPOMOK

8-KPOMOK 6-KPOMOK

Puc. 6.16. MnactuHbl Tuna RYMX 12

/|

".:': i ;
8-KPOMOK 7-KPOMOK

BKPONOK TKPOMOK RYMX 16 (7-kpomor) [NENH

Puc. 6.17. MnactuHbl Tna RYMX 16

Bornee Toro, HoBble MNACTUHbLI CHXKAIOT pacxodbl HA PEXYLLMA NHCTPY-
MEHT, MOCKOJIbKY YyCTaHaBMMBAlOTCA Ha CTaHAapTHble Koprnyca dpes cepun
ChaseMold — TopuoBbIe 1 KOHLEBbIE Ppe3bl, a TaKKe MOAYSbHbIE FONTOBKMU.

6.6. BbICOKOCKOPOCTHOE TOUYEeHUEe PexyLinmMm
WHCTPYMEHTaMN U3 KepaMUKN C USHOCOCTOMKMMMU NOKPLITUAMMU

6.6.1. HanpaBneHusa acpceKTMBHOro NnpuMeHeHns1 COBPEMEeHHbIX
MeTannopexyLwmx MHCTPYMEHTOB

[MpnmeHeHne coBpeMEHHbIX COOPHbBIX MeTasnnopexyLmnx NHCTPYMEHTOB
n ctankos ¢ YlY tvna "obpabaTbiBatowmnm LEHTP" OTKPLISIM HOBbIE TEXHOMO-
rMyYeckne BO3MOXHOCTU MexaHn4yeckon obpaboTkm getanen malwuH, adpdek-
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TMBHOIO MPUMEHEHUS] BbICOKOCKOPOCTHOIO pesaHusi, obecnevmBarollero no-
BblLLEHWEe npou3sBoamnTenbHOCTM N KadectBa [40; 45; 109; 113]. NpakTnkon
YCTaHOBIIEHO, YTO COBPEMEHHbIE peXxyLiMe NIacTUHbl U3 KepaMukn B YCro-
BUAX MPaBUITbHOM 3KCnlyaTaumm ABSTCA 3PdEKTUBHbIM CPeaCcTBOM ANS
AOCTMXEHUS BbICOKOW NPOU3BOAUTENBHOCTM MO CPaBHEHWUIO C TBepAoCnsiaB-
HbIMW NnacTuHamu [34].

Kepamnyeckune crnnaBbl XapakTepuayoTcs BbICOKOW TBEPOOCTbIO U 3HA-
YUTENbHOW COMPOTUBMNAEMOCTbLIO K OKUCNEHMIO MO CPaBHEHUIO C APYrMMN UNH-
CTPYMEHTanbHbIMM Matepuarnamu, a Takke BbICOKOM CTOMKOCTbIO K 0bpaso-
BaHMIO TPELLMH W yAapHOI NPOYHOCTLIO Npy Temnepatype Boiwe 1 000°. Op-
HaKo, OHW O0CTaTOYHO JNTIOMKW MpPU KOMHATHOM Temnepartype. MexaHundyeckue
N TemnepaTypHble CBOWCTBA pPasfiMYHbIX WMHCTPYMEHTalbHbIX MaTepuaroB
nokasaHbl B Tabsn. 6.3.

Tabnuuya 6.3

MexaHun4yeckue n TeMnepartypHblie cBOMCTBa MaTepuanoB

Al,O3 SizNg PCBN PCD PCD
Hardmetal
MnoTHoCTb, r/cm® 4,0 3,2 3,4 3,5 14,9
TBepaocTb, HV 1,900 1,700 3,700 7,000 1,400
YnapHas BsiakocTb, MMa/m? 3 6 5 5 12
TennonpoBOAHOCTD, Wm-1/K’ 30 40 100 120 100
Temnepatypa okucnenus, °C > 2,000 [ 1,300 1,200 650 500

AntomookcuagHa kepamuka (Al,O3) xapaktepmnsyeTcs 3Ha4YnTeNbHOW CO-
NPOTMBNAEMOCTbIO K OKUCIIEHUIO U BbICOKOW YCTOMYMBOCTBIO B YCNOBUSIX Bbl-
COKOCKOPOCTHOIO HeMNpepbLIBHOMO TOYEHUS MaTepuanoB Ha OCHOBE Xeresa.
Hutpua kpemuus (SisN4) MMeeT BbICOKYHO YCTOMYMBOCTb K 0OpasoBaHuio
TPELMH 1N 3HAYNTESIbHYIO COMPOTUBIIIEMOCTb K OKUCHEHUI0. ITO obecneyn-
BaeT NoBbllleHne 3hPEKTUBHOCTU YepHOBOM 06paboTkm maTtepuanoB Ha OC-
HOBe >kenesa.

[MpaKTUKOW YCTaHOBIIEHO, YTO pexyLime Kepamuyeckme nracTuHbl cre-
ayeT NpuMeHaTb Anst o06paboTkn maTtepuanoB nocne ux 3akanku. Hanpumep,
B YCIOBMSAX HEMPEPbLIBHOrO TOYEHUsI YyryHa W npeasapuTesibHOM TepMoo0-
paboTkn MaTepuanoB pPeKOMeHAYeTCHs WCNOoMb30BaTb pexyline Kepamuye-
CKME MnacTUHbl Ha OCHOBE OoKcuaa antoMnHUS. Pexylume nnacTuHbl Ha OCHO-
BE HUTPMAA KPEMHUS MOKa3blBAlOT fyyllme pesynbTaTbl B YCHNOBUAX YEPHO-
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BOW 06paboTKM YyryHa U BbICOKOCKOPOCTHOM 00paboTKM XXaponpoyHbIX MaTe-
pnarnoB Ha OCHOBE HUKEns.

Pexyuime kepammyeckue nnacTvHbl HA OCHOBE OKCMAa antoMuHUS ad-
PEKTUBHO MPUMEHATL ANS BbICOKOCKOPOCTHOM 00paboTKun 3aKkaneHHon ctanu
Grnarogapsi 3Ha4YMTENbHOM COMPOTUBIIIEMOCTU K OKUCIIEHUIO U Temnepartyp-
Hon cTtabunbHocTn. KomnaHus TaeguTec (KOxHaa Kopes) paspaboTtana He-
CKOIMbKO BUAOB TaKMX KepaMUYeCKMX ChaBoB. Tak, pexyuime nnactuHbl n3
kepamumyeckoro cnnasa AB30 (puc. 6.18a) npuMeHsoT Ans ToOYeHna yrrnepo-
ANCTBIX U HU3KONErMpOBaHHbIX CTanen, a pexyLwue nnactTuHbl U3 kepamuye-
ckoro cnnasa AB20 (puc. 6.186) — ons BbICOKONErMpOBaHHbIX MaTtepmnasnos u
CTanemn c BbICOKOW TBEPAOCTLIO.

Puc. 6.18. Pexywue nnactuHbl U3 kepamuyeckoro cnnasa AB30 (a)
n AB20 (6)

Pexyuwme nnactuHbl n3 kepamudeckoro crnnasa TB650 (CBN) peko-
MeHOyeTCs Ucnonb3oBaTb AN 06paboTkM TONbKO 3aKkaneHHbIX ctanen. Ha
Anarpamme (puc. 6.19) cxemaTnyeckn rnokasaHa obnactb NpUMeHeHnsa pac-
CMOTPEHHbIX PEXYLLMX MAACTUH U3 KepaMUYEeCKUX CriaBoOB B 3aBMCUMOCTU
oT obpabartbiBaemMoro martepuana u ero Teepgoctun. Hanpumep, bnarogaps
BbICOKOW TBEPLAOCTU M CTOMKOCTU K okucrieHuto cnnas AB20 addpekTmBHee
NPUMEHATL AN MexaHoobpaboTkn ceepxTBepabix maTepuanos Tuna CrMoNi
N MHCTPYMEHTAarbHbIX CTanen.

YCcTaHOBMNEHO, 4YTO Haumbonee aMPAEKTUBHLIM pelleHnem npodnemsi
BbICOKOCKOPOCTHOM 06paboTKn vyryHa SIBNSIETCS MPUMEHEHNE PEXYLLUNX Ke-
paMnyeckmx nractuH dnarogapst X BbICOKOWM TBEPAOCTU U CpeaHen BS3KO-
cTn. Pexylwmne nnacTuHbl U3 KepaMmn4yecKkoro crisiaBa C YMCTOro okcuaa anto-
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MuHna AW20 (puc. 6.20a) adbdekTMBHEE MPUMEHATL B YCNOBUSIX BbICOKOCKO-
POCTHOM 06pabOTKM YYryHHbIX AeTanen Tmna uunmHap.

3akaneHHble
cTanum /

3akarneHHble cTanu
Hu3konerupo- Cr,Mo,Ni | Cr,Mo, W,V

TBeppocTL

NoBbILLEHHOWN TBepaoCcTu
BaHHbIe cTanun | |

ABs < AB2o

Puc. 6.19. ObnacTn npuMeHeHUs pexyLnx NNacTUH U3 KepaMmmyecKnx
CnnaBoB B 3aBUCUMOCTU OT obpabaTbiBaemMoro matepuana
M ero TBepaocTu

4 A

Puc. 6.20. Pexywue nnacTuHbl U3 KepaMU4yeCKoro cnrnasa
M3 Yyncrtoro okcmpa anrommHna AW20 (a)
M Ha ocHoBe HuTpuAaa kpemHua (AS500 u AS10) (6)

XapakTtepusyscb 3HaAYMTESNTbHOW YCTOMYMBOCTLKD K OKUCIIEHUIO U TEM-
nepaTypHOM CTabunbHOCTU, KepaMUYeCKUn CnraB M3 YMCTOro oKcuaa arnto-
MUHUSA AW20 3HauYMTENbHO NPEBOCXOAUT MO (PU3MKO-MEXAHUYECKUM CBOM-
CTBaM aHasiornyHble Cnrasbl, KOTOPblE KOHKYPUPYIOT C HUM. Kepamundeckum
cnnae Ha ocHoBe HuTpuaa kpemHua (AS500 n AS10 (puc. 6.206)) nmeert
Ype3Bbl4alHO BbICOKYK COMPOTUBMAAEMOCTb K BbIKpALUMBAHUIO U YMEPEHHYHO
XeCTKoCTb. [1o3aTOMYy pexyLume NracTUHbl U3 JaHHbIX KepaMUYeCKNX CrnsiaBoB
pEKOMEHAYIOT UCNOSb30BaTb 4151 YePHOBLIX onepauun TokapHom 06paboTku
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aetanen u3 vyyryHa. Hanpumep, ona obpaboTku Takux geTtanemn, Kak YyryH-
HbI aBTOMOBOUNbHBIN OUCK, a Takke Ana pesepoBaHms 6noka LMNMHLPOB.

BbicokonpounsBoauTenbHyto 00paboTKy XXaponpoyHbIX cTanen, a Takke
MaTepuanoB Ha OCHOBE HUKENS Ny4ylle BCEro OCyLWeCcTBATb KepaMU4ECKUMU
nnactuHamu. [laHHbln TMN MaTepuanos sBRdeTcs TpyaHoobpabaTbiBaeMbiMm,
€ero TpaguMuUnoHHO NPUMEHSIIOT B a3pPOKOCMUYECKOM oTpacnu. [oaTomy pexy-
LLiMe nnacTuHbl U3 KepaMuKM Ha ocHoBe HUTpuaa kpemHua (AS20) pekomeH-
AyeTcsl UCNonb3oBaTh AN BbICOKOCKOPOCTHON 06paboTkn ToueHMeM n pe-
3epoBaHueM cnnasa MHkoHenb 718, KoTopbin obrnagaeT BbICOKOM YCTONYN-
BOCTbIO K BbIKpaLLUMBAHUIO N YMEPEHHOW TEMNEpPaTYPHOU CTabUbHOCTLIO.

B 4em Xe 3aknioyvaloTCca npeuMmyLllecTsa OT UCMNOSb30BaHUA PeXYLLMX
NMacTuUH N3 KepaMUYecKknx CnraBoB, pa3paboTaHHbIX komnaHmen TaeguTec?

[[MaBHOE NPeEnMyLLECTBO pEXYLLMX NIIAaCTUH U3 KepaMMUYeCKUX CrniiaBoB
3aKn4aeTca B TOM, YTO OHM obecnevnBaloT Ype3BblHaNHO BbICOKYIO MPOn3-
BOOMTENbHOCTb M 3HAYUTENbHO COKpalLarT pacxodbl Ha WMHCTPYMEHT Mo
CpaBHEHUIO C TBEPAOCNaBHbIMM NNACTUHAMM.

Kak oTmMe4anochb Bblille, N0 PU3NKO-MEXaHUYECKMM CBOMCTBAM KepaMu-
Yyeckune cnnaBbl 3HAYUTENBHO NPEBOCXOAAT TBEPAbIE ChnfiaBbl B criyyae npa-
BUSTbHOTO MX NpUMeHeHNdA. dPusmyeckne xapakTepUCTUKN PEXYLLUNX MNacTuH
N3 KepamMmn4yecKkux CrniaBoOB, U3roTaBnMBaemMbiX KoMmnaHuen TaeguTec, npea-
cTaBneHbl B Tabn. 6.4.

Tabnuua 6.4

dusnyeckme CBONCTBa KepaMMUYeCKUX MeTamnsopexyLmx cnnaBos,
usrotaBnmBaembiXx KomnaHuen TaeguTec

Cnnas AW20 AB20 AB30 AS500 AS10
CoctaB Al,O3 Al,O3 Al,O3 TiC SIAION Si3Ny
lMnoTHoCTb 4.1 4,3 4,2 3,2 3,2
TBepgocTb 93,8 94,5 94,5 93,9 93,7
HRa (GPa) (1,8) (2,1) (2,1) (1,8) (1,6)
Kc 3,0 3,2 3,5 5,5 6,0
(MPa/m"?)

Kak BugHO, Kepamuyeckne cnsiaBbl HAa OCHOBe HUTpuaa Kpemuus (AS10
n AS500) MMeroT BbICOKYH YCTONYMBOCTb K BbIKpaLUMBAHUIO MO OTHOLLEHUIO K
MaTepmanamMm Ha OCHOBE OKCuaa antoMUHUSA, KOTOpble MokasbiBaloT 6onee
BbICOKY0 TBepAocTb. CpaBHEHWE CNNaBOB Ha OCHOBE HUTPMOA KPEMHUSA U
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oKcuaa antoMUHUSA MOXHO BbIMOMHUTL Ha OCHoBe Tabn. 6.5. Mcxoasa ms npo-
A0SIroBaTOM MUKPOCTPYKTYPbl, MOXHO cAenaTtb BblBOL, YTO HUTPUL KPEMHUS
bonee BA3KMA, YeM OKCuA, antoMuHus. B To xe BpemMsi okcma anioMuUHuS siB-
ngaetca 6onee TBepAbIM MaTeEpPManom n3-3a XKXeCTKO MENKO3EePHUCTON CTPYK-
Typbl. [ToaTomy pekomeHayeTtcs cnnas AS10 (unn AS500) ncnonb3oBaTb 4N
YyepHoBoW 06paboTkM vyryHos, a crnnasbl AW20, AB20 n AB30 — ans Henpe-
PbIBHOMO TOYEHWS Ha BbICOKNX CKOPOCTSIX.

Tabnuuya 6.5

CocTaB KepaMu4ecKux niacTMH Ha OCHOBe OKcuaa antoMUHUA
U HUTPUAA KPeMHUS

Cnnas AS500 AB20
(HUTPUA KpemMHuA) (okcnp antoMuHKSA)
CoctaB OcHoBa Si3N4 Al;O3
[lobaBku Al,O3 nnun okucen Ti, Ti wn ap.
CTonKoCTb 5-7 3-4

K BblKpaLinBaHWO

Teepgoctb HV 1600 - 1900

7,

CxeMaTu4Hasi guarpamma v
N MUKPOCTpPYKTYpa

. PR
¥ e ¢ oy | iy
ﬁi JRE D
raMga Y

ety X 3

gy
P,

L]
ol 145

o

Onbim aghghekmu8HO20 UCMOJIb308AHUST PEXYUWUX KepaMu4yeCcKux
nnacmud. [NepBoHayanbHO criegyeT pacCMOTPeTb BbICOKOCKOPOCTHOE ToYe-
HUA LMINMHOPOB. JKCNEPUMEHTaNbHO YCTAHOBIIEHO, YTO Hanbonee addek-
TMBHO 06paboTKy LMIMHOPOB OCYLLIECTBNATL C MPUMEHEHUEM PEXYLLMX Ke-
pamMuyecknx nnactmH Ha ocHoBe crinasa AW20 (AW1030), koTopble xapak-
TEPU3YIOTCHA BbICOKOM YCTOMYMBOCTBIO MO OTHOLUEHMIO K MacTUHaMm U KOTo-
pble N3roToBfiEHbl U3 APYrMX CnnaBoB M 0bBecneynmBaloT BbICOKOE KayecTBO
0B6paboTaHHbLIX MOBEPXHOCTEN. JTO crieayeT, Hanpumep, n3 puc. 6.21. Tak,
CTOMKOCTb PEeXyLUMX Kepammuyeckmx nractuH Ha ocHoBe cryiaa AW1030
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BOBOE MpeBbllaeT CTOMKOCTb MnacTuHbI-KOHKypeHTa (A1). Pexyuwas nna-
cTuHa mn3 kepammdeckoro cnnasa AW1030 coCTOUT M3 YMCTbIX OKCUMAOB C
PVD TiAl nokpblTem 1 cneymanbHO NogroToBIEHHOW KPOMKOW, 3a CHET 4ero
AOCTUraeTCsl BbICOKAs YCTOMYMBOCTL MMACTUHBI.

Puc. 6.21. ObpaseL, u3HOCa KepaMMYE€CKUX NNAaCTUH HA OCHOBe
SiAION nocne o6pa6otku 150 netanen ns cnnasa AS500 (a);

nocrne obpaboTkn 100 getaneun us cnnasa B1 (KOHKypeHT)
Ycnosus obpabomku: gnck 15"; V =600 m/muH; f=0,65 mm/00.; ap=2 — 3 mm, 0Ge3
oxnaxpaatowen xmnakoctun. Nnactmia SNGX 150716 T7-CH.

PaccmoTpum ycnosus noBbliweHnst 9eKTUBHOCTH rnpoLecca TOYEHUS
ancka. B npouecce BbICOKOCKOPOCTHOIO TOYEHUST YYTyHHbIX OMCKOB Leneco-
oOpasHO wucrnonb3oBaTh pexywme nnacTuHbl U3 KepamMuyeckoro cnrasa
AS500. 3ToT cnnaB MMeeT BbICOKYID TBEPOOCTb N BbICOKYI0 YCTONYMBOCTbL K
BblkpallMBaHuIO briarogaps cneywansHOMY Au3arHy U HOBOW TEXHOMNOMMU 13-
rotoBneHus. HagexHocTb 3TOro cnnaea noaTrBep)KaeHa OonbLuvM Konun4ye-
CTBOM MPOU3BOLACTBEHHbLIX UCMNbITAHUN BO BCEM MUPE.

Ha puc. 6.21 nokasaHbl kepamMuyeckue MnacTuHbl MNocne TOoYeHUd
ANCKOB.

YCTaHOBMEHO, YTO pexyline nnactTuHbl M3 KepaMU4yecKoro cnrasa
AS500 nmetot yctonumocTb Ha 30 % Bbiwe, YeM Brivkanwmne nNo KayvecTBy
NNAaCTUHbLI-KOHKYPEHTbI C NogobHbIM cocTaBoM cnnaBa. bnarogapsi coveta-
HUO ABonHOW anbda / 6eta-dasbl cnnasa SIAION n kpuctannuyeckom cea3u
AOCTUraeTcsl BbICOKas CTOMKOCTb PEeXYLero WMHCTPYMEHTa W3 KepaMuKu.
Anbda-dasa cnnasa SIAION obecneymBaeT BbICOKYHD M3HOCOCTOMKOCTb, a
beTa-hpasa yBenuumBaeT YCTOMYMBOCTb K BblKpallMBaHWi. B cymme 3Tu
cBovcTBa obecnevmBaloT BbICOKYH MPOU3BOAUTESTbHOCTL MO CPaBHEHUIO C
NoBbIMY KOHKYPEHTaMM Ha onepaumm TOYEHNS OUCKa.

PaccmoTpum ycnosusi nosblweHnst adddeKTUBHOCTU npouecca obpa-
B6OTKM BankoB, U3rOTOBMEHHbLIX U3 cTanu. NpakTMKon ycTaHOBMNEHO, YTO pe-
XyLwiue Kepamuyeckme nracTuHbl MOryT 3dddEKTMBHO WCMOMb30BaTbCH Ha
onepaumsax YepHOBOro TOYEHUS BarikOB, M3rOTOBMEHHbLIX HA OCHOBE Xeresa
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BbICOKOW TBEPAOCTN, 0COBEHHO M3 BbICTPOPEXYLLEN, BEICOKOXPOMUCTLIX NI
HUKeNbcoaepKalmx ctanen. Pexyuime nnacTuHbl U3 KepaMmnyeckoro cnasa
AS500 (TaeguTec) pekomeHOyeTCs UCMNOSMb30BaTb AN YepHOBOro TOYEHUS,
a u3 kepamudeckoro cnnasa AB20 — gna unctoor obpaboTkm Ype3BbiHanHO
TBepAObIX BankoB. [pumep 4epHOBOro TOMEHNS1 BankoB NoKa3aH Ha puc. 6.22.

oo [

S1
0 20 40 60 80 100
OTHoweHue cTonkocTHn, %

Puc. 6.22. YepHoBoe TouyeHue BankoB (HS50) 313 mm;
Ycnosusi obpabomku: V =50 m/muH; f=0,5 mm/06.; rmybuHa pesaHusa 26 mm; 6e3 oxnax-
patowen xmnakoctn; nnactmHa LNU6688T, AS500 (TaeguTec), S1 (KoHKypeHT)

Kak BMOHO, CTOMKOCTb pexyLmx nriacTuH M3 KepaMmyeckoro cnrasa
AS500 Ha 40 % Bbllle CTOMKOCTWU crnaBa—KOHKYpeHTa Ha ocHoBe Si. Ha
puc. 6.23 nokasaHbl pe3ysibTaTbl UCMNbITaHUS PEXYLLUMX NIACTUH Ha onepawm-
SIX YMCTOBOro ToveHnsa. B gaHHowMm cnyyae kepamuyeckun cnnas AB20 nmeer
BbICOKYIO CTOMKOCTb Ha (PMHULLHLIX ornepauusix ob6paboTkn BbICTpopexyLLmx

BarikoB.

c1

0 20 40 60 80

CtonkocTb (MUH)

Puc. 6.23. YnctoBoe ToueHue GbicTpopexylen ctanu (HS85): 610 mm
Ycnosusi obpabomku: V =48 m/muH; f =0,32 mm/006.; rnybuHa pesaHuna 4,3 mm; 6e3 oxna-
xpatowen xuagkoctn; nnactnHa T11-3219, AB (TaeguTec), C1 (KOHKypeHT)

Mogsoasa utorn, cnegyeTt oTMETUTb, YTO KoMnaHus TaeguTec Nponsso-
AUT YHUKaNbHbIE N BbICOKOKAYECTBEHHbBIE METannopexyLlme Kepammyeckme
NnacTuUHbl ANS pasnuMyHbIX onepauun obpaboTkn, HanpumMep Takux, KakK Bbl-
COKOCKOPOCTHOE TO4YeHusi 6r10KoB umnuHapoB, obpaboTka 6onblwimmMn nna-
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CTMHaMWM TBepAOocCnfaBHbIX BankoB u Ap. Kepamuyeckuin crnnaeB Ha OCHOBE
SIAION AS500 siBnsietcs HoBenwewn paspaboTkon ANsi BbICOKOCKOPOCTHOIO
TOYEHNA YYTyHHbIX OUCKOB, BaHOaXen NOALUMNHUKOB M YEPHOBOIO TOYEHUS
xenesocogepxawmx sankos, a PVD-Cnnas AW11030 saBnsaeTtcsa Hanbonee
9(PeKkTMBHbIM LN HEenpepbIBHOMO ToyeHua ceporo 4dyryHa. Cnnas PVD
AB2010 obecneymBaeT BbICOKYHD CTOMKOCTb WMHCTPYMEHTa Ha onepauumsix
CKOPOCTHOIO TOYEHUSA 3aKaneHHbIX CTanemu.

6.7. HoBble peweHusa komnaHuuu TaeguTec
B NPUMMEHEHUU TOKapHbIX CNJlaBoB

[Mpuctynas k nodon onepaumm MmexaHnvyeckon obpaboTkun, BaXXHO y4dn-
TbiBaTb CNeunduKy 1 Lenb NoCTaBneHHOM 3ada4vn ans KOMMAeKCHOro noaxo-
Aa B ee peanusauuu. Opyrumn cnosBamu, Ha pesynbTat OyaeTr BAUATb He
TONbKO BblGOp onTMMarnbHOro Habopa obopyanoBaHus unu Hambonee ag-
PEKTUBHON reOMeTpPUM MHCTPYMEHTA, HO U NpaBUSIbHO NoAoBpaHHbIE pexu-
Mbl QKCMSlyaTauum CTaHKOB, a TaKKe XapaKTePUCTUKN MHCTPYMEHTamNbHbIX
CnnaBoB.

TexHonorn komnaHmm TaeguTec yunTbiBalOT 0cCOBO€ 3HaYeHue WH-
CTPYMEHTAanbHbIX CMfaBOB AN PELUEHUS OrpoOMHOro pasHoobpasusi npo-
MbILLUMEHHbIX 3aZa4y, NO3TOMY MOCTOSIHHO paclMpAT 3PgEKTUBHbIE NTUHEN-
KW MHCTPYMEHTA HOBbIMM TUMaAMW MOKPbITUKW, yCunmBas CBOW Nuaupytowimne
no3nunmn B cCErmeHTe meTtannoobpaboTku.

CerogHa HOMeHKNaTypa HXXHOKOPEMCKOro MNpou3BoanTensd LOMOSHM-
nacb ovepegHbIMM HOBMHKaMK, obecnevmBalolLMMn BbICOKYH) CTOMKOCTb WU
CTabunbHOCTb NOSTlydaeMblX pe3dyfibTaToOB B TaKMUX CrlydasX: HaAEeXHbIA crnas
TT7505 pOns BbICOKOCKOPOCTHOM 06paboTKM 4yryHa W MPOYHbLIM  CrfaB
TT8080 anst 06paboTkn HEPXKABELLMNX W XKapOMNpPOYHbIX CMaBoB.

Bbl obpabaTbiBaeTe 4yryH v Bawa rnaBHasi LefNb — NPOU3BOAUTENb-
HocTb? Toraa obpaTuTe BHMMaHWE Ha NnacTUHbI Npou3BoacTBa TaeguTec ¢
Bbonee BbicOkOM TBepAOCTbIO B cnniase TT7505. Minu Bbl 3aHMMaeTecb Npo-
N3BOACTBOM BbICOKOTOYHbIX AeTanen U3 HepXxaBewwmx crtanen, He Jornyc-
KatoLMX OCTAHOBOK ANS CMeHbl MHCTPpyMeHTa? WpaearbHbiM pelleHneMm B
AaHHOM criydae ctaHet cnnias TT8080 (puc. 6.24).

Cmolikocmb uHcmpymMeHma nod 3awjumodu — cnnae TT7505. Yee-
nuymnBas NPoM3BOAUTENBLHOCTL NpU 00paboTke YyryHa 3a cYeT MOBbILEHUS
CKOPOCTHbIX PEeXUMOB, 4Yalle BCero npuxoauTCa CTankuBaTbCA C M3HOCOM
pexyLwen KpoOMKA No 3agHen NOBEPXHOCTU B BUAE FyHKM BblKpalLMBAHUEM
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NN XKe HanunaHueMm Ha pexyLuyto KPpOMKY, YTO SBMSeTCA pes3ynbTatom Tpe-
HWA, agresmm n anddgysmn. Bece aTn BONpockl Tenepb peluarTcs bnarogaps
HoBoMy crinasy TT7505 gna o6paboTkn 4YyryHa npu BbICOKOCKOPOCTHOM 00-
paboTKe KaHaBOK.

Puc. 6.24. Pexywue nnactuHbl kKomnaHum TaeguTec

CnnaB TT7505 sBnaeTca onTuManbHbIM AS151 BICOKOCKOPOCTHOW obpa-
OOTKM 4yryHa, BKNOYas onepauuvm HenpepbiBHOIO pe3aHus, rapaHTupyet
cTabunbHOCTb N Bonee BbICOKYID CTOMKOCTb MHCTpyMeHTa (puc. 6.25). [o-
NONHUTENbHLIM npeumyllectBoM crnaea 117505 gaBnsgetca npuMmeHeHue
cneunanbHon TexHonormm CVD-nokpbliTUS U HegaBHO paspaboTaHHOW noa-
NOXKW ANS1 NOBbILLEHHOW M3HOCOCTOMKOCTM U MPOYHOCTU, KOTOpble obecne-
YMBAIOT YNYYLUEHHYO NPON3BOOUTENBHOCTL B LIESIOM.

O6nactb npMmeHeHuUs

A

new TT7505(CVD)

M3HococTOMKOCTb

TT6080(PVD)

MNpouHocTtb

Puc. 6.25. Obnactn npumeHeHus cnnasoB TT17505 n TT8080

B pesynbtaTte paga ucnbiTaHun B YKpauHe cnnas TT17505 nokasan
yBenmnyeHme CTOMKOCTU MHCTpyMeHTa Ha 25 % B npouecce o6paboTku KOBKO-
ro yyryHa n Ha 15 — 20 % — npu ckopocTHOM 06paboTke ceporo YyryHa.
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na Hepxaserwwux cmanel U XaporpoyHbIX Mamepuasos —
crinnae TT8080. Hoebi cnnae TT8080 ¢ nokpbitnem PVD (puc. 6.26) no3so-
naeT MMHMMU3MPOBATb HEraTMBHbIE dakTopbl NpU 06paboTke XKapOonpPOYHbIX
MaTepuanoB, Takme Kak BbICOKME TeMnepaTypbl B 30HE pe3aHusi, a B pe3yrib-
TaTe — 3aHMKEeHHasi CKOPOCTb M ObICTPbIN N3HOC PEXYLLETO MHCTPYMEHTA.

W

TT5080 M30-ME0
A o S

530-550

Obnactb npumeHeHua PVD cnnasos

[new)

178080

TT8020

MaHOCOCTORKOCTE

MpoYHoCTE

Puc. 6.26. Obnactu npumeHeHusa PVD cnnaBoB

Bnarogaps BbICOKOW TPELUMHOCTOMKOCTU, HOBMHKA MO3BOJSIAET UCKIHO-
YUTb paccnavBaHMe BO BPEMS TOYEHUS N OOCTUYb NPEBOCXOAHbLIX 3HAYEeHUN
npoussoanTenbHOCTN K ctonkocTu. Cnnae TT8080 6bin aganTupoBaH crie-
LUManbHO N9 TOKapHbIX onepauum u ocobeHHO XopoLLo noaxoauT ans obpa-
BOTKM HepXXaBewLWwmx CTanen M Xaponpo4HbIX CMfaBOB NPU HU3KUX CKOPO-
CTAX N NPEPbIBUCTOM pe3aHunu.

O6HoBneHHbIN cnnae TT8080 xapakTepuayeTcs OTIIMYHOM NPOYHOCTLIO
N BbICOKOW CTOMKOCTbIO K CKOMaM, SIBNAACh uaeasnibHbiM BblIOOpoM Ans npe-
PbIBUCTON N YEePHOBOW 06pabOTKM HEPXKABENKN UNN UHKOHENW. B cpaBHEHUU
co cnniasom npeablgyLero nokoneHna TT8020, HoBuHka TT8080 rapaHTupy-
€T MOBbILWEHHY CTOMKOCTb MHCTPYMEHTA U YNYYLIEeHHY cTabunbHOCTb 06-
paboTKu.

NcnbiTanmsa HoBoro crnnasa TT8080 B ycnoBmax pasnnyHbIX NPOM3BOA-
CTBEHHbIX YCIOBMA BO BCeM Mupe, a B 2016 rogy — n B YKpauHe, nokasanu
3HauYMTeNbHOE YBENUYEHNE CTOMKOCTU MHCTPYMEHTA Takke U B CPaBHEHUU C
aHanorMYyHbIMN PELLEHNAMN KOHKYPUPYIOLMX NPOM3BOAUTENEN NHCTPYMEHTA
n3 Esponebl, CLUA 1 Asun. Hanpumep, npu TopueBoM NpepbiBUCTOM TOYEHUU
"Kopnyca knanaHa" Ha npou3BoacTtee KopabenbHbix asuratenien HUNDAY B
tOxHon Kopee, cnnas TT8080 ¢ nokpbitnem PVD yBenuumnn CTOMKOCTb MH-
cTpymeHTa Ha 160 %. B gpyrom cnyyae, npu obpaboTke wTtyuepa TpyObl 13
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TOrO >Xe MaTtepuana, HOBO€ MOKPbITUE YBENUYNIIO CTOMKOCTb MHCTPYMEHTa Ha
71 % npun Hapy>XHOM MPepPLIBUCTOM TodeHuun. Npu HenpepbiBHOM 06paboTke
konobua u3 matepuana 08X16H11M3 Ha yKpamHCKOM MPON3BOACTBEHHON
nnowagke HOBMHKA Mokaszana yBenudeHue crtomkoctn Ha 30 % no cpaBHe-
HUIO C paHee NPUMEHSBLLMMCSI UHCTPYMEHTOM KOHKYpPeHTa.

6.8. HoBble peweHusa komnaHmm TaeguTec B o6paboTke
KOMMO3ULUMOHHbLIX MaTepuarnosB

Bo MHOrmx otpacnsix NpoMbILLEHHOCTU, TakUX Kak aBTomobunectpoe-
HWe, adpPOKOCMUYECKOEe HarnpaBrieHne n BeTPO3HepreTuka, a Takke npu co-
30aHUM N3genun Ona MHOYCTpUM oTAbixa, nepenoBble MalIWMHOCTPOUTENU
cTanu Bce 4alle Ucrnonb3oBaTb B CEPUMHOM NPOU3BOACTBE KOMMO3ULNOHHbIE
maTtepuans! [35]. MNMpuynHa B nx BbICOKON 3hHEKTUBHOCTU N3-3a 0BNErYeHHo-
ro Beca M NpPeBOCXOAHOW CTabUNbHOCTU MO CPaBHEHUKOD CO CTaHAAPTHbIMU
mMatepuanamu. K npumepy, Takme KOMNo3uTbl Kak BONTOKHUCTbLIN yriensiacTuk
(NnacTukK, apMMpPOBaHHbIN yriepoaHbIM BOSIOKHOM) Ha 70 % nervye KOHCTPYK-
LUnoHHon ctanu n Ha 40 % — anoMuUHMEBOro cnnasa, HO He yCcTynalT UM no
9KCnnyaTtauuoHHbIM rnokasaTtensam. Tak, B ad9pOKOCMUYECKON MHAOYCTPUM Npu-
MEHEHWe YrnennacTMKoB TOSbKO MO NpuynHe obner4yeHHoOro Beca no3BosisieT
A0CTMYb Bonee BbICOKOW TOMMMBHOM 3(P(EKTUBHOCTU N SKOHOMUYHOCTU fe-
TaTenbHbIX MawuH. Jlydwre MupoBble NPOU3BOLAUTENU PEXYLIEro WHCTPY-
MeHTa onpeaenunun aty TeHgeHuuto ewe 25 — 30 neTt Hasag U MHBeCTUpOBa-
NN B cO3aHne HOBbIX JIMHEEK CMaBoOB, MOKPbLITUMA U FreOMeTPUYEeCKnX oopm,
COOTBETCTBYHOLLMX 3aga4e No o6paboTke KOMNO3ULMOHHbBIX MaTepuanos, OT-
crnexuBasi JOCTUXKEHUS YYEHbIX.

B uioHe 2016 roga komnaHua TaeguTec cywlecTBeHHO OBHOBMMA HO-
MEHKIaTypy WHCTPYMEHTOB AN 00paboTkM KOMMO3UUMOHHBLIX MaTtepuarnoB
(puc. 6.27). ApceHan HOBMHOK Ans 3peKkTMBHON 0BPabOTKM MOMOSHUN
pesepHble nracTuHbl B cnnase PCD (nonukpuctannmMyeckun anmas), KoHue-
Bble TBepAocnnaBHble opesbl U cBepfa C ariMasHbiM MOKPbITUEM. OTU HOBbIE
NHCTPYMEHTasnbHble pelleHns yaoBNeTBOPSOT YHUKaNbHbIM YCNOBUSAM pe3a-
HMA TpyaHoobpabaTbiBaeMblXx MaTepmanoB, NOCKOSbKY oObeanHsoT B cebe
npenmyLLecTBa crneynanbHOro cnrasa, BUOOU3MEHEHHOW reoOMeTpun pexy-
LLIeN KPOMKM U BbICOKMX TEPMOXUMMUYECKNX CBOMCTB ariMa3HOro noKpbITUS.

MnactuHbl M3 nonukpuctannuyeckoro anmasa (PCD) (puc. 6.28) npea-
Ha3Ha4eHbl ONa dpe3epHon 06paboTKn Ha NOBbILLEHHbBIX CKOPOCTAX pe3aHus
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N nogadax, obecneunBasl, TeM caMblM, 3HAYUTENBHOE CHWXXEHNE MaLLMHHOMO
BPEMEHM B CpPaBHEHWM C ApyrMMmun, Oonee TpagUUMOHHLIMK ONsi MaLUMHO-
CTPOEHMS1 MaTepuanamun pexyLlero MHCTpymeHTa. bnarogapsi cnewumansHom
OCTPOW reoMeTpun pexyLlas KpoMKa HOBMHKM NpeaoTBpallaeT oTcrnanBaHue
NMOBEPXHOCTN KOMMO3MLMOHHbLIX MaTepuanoB BO BpeMsl hpe3epoBaHus aaxe
MPU Harpy>xeHHbIX YCNOBUSIX pe3aHus.

|

7 Taegulec

Member IMC Group

Puc. 6.27. HomeHKnaTtypa MHCTPYMEHTOB AN 06paboTku
KOMMNO3MLMOHHbIX MaTepuanoB

Puc. 6.28. NMnactuHbl U3 nonukpuctannuyeckoro anmasa (PCD)

HoBble dpesepHble nnactuHbl B crnnase PCD ycraHaBnuBakTcs Ha
kopnyca ¢pe3 ctaHgapTHon nuHenkn ChaseMill (puc. 6.29), npumeHstowen-
cs npy 0bpaboTke n3genun n3 metanna.

Pacwupss gnanasoH onepaumin obpaboTku yrrennactuka, cneyuanm-
CTbl KOMMNaHunM TaeguTec npeanaraloT 4 KoHUrypauuun TBepLOCMNaBHbIX
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KOHLUEBbIX (hpe3 C¢ anmasHbiM nokpbitnem. dpesbl RRFE-TMna (puc. 6.30)
ngeanbHO NoaxogsaT Ansa obampouyHbiX paboT: MCKM4alT paccnavBaHue,
CHWXalOT yCcunus pesaHus n subpaumio, obecrnevmBasa BbICOKYHO MPOU3BOAN-
TENbHOCTb UHCTPYMEHTA Npu YepHoBOM obpaboTke. KoHdurypaumsa teepao-
cnnaeHbIx KoHueBbiX ppe3 RCFE TaeguTec ¢ anmasHbIM NOKpbLITUEM A4
obpaboTkn yrnennactuka (puc. 6.31), Takke kak RRFE-tuna, uckniovaet
paccrnamBaHue, CHWKaeT ycunma pesaHna u subpaumto, obecnevmBas BbICO-
KYt0 MPOU3BOANTENBHOCTb MHCTPYMEHTA Nnpu YepHOBOM obpaboTke.

Puc. 6.30. ®Ppe3a RRFE-080-TT610

Puc. 6.31. ®pe3a RCFE-040-TTD610

OtnuuutenbHon ocobeHHocTbio RCFE-gpe3 ABNseTcs HECKOSNbKO Ka-
HanoB ANs OTBOAA CTPYXKKW, YTO NO3BONSIET paboTaTb Ha NOBbLILWEHHbLIX pe-
Xumax. [Ona uymctoBonm 006paboOTKM KOMMO3UTOB CNeuuanucTbl KOMMAHUK
TaeguTec pekomMeHOYHOT MCNonb30BaTb TBEPLAOCMNAaBHYO KOHLEBYH (hpesy
cepun RCOM c anmasHbiM NOKpbITUEM (pUC. 6.32), KOTOpas UCKMNOYaeT pac-
cnavBaHue, npegoTepallas obpasoBaHue 3ayceHua, U npeacrtaBrieHa B ABYX
KOH(pUrypaumsax: ¢ NeebiM 1 NpaBbiM HanpaBfeHMEM cnnparnemn KaHaBoKk.
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Puc. 6.32. ®pe3za RCOM-4060-TTD610

Puc. 6.33. ®pe3a RDCF-4100

Cneayrowmm npegnoxeHmem gnst o6paboTkn KOMMO3ULMOHHBLIX MaTe-
punanos senawTca dpesbl cepun RDCF ¢ ManbiM oceBblM HaKIOHOM Cru-
panbHbIX KaHaBoK (puc. 6.33). OTO pelleHe Takke UCKNIYaeT paccnavea-
HMe n obpasoBaHune TpelwmH. geanbHO NoaxoauT AN BbINOSHEHUS YNCTO-
BbIX ornepauun.

Mpn BbIBOPE NMHCTPYMEHTANbHbLIX pelleHnn ans obpaboTku OTBEPCTUN,
KomnaHus TaeguTec pekoMeHOyeT NPUMEHSTb MOHOSIUTHbIE TBEpPAOCNaB-
Hble cBepfla C anMasHblM MNOoKpbITUEM (puc. 6.34), koTopble obecrneymBatloT
MakcMmaribHOe KayecTBO MNOBEPXHOCTU 6e3 obpasoBaHus 3ayceHueB npu
BbIMOSTHEHUN CKBO3HbIX OTBEPCTUN.

_ - =

Puc. 6.34. MoHonNUTHOE TBepaocnnaBHOe CBEpo
C anma3sHbIM nokpbitTuem CDF-050-034-06-TTD610

YuntbiBasi 0OCOGEHHOCTU U OTNUYMA MNPOLIECCOB MexaHudeckon obpa-
BOTKM KOMMO3ULMOHHbBIX N TPaAULMOHHBLIX MaTtepuanoB, cneumanuctbl KOM-
naHum TaeguTec paspaboTann HECKONbKO BapMaHTOB PeXyLMX TBepablX
CNNaBoOB, NMO3BONALWNX 06eCcnevYnTb BbICOYaNLLYD CTOMKOCTb MHCTPYMEHTa
Npu BbICOKONPOU3BOANTENBHON 00paboTke KOMMNO3UTOB. B 4acTHOCTU, MHHO-
BauunoHHbI PCD-cnnas TD830, n3roToBrneHHbIN U3 yrbTpaMesikon anmasHon
dpakunmn, OEMOHCTPUPYET OTIIMYHYIO M3HOCOCTOMKOCTb, MPOYHOCTb U Kade-
CTBO KPOMKMK, obriagaeT UCKMOYUTENBHON CTOMKOCTBIO K abpasnBHOMY N3HO-
CY M XOPOLLEN TEPMMUYECKON CTAabUNBbHOCTbLIO.

Criegyowum, pekoMeHayembiM creunanuctaMmm KOMMnaHuu, CrnsfiaBoMm
anst obpaboTkM BOMOKHUCTLIX YriensacTtukoB siBnsietca HoBuHka TTD610.
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Bnarogapsa nepegoBon TEXHOMOMMW HaHECEHUS HAaHOArMa3HOro MNOKPLITUSA,
9TOT cnnae obecrneymBaeT HeENPEB3ONAEHHYH CTOMKOCTb MHCTPYMEHTA W Bbl-
COKYKO CTabunbHOCTb 06paboTKkK, OEMOHCTPUPYET OTIMYHYHO abpasvBHYHO
N3HococTonKoCTb (TBepaocTb 6onee 8 000 no Bukkepcy), obnagasi BbICOKU-
MM rokasaTenamu TennonpoBogHOCTU U yOapHOW YCTOMYMBOCTY,

6.9. Cepusa dpe3s CHASEFEED ansa cdpesepoBaHus
Ha BbICOKMX nopgavax

[Mpn mexaHudeckon obpaboTke npecc-dopM U WITaMNoB cregyeT yuu-
TbiBaTb Crneunduky gaHHOW oTpacnu, Korga npuxoautca gpesepoBaTb TOH-
KOCTEHHbIE 3aroTOBKM M3 pasfnnMyHbiXx No obpabaTbiBaeMOCTU MaTepuanos.
Kpome TOro, npouecc Hepenko YCIOXHAETCA HeCTabuIibHbIMU YCNOBUSMMA
pe3aHunda: MmanomouwHoe obopyaoBaHue, 60MbLION BbINET MHCTPYMEHTA, He-
XecTkoe npucnocobrneHne n 1.n. [42]. SPPEKTUBHLIM peieHnemM nogoobHbIX
MaLLUMHOCTPOUTENDBHbIX 3aday YXe HECKONbKO NeT BbICTyNaeT BbICOKONPOM3-
BoauTenbHas cepust dpesd n nnactnH ChaseFeed, koTopas Takke noaxoauT
N ONs YepHOBbIX onepauuin (puc. 6.35).

G’ TaeguTec

Puc. 6.35. ®pe3bl n nnacTtuHbl KomnaHuu TaeguTec

B HacTosdwee Bpema crneuyuanuctel komnaHum TaeguTec OONOMHAKT
ceputo BbICOKOI(hEKTUBHbIMK nriacTuHamn SBMT (puc. 6.36) n wmpokomn
HOMEHKMNaTypon KopnycoB dpes, KoTopble 0b6ecnevmBaloT Takyko e NpeBocC-
XOOHYO NPOU3BOANTENBHOCTb Ha BbICOKMX CKOPOCTSX MOAAyun, HO NpU MEHb-
LWKX rnybrnHax pesaHus.
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Puc. 6.36. NMnactnHa SBMT

YnyJlweHHbIn M3anH HOBOW NAacTUHbI BKIoYaeT B cebs psig oveBua-
HbIX, HA (pOHEe OEeWCTBYIOLMX aHaroros, nNpemmMmyLliectB. Tak, cneumnanbHas
KOHCTPYKUMSA HOBOW OOHOCTOPOHHEN KBagpaTHon nnactuHel SBMT ¢ 3agHum
yrnom 5° 3aMeTHO CHUXaeT CUMbl pe3aHnsi N0 CPABHEHUIO C ABYCTOPOHHUMM
aHanoramu, a BbICOKOMO3UTMBHAA pexyLlasl KpOMKa B BUAE BUHTOBOW JIMHUU
obecneunBaeT bonee mMsArkoe 1 NnponssoauTenbHoe ope3epoBaHme.

Crnefyowum OOCTOMHCTBOM HOBUHKM SBMT aBnswTCca BapuaHTbl reo-
METPUI PEXYLLUNX KPOMOK (puc. 6.37), nokKpbiBaloLMe LUIMPOKOM AnanasoH
npumMeHeHnn. Takum obpasom, noobupasi HYXHbIM CTPYXXKONOM, TexXHonor
3akasumnka nonyvyaeT MakCMMarsrbHY NPOU3BOANTENBHOCTbL MPU Pa3fNYHbIX,
3a4acTyl HecTabunbHbIX, YCrnoBusax 06paboTkn. YHMBepcanbHbIM peLleHnemM
Aans 0bpaboTkm crtaneun CTaHeT reomeTpus M, CTPYXKKO-
nom ML npegHasHavyeH ANS HU3KOYINepoAUCTbIX, HepXaBewLwmxX W Xapo-
NPOYHbIX CTanen, a Takke ans 6opbObl ¢ BUbpaumen npu 60MbLLIOM BbifleTe
MHCTPYMeHTa; a reomeTpuss MR pekomeHaoBaHa Ons 3akarneHHbIX cTaneun u
NpPepbIBUCTOrO pe3aHus.

M ML MR

Puc. 6.37. FleomMeTpusa pexyLimx KpoMoK

Pexnmbl 06paboTkn, B TOM Yncne n rnybmnHa pesaHusi, 3aBUCAT OT MHO-
X 0aKkTopoB, TakMX KakK MOLLHOCTb CTaHKa, AfIMHA UHCTPYMEHTa, reoMeTpus
dopmoobpasytoLen npecc-gopmbl 1 T.N. CneunanucTbl kKomnaHum TaeguTec
yunn gaHHyo 3aBUCMMOCTb U B cepum nnactuH ChaseFeed, paspaboTas nna-
CTuHbI AByx rabaputos — SBMT09 n SBMT13, obecneunBatoime Makcumarb-
Hyt0 rnyouHy dopesepoBaHus 1,2 MM 1 2 MM COOTBETCTBEHHO.
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Kpome Toro, otnununtenbHon ocobeHHocTeto SBMT09 n SBMT13, B
CpaBHEHMM CO CTaHAAPTHbIMM OAHOCTOPOHHMMM nNfiacTMHaAMK, SBRSeTCH
BO3MOXXHOCTb 06paboTKM Ha MOBbILWEHHbIX Nogadax 3a cyeT YBeNTMYEHHOW
TONWMWHLI N NOBOPOTa CaMOW MNIacTUHbI Ha Koprnyce dpesbl OTHOCUTENBHO
yrrna B nnaHe 90°. [na kaxgoro rabaputa nnactuHel SBMT nponssogutens
Aaet pekomeHgaumio B Buge napametpa "lNporpammumpyembin paguyc R"
(puc. 6.38), koTopbi MMmeeT 3HadeHns R3 ana 09-ro rabaputa n R4.5 gns
13-ro rabaputa. Takas onuma Heobxoamma npu pacyeTe ynpasnsloWwmx nNpo-
rpamm, roe Tpebyetcsa 3agaBaTb KOPPEKTHYKD TEOMETPUID MHCTPYMEHTa
(anameTp, paguyc npu BepLUnHe, BbINET U T.4.).

Puc. 6.38. NMporpammupyembin pagunyc

Cepus nnactnH SBMT 09 (13) ycTaHaBnMBaeTcsl Ha KOHUEBbIE (bpesbl
@ 25 — 42 mm, Topuesble cpesbl G 32 — 125 MM 1 cpesbl MOAYNBHOMO TMna
@ 25 — 42 mm. KoHcTpyKumsa Bcex kopnycoB dppesd ChaseFeed npegycmatpu-
BaeT oxnaxaeHue 3a cyeT kaHanoB Ans nogaymn COX.

Ha ogHOM 13 MaWMHOCTPOUTESNbHBIX MNPeanpuaTui YKpauHbl Obinu
NpoBeAEHbl TEXHUYECKME UCMbITaHUS HOBbIX NnactuH SBMT 09, pesynbtaThl
KOTOpbIX NpuBeaeHbl B Tabn. 6.6. [NokasaTenu Bne4yaTnsoT: HOBMHKA Npoae-
MOHCTpUpOBana yBenumyeHne npon3BoanTENbLHOCTM B 2 pasa Npu OLLYyTUMOM
CHWXXeHun Bubpauun B nporecce pesepoBaHus.

OTaenbHble UCNbITAHUA Ha CTOMKOCTb MOKasann nepcrnekTMBHOCTb
NPUMEHEHNSA HOBOIrO MHCTPYMEHTa KomMnaHun TaeguTec npu BbICOKOCKOPOCT-
Hon obpaboTtke. Tak, Nnpu dpesepoBaHMM 3arOTOBKU U3 UHCTPYMEHTAlbHOM
ctanu Mapkm 4X5B29C npuMeHeHue BbICOKOMO3UTMBHOW nnactuHbl SBMT
NO3BOSINIIO YBESTMYUTL NoKasaTenn CTOMKOCTU MHCTPYMeHTa Ha 88 %.

[MpoBefEeHHbIN aHann3 COBPEMEHHbIX KOHCTPYKUMW TBepAoCnaBHbIX
WHCTPYMEHTOB, MeTannopexyLwmnx ctaHkoB ¢ YUlMY n texHonorndeckux npo-
LeccoB 006paboTkn pasnunyHbIX AeTanen ykasblBaeT Ha MX 3HauYuTemnbHble
BO3MOXHOCTM B MNflaHe NOBbILWEHNA NMPON3BOAUTENBHOCTU U CHUXEHUs cebe-
CTOMMOCTN 06paboTKK.
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Tabnuuya 6.6

Pe3ynbTaTtbl ucnbiTaHMu HOBbIX nriactuH SBMT 09

TaeguTec MHCTpyMeHT apyroro

npon3BoanTend

MapameTp

HeTtanb Mpecc-popma
. T

O6pabaTbiBaeMbii maTepuan HuskonernposaHHas ctanb 09M2C

NHcTpymeHT TESB 332-M16-09 D32 Z3
MnactuHa BLMP 0904R-M TT9080 WNMX 09T316Z
Bbinet dopesbl, Mm 180

CkopocTb pesaHusa V, M/MuH 120 120
O6opoTbl WnuHAens s, 06/MuH 1200 1200
Mogaya MuHyTHas F, MM/MUH 2 500 2 000
Mopgaya Ha 3y6 Fz, mm/3y6 0,69 0,55
"ny6uHa pesanuna Ap, MM 1 0,6
O6bem cHMMaeMoro 80 38,4
MeTanna Q, cM*/MuH

MpounssoanTENbHOCTD 208 % 100 %

6.10. NMporpamma BTOpU4HON NepepadboTku MATRIX
KomMmnaHun TaeguTec Ana oxpaHbl OKpyXXarLwen cpeabl

22 anpens, B [leHb OXpaHbl OKpyXxatoLlen cpeabl, komnaHus TaeguTec
npeacTasuna ofgHy M3 CBOMX MOMNYNAPHbLIX MporpaMm no ytunusauuu oTpa-
BoTaHHbIX TBEPAOCNMABHbIX MMACTUH — peLlleHne, KoTopoe B brvkanem
Gyayliem gact BecOMble NpeuMMyLLecTBa, Kak OKpyXalolen cpene, Tak U
npombiwneHHocTn. Mporpamma ytunusaummn MATRIX npegnaraet yHukanb-
HOe pelleHue ans nerkonm n acpdekTneHom nepepaboTkm TBEPLOCNIABHOMO
noma. llopgaoepxka B exeOHEBHbIX TEXHOSTIOrMYECKMX onepaumax noboro
NPON3BOACTBEHHOrO yyYacTka MeTtannoobpabaTbiBalowmMx KOMNaHUMM co4veTta-
€TCS C KOHTPOJSIEM M OXPaHOM OKpYXaloLen cpeabl C NOMOLbLIO NPOorpamMmmel
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MATRIX RECYCLE, koTopas aBTOoMaTuaupyeT BeCb NpoLecC, HanpaBnsas
NOCTaBLLNKY MHCTPYMEHTA NO 3NEKTPOHHOM MoYTe npeaynpexgeHue O Bpe-
MeHn cbopa noma. 3a4emM yTmnuanpoBaTb?

Puc. 6.39. KomnoHeHTbl MATRIX

B HacTosiliee Bpemsa cpegHsis LUeHa Ha napaBofibdpamar aMMOHMUSA
(MBA) — ocHOBHyO pyay Ons npou3BoacTBa kapbuaa Bonbgpama — cocTas-
nset $257,50 3a meTpudeckyto ToHHY. Kpome Toro, MNMBA, Hapsay ¢ apyrum
CbIpbEM, UCNOSb3YEMbIM MPU U3rOTOBSIEHUN PEXYLLUNX MHCTPYMEHTOB, UMEET
orpaHuyeHHbIn pecypc. OLUEHKN MOryT pasHUTLCS B 3aBUCUMOCTM OT obnacTtu
reonornn, HO cpegHNn Nokasartesnb COCTaBMSAET OKOMO 7 MUMSIMOHOB TOHH 3a-
nacoB Bonb@pama Bo BceM Mupe. C y4eTOM HbIHELIHUX TeHAEHUMN NOTped-
NEHNs, NPOrHO3MpPyeTCH, YTO OCTaBLUMMCS B LUAxTax 3anac Cbipbsi CMOXET
obecrneunTb NPOU3BOACTBO MHCTPYMEHTA B CPegHEM TONbKO Ha Gnvkanwuve
100 net. CornacHoO wuMeWMMCA AaHHbIM MEXAyHapo4HOW CcTaTUCTK-
KW, NPOAYKUMA U3 nepepaboTaHHbIX MaTepmnanoB MOXeT COKpaTUTb BblIOpPOCHI
yrnekmcnoro rasa Ha uenbix 40 %.

Mpn yTunusaumm matepmanos, UCNONb3yeMbIX B NPOM3BOACTBE, Npea-
NPUATMUS CMOTYT SKOHOMWUTb Ha OTKPbITOM O06bl4e, cokpaTuTb Bbibpockl CO,,
CHM3NTb 0bLEee KONMMYECTBO 3HEpPrmn, Heobxoammon ans Aobbiun 3TUX LeH-
HbIX MPUPOAHbIX PECYPCOB, U COKPATUTb OFPOMHOE KONUYECTBO BOAbl, HEOD-
XOAUMOM B ropHOa06bIBaOLLEN MPOMBILLITIEHHOCTMW.

Ncxoas n3 cobpaHHbIX AaHHbIX, BO3HUKAET BOMPOC: Tak nNu onpaBgaHo
ncnonb3oBaHMe LWaxT, ecnn MNoBTOpHast nepepaboTka npegnaraet 6onee
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AelweBbli U MeHee YrrnepoaoeMKkmn nogxod K obecrnevyeHuo pasBuTUS pas-
NMNYHbIX OTPacrien, 3aBUCALLMX OT 3TOr0 BaXXHEMULLEro Cbipbsl. YUYMTbIBAsA Bbl-
LleckasaHHoe, a Takke 3aboTacb O Oyayuwmx MOKONEeHNAX, KOMMaHUS
TaeguTec — asmatckum rmraHT B obnactn mexaHmndeckon obpaboTkm metan-
NoB — cyuMTaeT nporpamMmmy yTunusaumm He npocto 6ornee BbIrO4HbIM, HO U
Bbonee NpakTUYHbIM, N Jaxe — HEN3DEXHbLIM 3BOSTOLNOHHBIM PELLEHNEM.

BbiBOoAbI K pa3geny 6

1. TonyyeHbl TeopeTuyeckne peweHns 06 yYCrnoBusIX YMeEHbLUEHUS
TemnepaTtypbl pe3aHna u rnybuHbl NPOHUKHOBEHNA Ternna B NOBEPXHOCTHbIN
cnon obpabartbiBaeMon OeTanu. YCTaHOBMEHO, YTO OCHOBHLIM YCITIOBMEM
YMEHbLUEHNSA 3TUX ABYX HaMBaXXHEWLUMX NapamMeTpoB 0bpaboTku siBnaeTcd
nepexon B 06nacTtb BbICOKOCKOPOCTHOIO pe3aHusi NIe3BUNHLIMU UHCTPYMEH-
Tamu C MPUMEHEHMEM W3HOCOCTOMKUX WMHCTPYMEHTalbHbIX MaTepuarioB C
HaHECEeHHbIMN Ha X paboyme NOBEPXHOCTU N3HOCOCTOMKMMU MOKPbITUSMN.

2. [Ons npaBunbHOro Bbibopa onTMMarnbHbIX NapamMeTpoB PEXUMOB pe-
3aHMA NpU TOYEHUU C UCMOSIb30BAHNEM COBPEMEHHbLIX NE3BUNHLIX MHCTPY-
MEHTOB Npou3BedeHa onTMMM3auus napamMeTpoB NpoLecca pe3aHns Nno Kpu-
TEpUI HammeHbluen cebectommocTn obpaboTkn. B pesynbTate nonyyeHbl
aHanuTM4eckne 3aBUCUMOCTM, MO3BONSAKOLWME MPOU3BOAUTL pacyeT OnTu-
ManbHbIX 3HA4YeHUn rMybuHbl pe3aHuns, CKOPOCTU pe3aHunsd, nepmoga CTOMKO-
CTU MHCTPYMEHTA, NPOM3BOAUTENBHOCTU U cebecTtommocTn obpaboTkm Ans
pasHbiX YycnoBun. TeopeTndeckn [okaszaHa 3MQPEKTUBHOCTb MPUMEHEHUS
BbICOKOCKOPOCTHOIO pe3aHuns, obecneyvBalolLero yBennyeHne npou3Boaun-
TENbHOCTU U KavyecTBa 06paboTkm Npn OQHOBPEMEHHOM YMEHbLUEHUN cebe-
CTOMMOCTN 06paboTKMK.

3. lNokasaHo, 4YTO NATMOCEBOKM MOPTanbHbIN 0b6pabaTbiBalOLWNIA LEHTP
DOOSAN BM 2740U — Haunydwlee pelleHne Ansi BbICOKOCKOPOCTHOW obpa-
BOTKM KpynHOrabapuTHbIX aBMauWOHHbIX AeTanen. lNokasaHo Takke, YTo TO-
KapHO-dpe3epHble obpabaTtbiBatowme LeHTpbl cepum PUMA SMX komnaHum
"DOOSAN Infracore Machine Tools" — 3T0 HOBO€ MOKOSIEHNEe MHOroyHKLM-
OHanbHbIX 0bpabaTbiBalOLWMX CTAHKOB, KOTOPbLIE OTNNYaKOTCS BbICOKOW MPO-
N3BOANTENBHOCTLIO, TOYHOCTLIO M MPOCTOTOW B 3JKCMNyaTauuu, npegoctas-
NAT BO3MOXHOCTb MCMNOSIb30BaHUS NyYLUMX PELLUEHU B Klacce MHOroMyHK-
LUmoHanbHoro obopyaoBaHusa. TokapHo-bpesepHble LEeHTPbl cepumn SMX aB-
NATCA MUPOBLIM NNOEPOM B CBOEM Knacce n obecnevnBaloT BbICOKME MOKa-
3aTenn BbICOKOTOYHOW 00paboTKKN 3a cHET NPUMEHEHUS CUCTEMbI MUHUMU3A-
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UMM TepMmnyeckon gedgopmanmm, OCHOBAHHOM Ha (PYHKUMAX TemnepaTypHOU
KOMMeHcaunm B npouecce BbICOKOCKOPOCTHOIO pe3aHus.

4. lNpuBeneHbl XapakTEPUCTUKN HOBbIX MHCTPYMEHTamNbHbIX MaTepua-
NOB N HOBbIX r€eOMETPUYECKNX DOPM PEXYLUMX MNNACTUH, N3rOTOBIIEHHbLIX U3
TBEPAbIX CMNAaBOB M KEpaMUYeCKNX CNiaBoB C U3HOCOCTOMKMMMW MOKPbITUAMN.
[MpuBeneHbl pesynbTaTbl UCCNeaOoBaHUMA BbICOKOCKOPOCTHOIO TOYEHUS WH-
CTPYMEHTaMM U3 KepaMukm TepmoobpaboTaHHbIX MaTepmnanos, YyryHoB, Xa-
ponpoYHbIX MaTepuano. O6o0ueH onbIT 3PPEKTUBHOIO NPUMEHEHUA pe-
XYLLMX KepaMuyecKknx nnactnH gna obpaboTku TOYEHMEM OucKa, CTalibHbIX
BankoB u ap. MNpueeneHbl NpuMepbl NPaKTUYECKOro NCnosfb30BaHNSA NPOrpec-
CUBHbIX KOHCTPYKUUIA PEXYLMX WHCTPYMEHTOB W TEXHOMOMMW BbICOKOCKO-
POCTHOrO pe3aHud, KOTOopble MNOoATBepXOalT MNpPaBUIIbHOCTb MOJSTyHYEeHHbIX
TEeOpeTUYECKNX PELLEHUN U cOenNaHHbIX BbIBOAOB 00 OCHOBHbLIX HanpaBreHK-
S1X MOBbILLEHNS NPOM3BOAUTENBHOCTN, TOYHOCTU N KavyecTBa obpaboTkm ae-
Tanen, W3roTOBfIEHHbLIX W3 MaTepuanoB MOBbILWEHHON TBepaoCcTU. [aHbl
npakTUyeckne pekoMeHgauum no BbIOOPY NPOrpeCcCUBHLIX MHCTPYMEHTarb-
HbIX MaTepuanosB N ONTUMasbHbIX PEXNUMOB pe3aHns NPY BbICOKOCKOPOCTHON
obpaboTke Ha cTaHkax ¢ YllY.

5. TlokasaHo, 4Tto cnnae TT7505 adpdheKTUBHO UCNONb30BaTh ANS Bbl-
COKOCKOPOCTHOM 06paboTkm vyryHa, a npoyHbii cnnae TT18080 — ans obpa-
BOTKM HepXKaBerLWMX U XapOonpPOYHbIX CMIaBOB HXHOKOPEWCKOro Npou3Boa-
ctBa. [Jna obpaboTkM KOMMO3MLUMOHHBIX MaTepuanoB PEKOMEHOOBAHO WC-
nosib3oBaTbh pesepHble nnacTuHbl U3 crnnasa PCD (nonukpucTaniMyeckun
anmas), KoHLUeBble TBepaocnnaBHble hpesbl U cBepna ¢ anmasHbiM NOKPbI-
TMEM. OTU HOBblE WMHCTPYMEHTasbHble pelUueHUs YyOOBNEeTBOPAT YHUKaSlb-
HbIM YCIOBMAM pe3aHunda TpyaHoobpabaThiBaeMblX MaTepuanoB, MOCKOSbKY
o0beanHaAT B cebe npeumyllecTBa crneumanbHOro cnnasa, BUOOU3MEHEH-
HOW reOMEeTPUN peXyLLEN KPOMKA N BbICOKUX TEPMOXUMUYECKMX CBOMCTB ar-
Ma3HOro NOKPbITUS.

6. YcTaHOBMEHO, YTO KOHUrypaums TBEpLOCNIaBHbIX KOHLUEBLIX (hpe3
RCFE TaeguTec ¢ anmasHbiM NOKpbITUEM Ansi 06paboTkM yrnennacTukos,
Takke kak n gpes RRFE-TMna, ncknioyaet paccnoeHune, CHuXaeT ycunus pe-
3aHus 1 BMbpauuun, obecneymBasi BbICOKYIO MPON3BOAUTENBHOCTbL NPU Yep-
HoBoM oOpaboTke. OTnunumtenbHon ocobeHHocTblto RCFE-hpes gaBnsetcs
HECKOMbKO KaHaroB Ofd OTBOAA CTPYXKW, YTO Mo3BondeT paboTtaTb Ha Mo-
BbILLEHHbIX pexmnmMax pesaHus. [na yncroBon ob6paboTkmM KOMMO3UTOB PEKO-
MeHOO0BaHO UCMONb30BaTb TBEPAOCMaBHYO KOHUEBYO dpesy cepun RCOM
(komnaHnn TaeguTec) ¢ anMasHbIM MOKPbITUEM, KOTOpasi MUCKIo4YaeT pac-
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cnoeHve, obpasoBaHue 3ayCeHLEeB U NpeacTaBieHa B ABYX KOHMUrypaumsx:
C NeBbIM U NpaBbiM HaNpaBneHMeM crnvpanen KaHaBoK.

7. [Ons BbicOKONpOM3BOAUTENBLHON 0BPabOTKM KOMMO3UTOB PEKOMEH-
A0BaHO MCMNONb30BaTh pexylime TBepable cnnasbl TaeguTec, KOTopble MNO3-
BOSIAOT obecneynTb HanbonbLUYD CTOMKOCTb MHCTPYMEHTA. Tak, MHHOBaLM-
OHHbIM PCD-cnnas TD830, n3roToBreHHbIN C YyrbTpaMesikon anmMasHom
dopakumnm, rnokasbiBaeT BbICOKYHD M3HOCOCTOMKOCTb, MPOYHOCTb U KadyecTBO
KPOMKW, XapaKkTepusyeTcs UCKNIYUTENbHOM CTOMKOCTbIO K abpa3MBHOMY U3-
HOCY M 3HAYNTENBHON TEPMUYECKON CTabUNbHOCTBIO.

8. [ns 06paboTkM BOMOKHUCTLIX YriennacTMkoB peKOMeHA0BaH HOBbIN
cnnas TTD610. bnarogapsi nepegoBon TEXHOMOMMU HaHECEHUST HaHOanNMa3s-
HOro MOKPbITUS, 3TOT crfaB obecnevnBaeT HENPEB3OMAEHHYIO CTOMKOCTb UH-
CTPYMEHTA M BbICOKYK CTabunbHOCTb 06paboTku, oTnnyaeTca BbICOKOM ab-
pa3MBHOM M3HOCOCTOMKOCTLIO (TBepaocTb bonee 8 000 no Bukkepcy), obec-
nevymBaeT BbICOKME MokasaTenn TennonpoBOAHOCTU U yOaPHOW CTOMKOCTW.

9. [Ina mexaHuyeckon obpaboTkmn npecc-popm 1 WTaMnoB, Koraa npu-
xoamTcs dpesepoBaTb TOHKOCTEHHbIE 3aroTOBKM U3 pa3Hblx Mo obpabaTtbiBa-
€eMOCTM MaTepuarnoB, npeanaraeTcs BbICOKONPOM3BOAUTENbHAA cepus dpes
n nnactuH ChaseFeed, koTopas MoxXxeT 6bITb MCMONb30BaHa U ANt YEPHOBbIX
onepauun. B HacToswee Bpems KomnaHua TaeguTec gononHuna ceputo Bbl-
COKO3(P(peKTUBHBLIMK nriacTuHamm SBMT m WMPOKOM HOMEHKaTypon Kopny-
coB dopes, KoTopble obecneynBatoT Takyto e Npon3BoaANTESNbHOCTL Ha BbICO-
KMX CKOPOCTSIX Nofayun, HO NpU MeHbLUMX rmybuHax pesaHusa. NpoBeaeHHbIN
aHanu3 COBPEMEHHbIX KOHCTPYKUUW TBEpAOCMnSfiaBHbIX WMHCTPYMEHTOB, Me-
Tannopexywmx craHkoB ¢ YlMY n TexHonornyecknx npoueccoB obpaboTku
pasnn4yHbIX geTarnen ykasblBaeT Ha UX 3Ha4YnTeNbHblE BO3MOXHOCTU B MiaHe
NOBbILLEHMSI MTPON3BOANTENBHOCTU U CHMXKEHUS cebecTonmMocTn obpaboTku.

10. MNMpuMeHeHne nporpaMmmbl yTUnM3auum oTpaboTaHHbIX TBEpAo-
cnnaeHbix nnactuH MATRIX, paspabotaHHon komnaHnen TaeguTec, No3Bo-
ngeT aBTOMaTU3MpoBaTb BECb npouecc meTannoobpaboTku, npu 3TOM Mo-
CTaBLUMKY WMHCTPYMEHTaA MO 3fEKTPOHHOW MouYTEe HanpasfsieTca npegynpe-
XOeHne o BpeMeHu cbopa noma. NokaszaHo, 4YTO nNpu yTunusauum matepua-
N0B, MCMOSIb3yeEMbIX B MPOU3BOACTBE, NPeanpuUsTUS CMOryT 3KOHOMUTb Ha
OTKpbITOM Oo6bIYe pyabl ANns Npon3BoACTBa kapbuaa Bonbgpama, CoKpaTUTb
Bblbpockbl CO,, CHM3NTL 0bLLEEe KONMMYECTBO SHEPrMm, Heobxoanmon ans 4o-
ObluM 3TMX LEHHbLIX NPUPOAHbLIX PECYPCOB, U COKPaATUTb OFPOMHOE Konn4e-
CTBO BOAbl, NOTpebrissiemon B ropHoAo6bIBaoOLWEN NMPOMbILLNIEHHOCTW.
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7. OnbIT 3cpheKTUBHOro NPpMMEeHeHNA TeEXHOSIOrumn
MeXxaHU4eCKou oopaboTKu cOOpPHbIMMU
TBepAoCniaBHbIMU UHCTPYMEHTaMM
C U3HOCOCTOMKUMU NOKPbLITUAMU

7.1. NoBbiweHNA 3hhpeKTUBHOCTU MeXaHUYECKOW
00paboTKu getanen rmapaBnIMYeCcCKNX CUCTEM

[MoBbILEHNE NPON3BOAUTENBHOCTU U CHWXKEHUe cebecTtommocTn obpa-
6oTkn, obecrneyvyeHne BbICOKMX TpeboBaHMN K TOYHOCTU N Ka4yeCTBY U3roTOB-
NeHus geTtanen rmapaBfiMY4ECKMX CUCTEM npegnonaraet NpUMEHeHne U3HO-
COCTOMKMNX, obnagaroLmx BbICOKOW pexyLien CrnoCoOOHOCTbI0 MHCTPYMEHTOB U
BbICOKOTOYHbIX COBPEMEHHbIX cTaHkoB ¢ YITY. 310, Hanpumep, cTtano onpe-
aensawowmum akTopom B pewleHMn npobrnemMbl 3KOHOMUYHOIO M3roTOBIIEHUS
aetaneun rmapaBniNYECKMX CUCTEM, TakUX Kak MiyHXep, nata u cepuyeckas
BTynka (puc. 7.1) [36; 96]. lMoaTomy HMXe npmuBeneHbl NpumMepbl 3G EKTNB-
HOMO MCMONb30BaHMS COBPEMEHHbIX COOPHLIX TBEPAOCMSIABHbLIX NE3BUMHbIX
PEXYLUNX WHCTPYMEHTOB C WM3HOCOCTOMKMMM MOKPbITUSIMX MPOM3BOACTBA
komnaHum TaeguTec (KOxHasi Koped) u crtaHkoB Tuna "obpabaTbiBatoLnm
ueHTp" ¢ Yy ana mexaHudeckon obpaboTKnm OTBETCTBEHHbLIX AeTanen rma-
paBnunyeckux cuctem [95].

a 6 B
Puc. 7.1. Detanu ruapaBnu4eckux cuctem: nnyHxep (a); narta (6);
BTyJKa chepunyeckas (B)

[nyHxep mnsrotaenmBaeTcsa U3 ctanm 40Xd2, a narta n BTynka cepu-
yeckad — n3 nutenHon natyHn JIMuCKA. O6paboTky ykasaHHbIX geTtaneu
(6onee 10 pasHOBMOHOCTEM N TUNOPA3MEPOB AeTaneun) npeasiokeHo OcCy-
LLLeCTBNATb HA BbICOKONPOM3BOAUTENBHOM ABYXLUMUHOENBHOM TOKapHOM 00-
pabaTbiBatowem ueHtpe PUMA 2100MS ¢ npuBogHbIM (ppe3epHbIM UHCTPY-
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MeHTOM (ocb C) u KoHTp-wnuHaenem ("DOOSAN" nponssogcTtea HOxHas Ko-
pesl), OCHaLLEHHbIM PEBOSIbBEPHOWN rONIOBKON ANS CMEHbl MHCTPYMEHTA U CU-
ctemon ynpasnexuna (UMMY) Fanuc Oi-TD (puc. 7.2). [lna kaxgoro usgenusd
Oblf N3roTOBMEH OTAENbHbLINM KOMMAEKT 3aXXMMHOW OCHACTKK, a Anga onepauumn
KOSNbLEBOro (ppesepoBaHust U rryboKOro CBEpfieHUss — CTaHOK KOMMSEKTO-
Banica MOLLHOM rmgpocTtaHumnen Ha 70 6ap.

Puc. 7.2. BbicokonpounsBoauTesrnbHbIN ABYXLWNUHAENbHbLIW TOKapHbIW
ob6pabartbiBarowmm ueHTp PUMA 2100MS ¢ npuBoaHbIM hpe3epHbIM
MHCTPYMEHTOM U KOHTp-wnuHaenem ("DOOSAN")

[Mpn pa3paboTke HOBOW TEXHOMOMMM MexaHuveckon obpaboTkm aeta-
nen rmapaBfiM4ecKnx cuctem Obin caenaH OCHOBHOM YNop Ha (pakTop 9KOHO-
MWYHOCTM, CBSA3@HHbIN, C OOQHOM CTOPOHbI, C MOBbILLEHNEM MPOU3BOAUTENb-
HOCTU N YMEHbLLUEHNEM cebecTonmMmocTn obpaboTkn, a C APYron CTOPOHLI, C
yHUBepcanusaumen obopygoaHus ¢ UMY nytem npMmeHeHus HecTaHaapT-
HbIX PEXYLUMX WHCTPYMEHTOB W chneuuanbHOM OCHacTkU. Tak, paHee pac-
CMOTPEHHbIE OeTanu: nAyHXep, NaTta 1 BTyfKa cdepunyeckas obpabaTtbiBa-
NNCb Ha pasnuyHoMm obopyadoBaHuu. [laxe oTaenbHble onepauun nNpuxoam-
NOCb BbINOMHATL Ha pasHbIX CTaHkax. Hanpumep, TokapHyto o6paboTky
NayHxXepa Npoussoaunn Ha ogHoM obopynoBaHun, a rnybokoe cBeprieHne —
Ha crneynanbHOM CTaHKe Ans rriyboKoro ceepneHnst. B AaHHbI MOMEHT 3TH
onepaunn obbeanHeHbl 1 BbiNonHAKTCA Ha ogHoMm cTaHke "DOOSAN". Kpo-
M€ TOro, UCronb3ysl CTaHKM arperaTHoOro TMna, CroXHO KOPPEKTUpoBaThb pas-
Mep obpabaTtbiBaemMon getanu B CBS3N C N3HOCOM PEXYLLEro MHCTPYMEHTA.
[ns BBeOeHs KOppeKUMn Ha arperatHoM cTaHke Heobxoaumo 3atpadnBaTb
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bonee 5 mnHyT. [Ina BBOAAa koppekuumn Ha ctaHke "DOOSAN" ¢ UIMY - Bcero
20 cekyHa. Hanpumep, npu obpaboTke Ha arperaTHOM CTaHke npu obHapy-
XeHun bpaka Ha 3-x 0bpaboTaHHbIX geTansx u3 7, o4eBugHoO, U 4 nocneny-
lowne obpaboTaHHble geTanu ynayt B Opak. [lpu ucnonb3oBaHWM CTaHKa
"DOOSAN" nmeeTcs BO3MOXHOCTb KOHTPONMPOBATb KaXaYyHo AeTanb U Taknm
obpasom umcknovaeTca bpak npu obpaboTke. Npu 3TOM NOABNSAETCS BO3MOX-
HOCTb YBENNYeHUs NPon3BoaANTENBHOCTM 06paboTKM Ha KaXKaon onepawmm 3a
cyeT TOro, Yto ctaHok "DOOSAN" obnagaeT NoBbILLEHHOW XXECTKOCTbIO.

CnepoBaTenbHO, NPUMEHEHMe Takoro obopyaoBaHus Kak ctaHok ¢ UMy
"DOOSAN" nossonseTr pewutb nNpobrnemMy 3KOHOMWYHOCTM M MPOU3BOAU-
TenbHOCTNU 06paboTKM rnaBHbIM OOpa3oM 3a CYET ero yHuBepcanusauuu,
BO3MOXXHOCTM 00paboTkM Tpex paccMmaTpuBaeMbIX TUMOB AeTanen (nnyHxep,
naTa n BTyrKa cpepuyeckas) Ha ogHOM cTaHke. [1py 3ToM cokpallatroTca 3a-
TpaTbl Ha 3Hepropecypcol. Ona obcnyxuneaHmMs cTaHka Heobxoanum OOuH Ye-
nosek, Torga kak ans obpaboTkyM OaHHbIX AeTanen Ha arperaTHbIX CTaHKax
Heobxoaumo bonee 5 yenoBek, YTO NO3BOMSET AKOHOMUTL (POHL, 3apaboTHOM
nnatel paboynx. Kpome TOro, MMHUMU3MPYETCS KONMYECTBO OGpakoBaHHbIX
aetanen. Xapaktepuctukm ctaHka "DOOSAN" nossonsaT nNpou3BoauTb TO-
KapHyto oOpaboTKy geTtanen pasfMyHon KoHdurypaumun. B crnyyae msmeHe-
HUS1 KOHCTPYKLUWK AeTann BO3MOXHa ObICTpasi nepeHanagka obopyaoBaHus.

Hwxe npuBeneHbl pesynbTaTbl 3KCNEPUMEHTalnbHbIX WUCCReaoBaHUN
NPUMeEHeHNS COOPHbBIX KOHCTPYKUMI TBEPAOCMABHbLIX MHCTPYMEHTOB C U3HO-
COCTOMKMMM MOKPbITUSAMU B3aMeH TpaauLMOHHO MCMOSb3yeMblX Ans obpa-
BOTKM PAaCCMOTPEHHbIX Bbile TPEX TUMUYHLIX OeTanen rmgpaBinyecknx cu-
CTEeM: MNyHxepa, NATbl U BTYNKN cepuyeckon (puc. 7.1). MNepBoHavarnbHO
paccMOTpPEHbl BO3MOXXHOCTU MOBbILWEHUS 3 EKTUBHOCTN onepauuin mMexa-
Hu4eckon obpaboTkun nNnyHxepa.

1. Mo cyuwecTByoWwen TexHonorm nonydmcrosas obpaboTka Hapyx-
HOW LMNUHOPUYECKON MOBEPXHOCTM MNyHXepa npom3Boaunacb OObIYHbIM
KOHTYpPHbIM pe3uoM u3 TBepaoro cnnasa T15K6 c pexumom pesaHus:
V =40 m/mMuH, S = 0,15 mm/06., t = 1,0 mm. C uenbo NOBbILLEHUST NMPON3BO-
AUTENbHOCTU W CHWXEHUs TpyaoemkocTn u cebectommoctn o06paboTku
nNpeanoXeHo NCNonb30BaTb COBPEMEHHbIN COOPHbLIN ToKapHbIn pesel, TDJNL
2525 M15 co cmeHHo MHororpaHHon nnactuHon TT18125 DNMG 150608 FC
C U3HOCOCTOWKUM MOKpbITMEM (puc. 7.3) Nnpou3sBoacTBa KomnaHum TaeguTec
(KOxxHas Kopes). bnarogapsi BbICOKMUM CTOMKOCTHBIM XapakTepPUCTUKaM MHO-
FOrpaHHbIX CMEHHbIX MMACTUH C M3HOCOCTOMKUM MOKPbLITUEM YyAanocb MHTEH-
cndumumpoBaTb pexum pesanus: V = 100 m/muH, S = 0,1 mm/06., t = 2,0 mm.
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OTO NO3BONWUIIO B 3 pasa YyBENUYUTbL MNPOU3BOAUTENBHOCTE 0OpPaboTKM U
rMaBHOE — YWUTU OT MHOIOYUCNEHHbIX Nepe3aTovyek MHCTPYMEHTA N Taknm 06-
pa3oM YMEHbLUUTb TPYAOEMKOCTb U cebecToMmMoCcTb 06paboTKu.

- - S
— ~aaE—
Puc. 7.3. COOpHbIN TOKapHbIN Puc. 7.4. COOpHbIA TOKapHbIN
pe3seLl CO CMEHHOM peseu ¢ yrnom B nnaHk 93° u co
MHOrorpaHHowm CMEHHOW MHOrorpaHHow
nnactuHoun TT8125 nnactuHoun TT8115

2. Ewe 60onbwimnin acpekT Obln AOCTUMHYT Ha onepaumm YNCTOBOW TO-
KapHOn 06paboTkK, a Takke nNpu opmMmpoBaHnn cdepbl 1 pagnyca niyHxe-
pa. CornacHo OenCTBYyOWEN TEXHOMNOMK, AaHHasa onepaumsa OCyLLEeCcTBNseT-
CA TeM Xe TBepAoCnnaBHbIM pe3LoM C peXxumMom pesanus: V = 45 M/MuH,
S = 0,1 mm/06., t = 0,08 mm. BaameH aToro pesua npearnoXxXeHo UCnonb30-
BaTb COBPEMEHHbIN COOPHbIN TokapHbiM pesel, SVJNL 2525 M13 ¢ yrnom B
nnaHe 93° co cMeHHoIt MHororpaHHol nnacTuHoit TT8115 (puc. 7.4) VNMG
130404 FG, koTopasi no TBepaoCTu Bbllwe nnactuHbl TT8125 (ncnonbayemon
Ans nonyyucrtoBon obpaboTkn). Pexum pesanus: V = 250 m/muH, S = 0,12
Mm/06., t = 0,3 mM. B pesynbTaTe yaanocb noBbICUTb NPOU3BOANTENBHOCTb
obpaboTkn 6onee 4yem B 10 pas.

3. [na ceBepneHns oTBEPCTUN B NIyHXepe Mo CyLLecTBYWeNn TEXHO-
NOrMN NMPUMEHSANUCL LEHTPOBOYHbIE CBepria n3 buicTpopexyLuen ctann P18
c pexumom pesaHus: V = 40 m/muH, S = 0,1mm/06. lNMpumeHeHne ceBepna
ECEM 2060 n3 cnnasa UF 20 (puc. 7.5) no3Bonuno yBenuyunTbL CKOPOCTb pe-
3aHus go V = 80 m/mMuH npu Takom xe nogade S = 0,1 mm/06.

,' W\_
D e— e m—— e

\_b—
Puc. 7.5. CBepno ECEM 2060 n3 cnnasa UF 20

C uenbto NoBbILEHMS NMPON3BOANTENBHOCTU U KayecTBa 06paboTkM OT-
BepcTuiA Bblnn pa3paboTaHbl U BHEAPEHbI KapANHANbHO HOBbIE KOHCTPYKLINN
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csepn ans rnybokoro ceepnieHmst oteepctua @ 3,15 mm SPGD-03150-0410-
30577-01 ¢ gnuHon pexywen Yactm 125 mm. CeeprneHne pekomeHayeTcs
NpPon3BOANTL C pexumom pesdaHus: V = 60 m/mMuH, S = 0,08 mm/06.

Hanee npuBeaeHbl paspaboTaHHble ahekTMBHbIE Onepauun MexaHu-
Yyeckon obpaboTkm getanu "nata" (puc. 7.16).

1.7Mo pgencTeyoWEN TEXHOMOMMN Nony4YncToBas odbpaboTka Hapy>KHOWU
LMITMHOPUYECKOM MNOBEPXHOCTU AeTanu "nata” npowussoguriacb PacoHHbIM
pe3uom n3 deictpopexywen ctanu P18 ¢ pexumom pesarHus: V = 100 m/MuH,
S = 0,1 mvm/06., t =2,0 mM. B3amMeH 3TOro MHCTpymMeHTa Oblf MPUMEHEH CO-
BpeMeHHbIN COOpHbIM TokapHbIn pesel, TDJNL 2525 M15 co cmeHHOM MHOro-
rpaHHon nnactuHon DNMG 150608 ML w3 cnnasa K10, coctosiwero w3
WC+Co (puc. 7.6, Tabn. 7.1). Pexum pesanus: V = 350 m/muH, S = 0,25
Mm/00., t = 1,5 mm. B pesynbTate nponssoanTenbHOCTb 00paboTkM yBenu-
yunacb B 6 pas, NoOYTK B TAKOE e KONMMYECTBO pa3 yMeHblunnacb cebectom-
MOCTb 06paboTKu.

Puc. 7.6. CO0pHbIN TOKapHbIN pe3el, CO CMEHHOW MHOrorpaHHoOwu
nnactuHou us cnnasa K10

Tabnuuya 7.1

MexaHunyeckune n cpnsanyeckue ceonctTaea TBepaoro cnnasa K10

Moaynb Mpepen Mpepen TBepgoctb |  Tennonpo- KoadppmumneHt
ynpyroctn, | APOYHOCTU | MPOYHOCTU (HRA) BOLHOCTD, TEns0BOro
H/mm? Ha u3rnmb, | Ha cxatue, kan/(cm-cK) | pacwwmpeHus,
H/mm? H/mm? 10%/rpagn
620 > 2400 6 200 92,7 0,19 4,7

2. ObpaboTka Tpex rmyxux otBepctun @ 3,18 + 0,24 mm paHee Npouns-
BOAMNach crneumanbHbiM ceepriom & 3,18 MM 13 bbicTpopexylien ctann P18
OTEYEeCTBEHHOro Npon3soAcTBa ¢ pexxmumom pesanma V = 30 m/muH, S = 0,05
MM/06. B nocnenctemMm Ha aTom onepauun NpegnoXeHo NpUMEHsTb creum-
anbHoe TBeppgocnnaBHoe cBepnio BOF D3.18X0.7X60-6 n3 ynbTpamenko-
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3epHuctoro TBepgoro cnnasa UF10 (puc. 7.7) C pexummom pesaHusd
V =120 m/muH, S = 0,07 mm/06. 3TO Nno3sonuno 6onee 4em B 5 pas NoBbl-
CUTb NPOU3BOAUTENBHOCTL 06PabOTkM MpU OAHOBPEMEHHOM YMEHbLLUEHUN
cebecTonmocTn ob6paboTkw.

(=)
Y/

-0.008 |

ol

60

Puc. 7.7. Yeptex TBepaocnnaBHoro ceepna BOF D3.18X0.7X 60-6
u3 cnnasa UF10

3. ObpaboTKka LeHTpanbHOro oTBepcTna J 1,57f8’2)1 MM paHee npowus-

BoAgMnacb cneumansHon gpeson 1,57 mm n3 Goictpopexyuen ctann P18
OTEYECTBEHHOro npoussBoacTBa C pexumom pesaHus V = 30 M/MuH,
S = 0,05 mwm/06. lMpumeHeHne cneumanbHOW TBEpAocnnaBHoM dpesbl
SSD D1.6X20FX70-6 n3 cnnasa UF10 (puc. 7.8) c pexnmMom pesaHus:
V =100 m/mMuH, S = 0,07 mm/06. no3sonuno B 5 pas yBenuyntb NponsBoau-
TENMbHOCTb N CHNU3UTb cebecToMMOoCTb 00pPaboTKu.

¢ 1 ®

-0.008

20 _ _ 42

06

70

Puc. 7.8. Yeptex TBepaocnnaBHou pesbl SSD D1.6X20FX 70-6
u3 cnnasa UF10

4.ToyeHne TOPUOBLIX KaHaBOK MPEeaNnOXEHO BbIMOMNHATL C PEXMMOM
pe3aHus: V = 150 m/muH, S = 0,1 Mm/06. KaHAaBOYHbIM PE3LOM CO CMEHHOM
nnactmHon TTER 2525-2T8 u TDFT 1.25-0.38-D22 K10 cooTBETCTBEHHO.
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PaHee onepaunsa npon3sogunacb HanamHbiM KaHaBOYHbIM Pe3LoM U3 BbICT-
popexylien ctann P18 c pexumom pesanus: V = 70 m/muH, S = 0,07 mm/06.
B utore goCTuUrHyTo yBennyeHue nponssoanTenbHoCcTn obpaboTkn o 3 pas.

5.YepHoBas onepauus pactaymBaHus otBepctna G 17,12 + 0,04 mm
BbinonHsietcs pesuom S16P SVJCR-11-UKR ¢ uncnonb3oBaHMEM CMEHHOW
nnactnHon VCGT 110304 FL n3 cnnasa K10 (puc. 7.9) ¢ pexxmumom pesaHus:
V = 110 m/muH, S = 0,08 mm/06, t = 0,5 mm. PaHee gaHHasa onepauusi Bbl-
NnosfHAMacb C MUCNOSib30BaHMEM HanavHOro pPacTo4YHOro (PacoHHOro pesua
n3 ObicTpopexywen crtanm P18 ¢ pexunmom pesaHus: V = 50 m/MuH,
S = 0,05 mm/06., t = 0,5 mm. BTO no3sonuno oo 4-x pas NOBbICUTb NPOU3BO-
AUTENBbHOCTb 06PaboTKMN.

Puc. 7.9. CmeHHasa nnactuHa n3 cnnasa K10

6. na obpabotkn cdep R1,52 n & 3,94 + 0,11 MM TpagMUMOHHO UC-
nofib30Banucb cneunanbHble dpesbl N3 BuicTpopexywen ctann P18 ¢ pe-
Xnmom pesanud: V = 50 m/muH, S = 0,05 mm/06. Bnarogapst ncnonb3oBaHUIo
cbopHbix pe3s SBE 20304 n SBE 20394 wus TtBepmoro cnnasa UF10,
KOTOpble MO3BOMAT peanusoBaTtb pexum pesaHna: V. = 150 m/MuH,
S = 0,08 mm/06, yganocb MOBLICUTb CKOPOCTb pe3aHusl U NpouU3BOAUTENb-
HOCTb 00paboTkn B 3 pasa.

7.06bpaboTKka CTOMOPHOW KaHaBKW MO HOBOW TEXHOMOMM NPOM3BOaUTCS
TokapHbiM pe3uoMm MVQNR 2525 M16 co cmeHHon nnactmHon VNGG
160404 ML mn3 cnnaea K10 ¢ pexumom pesaHus: V = 420 m/muH, S = 0,1
MM/06., t = 0,5 mm. PaHee ncnonb3oBasncsa KOHTYpHbIN pesey, U3 bbicTpope-
Xylwen ctanm P18 oTeyeCcTBEHHOro NpomM3BOACTBA C PEXMMOM pesaHus: V =
110 m/MuH, S = 0,08 Mm/06., t = 0,1 MM. 3TO NO3BONMNO MHOrOKpaTHO (bonee
yeMm B 10 pas) NOBbICUTb NPON3BOANTENBHOCTL 06pabOTKN.

[MponsBeaeHa oueHKka 3PPEKTUBHOCTM MPUMEHEHUSA pa3paboTaHHbIX
onepauun mMmexaHumdeckon obpaboTkm pgetanu  "BTynka cdepudeckas”
(puc. 7.1B).

1.TMo pgencTeyoWEN TEXHOMOMMN onepauusi Nosy4ncToBon odbpaboTkm
HapY>XHOMN LNITIMHOPUYECKOM MOBEPXHOCTU AeTanu "BTyrnka cdepuyeckas”,
a TakkKe TOopLOBOM MNOBEPXHOCTM MpousBoauniace ¢acoHHbIM pPe3uoM U3

294



BbicTpopexywen ctanu P18 ¢ pexumom pesaHna V = 100 m/MuH,
S =0,1 Mmm/06., t = 2,0 MM. BaameH aTOro MHCTpyMeHTa BbisT NpUMEHEH Co-
BpeMeHHbIN cOopHbIN TokapHbIn pesel TDJNL 2525 M15 co cMeHHOM MHOro-
rpaHHon nnactnHon DNMG 150608 ML un3 cnnasa K10 (puc. 7.10). 310 nos-
BOSIUNO peanu3oBaTb creaywmnn pexmm pesanHma: Vo = 350 m/MuH,
S =0,25 mm/06.,t = 1,5 mm.

Puc. 7.10. COOpHbIN TOKapHbIX pe3eL, CO CMEHHOW MHOrorpaHHou
nnactuHou us cnnasa K10

2. PacrtauuBaHune, a Takke obpaboTka Topua BTYMKN paHee BbINOSTHSA-
NNCb KOHTYPHbIM pe3uoM n3 GbicTpopexylen ctanm P18 ¢ pexumom pesa-
Hua: V = 110 m/muH, S = 0,08 mm/06., t = 0,1 mm. lNpegnoxeHo obpaboTKy
Npou3BOAUTL TokapHbIM pe3uom S25T SDUCR 11 ¢ yrnom B nnaHe 93°,
ocHaweHHbIM nnactuHon DCGT 11T304 FL n3 cnnasa K10 (puc. 7.11) ¢ pexu-
MoM pesaHus: V = 250 m/muH, S = 0,2 mm/06., t = 1,0 mm. B pesynbTaTte Oo-
CTUrHYTO yBENMYEHNE NPON3BOANTENBHOCTM 00paboTkm Bonee yem B 10 pas.

Puc. 7.11. TokapHbI# pe3el ¢ yrrnom B nnaHe 93°,
OCHalUeHHbIN nnacTuHon 3 cnnasa K10

3. OpesepoBaHne KpyriblxX NbICOK ("3Be3404KM") NO OEUCTBYIOWEN TEX-
Hoformm npomnssogunocb gpeson @ 10 mm 13 BbiCTpopeEXyLlEen cTanm oTe-
YeCTBEHHOro Npom3BOACTBa C pexumom pesanus: V = 30 m/muH, S = 0,08
Mm/00. [laHHaga dpesa bbina 3ameHeHa Ha dpesy REMA 3 100C mn3 tBepo-
ro cnnasa UF10 (puc. 7.12). 3To NO3BONUIIO MHTEHCU(PULMPOBATL PEXUM
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pe3aHus: V = 100 m/mMuH, S = 0,15 mm/06. n 6onee 4em B 6 pa3 NoOBbLICUTb
Npon3BOANTENBHOCTL 06pPaboTKN.

* _\ g ———. —

e

Puc. 7.12. ®pe3a REMA u3 tBepporo cnnasa UF10

Takum obpas3om MnokasaHO, YTO NpPUMeEHeHME COOPHbIX KOHCTPYKLUIA
TBEPAOCNNABHbIX PEXYLIMX UHCTPYMEHTOB C WU3HOCOCTOMKMMWU MOKPbLITUSIMMA
NPy YCNOBUWN NPaBUIIbHOrO YCTAHOBIEHNS PEXMMOB pe3aHns U Apyrux napa-
MeTpoB 06paboTkM B COOTBETCTBUM C NPEanoXeHHbIMU B paboTe npakTnye-
CKUMX peKoMeHAauMsMK, MO3BOSIUMO MHOFOKPaTHO YBENWYUTb NPou3Boau-
TENbHOCTb U YMeHbLWUTb cebectomMmocTb 06paboTkm nNpu OgHOBPEMEHHOM
obecneyeHnn BbICOKMX MoKasaTenen TOYHOCTWU, KadecTBa M LLIEepOXOBaTOCTU
obpabaTtbiBaeMbix noBepxHocTen. C Lenbio NoBbIWEHUS paboTOCNOCOOHOCTH
WHCTPYMEHTOB MNpPW pe3aHuM MaTepuarnoB C MOBbILWEHHbIMU  (OU3UKO-
MEXaHU4YEeCKUMN CBOMCTBAMM U pacLUMPEHUS TEXHONOMMYECKUX BO3MOXHO-
CTeN MeTannopexyLimx CTaHKOB, HMKE NpuUBEOEHbl XapaKTePUCTUKN HOBbIX
NepCnekTUBHbIX CTaHKOB € YITY 1 pexyuwunx TBepaocnnaBHbIX NHCTPYMEHTOB
C U3HOCOCTOMKMMMW MOKPbLITUAMU, NpeaHa3HavYeHHbIX Ana obpaboTkm pasnuu-
HbIX N0 oBpabaTbiBAEMOCTN MaTepuanos.

7.2. NoBbiweHne 3hheKTUBHOCTU MeXaHNYeCKon o6paboTKu
cnoxHonpodunbHbIX pabo4ynx NOBepPXHOCTEN CeKTopa
npecc-popmbl AnA WKUHbI anametpom 2 200 mm

BHegpeHne coBpeMeHHbIX COOpPHbIX TBEPAOCMNSIaBHbIX PEXYLUMX WH-
CTpymeHTOoB U obopygosaHus ¢ Yy nossonuno pewwuntb B NMAO "[OHenpno-
numepmaw" (r. OHenp) npobnemy co3gaHusi CrOXHONPOMUbHbLIX paboymx
NOBEPXHOCTEN CeKTopa (dnemeHTa) npecc—opMbl ANA WWHbI MaMeTPOM
2 200 mm (puc. 7.13). Mo gencraytolen TexHonormm obpaboTka npomssoau-
nacb B TeyeHne 180 yacos [37; 96]. BHegpeHne HoOBOM TEXHOOrMN NO3BOSK-
N0 UCKITHOYUTESTbHO 3a CYET MOBbLILWEHUS PEXUMOB pPe3aHust N YMEHbLUEeHUS
KOnuyectBa MpPOXOAOB COKpaTUTb MawuHHOe Bpemsa pJo 15,5 yacos
(puc. 7.14). B pesynbTaTe OOCTUrHYTO YMEHbLUEHNE MALUMHHOIO BPEMEHU B
11,5 pasa, 4TO Jano BO3MOXHOCTb NpeanpuaTUIO BbiMrpaTb TEHAEP Ha no-
CTaBKy M3genunin, CToMMOCTbIO B MUNSTMOHbI JOMapoB..
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Puc. 7.13. Cektop B cb6ope (a) n ero obpaboTka Ha cTaHke (0)
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Puc. 7.14. Tpaektopuun aBumxxeHnst UHcTpymeHta B CAM cucteme Esprit

OhdeKkT obycnosneH NpMeHeHneM HOBbIX COOPHbIX TBEPAOCMNNAaBHbIX
MHCTPYMEHTOB COBMECTHOro npoussoactea komnaHum TaeguTec (KOxHasa Ko-
pes) n TexHuyeckoro LleHTtpa "BapuYc" (r. QHenp): TopuoBon dopesbl & 100
MM C MexaHudeckum kpensieHmem nnactmH SCRM90TN 6100-32R-22 (pwc.
7.15a); kKoHueBon dpesbl G 32 MM C MEXAHMYECKM KpPenreHneM nnacTuH
TE9OAP 332-32-17-L (puc. 7.156); cchepudeckon dpesbl G 25 MM C MeXaHU-
YyeckuM KpenneHuem nnactuHel TBN 250-32M (puc. 7.158B).
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3 3
*A‘# £ 'u Mopnoxka

r
Puc. 7.15. NMpumeHsieMble pexyLime UHCTPYMEeHTHI (a, 6, B)
n cTpyktypa cnnasa TT9080 ¢ U3HOCOCTOMKMUM NMOKPbITUEM ()

Mcnonb3yoTcsa nnacTMHbl C  M3HOCOCTOMKUMWU  MOKPbLITUSMU  (ChniaB
TT9080, puc. 7.15r), obecneymBaoWUMN BbICOKYIO CTOMKOCTb PEXYLLMX WH-
CTpyMeHTOB. YepHoBas obpaboTka npomssoguTtcs Topuoson dgpeson G 100
MM C PeXMMOM pe3aHus:. ckopocTb pedaHma V. = 140 m/muH (n = 440
06./MvH); nogaya Ha 3y6 S, = 0,11 mm/3y6; nogada ctona S = 300 MM/MUH;

rnybuHa — 6 mm; wupuHa — 70 mm.

[MonyynctoBasa obpaboTka NpPoM3BOANTCS KOHLUEBOW pesbl & 32 MM C
pexXnMom: ckopocTb pesaHua V =170 m/muH (n =1 700 06./MnH); nogava Ha
3y6 S, = 0,2 mm/3yB; nogaya ctona S = 1 000 Mm/mMuH; rmybuHa — 1 MMm;

LWnpuHa — 23 MM,

YuctoBas obpaboTka npom3BoguTcsl KOHUeBoW dpesbl & 21 MM C pe-
XnUMOM pesaHunsa: ckopocTb pesaHna V = 330 m/MuH (n = 5 000 06./MuH); no-
Aava Ha 3y6 S, = 0,4 mm/3y6; nogadva ctona S = 3 900 Mm/MuUH; rnybuHa —

0,3 mMm; winpuHa — 0,5 Mm.
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UnctoBasa obpaboTka nNpousBoaUTCS U C NPUMEHEHNEM CAEPUYECKON
dpes3bl @ 25 MM C peXxXnmMom pesaHuns: ckopocTb pedaHna V = 390 M/MuH;
nogada Ha 3y6 F, = 0,3 mm/3y6; obopoTsl wnuHaena S =5 000 06./mMuH; no-

aadva ctona F = 3 000 mm/MuH; rmybuHa — 1 mm; wnpurHa — 0,35 mm.

B paboTe npMmeHeHbl HeCcTaHOapTHbIE NOAXOAbl K KOHTPOO KadecTBa
- BHegpeHbl CAM cuctembl ESPRIT (puc. 7.16 [41]). NpumeHeHne gaHHOro
NporpaMMHOro cpeacTsa MNO3BOMSET UCKOYUTE HEOOXOAUMOCTb NPOMEXY-
TOYHbIX 3aMepoB B npouecce 0bpaboTkn getanu, YTO AONOSTHUTENBHO MNO-
BblLLAET NPOM3BOANTENBHOCTL TpyAa.

B ESPRIT - [VISTAVKA2010.esp]
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Puc. 7.16. KoHTponb n cumynsauua oopabotku B8 CAM cucteme Esprit

Taknm obpasom, npuBedeHHble MPUMEpPbl HarnsAHO MOKasbiBaKT, YTO
NpUMeEHeHNe CoBpeMEHHOro obopyaoBaHna U COOPHbIX TBEPAOCHIABHbIX UH-
CTPYMEHTOB OTKpPbIBAET HOBblE TEXHOMOMMYeckMe BO3MOXHOCTU B WMHTEHCU-
duKaumMm npoLeccoB MexaHn4eckon o6paboTkM OTBETCTBEHHbLIX AeTanew
rmopaBnnyecknx CUCTEM, a Takke Opyrnx getanen ns TpyaHoobpabartoiBae-
MbIX MaTepuanoB. B pesynbrate QOCTUraeTcsa MHOroKpaTHOE YyBENUYEHue
NpON3BOOUTENBHOCTU U CHUXeHne cebectommocTn obpaboTku npu obecne-
YEeHUN BbICOKMX TpeboBaHM MO TOYHOCTM U KavyecTBy obpabaTbiBaeMbix no-
BEPXHOCTEMN.
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7.3. NoBbiweHne 3chheKTUBHOCTU MeXaHNYEeCKOoMn
obpaboTku getanu "ynop nepegHun"

OgHum un3 npumepoB 3GMEKTUBHONO MCMNOMb30BaAHUS COBPEMEHHbIX
cOOpHbIX TBEpAOCMNaBHbIX MHCTPYMEHTOB C WU3HOCOCTOWMKMMW MNOKPbLITUAMM
cnegyeTt paccMmatpuBaTtb opesepoBaHMe MIOCKOCTEN U YCTYNOB KOPMYCHOM
aetanun "ynop nepegHuin”, usrotosrieHHon u3 ctanu 20IT1 (nernposaHHOM
ctanu ans otnmeBok) [40]. XMMUYECKMA COCTaB U MEXaHUYECKMEe CBOWCTBA
AaHHOW cTanu npueeaeHbl B Tabn. 7.2 n tabn. 7.3.

Tabnuuya 7.2
Xumuueckum coctaB B % ctanu 200N
C Si Mn S P
0,15-0,25 0,2-04 1,2-16 no 0,04 go 0,04
Tabnuuya 7.3

MexaHuuyeckne cBorcTBa ctanu 2011 (npu Temnepartype T = 20 °C)

CopTameHT 0 © o o < o Tepmo-
3 o> |[SE |28 2 . o6paboTka
(=) o o S © n | 4 O X
Q I c S I E @ o|lC =S| ®
() I C 1 O S F| o T I O
il 0 < c E T ol o] @ Q
[ = C 3 S 0 0| S ¥| 03
O O o T O I ol Q@ 5| X &
g2 |38 |gEEO|>o
S |2F |68 |6
HB-107, | oy, oT, Ss, v, | kOx/m
MMa | MAa | MnMa % %
OTnuBkK 143 — 540 275 18 25 491 Hopmanusauus
K-25 187 880 — 900 °C,
FOCT 977-88 OTnyCcK
600 — 650 °C

CornacHo cyliecTByloLLeNn TexHonornn, obpaboTka paccmaTpuBaemMmomn
aetanu NpouMsBoANTCA Ha  BepTUKaNbHO-PE3EPHOM  CTaHKe Moaenwu
6P13 (puc. 7.17) ¢ ucnonb3oBaHMEM KOHLIEBbLIX U TOpLiOBOM (hpes (puc. 7.18).
O6bwwmn BMa 3arotoBkM U 0bpaboTaHHOM AeTanu nokasaHbl Ha puc. 7.19. Ha
puc. 7.20 npuBegeHa 3D mogenb getanu B npucnocodbneHnn n 3D moaenb
aetanw.
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a 0

Puc. 7.18. KoHueBble (a) n TopuoBas (6) dpesbl

OCHOBHOM HeOOoCTaTOK CYLLUECTBYHLLUEN TEXHONOrMm gopesepoBaHnd —
BblCOKad TPyAOeMKOCTb 00paboTkm B CBA3M C NOBbLIWEHHBIMU  (OU3NKO-
MeXaHU4YeckuMn cBorcTBamum obpabaTbiBaeMoro martepmana v HU3KOW CTOW-
KOCTbIO MPUMEHSIEMbIX MHCTPYMEHTOB. C Lenbio YMEHbLUEHUS TPYJ0EMKOCTH
0bpaboTkn npennoxeHo dpesepoBaHMe MNNOCKOCTEN AeTanen BbINOMHATb
cbopHon Topuoon dppeson J 63 mm TFMRY 463-22R-20 coBMECTHOro npo-
nssoactea komnaHum TaeguTec (KOxHas Kopesi) n TexHunyeckoro LleHTpa
"BapnYc" (YkpanHa) (puc. 7.21), ocHalleHHON KpYrnbIM1 TBEPAOCMNIaBHbIMU
nnactuHamu (puc. 7.22). Obwwnin Bug ncnonssdyemon onpasku BT40 40 SEM
22x60 1 ee xapakTepuCcTuUKu npmeeneHbl Ha puc. 7.23.
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a

6

Puc. 7.20. 3D mopenb aetanu B npucnocoo6neHuu (a)
nm 3D mogenb getanu (6)

COX

Puc

kg

10.00

O

0.459

Puc. 7.21. ®pe3a TopuoBasa @ 63 mm
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Bc

(s

e | _
N M
r d t ap Puc
10.00 20.000 7.000 10.00 2

Puc. 7.22. TBepaocnnaBHasa nnactuHa ns T19080

D1 L L1 D G
22.00 60.00 0.00 47.00 M16

Puc. 7.23. OnpaBka

B kayecTBe MHCTpyMeHTanNbLHOro Martepuana Ucrnonb3oBarcs TBepabiv
cnnaes TT9080 c usHococTorkmm nokpbiTem PVD TIiAIN/TiIN (kentoro use-
Ta). [laHHbIN cnnaB sBngeTcs yHMBepcasibHbIM, ero aodekTnBHoOn 0b6nacTbto
npuMeHeHns siBnaeTca obpaboTka dhakTMYecKn BCEX BMOOB CTanem n 4yry-

HoB. Ha puc. 7.24 nokasaHa cTpykTypa TBepaoro cnnasa 119080 ¢ nsHoco-
ctonknm nokpbiTnem PVD TiAIN/TiN.

TIAIN

Puc. 7.24. Ctpyktypa TBepgoro cnnasa TT9080
€ nsHococtonkum nokpbituem PVD TiAIN/TiN

B kadecTBe WHCTpyMeHTanbHOro martepuana MWCnosib3oBarcsa TakKke
TBepabin cnnas TT7080 ¢ nsHococtonkum nokpbitnem PVD TiAIN/TIN (ken-
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Toro useta). [laHHbIN TBepAbln chnaB Mony4vmn LUMPOKOE NPUMEHEHUE Mpu
obpaboTke Bcex BuagoB crtanen (no I1SO: P10-P40). CtpykTypa TBEpAOro

cnnaea TT7080 ¢ mnaHococtomkum nokpbiTem PVD TiAIN/TIN nokasaHa Ha
puc. 7.25.

TiN

Puc. 7.25. CtpykTtypa TBepaoro cnnasa T17080
¢ nsHococtouknm nokpbitnem PVD TiAIN/TiN

dpesepoBaHme NIOCKOCTEN AeTanen Npon3Boannocb Ha COBPEMEHHOM
obpabaTtbiBatowem LeHTpe DOOSAN DNMSO00 (puc. 7.26) ¢ Mcnonb3oBaHK-
eM pexuma pesaHus: ckopocTb pedaHna V = 150 m/MuH (n = 760 06./MyH);
nogaya Ha 3y6 S, = 0,1 mm/3y6; nogaya S = 305 MM/MUH.

Puc. 7.26. ObpabaTtbiBatowmm ueHtp DOOSAN DNM500

®pesepoBaHmMe YCTYMNOB Ha AeTanu NpeanoXeHo NpomM3BoauTb hpe3on
Kykypy3Hon & 63 mm TES D63-56-27R-AN16 (puc. 7.27), ocHalleHHOW nna-
ctnHamn ANHX 160708R-M TT7080 (puc. 7.28). Npn aTom ncnosnb3oBanach

304



onpaBka BT40 SEMC 27x55 (puc. 7.29). B kayecTBe WHCTPYMEHTasbHbIX
MaTtepuanos mucnons3oBanucb Teepable crnasbl TT9080 n TT7080 ¢ nsHoco-
ctonkum nokpbitnem PVD TIiAIN/TiN (kentoro upeta). ObpaboTka ycTynos
Ha QgeTann npou3Bogunacb Ha COBpPeEMEHHOM obpabaTtbiBaloWEM LEHTPE
DOOSAN DNM500 (puc. 7.26) ¢ ncnonb3oBaHMEM CrieayloLLero pexmva pe-
3aHu4: ckopocTb pe3anus V = 120 m/MuH (n = 605 00./MuH); nogaya Ha 3y6
S, = 0,1 mm/3y0; nogaya S = 180 MM/MUH.

v SN
I i e

i

F __ od ,..nﬁ
15N R
. <« P
. e | N
L J O
- L - @i
3y6beB V4 D d L ap
3 12 63.00 27.000 80.00 56.00

Puc. 7.27. ®pe3a Kykypy3Haa @ 63 mm TES D63-56-27R-AN16

d d1 a t r ap

16.000 11.00 1.40 10.600 0.80 15.00
Puc. 7.28. NnactnHa ANHX 160708R-M TT7080

o _____[ il

Fi § . -— ] lJ_|| ‘pu- i
____——_,.l
. La

D1 L L1 L2 D G

22.00 53.00 0.00 19.0 40.00 M16

Puc. 7.29. OnpaBka BT40 SEMC 27 x 55
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BHegpeHne B ocHOBHOE Npoun3BoacTBO [lanacHSAHCKOro BaroHOPEMOHT-
HOro 3aBofa npeanoXeHHoOW TeXHoNorMn ppesepoBaHnst NITIOCKOCTEN N YCTY-
NnoB AeTanen No3sBonnio YMeHbLUUTb MallnHHoe Bpems obpaboTtkm ¢ 40 MUH
(no cywecTBytoLen TexHonornn) oo 16 muH, T.e. B 2,5 pasa.

7.4. NoBbiweHne 3hheKTUBHOCTU MeXaHNYECKOWU
o0paboTKu geTtanu "UMnNUHApP"

Kak nokasaHo B pasgene 1 paboTbl, OCHOBHbIM HELOCTaTKOM U3roTOB-
neHna getanen rmapaBiiMHecKnX CUCTEM ABMSIETCA HU3Kasi NPOU3BOAUTESb-
HOCTb M BbICOKasa TPYAOEMKOCTb MX MexaHudeckon obpaboTkun. B 3HaunTenb-
HOW CTEneHn 3TO OTHOCUTCS K 06paboTke Takon OTBETCTBEHHOW AeTann Kak
"umnuugp”, npon3soacTeBo kotopown ocsoeHo B NAO "HacocaHepromaw”. Ha
puc. 7.30 nokasaH vyepTex n 3D Moaenb 3arotoBky, a Ha puc. 7.31 — yeptex
n 3D mogenb getanu. dotorpacdum 3aroToBKM M AeTann npuvBefeHbl Ha
puc. 7.32 [40].

o150 /25

70

sl0

40
i
1

40

2

-
—

s160 s | o

6
Puc. 7.30. YepTtex (a) n 3D mopgenb (6) 3arotoBku
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Puc. 7.31. YepTtex (a) n 3D mopenb (6) aetanu "umnuHgp"
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Puc. 7.32. ®oTorpadum 3arotoBku (a) u getanu "uunuHap” (6)

PaccmoTpeHHas getanb U3rotaBiMBaeTCd U3 KOHCTPYKLMOHHOW yrie-
POANCTON KavyecTBEHHOW cTtann 45. XMMUYECKUn COCTaB, MeXaHWdeckue u

domamyeckme cBoncTea ctanu 45 npusegeHbl B Tabn. 7.4 — tabn. 7.6.

Tabnuua 7.4
XuMuyeckmm cocrtaB cTanm 45
C Si Mn Ni S P Cr Cu As
0,42 — 0,17 — 0,5- Jo Jo ao 0o no Jo
0,5 0,37 0,8 0,3 0,04 0,035 0,25 0,3 0,08
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Tabnuuya 7.5

MexaHuuyeckne cBorcTBa ctanu 2011 (npu Temnepartype T = 20 °C)

CopTtameHT TBepoocTb BpemeHHoe | OTHocuTenbHOE OTHocu-
HB-10", MMa | conpoTuBne- | yanuHeHue npu TenbHoe
HWe og, MMa | pa3spbiBe Jg, % CyxeHue
/4 ,O/o
[MpokaT OTOXOKEHHBIN 207 540 13 40
FOCT 1050-88
Tabnuua 7.6

dusnyeckme cBomcTBa ctanum 45

Temne- Moaynb KoadpbdpmumneHTt | KoadpbdpuumeHT | MNnotHoCTh | YaenbHaqa Ten-
patypa | ynpyroctu TEnnoBoro Tennonpo- P, NOEMKOCTb C,
T, rpag E-107, pacLumpeHuns BOAHOCTU A, kr/m® Ibx/(kr-rpag)
MnMa a-10° rpan” | B1/(m-rpan)

20 2 7 826

100 2,01 11,9 48 7799 473

200 1,93 12,7 47 7769 494

300 1,9 13,4 44 7735 515

400 1,72 14,1 41 7 698 536

500 14,6 39 7 662 583

600 14,9 36 7 625 578

700 15,2 31 7 587 611

800 27 7 595 720

900 26 708

TpagnumoHHo obpaboTka getanu "umnuHap" NPOU3BOANTCA Ha BEPTU-
KanbHo-gope3epHoM ctaHke ¢ YUlY mogenun Md-2171 (puc. 7.33) ¢ MCNonb30-
BaHMEM KOHLEBbIX (ppes, CBepSl, METYMKOB M MNriallek OTe4eCTBEHHOro Mpo-
nssopacTea (puc. 7.34).

C uenbio nosbllweHnss addekTMBHOCTM 06paboTkm AaHHOW aeTanmu
NpeanoXeHo MCnonb3oBaTb COBPEMEHHblE COOPHblE TBEpAOCNaBHbLIE pe-
XyLUMe WHCTPYMEHTbl COBMECTHOro Mpou3BoAcCTBa KomnaHum TaeguTec
(KOxxHast Kopes) n TexHuyeckoro LleHTpa "BapunyYc" (puc. 7.35). Pexywimne ya-
CTU MHCTPYMEHTOB U3roToBreHbl n3 tBepgoro cnniasa 119080 ¢ nsHococTom-
knm nokpbltnem PVD TIiAIN/TiN, n3 TtBepabix cnnasoB TT1040 (no ISO:
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P05-P20, K05-K20, H05-H25) n TT9030 (no I1SO: P15-P35, M10-M30,
S15-S25) ¢ unsHococtorkmum nokpbituem PVD TiAIN (4epHoro useta). O-
ekTUBHON 0ONacTbl0 NPUMEHEHUST 3TUX TBEPAbIX CMNIAaBOB SABMSETCHA BbICO-
KOCKOpOoCcTHasa obpaboTka cTanemn, YyryHoB M 3akareHHbIX cTanen ¢ TBepao-
ctbto 4o HRC 70. MNpumeHsinca Takke TBepAbin cnnasB 6e3 nokpbitna UF10
(no ISO: N20—N30). Ero cTpykTypa nokasaHa Ha puc. 7.36.

Puc. 7.34. NMpumeHsieMble pexyLimne UHCTPYMEHTbI:
KOHLUeBble cpe3bl (a), MeTumK 1 nnawka (6), ceepna (B)
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Puc. 7.36. Ctpyktypa TBepaoro cnnasa UF10

®pesepoBaHme nnockoctn (pasmvep G 140), npeaBapuTensHoe pese-
poBaHWe oteBepcTua auvameTpom G 144 nop pes3bby M36 (BHYTPEHHIOO U
Hapy>XHY0) Npon3BoaMnoCh KoHueson dpeson J20 3P TE90-220-20-10-L170,
ocHaweHHon TBepaocnnaBHbiMM nnactuHamm 3PKT 100408R-M TT7080 c
Tpems pexyLwmmm kpomkamm (puc. 7.37). Npu aToM ncnonb3oBanucb onpas-
ka BT50 TMC 32-135 n yaHra CSR 32-20 (puc. 7.38).

CBeprnieHne 2-x oTBepcTU nofg pe3bby M12 npomsBogmnocb cBepsiom
@ 10,3 TCD 100-104-16T3-5D wu kopoHkon TCD-103-P TT9080 (puc. 7.39).
[Mpn atom mncnonb3oBanuck onpaska BT50 ER 32x125 n yaHra ER32 SEAL
15-16 (puc. 7.40).

UuncTtoBoe ppesepoBaHune oteepctms & 144 nog pesbby M36 npounsso-
annock dpeson G 18 HES 4180T TT9030 ¢ ncnonb3osaHnem onpaskm BT50
ER 32x125 v uanHrm ER32 SPR 19-20AA (puc. 7.41).

®pesepoBaHne dacok 1,5x45 n 2x45, ueHTpoBKa OTBEPCTUA U pas-
MeTKa npomnsBoaunocb gacovHon gpeson & 12 CEM 2120 UF10 ¢ npume-
HeHnem onpasku BT50 ER 32x125 v uaHrm ER32 SPR 11-12 (puc. 7.42).
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ap COX

7.00 X

d t a r ap

6.90 4.000 0.90 0.80 7.00

6
Puc. 7.37. ®pe3a KoHUeBas (a) U TBepAocnfaBHas nnacTuHa
C TpEMSA pexyLnumMmm KpoMmkamm (6)

d D L
32.00 74.00 135.00
a
T
m:ul @ m}[
B
D D1
20.00 32.00
)

Puc. 7.38. OnpaBka (a) u uaHra (6)
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odh&

odi

Dmin Dmax L d d1 L1 Ls Po.Size
10.000 10.400 50.00 16.00 20.0 66.2 48.00 10
a
!Q -._._|| [=]
L
D L Po.Size
10.30 6.200
0

Puc. 7.39. CBepno (a) n kopoHka (6)

range L L1 D D1 G J
2-20 125.00 - 50.00 - M24 M22X1.5
a
. 3']‘:_____ — ',B“ :‘\__-"
A $D
' _______———_i_l..-""
R B L L i
d min d max Ss
15.00 16.00 ER 32
0

Puc. 7.40. OnpaBka (a) u uaHra (6)
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i
e

qf—,,|
L -
D L I d
18.00 110.00 45.00 20.00

range L L1 D D1 G J
2-20 125.00 - 50.00 - M24 M22X1.5
0
EI]*' I.-"_J'..I
: P e et
| 3§ &
A B - 4D
:. .: T
¥ e ——_i_l..,-'-"'"-'-
" B A L i
d min d max Ss
19.00 20.00 ER 32

Puc. 7.41. ®pe3a (a), onpaBka (6) u uaHra (B)
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4 - s ‘rf“;::"_ /
- L -
D L | d
12.00 110.00 18.00 12.00
a

range L L1 D D1 G J
2-20 125.00 - 50.00 - M24 M22X1.5
0
3|]"' - I.-f_a-._l
¥ E———y B et
| 3 i
A H $0
¥ _______— — _;_l:.,-"'"-
. B A L i
d min d max Ss
11.00 12.00 ER 32

Puc. 7.42. ®aco4Has ¢pe3a (a), onpaBka (6) n uaHra (B)
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LWar 0

ap L

1.50

24.80

range L L1 D D1 G J
2-20 125.00 - 50.00 - M24 M22X1.5
6
Eu"' '.--_hl
S Y
¢ A 4D
3 _______———_W
. B ale L i
d min d max Ss
7.00 8.00 ER 32
B

Puc. 7.43. Pe3bbodpesa (a), onpaBka (6) n uaHra (B)
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- ﬂp -

-« L1

- |_ S
ap D d D2 L 12] COX | Bunt | Kntou | Tq(N.cm)
21.00 | 25.00 | 20.00 | - 125.00 | - Y TS21 TK21 515

TMT 14+ TMT40 TMT42® PE gCAEW

War ap d1 :
3.00 21.00 12.00 2700
6
s 11 Y | Wikl
i poo == |
Oh < 4 20 Cha & 28 . ‘
D1 L D 5
20 100.00 52.00 M24
B

Puc. 7.44. Pe3bbodpesa (a), nnactmHa (6) n onpaska (B)

HapesaHne BHyTpeHHen pe3bbbl M36x 3 ocylecTBnAnock pesbbodpe-
3om TMTSR 0025 K21, ocHalleHHoM TBepaocnnaBHon nnactuHon TMT21 |
3.0 ISO TT9030, ¢ ucnonb3oBaHnem onpasku BT50 ER 32x125 v uaHrm
ER32 SPR 19-20 AA (puc. 7.45).

ObpaboTtka getann "umnuHap" NO HOBOW TEXHOMNOMMKU NMPOU3BOAMNAaCh
Ha obpabaTtbiBatowwem LeHTpe DOOSAN VM960 (puc. 7.46). ObpaboTaHHas
netanb B Esprit nokasaHa Ha puc. 7.47. KOHTpPOSIb NMINHEWHBIN pa3MepoB Npo-
M3BOAUNSICA C NOMOLLbLI0 NM3MEPUTENBHONO MHCTpyMeHTa npoussoactea IDF,
TaKoro Kak: WTaHreHunpkynb ¢ uudgposon uHaunkaumen LWLILI-I gmnanasoH
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0-250 mm (ueHa genenHus 0,01 mm); nameputens wepoxosatoctn TR-100;
lWwabnoH, ans KoHTpons dacok; kanndp—npobka MOCT 16093-70.

d
/
L
- |_ =
ap D d D2 L 12] COX | Bunt | Kntou | Tq(N.cm)
21.00 | 25.00 | 20.00 | - 125.00 | - Y TS21 TK21 515
a

P - F
. . ;
, | &
W ) - [
. 1) Ll | El
]
e L L VY N
& = A
% P SCREW

TMT14+TMT40 TMTi21®

LWar ap d1 t

3.00 21.00 12.00 4.700

range L L1 D D1 G J
2-20 125.00 - 50.00 - M24 M22X1.5
B
l EDT____ e L____:,l

B ol L o

d min d max Ss

19.00 20.00 ER 32

.
Puc. 7.45. Pe3bbodpesa (a), nnactuHa (6), onpaBka (B) 1 uaHra (r)
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Puc. 7.46. ObpabartbiBatowmm ueHtp DOOSAN VM960

® ESPRIT - [beut dotal YNBED.mp] Y
T gow Momes Bus Ceasan Ofoefoms deiwes Wetime Coe (e == x|
DFEd & m (¢80QQ%0+ Owd | e = B & |Bw = @iwess] B =] oA 2FRE & 28vad ds &
Beo Q84 AEAE B4 ||[oms nrdmB —) 4 P URE DB 84 Ba 4 Le e

I}

® 15 X Poespoeame. Ute d w0t

k; 8 Todf 0

* 16 X0 Pramponss Fos o @i

I 17 30 Brmmponmm o1 dh miE
& TodE @
13 30 Presepcnsee o1 4 0

st e Saam = v v |
e — L 12070000 ¥ MR0000 To0000  #

Puc. 7.47. ObpaboTaHHasa aetanb B Esprit

B pesynbTtate BHegpeHusi paspaboTaHHbIX onepauum MexaHWdecKom
obpaboTkmn getanu "umnuHap" B ocHoBHoe npownssoacTteo NAO "HacocaHep-
romaw" obecneyeHo yMeHbLUEHNE MaLUIMHHOMO BpeMeHu B 3 pasa: ¢ 7,5 vac
(Mo cyuwecTBylOLLEN TeXHoNormm) go 2,5 yac.

[MpounsBeaeHHble pacyeTbl 9KOHOMUYECKOro adpdbekta OT BHeOPEHUS
pa3paboTaHHbIX onepauun MexaHuveckon obpaboTkm getanewn rugpaBnude-
CKMX CUCTEM, a TakkKe Opyrux getanen wms TpygHoobpabaTbiBaeMbix MmaTepua-
NOB, MOKa3anun Ha WX BbICOKYIO Pe3ynbTaTMBHOCTb. Tak, 9KOHOMWUYECKUA 3do-
doekT OT BHeApeHUs1 pa3paboTaHHbIX onepauun MexaHn4eckom obpaboTku ae-
Tanen rmgpasnunyecknx cuctem B YactHom AO "lmgpocuna AMNM" B ueHax
2008 roga coctasun 90 420 rpuBeH B rofd, a 9KOHOMUYECKUN (PdEKT OT BHe-
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peHns paspaboTaHHbIX onepauum MexaHU4Yeckon o0paboTKM CIOXKHOMPO-
unbHbIX paboynx MNOBEPXHOCTEN cekTopa npecc-hopmbl ANs WWHbI Ana-
metpom 2 200 mm B NAO "[dHenpononumepmaw" (r. [JHenp) cocTtasus
54 800 rpuBeH B rog. Kak BMAHO, oOLWMIA 3KOHOMUYECKMI 3hdekT OT BHeape-
HUA paspaboTaHHbIX onepaunn MexaHudeckon o0paboTkM nuwb Ha ABYX
npeanpuatnax coctasun 145 220 rpueeH B rog. pu 3TOM OOCTUIHYTO Cylle-
CTBEHHOE CHWXeHue cebeCTOMMOCTN M NOoBbILLEHME NPOU3BOANTESNBHOCTU 06-
paboTkn npn obecneveHnn TpebyemMbix napameTpoB kadectBa obpabaTbiBae-
MbIX MOBEPXHOCTEMN.

7.5. Pa3paboTka n BHegpeHMe NporpeccCMBHON TEXHONOIMMU
MeXaHU4YeCKon obpaboTKn TYPOMHHbIX FTIONaTOK

Cneumanuctel komnaHum TaeryTek VYKpavHa COBMECTHO C napT-
Hepamu NPoJOosKaT YCNELWHO peann3oBbiBaTb NPOM3BOACTBEHHbLIE 3a4aun
Ans onarMaHoB YKPavHCKOM NPOMBbILLIIEHHOCTU. KOMMIIeKCHbIM npodeccuno-
HanNbHbIN NOAXO4 TEXHOSIOMMYECKOro oTaena KoMnaHum — 3To 3PdEKTUBHLIE
peLleHnss n rnonHoe ConpoBOXAeHMe npoLecca MNpouM3BOACTBA, HayMHas C
MOMEHTa MonyyeHna 4dyeptexa. brnectawmm npumepom Takom TexXHUYECKOW
NoaAEepPXKN siBNAETCA BHEOPEHHAs Ha KPYyrnHOM MPOMBbILWIEHHOM npeanpus-
TN YKpauHbl 3pdekTnBHas TexHonorms obpaboTkm TYpOUHHBLIX fonaTok
(puc. 7.48), bnarogapsi KOTOPOM ONTUMU3NPOBAHbLI 3aTpaTbl HA NepeocHaLle-
HWe CTaHO4YHOro napka v Ha 50 % yBenun4yeHa Npomn3BoOaUTESTLHOCTL [39].

Hetanb "la3oTypbuHHas nonatka" sBNAeTCs BeCbMa OTBETCTBEHHLIM
9NIEMEHTOM B a3pOKOCMMUYECKOW oTpacnu, obpaboTka KOTOPOro oTnnyaeTcs
XeCTKnmMun TpeboBaHnaMM MO AOMYCKaM U LWepoxoBaToCTU noBepxHocTu. Co-
rMacHoO OencTByloWEen TexHonoruu, obpaboTka 3aroToBkM Ans TYPOWMHHbIX
fIoNaToK CII0XKHOM reoMeTpun NPOU3BOAUTCSA Ha yCTapeBLUMX 3NEKTPO3PO3Nn-
OHHbIX CTaHkax. MaTepuan 3arotoBku — TpygHoobpabaTbiBaemasa Hepxase-
towasn ctanb 08X18H10T (puc. 7.49).

B cBA3M ¢ 3TMM nocTtaBneHa 3agadva pas3paboTkm U BHEOPEHUS TEXHO-
norMm mexaHmyeckon obpaboTkm TYpOMHHBIX NOMaToOK, COKpaLLEeHUs UHBE-
CTUUMIMA Ha MOLEPHU3ALMIO CTAHOYHOrO Napka Npomn3BOLCTBEHHOIO yyYacTka 1
onTMMM3auumM BpeMeHu obpaboTkn 6e3 noTepb NPOM3BOAUTENBHOCTU Ha
npeanpuaTun. PeweHnem 3agaydn ctana paspaboTka TexHonormm obpaboTku
aetanu "3a gBa yctaHoBa", T.e. ee noovyepegHas obpaboTka C KaXgowm CTo-
poHbl. O6paboTKy npennoxeHo npomsBoanTb Ha ctaHke ®OLL DNM400 rox-
Hokopenckoro npounssogntend DOOSAN (puc. 7.50).
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Puc. 7.48. Ma3oTypbuHHas Puc. 7.49. 3arotoBka
nonartka ra3oTypouHHoM nonaTku

Puc. 7.50. Ctanok DOOSAN DNM400

BbicokonpounssoantensHoe obopyaosaHne DOOSAN DNM400, obna-
Aasi BbICOKOM TOYHOCTbIO 06paboTkmn (No3vuymoHnpoBaHMe 5 MKM, NoBTOpsie-
MOCTb 2 MKM) yCMELLHO pellaeT 3agady U3rotoBreHmst TYPOUHHbIX NTIonaTok ¢
y4yeToM TpeboBaHMI NO JOMYyCKaM M LLEPOXOBATOCTU NOBEPXHOCTU U3OENUSI.

C oOHOWM CTOPOHbI, NPeasIoXeHHbIn MeTod He TpeboBan TEXHUYECKU
CINOXHOW OCHAacCTKW, TEM He MeHee, nepeycTaHOBKa AeTann Morfia CHU3UTb
TOYHOCTb 0b6paboTku. Kpome TOro, Takasi TEXHONOMMS YyCNnoXHsnacb paspa-
BOTKOM M M3roTOBMEHNEM CheLManbHbIX 3aXXMMHbIX npucnocobnenunin. C gpy-
rON CTOPOHBI, MOSTHOE MU3roTOBSIEHNe AeTann "3a oauH ycTaHoB" npegnonara-
eT nNpnobpeTeHne NATUOCEBOro (Ppes3epHOro CTaHKa, YTO BEAET K yaopoxa-
HWIO NPOeKTa.
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[locne npoBefeHHbIX pacyeToB M aHanu3a nokasatesien CTOMMOCTWU
paccmaTpmMBaemMoro obopydoBaHMsa U 3PAEKTUBHOCTM COOTBETCTBYHOLLMX
TEXHOSOMMK, cneumannctel KomnaHnn TaeryTek YKpanHa OCTaHOBUSIUCL Ha
BapmnaHTe 06paboTkM fionaTky Npu NOMOLLM TPEXOCEBOIO BEPTUKANbHOIO 06-
pabaTtbiBatowero ueHtpa DOOSAN DNM400.

[aHHoe obopyaoBaHMe C MNOBOPOTHbLIM CTOSIOM M OOMOSTHATESbHOM
ocblo 0becnevnsio BO3MOXHOCTb M3roTOBIEHNS Tpebyemon aeTtanu 3a ofHy
YCTaHOBKY, NO3BOSIMB COKPaTUTb MAaLUMHHOE BPEMS Ha MepeycTaHOBKYy 3aro-
TOBKW. BblbpaHHas koHuenumna noareepansia CBOK 3KOHOMMUYECKYHO Lieneco-
006pa3HOCTb, a TakKe 3HA4YNTENbHO NPEBbICUA OXUAAHUS 3aKa3duka no Tpe-
boBaHusaM kK obpaboTke.

Peanusauyusi npoekma u pe3ynbmam. [peanoxeHHbin metoq 6bin
anpobupoBaH Ha TECTOBOW AeTann, Ka4eCTBO KOTOPOW, a Takke TOYHOCTb
cobnogeHna BCeX reOMETPUYECKUX PasMepoB, 3HAYUTESNbHO MNPEB3OLUNN
CTapylo TEXHONOruK, faB 3aka3yuKy "3eneHbln cBeT"' ANns MOSIHOLEHHOro
BHeapeHUs npoekTa. Cneayrowmm LWaroM B pamkax npeanoXeHHOom TEXHOO-
run ctana nonHasi obpaboTka nonaTtkM "3a oauH ycTaHOB", BKNOYas NpuUKoOp-
HeBble paauycol. [NMpexHun metoq n yctapesllee obopyaoBaHue He obecne-
YynmBann Takom pesynbTaT, T.K. TpeboBanu LOMNOSHUTESNTbHON LOPOrocTosLen
AopaboTKM BPYYHYIO.

Bnarogapsa komnnekcHoMy noaxody kKomnaHum TaeryTek YkpauHa, pe-
ann3oBaHHbIN NPOEKT YBENMYM NPON3BOANTENBHOCTL y4acTka Ha 50 %. Ta-
KON 3pPeKT npmBest K COKpaLLeHUD MHBECTUMUMW Ha MOOEepHU3aumio cTa-
HOYHOro napka — Anga BbINOSIHEHUSA Tpebyemon nporpaMmbl 3akazvnk Npnob-
pen 12 obpabatbiBatowmx LueHTpoB DOOSAN (Bmecto 20 obpabaTtbiBatoLmx
LEHTPOB, 3aN0XeHHbIX B NepBOHaYanbHbI BIODKET).

HdanbHenwunm passutnem npoekta "O6paboTka TypOUHHBLIX flonaTok"
ctano npuobpeteHne 10 ctankoB DOOSAN aHanornyHoro kracca, BbINosi-
HEHMEe COOTBETCTBYIOLUMX MYCKO-HaNagoYHbIX onepauui u 3arpys3ku ynpas-
naowmx nporpamm. Kak pesynbtat, npeanpusatve Hanaguno CEPUNHBIN Bbl-
MyCK NONaToK M3 HEep)KaBelLen cTann yxe yepes AgBa roga ¢ MOMeHTa 06-
paboTkn TectoBon getanu (puc. 7.51). MNMocnegyrowen nogaepxXkom JaHHOro
nNpeanpuaTus cTano npeaocTaBrieHne cnenyowmnx yenyr:

« YCOBEpPLUEHCTBOBAHWE yrpaBnstoLLen NnporpaMmMbl Ha BCO HOMEHKIa-
TYpY BblNyCKaeMbIX SIONaToKk;

« OOHOBIEHME pEXYLLEro MHCTPYMEHTA, W, KakK crneacrteve, OOMOSHU-
TenbHOe COoKpalleHne MalUMHHOro BpemeHu Ha 15 % 3a cdeT ynpoLueHHOoM
nepeHacTponKn obopyaoBaHus;
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« COOTBETCTBYKOLWAS NOArOTOBKA oOMepaTtopoB MNpPOU3BOACTBEHHOIO
yyacTka B npouecce nposegeHus NHP, 4To no3sonuno pacwumputb HaBbIKK
NOLrOTOBKN U NMPUBA3KN TPEOYEMOro pexyLlero MHCTPYMEHTa;

« CBOEBpeMeHHble npodpeccnoHaribHble KOHCYSbTauum CEPBUCHOIO
LleHtpa DOOSAN un OI'T komnaHumn TaeryTek YkpauHa.

Puc. 7.51. UsrotoBneHHasa getanb "Jlonatka"

Kaxabin peann3oBaHHbIM MPOEKT — 3TO HE TONbLKO peanbHas UcTtopus
ycrexa u passBuTme YKpanHCKOro MallMHOCTPOEHUS, HO U CTUMYN A4S KoMna-
HuUM TaeryTek YKpauHa ynydwaTb U BHeOpATb HOBble TexHonorun Ha 6ase
NOCTOSIHHO obHoBRANLWerocss MHCTpymeHTa komnaHum TAEGUTEC (FKOxHas
Kopes). Tak, Ha cerogHsLWHNA MOMEHT PEeKOMEeHAOBaHHbIM peLueHneM ans
YyepHOBOW 06PabOTKM NONATOK ABMSAKOTCA KOHLEBbIE hpesbl C MEXaHNYECKUM
KpenneHnem nnacTuH.

1 . 2 ‘r
S
X

¢

G’ TaeguTec
Puc. 7.52. Cepusa ¢pe3 n nnactuH ChaseFeed

Bnarogaps 6onee HU3KOM CTOMMOCTU, MO CPABHEHUIO C MOHOMUTHBLIMMN
TBEpAOCNnaBHbIMN  (ppe3amMn, UHCTPYMEHT CO CMEHHbIMM Hacagka-
Mu obecneynBaeT MakCUMarnbHYK MPOU3BOAUTENBHOCTb U CHUXEHWE 3aTpaT
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MMEHHO ANA Takoro knacca 3agad. I B gaHHoM cnydyae, nyywvm BblIOOpOM
CTaHeT BblicoKonpoussoauTenoHas cepusi dpe3 m nnactmH ChaseFeed
(puc. 7.52). Cepusa cdpes n nnactmH ChaseFeed cneunanbHo pa3paboTaHa
ans adppekTMBHOM YepHoBOM 06paboTKM, a OOMOMHMBLLAS CEPUd HoBas
nnactuHa SBMT obecneunBaeT nyullyto NpouM3BOAUTENbHOCTb Ha BbICOKMUX
CKOPOCTAX nogayv npu HebonbLlon rnybuHe pesaHus.

7.6. NMpuMmeHeHMe cneunanbHOro MHCTPYMEHTa KOMNaHUU
TaeguTec Ha npeanpuATUAX YKpaUHbI

3a 4 roga akTUBHOIO NPUMEHEHNSA peXyLLero MHCTPYMEHTa Npon3Boa-
ctBa komnaHum TaeguTec (KOxHas Kopes) B YkpanHe, cneunanncTbl kKoMna-
HuUM TaeryTek YkpauHa (r. [JHenp) paspaboTtanu u BHegpunin BonbLIOe KO-
nnM4yecTBO APPEKTMBHBIX N YHUKASBbHbBIX PEeLleHU Mo NPUMEHEHUIO Cneum-
anbHOro MHCTpymeHTa. B HacTosdwee Bpems komnaHua TaeryTek YkpauHa
MMeeT B CBOEM apceHarne MHOXECTBO TEXHOSTOrMYECKUX peLleHnn npakTuye-
CKM ONS KaXXA0oW oTpacin NPOMbILLIIEHHOCTN.

Kak n3BecTHO, B MacCoBOM M KPYNHOCEPUNHOM MNPOU3BOACTBE OAHUM
N3 OCHOBHbIX NapamMeTpoB, BAUAKOLLNM Ha cebeCTOMMOCTb U3aenus, aBnseT-
cs Bpemsi ero obpaboTku. [Ina obecneyeHna MMHUManNbLHOro BpemMmeHn obpa-
6oTkn 6e3 npuMMeHeHus crneumanbHOro U KOMOGUHMPOBAHHOIO (PacOHHOrO)
MHCTPYMEHTa He 0BonTuCb. CneunanbHbIl PEXYLUNUA UHCTPYMEHT NMPUMEHS-
€TCH C Lenblo BbIMOSIHEHUS OAHOBPEMEHHO HECKOSbKMX onepaunn mnnm ob-
pabOTKN HECKONbKMX MOBEPXHOCTEN 3a OAHY onepauuto. ATMM AoCTUraeTcs
CyLLleCcTBEHHAs 9KOHOMUSI OCHOBHOMO (MalUMHHOIO) BPEMEHN, a TakXKe BCMo-
MoraTenibHOro BpEMeHU, 3aTpaymMBaeMoro Ha CMeHy MHCTPYMEHTa 1 T.n.

®pesepHbIn cneuyanbHbI UHCTPYMEHT — 3TO, Kak NpaBuno, PaCcoHHbIN
N KOMOVHUPOBAHHbBIN MHCTPYMEHT, N3roTaBfIMBaAETCs CO crneunanbHbIM CroX-
HbIM NPOdMMEM, KOTOPLINA NOMHOCTLIO NOBTOPSIET reoMeTputo obpabaTbiBae-
Mon getanu. Hanpumep, Ang ogHOro yCrnewHoro yKpamHCKoro npeanpuaTus
cneumnanuctamm komnaHum TaeryTek YKpamHa paspaboTaHbl (pacoHHble
dpesbl (puc. 7.53), cooTBeTCTBYIOLLUME BCEM TpeboBaHMsaM 3akasumka. ITu
dope3sbl MMEIOT cneumasbHbii NPOMUIIb, C NOMOLLI KOTOPOro NPoOn3BoANTCSA
obpaboTka BCeln KPUBOSIMHEMHOM TreoMeTpuM aeTtanu 3a OoauH  Npo-
xoa. MNnacTtuHel, ycTaHaBnNuMBaeMble Ha Kopnyce (pesbl, UMelT oT 2 Ao 8
pPeXYLMX KPOMOK B 3aBMCUMOCTW OT KOH(urypaumm. Tvn 3TUX NNactuH —
TaHreHumanbHbIN, YTO rapaHTUpPYyeT BbICOKYI0 UX CTOMKOCTb B XXECTKUX YCo-
BUAX paboTbl N CHXKAET Harpy3kn Ha obopygoBaHue.
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Puc. 7.53. ®acoHHble dppe3bl, pa3paboTaHHble cneuManucTtamm
komnaHuu TaeryTek YKpauHa

Mpumepom KOMOBMHMPOBAHHOIO OPE3EPHOr0 MHCTPYMEHTa SABNSAKTCA
Takke cneumanbHO paspaboTaHHble KOMOWHMpOBaHHble pesbl TaeguTec
(puc. 7.54), koTopble ObINM BHeApPEHbl Ha NpeanpUATUM XKene3HOLOPOXKHON
HanpaBneHHOCTU. Ha Kopnycax aTux gpes3 ycTaHaBnNMBalTCS CTaHOApPTHbIE
nnactuHbl TaeguTec. O6e dpesbl paboTaloT B nape v BbINOMAHAKT 06paboT-
Ky OAHOBPEMEHHO 0 AeCATKa NOBEPXHOCTEMN.

Puc. 7.54. CneunanbHble KOMOMHUpPOBaHHLIE hpe3bl

CBepnunbHbIM cneunanbHbii MIHCTPYMEHT — 3TO, Kak npasusio, KoMbu-
HUPOBAHHbLIA M MHOFOCTYyNneH4yaTbih UHCTPYMEHT. C nomoLlblo KOMOWHMPO-
BaHHbIX CBEPJST MOXXHO BbIMNOSTHUTL 3@ OAWMH NPOXOS, (Mepexopn) Takue onepa-
UMM KaK N3roTOBMIEHME OTBEPCTUM C dpackou, C LekoBkon u gpyrme. Onepa-
LMK CBEPNEHNA YacTO HakKnagbiBaT CBOU AONOMHUTENbHbIE TPeboBaHMSA, HO
B pe3yfibTate yCnewHoro BHeAPEHUS CIOXKHOrO KOMOUHMPOBAHHOIO UHCTPY-
MEHTa 3HaYUTENbHO coKpawaeTca obliee KONMYeCTBO MCMOSNb3YyeMOro WH-
CTPYMEHTA N 9KOHOMUTCA MaLLUMHHOE 1 BCMOMOraTefnilbHoe BPEMSI.

OOuH 13 YKpamHCKMX 3aKkas3vyuMKOB MOCTaBWUIT 3aJayy COKpalleHuUsa ma-
LUMHHOIrO BpeMeHu npu obpaboTtke getanu "Ctynmua". C nomolublo cyule-
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CTBYIOLLEr0 CTAHOAPTHOrO MHCTPYMEHTA BbINOMHUTL 3Ty 3adavy NpakTUYecKku
HEBO3MOXHO, T.K. MPUMEHSBLUNNCA paHee CTaHOAPTHbIM UHCTPYMEHT OTMM-
yanca Takke BbICOKMM kadecTBoM. Cneunanuctamm TaeguTec 6binn paspa-
BGoTaHbl 1 yCneLwHo BHeAPEHbI ABa cneumarnbHbiX KOMOMHMPOBAHHbLIX CBEpia
(puc. 7.55). HasHadyeHne nepBOro ceBepfia — paccBeprMBaHMe OTBEPCTUS C
NPUNYCKOM Mo YNCTOBYO PacTOYKy C OOQHOBPEMEHHLIM 0bpasoBaHMeM ac-
kn. Kopnyc ceepna BbinoniHeH ¢ koHycom DIN69871 40. BTopoe csepno
npeaHasHayeHo Ansa CBepreHns 0TBEPCTUS C OOQHOBPEMEHHOM €ro LIEKOBKOW.

Puc. 7.55. KombuHupoBaHHble cBepra: Ana paccBepriuBaHusA
OTBEpPCTUA C NPUNYCKOM NOA YNCTOBYHO PaCTOUKY
M C O4HOBpPEeMeHHbIM obpa3oBaHMnemM hacku

Bce koMbBuHMpoOBaHHbIE CBEpSia U3roTOBMNEHbI C MEXaHUYeCKUM Kper-
neHnem nnactuvH. Pexywmne nnacTuHbl MMeEKT BUA KBagpaTa C YeTblpb-
MS1 PEXYLLUMMWN KpOMKaMn. MIHTepeCcHO, 4YTO B 9TOM criydae 6bino npuMeHeHo
N TpeTbe CTaH4apTHOE MOHOMUTHOE TBepAocniaBHOE CBepro, (BblbpaHHOE
n3 obLlien HOMEHKNaTypbl pexyuwero UHCTpymeHta TaeguTec), ycTaHaBnum-
Baemoe B obLwmin Kopnyc KOMBMHMPOBAHHOIO cBepna. Takoe pelleHne nos-
BOJSIUNO CYLWECTBEHHO CHU3UTb NpeanoniaraeMble pacxodbl 3aka3dnka Ha [o-
poOron crneumasnbHblin UHCTPYMEHT. [1ns BbINOSIHEHMS dackm Ha KOMOBUMHMPO-
BaHHOM Kopnyce Takke Oblnn yCTaHOBNEHbl ABe KBagpaTHble nracTuHbl. B
pesynbTate JOCTUIHYTO CYLECTBEHHOE CHWXEHWEe MAaLUMHHOIO BpeMeHn — C
25 MyH go 14 muH.

Ha Tepputopumn YKpanHbl MHOMME NpeanpuaTus UCnonb3yrT ANs U3ro-
TOBMEHUS CEPUNHbLIX TOKapHbIX AeTanen TOKapHble aBToOMaTtbl U MonyaBTo-
MaTbl COBETCKOro Npon3BoACcTBa. Y 3TUX CTAHKOB €CTb OrPOMHOE MpenmMyLe-
CTBO B NPOU3BOAMTESIBHOCTU NO CPABHEHUIO AaXe C COBPEMEHHbLIMU CTaHKa-
mMu ¢ YlY. Ho ecTb n HegocTaTKku, Takme Kak, BO3MOXHOCTb 06paboTku geta-
nen nuwb nNo ogHon koopauHate. COOTBETCTBEHHO, AN U3rOoTOBNEHUS
CNoXHoro npodouna getann HeobxoguMo W3roTaBnvBaTb NGO HECKONbKO
MHCTPYMEHTOB, NMB0 Mcnonb3oBaTb PAaCOHHbIN MHCTPYMEHT. B HacToslwee
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BpeMSA TEXHOMOorM oTharT npeanodyTeHne HanamHoMmy (PacoHHOMY WHCTPY-
MEHTY, TaK Kak cTaHku paboTtatoT ¢ HebonbMMKM CKOPOCTAMU pe3aHus, a
YPOBEHb UX TEXHUYECKOro COCTOSIHMS BeCbMa HM30K. B aTuUX ycnoBusix cum-
TaeTcd HepaunoHamnbHbIM UCMONb30BaHWE OOPOroCTOALMX chneumarbHbIX
TBEPOOCNSIaBHbIX MHCTPYMEHTOB 3apybeXXHOro nponssoanTens.

KomnaHnusa TaeguTec aBnsgeTcsa ogHON M3 HEMHOMMX KOMMaHUM, B KOTO-
pon MOryT M3rotTaBnuBaTb PACOHHbLIA MHCTPYMEHT ansa noboro obopynosa-
HMA 1 ons nbbix ycnosuin 0bpaboTkn. Ha Tepputopuio YKpanHbl KOMMNaHuUs
NOCTOAHHO NpeaocTaBnsaeT TBepAOCNIaBHbIE NHCTPYMEHTbI C MEXAHNYECKUM
KpenseHneMm nnactvH ans 3ameHbl PaCoHHOro HarnamHoro MHCTpymeHTa. B
YyeM uX npemmywecTso? Ecnu nnactuHa ogmMHakoBoro Npodunsa ¢ HanamHbIM
WHCTPYMEHTOM, TO rapaHTMpOBaHHO obecneumBaeTcs yBennyeHne CTOMKOCTH
MHCTPYMEHTA 3a CYET Ka4yecTBa MU3roToOBEHNA NNacTUHbl. Takke rapaHTupy-
€TCS NMOCTOAHCTBO CTOMKOCTWU MMACTUHbI, @ NPU U3HOCE NI1acTUHbI OTCYTCTBY-
eT HeobxoaUMOCTN M3BneKkaTb BECb WHCTPYMEHT — HeoOXOAMMO 3aMeHUTb
NUWb NNAacTUHY, YTO MHONOKPaTHO COKpallaeT BpeMs, 3aTpaymBaemoe Ha
nepeHanagky u NnepeToyky MHCTPYMeEHTA.

PaCOHHbIN UHCTPYMEHT MOSTy4UsT MPUMEHEHNe He TOSIbKO Ha arperar-
HbIX CTaHKkax. [Jna cokpalleHuss BpemeHun obpaboTkm paCcoHHble pesubl UC-
NOSb3YITCA TakKe Ha COBPEMEHHbIX MeTannoobpabaTtbiBaloWmMX CTaHKax u
obpabaTbiBaloWmnx LeHTpax. [loaTBepXaeHMeM TOMY CRYXUT Crieaytowmm
npumep. ObpaboTka oaCoHHOW KaHaBKM Ha NPeanpuUsaTUN TpaguunUoHHO Npo-
n3Bogunacb HanamHbIM UHCTPYMEHTOM, ANS NepeTodkn KoToporo Obin npu-
obpeTeH cneunanbHbll CTaHOK. CTOMKOCTb HanamHOro WHCTPYMEHTa He-
bonbllas, a BpemMsi Ansi nepeHanagkm MHCTpyMeHTa coctaendano 6onee 7 —
10 MuHyT. [1Nna cepuMmnHOro npomM3BoacTBa 3TO o4veHb bonbLlune undpbl. B pe-
3ynbTate COBMECTHOM paboTbl TEXHOMOrOB MPeanpuaTUS U crneumanucTos
komnaHum TaeryTek YkpanHa paspaboTaH cneunanbHbin pesel (puc. 7.56) ¢
MeXaHU4YeCKUM KpenneHnem nnactuHbl. CTOMKOCTb NacTUHbI yBenuyunach B
HEeCKONbKO pas, a BpeMs nepeHanagku nnacTuHbl YMEHbLIUAOCh 40 MUHYTHI.

TLﬂ I

Puc. 7.56. CneumnanbHbIX pe3el ¢ MeXaHUYeCKUM
KpensieHneM nnacTuHbI
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Cnegyowun npumep. MNpegnpnatne nonyynno 3akas Ha U3roToBrieHune
aetanun "kopnyc". CNoXHOCTb U3roTOBIEHNSA OaHHOW AeTann cocTosina B U3-
rOTOBMEHUN KOHCTPYKTUMBHOIO ariemeHTa "ceano”, obpaboTka KOTOpoOro Tpe-
ByeT NnpUMeHeHUs cneuyunanbHOro "cegenbHOro" MHCTpyMeHTa. KOHCTPYKTUB-
HbIW 9nemMeHT "ceano" pacnonaraeTca B OTBEPCTUM HA AOCTATOYHO 6OMbLLON
rnybuHe Ha Topue getanu. CrnoxHocTb 06paboTkn obycrnoBneHa Takke Bbl-
cokon TBepAocTbio obpabaTtbiBaemoro matepmana (HRC 40 — 45). Noatomy
coTpyaHukamu komnaHum TaeryTek YKkpanHa COBMECTHO CO crieyuanucramm
npeanpuaTus Obln cnpoekTupoBaH "cegenbHbln" pesel (puc. 7.57). MNocne
N3roTOBMNEHUSI UHCTPYMEHTA B HOXXHOKOPENCcKon KomnaHum TaeguTec OH Obin
yCreLwHo BHeApeH Ha NpeanpuaTnm B YKpanHe.
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Puc. 7.57. "CepenbHbIN" pe3sew,

Cnegyet OoTMETUTb, YTO, HECMOTPS Ha HECTaHOAPTHOCTb pellaeMblx
3agay U HECEPUMNHOCTb AaHHOM OCHACTKU N MHCTPYMEHTA, CPOKM pa3paboTku
N NPOM3BOACTBA MOSHOCTbIO YCTpavMBalOT 3aKkas3yMkoB. JTO [OCTUraeTcsl B
pesynbTaTte TECHOM Koonepauuu cneumManuctoB komnaHum TaeguTec, pabo-
Taowwmx B YkpaunHe n B KOxHon Kopee. B YkpanHe paspabaTbiBaeTcsl TEXHU-
Yyeckoe 3agaHue, Co3peBaeT uaesl ero peanusauyum n paccyMTbiBaeTCsl KO-
HoMu4Yecknn adpdekT. Cneunannctel xe B KOxHon Kopee npoBepsitoT 1 [O-
pabaTtbiBalOT NPeanoXeHHble 3CKU3bl MPOEKTOB, a 3aTeéM KaydeCTBEHHO Bbl-
NOJSTHAOT OnbITHblE 0Opa3subl. [Mpn HEO6XOAMMOCTU B UCMLITATESNIbHOM LIEHTPE
komnaHun TaeguTec B KOxxHOM Kopee npon3BoguTCca TecToBasa naptusa nsne-
NN, KOTOpas 3aTeM HanpaBnseTCs 3aKa3vnKy OS151 KOHTPOMS UCTbITaHUN.

7.7. 9KOHOMMYeECKas L,enecooodpa3sHOCTb NPUMEHEeHUs
HOBOIO NPOrpecCMBHOrO MHCTPYMEHTa B NpOoM3BoACTBe

HekoTopasa ctabunusaumsa aKOHOMUKM B YKpanHe obsi3aTenbHO cka-
3blBaeTCsl Ha KONM4YeCTBE HOBbIX COBPEMEHHbIX MPOU3BOACTB, OPUEHTUPO-
BaHHbIX Ha npumMeHeHue ctaHkoB ¢ YIY. Nyt pelweHna Bonpoca co3gaHus
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UM BO30OHOBNEHNA NPOM3BOACTBA pasHble. OTO MOXET ObITb 3aKynka HO-
Benwmnx obpabaTbiBalOWNX LEHTPOB UNU MOAEPHM3aAUUs ctaporo obopyno-
BaHUSA coBpeMeHHbIMU cuctemamm YUlY mn anektpoastomaTtukon. Ho rmasHom
Lenbto ABASETCs JOCTUMXKEHME BbICOKMX MoKasaTenen npon3BoamnTesisHOCTU U
kadyectBa. OOHMM M3 eCTEeCTBEHHbIX 3TanoB B peLleHnn 3TON 3aa4m ABMseT-
ca noabop ocHacTkM U UHCTpymeHTa. MIHTepecHoe HabnogeHne — noHuma-
HWEe BaXXHOCTW 3TOro atana NpuxoguT HEMHOro no3xe, korga obopynoBaHue
€CTb, Matepuanbl 3aKkynneHbl, NepcoHan 3apnnarty nosfy4yaeT, a nNpoayKumm
BCe HeT 1 HeT. [NpnymHa BaHanbHa 1 gaxe HopMasibHa — uaeT npouecc OT-
nagkum TEXHOMNOIMN.
3aKyrnka MHCTPYMEHTa M OCHACTKM BneyeT 3a cobon HOoBble pacxonbl,
owmnbKn, KOppeKTUPOBKY cebectommocTn u ap. Kak 0obutbca MakCcMManbHbIX
pes3ynbTaToB Ha 9TOM 3Tane, U KakMe noaxodbl NpUMeHUMbl B obecrnevyeHnu
NpPOM3BOACTBA MHCTPYMEHTOM — PACCMOTPUM HUXE, HAa NPMMEpPE BHEOPEHUS
WHCTPYMEHTAa KpYyNHenLen NHCTpYMeHTanbHon komnaHmn TaeguTec.
BHauane cnegyet oueHuTb Lenecoobpa3HOCTbL aHanmsa 3TOro BO-
npoca. Ha puc. 7.58 npencraeBneHbl coctaeBnsowme cebectommocTn npo-
aykumn. Kak BUgHO, ONS peXyLero MHCTpyMeHTa B cebecToMMOCTN OYEHb
HeBennka — okono 3 %, NO3TOMY ee nepBoHa4vasribHO B OU3Hec-NnaHe gaxe
He paccMaTpuBaloT.

LOCTABNAOLYHE CTOMMOCTH THOAVRUMY & raequrec

Lena, cpok cnyx6ki unu npouigodumenbHOCMbL?

LeHa

YMeHLWeHWE HEHkl

Cpok cnyx6bi

H—.I, Yeennuenue cpoka cnyxbni

lMpouzeodumensHoCMb

YeennyeHne CKOPOCTH pe3aHnA
W yNy4vlwenue npoyecca

CofecronmMocTis
NGOy ELH

Puc. 7.58. CoctaBnsarowme ce6eCTOMMOCTU NPOAYKLUN
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Ha obuwem poHe Nnpon3BoACTBEHHbLIX 3aTpaT 3TO HE OYeHb Bonbluas
CyMMa 1 4acTo COBCTBEHHUKM NPeanpuUaTUA corfallaroTcs Ha NepBoM aTane
onnatuTb ee — NUWb Bbl HA4YaTb BbINYCK Npoaykunn. N aTto abcontoTHO Bep-
HbI NoAxond, HO TONbKO BHayane. B ganbHenwem HadnHaetcs 6opbba 3a
Kaxkabln NpoueHT cebecTtommocTun. I aTOT npouecc He Tak YK NPOCT, a rnas-
HOE, HEe OrpaHMYMBaETCA CHMXKEHNEM CEOECTOMMOCTM B pamMKax BblLLEYNOMS-
HYyTbIX 3 %.

MeToOOB CHWXEHUS pacxogoB Ha MeXaHU4eckyto obpaboTKy MoXeT
ObITb BCErO TPU:

— CHMXXEHME CTOMMOCTM MHCTPYMEHTA Kak pacxO4HOro matepmana;

— yBENMYEeHne CTOMKOCTU MHCTPYMEHTA, a 3Ha4yuT, YMeHblleHne obbe-
MOB 3aKyMK1U MHCTPYMEHTA;

— 3aMeHa WHCTpyMeHTa Ha 6oree NpounsBoaMTENbHBIN UHCTPYMEHT C
Lenblo yBENMNYEHUSI CKOPOCTU pe3aHusi, MO0 U3MEHEHNE BCEr0 TEXHOSOIMM-
4YecKoro npouecca obpaboTKu.

[MepBbI N BTOPON METOObl MOHATHbI, UMEKT NPSAMOEe BNUSAHWE Ha
BrooKeT 3aKynoK 1 No3ToMy Hanbonee NpMMeHNMbl cpeaun Cnyxo, KOHTPOSun-
pyloLLMX 3aKynku yxxe paboTatowmx npegnpusatuin. Ha puc. 7.59 — 7.62 Bua-
HO, HACKOJ1bKO 9pPEKTMBHbLI 3TN METOAbI.

COCTABNIOLLHE CTOMMOCTH MIOLYRUMH

lleHa
YMEeHbLUEHME

nEe
T e

J

NPOOYELHAA ea 0,65

ColoocToHMOCTL [HETT LT T R Ten T

Puc. 7.59. BnnsiHne CHUWXXeHU CTOMMOCTU MHCTPYMEHTa KaK pacxogHoro
MaTepuara Ha cocTaBnsoLwme ce6ecToMmMocT NPoAYyKLUN
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B nepBom cnyyae yaanocb CHM3UTb CTOMMOCTb MHCTPYMEHTa Ha ue-
nbix 20 %, B pesynbTate 4ero cebecToMmMoCTb NPOAYKUMN YMEHbLUMMNACh Ha
0,6 % (puc. 7.59). Bo BTOpOM criydae B pesyrnbTate 3aMeHbl Mpou3BoOANTENS
WHCTPYMEHTOB yAanocb JOOUTbCA YBENMUYEHNA CTOMKOCTUM UHCTPYMEHTA B 2
pasa. B utore gocturHyto cHmxkeHne cebectoumoctn Ha 1,5 % (puc. 7.60).
OTO TOXE XOpPOoLUMI pe3ynbTar.

COCTABRIKOLNE CTONMOCTH MIOAVKUMA @ rasqurec
Cpok cnyx6bi

YEenuieHue cpoka cnyxbi

=
K
| >

Gl T oM Tis [ T R E ST S
MpoayELHWs LR

4

= -,
.
T

Puc. 7.60. BnusaHue yBennyeHusi Cpoka criy>k6bl MHCTPYMeHTa
Ha cocTaBnsoLwmue ce6ecToMMoCTU NPOAYKLUU

Tpetun cnyydyam — 310 NpuobpeTteHne y "cepbesHoro" npomssoauTens
WHCTPYMEHTOB AOPOroCTOALLErNO N BbICOKOI(MEKTMBHOIO MHCTPYMEHTA, YBe-
NNYMBAIOLLLErO CKOPOCTb pe3aHns. YTo aTo 3HauuT? Hanpumep, B pesynbrarte
NPUMEHEHNS HOBOIO AOPOrOCTOSILLEro MHCTPYMEHTA yaanochb yBENUYNTb MNpo-
nssogutenbHocTb Ha 20 %. B pesynbTaTte B pacyeTe Ha OAHY AeTallb YMEHb-
LLEHbI 3aTpaTbl Ha onnaTty Tpyaa, HaknagHble U agMUHUCTPATMBHbIE pacxonbl,
CHWKeH n3Hoc obopygosaHus. U3 puc. 7.61a BMAHO, YTO TakoM noaxon nos-
BONUN CHM3UTb cebectonmocTn Ha 15 %. N gaxe ecnu 3TOT UHCTPYMEHT By-
aet B 1,5 pasa gopoxe paHee NpUMEHSBLUErocst MHCTPYMEHTA, BCe paBHO Mo-
ny4ntca akoHomusa oo 13,5 % (puc. 7.616). He npaBga nv — OTNUYHBIA pe-
3ynbTtat! 3a cyeT 3TON SKOHOMUM MOXHO MPOM3BECTM N peanu3oBaTb AOMNOS-
HUTENbHYIO NPOAYKUMIO 1 NONYYUTb OOMNONHUTENBHYI0 Npubbinb (puc. 7.62).
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COCTABNAKOLUNE CTOMMOCTH MIOLYKLWH '
llpouseodumensHoOCMb

?BEIIH‘IEHIIE EHGP-DC—TH Pe3aHMuA M ynyume:-me
=y e & npouecca

Pedtyuine
HHCTPYMEHTEI

M paayRL ; 15%, cHmxenHe nagepees

COCTABNAKILUHE CTOUMOCTH MIOAYRYHH /4
lMpouseodumensHOCMb

':"EenH'-lEHHE cunpncm pesaHus W ynyuvweHue

INOHOMUSA |

2 48

Puc. 7.61. BnnaHue yBennyeHnsi CKOPOCTHU pe3aHus
(nponsBoauTenbLHOCTU OOPabOTKU) Ha cocTaBnsAwLMe
cebecToMMOCTU NPOAYKLUN
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COCTABNAWNE CTONMOCTH MIOLYRUNH @
- &EHUHHUE pexyujezo UHCmpyMeHmy,

Ha cebecmoumocmb ;
e o |
Ceivac 30 % 60 % yBenuue- | 20 % ysenuye-
ckuaka HWe cpoka HMEe CKOpPOCTH
Cry0bl pe3aHus
MepeMeHHble N3OEePXKKM
PexyLine MHCTPYMEHTbI 0,30% 0,21% 0,20% 0,45%
3aroToBka 2,20% 2,20% 2,20% 2,20%
dUKcUpoBaHHbIE N3AEPXKKM
MaLunHbl 2,60% 2,60% 2,60% 2,60%
Tpya 2,80% 2,80% 2,80% 2,24%
CTtpouTtenbctBo v ynpaenexHve | 2,10% 2,10% 2,10% 1,68%
3aTpaThl Ha aeTanb 10,00% 9,91% 9,90% 8,65%
OKOHOMUS 1% 1% 15 % n 6onee

Puc. 7.62. NMpumep BNUAHUA CTOMMOCTU PEXYLLUEro MHCTPYMEeHTa
M yBeNIM4YEeHUs CKOPOCTU pe3aHuAa Ha ceb6ecToOMMOCTb NPOoAYKLUKN

Ha puc. 7.62 npuBegeHbl KOHKPETHbIE AAHHbIE O BIIUSIHUM CHUKEHUS
CTOMMOCTU MHCTPYMEHTA KakK pacxogHOoro martepuana, YBENIMYEHUU CpoKa
CNyX6bbl UHCTPYMEHTA U YBENNUYEHNN CKOPOCTU pe3aHust (NPOM3BOANTESbHO-
ctn obpaboTkn) Ha cebectommocTb npoaykuuun. Kak BugHo, B nocnegHem
cnyyae pocturaetca Hambonbwunn apdekt — cebecTommMocTb nNpoayKumm
ymeHbLllaeTcs Ha 15 % v 6onee.

7.8. ESPRIT — ny4ywun nporpaMMHbIA UHCTPYMEHT
ANA Npou3BoACcTBa

Komnnekc ESPRIT, paspabotaHHbin komnaHven DP  Technology
(CLWA), ucnonb3yloT KpynHenwme 3anagHble Npou3BoauTeEnn — nuaepbl B
CBOUX cermeHTax pblHKa [32]. B nx uncne — Boeing, NASA, Peugeot, Sitroen,
Audi, Volvo, Ford, Man, Nakamura-Tome, MoriSeiki, Mazak, Doosan, Fanuc,
3asog "Cantot", BCMINO-ABVCMA, HINO "Catyph" (Poccus), MO "KOxMaw",
KptokOBCKMM BaroHOCTpoOUTENbHbIN 3aBof (YKpanHa) U MHorme gpyrve npea-
NpUATUA, roe NPUMEHAITCA COBPEMEHHbIe MeTannopexyline craHku ¢ Yy
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Tvna "obpabaTbiBatowmnm ueHTp" (puc. 7.63). B uenom ynpasnswowue npo-
rpammbl ¢ nomowbto ESPRIT paspabatbiBatoT Ha 15 000 npeanpusatmsax no
BceMmy Mmmpy. Ha ykpamHckux 3aBogax ¢ ESPRIT noka 3HakoMbl marno, xoTs
ero NPUMEHSIOT yXXe Ha COTHAX 3aBogdoB Poccum — B OCHOBHOM Mpw Mpo-
rPaMMmnpPoOBaHMNN ANIEKTPOIPO3NOHHOM N NATUOCEBON dope3epHOn 0bpaboTKu.
[ns yoobcTtBa poccuinckux nonb3oBatenen nHtepdpenc ESPRIT nepeseaeH
Ha PYCCKNN A3bIK.

Puc. 7.63. CoBpeMeHHbIN 06pabaTbiBalOWUMN LLEHTP

Walter Lentz, rnaBHbin NC-nporpammuct komnaHum Halliburton
Manufacturing: "PaHbwe Ha pa3pabomkKy ripoepamm 0515 HauluX MOKapHbIX U
pe3epHbIX cmaHKo8 Mbl 3ampaydusarnu OHU, MIoc Kak MUHUMYM euwe OeHb
0ns omnadku Ha cmaHke. Ternepb xe 0515 amoa2o mpebyromcs Yack! unu oa-
Xxe MuHymbl. Ce200Hs1 Onisi co3daHus 200 HO8bIX yrpasrsrouux npospamMm 8
mecsy u moougbukayuu 60 000 yxe 2omoebix Mbl 06x00uMcsi ece2o Oecs-
mbto rpogpammucmamu’”.

CneunanucTbl MHKUHUPUHIOBOWM KoMMNaHun "TBUCT" akTUBHO BHeAPSItOT
ESPRIT ansa paspaboTku ynpaBnsawoLwmx nporpamMmm npu BHEAPEHUN TEXHOO-
rmyeckoro obopyaoBaHMs Ha 3aBoax 3aka3yukoB. VIHXMHMPUHIoBas Kommna-
HUA "TBUCT" MMeeT BONbLLOM NPAKTUYECKUA ONbIT B MHHOBALMOHHbIX MPOEK-
Tax N0 TEXHUYECKOMY NEPEBOOPYKEHUID YKPAUHCKMX MALUMHOCTPOUTESNbHbIX
npegonpuatun (puc. 7.64). PeanusoBaHo 6onee 250 npOMBbILNEHHbIX NPOEK-
TOB, NOCTaBMNEHO U BBeAeHO B Aencteme bonee 150 egmHuL TexHonornye-
ckoro obopyaoBaHust.
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Puc. 7.64. 9nemeHTbl KOMnnekca ESPRIT

Cepren Kynuk, nHxeHep otgena nporpamMmmMmpoBaHusa cTaHkoB ¢ YlY
NHXUHUPUHIoBOW KomnaHuum "TeucT": "lNpu 3anycke mokapHo20 obpabamei-
garowezo yeHmpa DOOSAN PUMA 700 XLY (PML] 6.5 m, ocb Y) Ons u3eo-
moerieHus KpyrnHo2abapumHsbix gasioe Ha rpednpusmuu AO "Cymckou 3ago0
"HacocaHepeomauwl" ucronb3oearsics rpospaMmHbIl komrnekc ESPRIT. ®pe-
3epHbIli  MOOyrnb rocmrpoueccopa ompabambigasics HernocpeodCcmeeHHo
803s1e cmaHKa. B pe3yrismame ydanocb docmu2Hymb osIHoU asmomamu-
3ayuu ebidadyu OaHHbIX yrpaensuwux npospamm 6e3 rocnedyruwel "pyd-
HOU" KOppeKkmupo8KU U yCcKopumb ggedeHue CrIoXHeluwea0 cmaHKa 8 9KC-
nnyamauyuro".

Mouemy ESPRIT Tak nonynspeH cpeau paspaboTymKkoB yrnpaBrisaoLLmnX
nporpamm (YIT) 1 Tak BbICOKO LIeHUTCS Bnagenbuamu npeanpnatnin? Notomy,
YTO ero NPUMeEHeHNe NO3BOSSET:

* 3aTpayMBaThb Ha cO3gaHue 1 OTNagKy ynpaBnAwoLWnX NporpaMmm He OHW,
a yachbl Unun gaxe MUHyTbI;
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* npumMmeHaTb ogHo CAM-cpeacTBo aAns nporpammmpoBaHnst obpaboTkmn Ha
Bcex cTaHkax ¢ UlMY B uexe — Kak caMblX NPOCTbIX, TAK N CaMbIX CNOXHbIX;

* 9KOHOMUTb NPOM3BOACTBEHHbIE pecypchl U obeperaTtb OT MNOMIOMKN LOPO-
rocrosiee obopynoBaHne, MHCTPYMEHT M OCHACTKy, YTO Aocturaetca bna-
rogaps BO3MOXXHOCTM ObICTPO OBHapPYXUTb U UCMpaBUTb OWNBKM B 0OpaboT-
Ke ewle go nepenayn YT B uex;

* ycnonb3oBaTtb Npu noarotoske YI1 kak nyywmnn mMyUpoBOM ONbIT, TaK U
OnbIT CODCTBEHHbIX crneynanucTos, bnarogaps Hanndunio B cucteme ESPRIT
nononHaemon 6a3bl 3HaHMM KnowledgeBase M BO3MOXHOCTM aBTOMaTU4e-
CKOro NPUMEHEHNS ONTUMarbHbIX PEXUMOB 00paboTKK;

* MONYYNTb BaXXHbl€ KOHKYPEHTHblE MPenMyLLecTBa: NOBbICUTb Ka4eCcTBO
06paboTKN, YMEHbLWUTb MAalUMHHOE BPEMS, YCKOPUTb MOArOTOBKY BbIMyCKa
HOBbIX N34EeNnKn, COKPaTUTb CPOKN OKYNaeMOCTM CTaHKOB.

Uybenko M. I., segywmin nporpammucT MO "KOXHbIN MalLuMHOCTpOU-
TenbHbIN 3aBoa" r. [lHenp: "B cogpeMeHHbIx ycrogusix rnpoussodcmea oema-
nied nymem obpabomku pesaHueMm mpebyemcsi 8bICOKUU YpPOBEHbL asmoma-
mu3auuu mexHOJI02U4YeCcKo20 rpouecca, 8 4YacmHyHocmu UcCroflb3oe8aHue
HadexHbix CAM — CAD cucmem. Ha Hawem nipedrnpusmuu ycriewHo rnpume-
Hstomess CAM cucmembr: ESPRIT, DELCAM, MASTERCAM. Xoyemcs 8bi-
pasume ocobyr brazodapHoCcmb BbICOKOK8anUguUUupo8aHHbIM crieyuaru-
cmam, cornpogoXxoarowum Kaxxobilt rnpogpamMmMHbIt rpodykm. OOHako crieyu-
uka Haweezo rnpoussodcmea mpebyem 3ghgpekmusHo20 06CnyKuBaHUSs
MHO0200Ce8020 U MHo20owrnuHderibHo20 obopydosaHus. Mbi cOenanu ebibop
8 nonb3y ESPRIT. Komnnekc ESPRIT nossonsem Hawum rosib308amersisim
Jle2aKo pewamb 80rpoOChkl, C85i3aHHbIe C agmomMamu3auyuel rpospamMmmuposaHusi
cmaHkoe8 1tobol CrioXKHOCmMU 3a c4em 803MOXHOCMU MOSITHO20 MOJeUpo8aHUs
npouecca obpabomku O0emarned. OOHUM U3 MHO20YUCIIEHHbIX MpeuMyu,ecms
ESPRIT sensemcs docmynn K 0epoMHOU ba3ze mpexmepHbix Modesieli CmaHKo8
pasHbIx rpouseooumersiet u 6aze pabo4yux rOcmMpPoOUEccopos8 8cex ulsecm-
HbIx cucmewm YlTY. Kpome mozo, komghopmHasi paboma ¢ 0aHHOU ripogpamMmol
obecrieyusaemcsi B03MOXHOCMbBIO cO30aHuUs1 nosib3ogameribckux 3D-modernel
obopydoeaHusi, a makxe 6razo0apsi 8€sIUKOSIENTHOMY COMPOBOXOEHUK om
npedcmasumersibcmea 8 YKpauHe 8 5oboe spemsi cymok”.

Bce eudbl coepeMeHHOl MexaHu4Yeckoli obpabomku

Cpencteamm ESPRIT adhdekTMBHO nporpammunpyoTcs Bce Buabl 06-
paboTKn, KOTOpble BOCTPebOBaHbl COBPEMEHHBLIM MaLUMHOCTPOUTESbHbLIM
npounsBoactBoM. B wnx uumcne 2-5-oceBasi (pesepHas obpaboTka,
2—-22-oceBasi TokapHasi obpaboTka, obpaboTka Ha MHOrOMYHKUNOHAMNbHbIX
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TOKapHO-(ppe3epHbIX LieHTpax M cTaHKkax Cc ocbio B, a Takke 2-5-oceBas
3NEeKTPO3PO3noHHas obpaboTka (puc. 7.65).

% ESPRIT - [flonanca ESPRIT esp] E ESPRIT - [flonarka_ESPRIT.esp]
% Dadn Mpaeca Bud Cosaate O6pabotea Anames Wwctpymests Oxeo [osous Ih Dain Mpaeka Bua Cozdate OBpabotka AHanms WHCTPYMeHThl OkHo [oMolls
D= & |[daaaqc+|[evad [kjse ~||oB|® @@ |s m||dacaate Gy o |[be -2 o ||#c

Beo | Sda HdEhD | Be K w D — 8

W (atis Mpasks Bea Cosaare ObHpadorsa Awanmz WHopywedte Omwo Dowowe
Dl @ | |[FRAARXT+ (G & @ |[[lfpee =]~ B|®|&ceoece]|@[arnsh=] | Rlvw =] | |BBB®HE
S| S84 HdES5E Be B H e HHE g 4l 2B O e ed Y

£

Puc. 7.65. 3D mopgenu B komnnekce ESPRIT

Jlezko, y0o6HO, 6bicmpo

Bo3MOXHOCTW NnporpaMMHOro Komrsnekca no3BongatoT fnerko n 6u6icTpo (1
910 6e3 npeyBennyeHus!) paspabaTbiBaTb ynpaBnslone NporpamMmbl, Kak
Ans NPOCThIX, TaK U AN CaMblX CHOXHbIX CTaHKoB. OCHOBaHHbIN Ha nnaT-
dopme Windows, komnnekc ESPRIT ucnonb3yet Bce npeumyLiectsa aToum
onepauMoOHHON CUCTEMbl — YyAOOHbIN M HacTpauBaeMbll MHTEPENC, MHTe-
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rpaumto ¢ Microsoft Office gna cosgaHuss OOKyMeHTauuwn, noaaepXKy
OpenGL, online-nomoLb, oCHoBaHHy Ha TexHorormm HTML. Bnarogaps
Hannunio obwmpHoro Habopa TpaHcnatopos, ESPRIT Hanpamyto paboTaeT ¢
3D-mopenamu n3 nobon CAMP, nmnoptmupysa nx 6e3 kakmx-nnbo nospexae-
HUW. DTO MO3BONSET UCKMIOYNTL HEOBXOOMMOCTL PeaakTUMPOBAHUS UK BOC-
CTaHOBIEHU ncxogHon reomeTtpun. K Tomy xe npu paspaboTtke ynpasnsito-
LLIMX NporpamMm nosiBigeTcs BO3MOXHOCTb MCnonb3oBaHua 3D-mopenen nio-
Goro Tuna: TBEpPAOTESNbHbLIE, MNOBEPXHOCTHbLIE, KapKacCHble, daceTHbIe
(8 popmaTte STL). Bce aT0O 3HaAUMTENBHO MOBLIWAET 3PPEKTUBHOCTL MPO-
Lecca paspaboTku ynpasnsloWmMx MporpaMm M yMEHbLUaeT ero AfuTenb-
HOCTb. C nomoLblo BCTPpoeHHOro dA3bika MicrosoftVisualBasic MoXxHo co3pna-
BaTb MakpoCbl ANfs aBTOMaTM3auum nbbiXx 3TanoB NpPOrpaMMuUpoBaHUS.
bnarogaps atomMy, Ans pyTMHHbBIX onepauui, Ha KOTOPblE paHbLUE yXOOumu
yachbl, noTpebyeTca NULb HECKONBbKO MUHYT.

KpacunbHukoB [.A., rnaeHbin TexHonor OAQO KasaHckui onTuko-
MexaHuyeckun 3aBof: "llocrie moe2o Kak Mbl rpuobperiu co8peMeHHbIU U
CITOXHbIU MOKapHO-ghpe3epHbIU cmaHOK, HaM rnompebosarics Xxopowul UH-
cmpymeHm 07151 e20 npoepammuposaHusi. Obpamurnu eHumaHue Ha ESPRIT.
KomnaHus nocmaswuk rposena obydyeHue Hawux creyuanucmos, o 3a-
8epUWeHU KOmopo20 OHU caMocmosimesibHO 1oda2omosuru yrpasnsnuue
npoegpammabl 05151 mecmosol demarnu u ompabomarnu eé Ha cmaHke. Mbi do-
80J1bHbI pe3yribmamom. [eticmeumersnbHo, ESPRIT neeko oceoums U rpo-
CmMo ucronb308amp. A Oris pogpaMmMupo8aHusi CrIoXHo20 obopydoeaHusi OH
rnpocmo He3ameHuUM".

Jlyqywue MemoOdsI niroc npou3eodcmeeHHbIU onbim

ESPRIT KnowledgeBase no3BonseTt 3aMkHyTb Lenb Mexay paspaboT-
YynKaMmm ynpasngaroLmMx NporpamMmm 1 LEXOM, TaK Kak ¢ ee NoMOLLbI0 BECb Mpu-
oBbpeTeHHbIN ONbIT COXpPaHsieTca B eanHon 6as3e 3HaHuKM M BNocCneacTBuu
MOXeT ObITb nerko ucrnonb3oBaH. JIlobon TexHonor-nporpaMMuUCcT OOHUM
Ha)xaTMeM KHOMKWU MOXeT BblbpaTb Hanbonee nogxoasawmm mertoq obpaboT-
K1, ncxogs na ocobeHHocten HoBown getanu. [lpn aToM cuctema aBToMaTu-
Yecku npeanaraeT onTUManbHbIN Npouecc 06paboTKu, PEXYLUNIA NUHCTPYMEHT
N pexmnmbl pesaHus. OcBoboxaast TEXHONOroB-NPOrpaMMUCTOB OT PYTUHHBIX
onepauun, KnowledgeBase gaeT MM BO3MOXHOCTb COCPeOTOUYUTLCHA Ha CO-
BEPLUEHCTBOBAHMM npoueccoB 00paboTkn, a npeanpusaTuio — BbINTU Ha
NPUHLMNNANBHO HOBLIM YPOBEHb MPOU3BOACTBEHHbLIX BO3MOXHOCTEW. Kax-
AblN pas, Korga npu co3gaHuu ynpasnstowen nporpaMmmbl ucnonbsyetca ba-
3a 3HaHun, npouecc ob6paboTkM aBTOMATUYECKN NPOBEPSETCA Ha COOTBET-
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CTBME NyydlIMM MeToAuKamM M OBHOBNSETCH, YTO MO3BOSIIET NMOCTOAHHO MO-
BblllaTb KayectBo obpaboTkn. Takmm obpasom, KnowledgeBase nomoraet
yCTpaHUTb U3 npouecca paspaboTtkn YI1 goragkm n npegnonoxeHma n obec-
neynTb Nyylnin pesynbTaT Ha Kaaom eé atane. Bce 910 BMecTe cnocob-
CTBYET MNOBbILLIEHNIO NPOMU3BOAUTENBHOCTU U PpeHTabeNlbHOCTM NPON3BOACTBA.
YHuBepcanbHbi noctrnpoueccop ESPRIT no3sonsieT 6bICTpo co3gaBaThb Ka-
YeCTBEHHbIe ynpasnsowme nporpammbl B G-kogax. Kaxabii nonb3oBaTenb
ESPRIT nonyyaeT nonHbin Aoctyn K obwmnpHon 6ubnmoteke rotoBbIX NOCT-
NpPOLECCOPOB AS19 KOHKPETHbIX CTaHKoB U cTtoek Yl1Y, B ToM yucne, cepTtu-
dMUMpOBaHHbIX Beaywumu npomnssoautTensmm obopyaoBaHuda. bnaropgaps
oTkpblTon apxutektype ESPRIT, nonb3osatenu moryt 6e3 ocoboro Tpyaa
KOpPPEKTUpPOBaTb MX, UCXOOA M3 CBOUX NPeOnOYTEHUA U NPOU3BOACTBEHHbLIX
TpeboBaHun.

Bu3yanu3sauyusi u npogepka Ha CmMOJIKHO8EHUSI

bbicTpada, TouyHas wn HagexHass nposepka o06paboTkm cpencreamu
ESPRIT nossonset He npuderatb K JOPOrocTosiLen otnagke ynpasnsitoLmx
nporpamMmm HenocpeacTBEHHO Ha cTaHke. Buayanusauus npouecca obpaboT-
kn B cpeae ESPRIT gact nonHyo yBEpEeHHOCTb B €ro npaBuibHOCTU, NO3BO-
naa cpaBHUTb Moenb aetanu, "obpabotaHHon" B ESPRIT, ¢ ee KOHCTpyk-
Topckon Bepcuen. Cuctema NpoBOANT BCECTOPOHHIOK nposepky Y11, moae-
nnpys BClo cpeagy obpaboTkM — CTaHOK, MHCTPYMEHT, OCHaCTKy, Npucnocob-
fnieHue, 3aroToBKy M AeTtarnb. BbicOkokavyecTBeHHas BM3yannsaumsa obpaboTku
B peXuMme pearnibHOro BpEMEHU N HAAEXHbIN MeTon OBHapy>XeHUs1 CTOSKHO-
BEHUW rapaHTMPYIOT, YTO JaXKe caMble CIIOXHble AeTann OyayT KOPPEKTHO M3-
roTOBIEHbI C MEePBOro pasa, a JOPOron CTaHOK, MHCTPYMEHT
N ocHacTKka He ByayT nospexaeHbl. Takmm obpasom, npumeHeHne ESPRIT
NO3BOSIUT COKPATUTbL NPOCTOM 0OOpPYyAOBaHMSA, MaKCUMarbHO YBENTMYUTL MPO-
N3BOANTENBHOCTb U YMEHbBLUNTL CTOMMOCTL CTAHOYHOM 06paboTKu.

Bceada ¢ noddepkkol

Kaxgbin aeHb nepen nNpon3BOACTBEHHUKAMWM BCTAlOT BCE HOBblE 3aga-
4n, U ONA UX YCnewHoro peweHuns TpebyrTca HoBble noaxoabl. Cuctema
nogaepxkn MO ESPRIT obecneumMBaeT NoOnHbIM AOCTYN K pasfnyHbIM pecyp-
caM gnga u3y4yeHusi BO3MOXHOCTEN NMPOrpaMMHOro nNpoaykra, aBToMaTusnpo-
BaHHoe obHoBneHue 10, goctyn Kk web-pecypcam ESPRIT n nognucky Ha
xypHan "ESPRIT de CORPS", rae obcyxgatoTcsi akTyanbHble npobrnembl
nporpamMmMmpoBaHnsa cTaHOYHOM 06paboTkmM 1 cnocobbl Ux pelleHus. MNonb3o-
BaTenu, noanucasBlUMECA Ha akTUBHYH MNOLAEPXKY, CUCTEMATUYECKN Mony-
YyaloT 0BHOBMNEHUS NPOorpaMMHOro npoAaykra. Kaxabin HOBbIM penua npegna-
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raeT 3HayMTenbHoe pacluMpeHne yHKLMOHaNbHbIX BO3MOXHOCTEW, CAemnaH-
HOE C Yy4eTOM MHOrOYMCIEHHbIX MoXernaHuin nonb3oBatenein. Otgaya oT Ta-
Kux obHOBNEHWI byaeT BbICOKOW, a 3aTpaTbl BPEMEHU Ha OCBOEHME HOBbIX
BO3MOXXHOCTEN — MUHUMAaTbHbLIMMU.

7.9. TexHonornyeckoe odecnevyeHue KayecrtBa
MeXaHM4YeCcKon ob6paboTKM nopLuHen

MAO "AsTpamat" 6onee 80 net 3aHMMaeTCs NPOM3BOACTBOM AeTarlen
LUNMHOPO-NOPLUHEBOW rPYMMbl ANS aBTOMOGUEN, TPaKTOPOB N CEeNbXo3Tex-
HWKW, TEMNSIOBO30B, KOMMPECCOPOB U APYrMX MaLluH, B KOTOPbIX UCMOMb3YyeTCs
NOPLUHEBON ABUraTeslb C KPMBOLUMMHO-LWATYHHbIM MexXaHn3MoM. Kak nasect-
HO, B ABUrartesie rnopweHb paboTaeT B caMbix TSXKemMbIX yCroBusix. Bo Bpems
paboTbl OH NoABepraeTcs BbICOKUM LMKINYECKUM, MEXaHUYECKUM U Tenmno-
BbIM Harpyskam, KOTOpble MOBTOPSTCA ThICAYM pa3 B MUHYTY (Makcumarnb-
HOe ycKopeHue MOopLUHA BO BpeMsi paboTbl coBpemeHHoro OBC pocturaet
BenmumH 15000 — 20 000 m/c®, 4To cooTBeTcTBYeT neperpyske 1500-g —
2 000-g) [12]. OTO BbI3bIBAET 3HAYUTENbHbIE MEXaHUYECKME HaMpsXKeHUs C
ONAaCHOCTbIO YCTaNOCTHOrO paspyLleHus nopLiHs n Tpebyet pas3paboTku KoH-
CTpyKuun, obecneuvmBarownx Bes3onacHoe pacnpeneneHne HanpskeHun B
NOpLUHEe, a Takke NPUMEHEHUS MaTepuasioB C BbICOKUMU MeXaHUYEeCKUMMU
xapakrepuctukamm [20].

YcTaHoBMNEHO, 4YTO TemnepaTypa rasoB B MpoLecce CropaHusi MOXeT

pocturatb 1 800 — 2 600 °C. OTa TemnepaTypa 3HAYMTENbHO MPEBbILLAET
TOYKY NNaBfEeHUs NOPLUHEBOro crnfaea W, YToObl HE NMAAaBUTLCS, MOPLLEHDb
AormkeH adekTMBHO nNepegaBaTb TEMNNO CropaHus CTEHKe uuinuHapa wm
oxnaxgawowen Xunakoctn. YTobbl MUCKMOUUTL YCTanoCTHOE paspylleHue
MOPLUHS B CBSA3M C BbICOKMMU TEPMUYECKMMU HAMNPSPKEHUAMWU, a TaKKe WUC-
KNIOYMTb paclumpeHne (cxatme) MOpPLUHA, BEPOATHOCTb €ro 3aKfMHUBAHUS,
HeobOxoanmMo obecneunTb OCTATOYHYKO Tennonepenadvy, ucnosfib3osatb O0Y-
KoobGpasHyto dOpMy MOPLUHA U U3roTaBnmMBaTb €ro U3 CniaBOB C BbICOKOW
TennonpoBoAHOCTLIO. [1pM 3TOM BaXHO CHU3UTb MHTEHCUBHOCTb TPEHUSA
MeXay MOpLUHEM, NOPLUHEBLIMU KOMNbLAMM U CTEHKOW LMNMHAPA NPU CKOSb-
XEHUU, N TEM CaMblM YMEHbLUUTb MOBEPXHOCTHbLIN NM3HOC N pacxod macna.
OTO AOCTUraeTcs co3gaHnemM NoBEepPXHOCTEN C HU3KUM Ko3hduuneHTom Tpe-
HWS, 3aaHHbIM pacnpegeneHnem aasrieHns OOKOBOW MOBEPXHOCTU MOPLUHS
Ha CTEHKY UunnHapa u aHTUPPUKUNOHHBLIM NOKPbLITUEM HOOKM MOPLLHA.
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MaTtepuanbl, U3 KOTOpPbIX WU3roTaBfMBalTCA MOPLUHU, AOSMKHbI Obna-
AaTb BbICOKOWM MEXaHM4YEeCKOW MPOYHOCTBIO U XopoLlen obpabaTbiBaEMOCTbIO;
HWU3KOW MMOTHOCTbIO AS1 YMEHbLUEHUA WUHEPLMOHHbBIX CUM, Bbi3BaHHbLIX BO3-
BpaTHO-MOCTYyNaTeNbHbIM ABMWKEHMEM U NEPEXOAHBIMU PEXMMaMUN; BbICOKOM
TEnnonpoBOAHOCTLIO; KOI(MULMEHTLI TEMMOBOr0 pacluMpeHuss maTepuana
MNOPLWHA M CTEHKM UMNUHAPA AO0SMKHbl OblTb 65IM3KM MO 3HAYEHWU0 AOrs
yMeHbLUEeHUs 3a30pa; matepuan gormkeH obnagatb BbICOKMMU aHTUDPUKLN-
OHHbIMM CBOWCTBaMW AN NpefoTBpalleHNa 3aeaHus U CHUXEHUS NnoTepb
Ha TPeHWe 1 BbICOKOW U3HOCOCTOMKOCTbLIO. CnsiaBbl artOMUHUS C HEKOTOPLIM
KONMMYECTBOM ErMPYIOLMX 9NEMEHTOB (KPEMHUW, MeOb, MarHWn, HUKEerb U
Ap.) YOOBNETBOPSIOT BbillenepeyncrieHHsiM TpeboBaHusaM. KpeMHun B Konu-
yecTtBe 5 — 22 % npunaaeT cnnaBy XaponpoYHOCTb, YMEHbLIAET KOIPPULMEHT
TENMOBOro paclnpeHns, yryywaeT JfnUTEeNHble CBOWCTBA, HO MNpU 9TOM
"oxpynunBaeTt" cnnaeB v yxyawaeTt obpabatbiBaeMocTb. Meab B konunyecTtse
1 — 8 % ynydwaeTt mexaHn4yeckme ceoncTea matepuana. MarHui (0,8 — 1,3 %)
npuaaeT cnraBy BbICOKME MeXaHUYeCKue XapakTepuCcTuKY, NoBbIWwasa npegen
npoyHocTn. Hukenb (0,5 — 2 %) npuaaeTt cnnaBy XapornpovyHOCTb U XKapo-
cTonkocTb. TutaH (0,05 — 2 %) yny4ywaeT mexaHn4eckme CBOMCTBa MaTtepua-
na, 3a CYyeT co3JaHus C anioMWHUEM WHTEepPMEeTaryIMOHbIX COeOUHEHUN
yMeHbLlUIaeT nonayyectb. PasnuyatoT Tpu Tna antoMUHUEBBLIX CNIiaBoB, Npu-
MEHSIEMbIX B MPON3BOACTBE MOPLUHEN, KOTOPbIE OTNIMYAOTCA rNaBHbIM 0bpa-
30M coepxaHuem KpeMHus: 1) O09BTeKTMYeckue cnnasbl (cogepkaHue
KPEMHUSA HWXKE, YEM B TOYKE 3BTETUKM — 0BbIMHO okono 9 %, a Ansa cnnasoB
antoMUHUN-KpEMHUIA Touka aBTeTukn 11 — 13 %); 2) aBTekTU4ecKkne cnnasbl
(cogepxaHue kpemHus coctasnseT 11 — 13 % — B 3aBMCUMOCTU OT Konn4e-
CTBa ApPYrux INerupyowwmx 3feMeHToB); 3) 3a3BTEKTUYEeCKMe chnasbl, B HUX
COAEPXUTCA 3HAYUTESIbHOE KOSIMYECTBO HEPaCTBOPEHHOrO KPEMHWUS B aro-
MUHUK, 4YTO obecnevmBaeT MOBbILLEHNE M3HOCOCTOMKOCTU, HO yXyallaeT Tex-
HOMornyeckne CBOMCTBA (cogep)kaHne KpeMHUst MOXeT konebaTtbcsa oT 13 o
25 %). OcHoBHbIM cnnaBoM, npumeHsiembiMm B OAO "AsTpamat" ans npous-
BOACTBA MoOpLWHen, saBnsetca aBTektudeckun cnnas AK12M2MrH(AJ25).
B HekoTOpbIX Au3ernbHbIX ABuraTensx 60nblon MOLWHOCTU UCNOMb3YHTCS
YyryHHble (CTanbHble) MOPLIHM UMM COCTaBHbIE MOPLUHM C FOSIOBKOM U3 cTanu
(4yryHa) B Tex crniydasx, Korga TepMUYecKne U MexaHUYecKue Harpysku
CIULLKOM BESIMKM AN antOMUHUS.

TNoBOM TEXHOMOMMYECKUI NPOLECC NPON3BOACTBA NOPLUHEN (puc. 7.66)
BKIOYAET: 3anuBKy B KOKWSb; TEPMOOOpPaboTKy; YEepHOBYHD MeXaHU4YeCKyHo
00paboTKy HapyXHbIX MOBEPXHOCTEN; YepHOBYO 06paboTKy OoTBEpCTUS NoA
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NOpLUHEBOW NarneL, Y4ACToBY0 06paboTKy Mo Hapy>XHOM MOBEPXHOCTU C Mpu-
AaHneM en oBarbHO-004KoOOpasHOM (OpMbI U TOYEHWEM KaHaBOK MoA
NOPLUHEBbIE KOJIbLla, PACTOYKY KaHaBOK Mo CTOMOpPHbIE KOSbLa B OTBEPCTUM
nog noplHeBon nanel, obpaboTKy Kamepbl cropaHus (455 nopliHen au-
3enbHbIX ABuUraTenen), YNCToByto 06paboTKy narnbLEBOro OTBEPCTUS; HaHe-
CEHWe MOKPbITUN.

BepLunHa HagexHocTy (Y ASTPAMAT

XAPBKOBCKMWI 3ABOQ «OPLWEHb»

Puc. 7.66. UsroTaBnmBaemble NMOPLUHMU

B HacTtoswee Bpemsi, Gnarogaps MHOronieTHeMy ONbITY TEXHOornye-
CKMA MpPOLEeCC U3roTOBMEHUA MOPLUHA (paKTUYEeCKN [OBedEeH [0 COBepLUEH-
CTBa, OCYLLECTBNAETCA C NPUMEHEHMEM COBpPEMEHHOro obopyaoBaHusa U pe-
XYLLMX MHCTPYMEHTOB. BMecTe ¢ TeM, MeeT MeCTO U PSS HEPELLEHHbIX Npo-
6rem, CBsI3aHHbIX rMaBHbIM 0B6pa3oM ¢ MexaHn4eckon obpaboTkon, B YaCTHO-
CTH, C 06pPabOTKON HAPY>KHOW MOBEPXHOCTU MOPLUHSA. C Lenbio CHUXKEHUS CTO-
MMOCTM U MOBbILWEHNSA pecypca paboTbl nopluHen cospeMeHHbix OABC mupo-
Bble TEHOEHLMN NPUBENN K YX04Yy OT HaHECEHUS aHTUMPPUKLMOHHBIX NOKPbLITUN
N 3aMeHe NX Ha MUKpopenbed Ha HapyXHOW MOBEPXHOCTWU MOPLUHA U COOT-
BETCTBEHHO Ha BHyTpeHHen ctopoHe uunuHapa OBC. Mukpopenbed — aTo
BUHTOBAA JIMHUA MO HAPY>XHOW MOBEPXHOCTM MOPLUHA C rnybuHon npoduns

nopsiaka 0,014 mm, warom 0,3 MM 1 yrriom packpbitus 170° (puc. 7.67).
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Mo fBceu dokobou nobepxHocmu
170°

0.014+0.003

Puc. 7.67. 3ckns mukpopenbeda Ha Hapy>HOM MOBEPXHOCTU NOPLUHSA

B oTnuumne ot aHTUMPPUKLMNOHHBIX NOKPbITU, KOTOPLIE NpeaoTBpaLLatoT
napy UMNUHOP—NOpLUEHb OT 3a4MpPOB NN B OTHOCUTENBHO KOPOTKUIA Nepu-
o4 BpeMeHu (npun obkaTke asuraTend), AaHHbIN MUKpopenbed paboTaeT Ha
NPOTSXKEHMM BCErO XMU3HEHHOIO LMKMNa napbl. B pesynbTate MMKpOYaCTUYKM
Macna, nonagasi BOBHYTPb MuKpoperibeda MOBEpPXHOCTWU, obecneymsBaroT
"KugKkoe TpeHue" B nape umnuHap-nopLleHb, yBenmimeasa TeM cambiM pecypc
paboTbl Apuratens. BnonHe o4eBMAHO, YTO JaHHOE peLleHne SBMASeTCH BaX-
Henwmnm pesepBoM nosbiweHns addektmeHocTn ABC. OgHako, peanusaums
ero Ha npakTuke npencraBnseT 3HayuTernbHble CIIOXHOCTU. MoaTBepXXaeHu-
eM TOMY SIBFETCA OTHOCUTENbHO HU3Kasi oTpaxaTerbHasi CnocobHOCTb 06-
paboTaHHOM HapYy>XHOW MOBEPXHOCTWU MOPLUHSA, YTO CBA3AHO CO CITIOXHOCTbLHO
obecnevyeHns onTMManbHOro COOTHOLLEHUS NapaMeTpoB LLEepOXoBaToCTH No-
BepxHoCTU R, /Ry 5 - CornacHo pabote [163], CyLleCTBEHHO MOBLICUTL OT-

paxaTesibHyt0 CnocoBbHOCTL 06paboTaHHOM NOBEPXHOCTN MOXXHO MpWU 3Ha4e-
HUaX Ry /Rmax =0 ... 0,29. Tlostomy peanu3aums [aHHbIX 3Ha4YeHWUin

R4 /Rmax Npv 06paboTke HapyXHOM NMOBEPXHOCTU NOPLLHA NpeacTaBnseTcs

BaXXHOW M aKTyaribHOW 3ajayen, HanpasrieHHOW Ha MOBbILEHWe 3Kchnyarta-
LIMOHHBbIX CBOWCTB 0bpaboTaHHOM NoBepxHOCTUM U Ha obecnedveHue Tpebye-
MOro TOBapHOro BMAa U3rotaBnmBaemoro nopH4. B cBasm ¢ atum 6bin npo-
BeAEH KOMMIIEKC 3KCNepuMEHTarnbHbIX U TEOPETUYECKUX UCCIedOoBaHUN Mo
TEXHOMNOrM4eckoMy obecrneyeHuo BbICOKOW OTpaxaTerbHOW CrnocobHOCTU
Hapy>XHOW MOBEPXHOCTWN MOPLUHS Ha OCHOBE YCTaHOBIEHUS €€ CBA3N C MUK-
POLLIEPOXOBATOCTLIO MOBEPXHOCTU. JKCNEPUMEHTASTbHO YCTAHOBIEHO, YTO YeM
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bonblue BbiICOTa MUKPOHEPOBHOCTEN 0OpabOTaHHOM MOBEPXHOCTU, TEM HUXE
ee oTpaxaTtenbHasa crnocobHocTb. Hanpumep, npuBegeHHasa Ha puc. 7.68a
npodunorpamma o6paboTaHHON MOBEPXHOCTM COOTBETCTBYET €€ BbICOKOW OT-
paaTesibHOWn CNocoBHOCTK, Toraa Kak gns npodunorpamMmmbl, NOKasaHHOM Ha
puc. 7.686, xapakTepHa "MaTOBOCTb" MOBEPXHOCTU, YTO CBUAETENLCTBYET O
€€ BbICOKOM CBeTOopaccemBarolen CnocobHOCTU. OTUM AoKasaHo, YTO MOBbI-
CUTb OTpaXkaTerbHYH CMNOCOOHOCTbL MOBEPXHOCTU MOXHO YMEHbLUEHUEM Bbl-
COTbl MMKPOHEPOBHOCTEWN NPOOUNS.

Puc. 7.68. NMpodgmnorpammbl o6paboTaHHON NOBEPXHOCTU

K coxaneHuto, peann3oBatb Ha NpakTuke nNpodusib NOBEPXHOCTU, NO-
KasaHHbIN Ha puc. 7.68a, cnoxHo. Kak npaBunio, nmeet mMecTto npodunbs no-
BEPXHOCTW, NOKa3aHHbIN Ha puc. 7.686. 3TO MOXeT ObiTb CBA3AaHO C U3HOCOM
nessus pesua n obpasoBaHMEM Ha HEM 3HAYUTESNBbHBIX MUKPOHEPOBHOCTEN,
BO3HMKHOBEHMEM BUOpaumin B npouecce pe3aHnsd, 0COOEHHOCTbI0O 06paboTku
t0OKM MOpLUHA No kKonupy (T.e. 06paboTkn CNOXHONPOUNBLHOW MNOBEPXHO-
CTW), a Takke NpPepbIBUCTLIM XapakTepoM rnpouecca pes3aHusi, obycrnoBreH-
HbIM HanMuMem Ha obpabaTbiBaeMoOWn NOBEPXHOCTM OTBEPCTUSA NOA NOpLUHE-
Bon narney. O4eBUAHO, BCe yKa3aHHble MPUYUHLI CBA3aHbl C CUSTOBbLIM (hak-
TOPOM MpoLecca pe3aHnsa U NO3TOMY OCHOBHbIM NYTEM MOBbILLEHUS dpdek-
TMBHOCTW B AAHHOM crny4yae HeobxoaMmo paccMaTpuBaTb CHUXKEHME CUI pe-
3aHMA 1 NOBbILEHNE N3HOCOCTOMKOCTUN MHCTPYMEHTA.

B cBA3n c 3TuM, B HacTosiLlee BpemMsi BMECTO pe3LoB U3 TBepAoro
cnnaea tuna BK6 npu okoHuyaTenbHon obpaboTke Hapy>KHOW MOBEPXHOCTU
MOPLUHA MCNOMNb3YKTCA anMasHble pesubl [4; 19] n3 nonukpuctannmyeckmx
anmasoB Tuna ATI, PCD, PKD, obnagatouwme Gonee BbICOKOM peXyLlen
CMOCOBHOCTLIO M NOBbLILLIEHHON M3HOCOCTOMKOCTbI. QKCNepUMEHTanbHble UC-
cnefoBaHUs rnokasanu, Yto npu obpaboTke anMasHbIM pe3uom (puc. 7.69) Ha
CMSOLHOMN HapPYXHON NOBEPXHOCTU MOPLUHA MOXET OblTb JOCTUTHYTa Tpeby-
emMasi MUKPOLLEPOXOBATOCTb MOBEPXHOCTM U COOTBETCTBEHHO €€ BbICOKasd
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oTpaxaTtenbHas cnocobHocTb [98]. NMpn 06paboTke ydyacTka NOBEPXHOCTH, Ha
KOTOPOM pacnofioXXeHO OTBepCTUe nog NopLiHEBOW Nanew, B cuny npepbiBu-
CTOCTM MnpoLecca pes3aHusa oTpaxaTernbHasi crnocobHoCTb obpaboTaHHOW Mo-
BepxHOCTN Hwxe. CregoBaTenbHO, B 3TOM Cllyyae B CBA3W C yAApHbIM Xa-
pakTepoM B3aMMOAENCTBUS MHCTPYMEHTa ¢ obpabaTbiBaeMon NOBEPXHOCTLHO
NPOUCXOLMUT MOBbIWEHHbIM U3HOC U 3aTynfeHne MHCTPYMEHTa, B TEXHOMOIMM-
Yeckon CUCTEME BO3HUKAKOT BUOpauUnMKn, YTO COBCTBEHHO U NPUBOAMUT K yXya-
LUEHNIO MUKPOLLEPOXOBATOCTM MOBEPXHOCTU (YBESIMMEHUKO OTHOLUEHMS
Ra/Rmax >0,29) n cH/XeHUto ee oTpaxaTenbHOW CrnocobHOCTW.

I8005 é
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17240615
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Faiitd® magematg

Thendoonag Buga
PATETLT

Puc. 7.69. FleomeTpuyeckme napameTpbl pesua

YCTaHOBMNEHO TakxkKe, YTO nocne onpeneneHHon npupaboTku anmasHo-
ro pesua, Korga ero pexyliee nessme NpUHUMaET YCTONYMBYHO (M3HOCOCTOM-
Kyt0) dbopMy, MUKPOLLEPOXOBATOCTb 06paboTaHHOM MOBEPXHOCTM YMEHbLLA-
€TCH, YTO BEOET K MOBbLILIEHUIO €e oTpaxkaTenbHOW cnocobHocTu. Npu aToMm
YCTaHOBIEHO, YTO CKOPOCTb npolecca NpupaboTku TeM Bbille, YEM MeEHbLUE
3€pPHMUCTOCTb MCXOQHOro MNOpOoLUKa, M3 KOTOpOoro 3anekancs anmas. Ontu-
MarbHast 3€PHUCTOCTb UCXOL4HOrO NopoLUKka AormkHa 6biTb He bonee 1 ... 1,5
MKM, T.K. 3€PHUCTOCTb CYLLECTBEHHO BfNSAET Ha OCTPOTY PEXYLUEN KPOMKM
MHCTpyMeHTa (puc. 7.69) npu ero 3atouke. C uenbio noucka Hanbonee ad-
PEKTUBHOIO peELLEHNS NPoBeAeHbl CTOMKOCTHbIE UCMbITAHUA anMasHbIX pes-
LOB pa3nuyHbix npounssogutenen (YkpanHa, Poccus, EQC, Kopes n AnoHus).
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bbina noctaeneHa 3agava yCTaHOBIEHUS HaWyyllero COOTHOLUEHUS napa-
METPOB LieHa/KayeCTBO, MOCKOSIbKY CTOMMOCTb NOLOOHOIro MHCTPYMEHTa pas-
NNYHBIX NpousBoauTenen Konebnetca B OYeHb LUMPOKMX npefenax u, 3ada-
cTyto, otTnudaeTcs o 10 pas. Kak cnegyet n3 1abn. 7.7, Hauny4vwme pesynb-
TaTbl NO Nepuoay CTOMKOCTU MOSydeHbl Npu obpaboTke pesuom nponssoamn-
Tensa EQC Ne 2. OgHako, COOTHOLWEHME NapaMeTPOB LieHa/KadecTBO fnydlle Y
pes3LoB Mpoun3BoAcCTBa YKpauHbl. YCTAHOBMEHO, YTO YEeM MeHblle 3epHu-
CTOCTb MCXOAHOro nopoLuka, U3 KOTOPOro M3roToBfieH MHCTPYMEHT, TEM Bbl-
e oTpaxaTenbHasi crnocobHOCTb 06paboTaHHOM NOBEPXHOCTM.

Tabnuuya 7.7

3KCI1€pVIMeHTaJ1beIe 3Ha4YeHns1 CTOUKOCTH pe3uoB
pPasfnMYHbIX NPOU3BOAUTENEN U LULEPOXOBATOCTU
o6paboTaHHON NOBEPXHOCTU
(ycnosusi o6pabomku: obpabaTtbiBaembli MaTepman — antoMmHmeBbin cnnas AK10M2H;
pexum pesdanus: t =0,1 mm; V =257,5 m/MuH; S =0,32 mm/06.;
reomeTpuydeckue napameTpsl pesdua: a =11°% y=0% ¢ =¢1 =5°% 1=0°

Mpons- LWepo- Mepuoa
MNepvoa .
BO- XO0- . CTOMKOCTU CooTHoLLIEHME LieHa / Ka4ecTBo,
CTOMKOCTH,
OnTenb | BaTOCTb, T [0 bnecka, C=U/Ts
PU Ra ° Ter o
Ter Ter Ter | Termen no no Hapa- no no
MUH 6 onecky, 0ooTkKe, Onecky, | Hapa-
C6J'I Cpec C6J'I 6OTKe,
Cpec
MKM MWH M MUWH M FPH./MUH | TPH./MWH |  TpH./M rpH./M
YkpanHa | 4,3...3,0 | 2054,3 | 5289524 813 | 209419,7 0,150 0,060 0,001 | 0,0002
ESC Ne1 | 4,3...3,0 | 5244,1 | 1350244 ,4 960 | 247172,8 0,904 0,166 0,0035 | 0,0006
EQC Ne2 | 4,3...3,0 | 5922,7 | 1524975,2 797 | 205179,4 0,840 0,113 0,0033 | 0,0004
Poccus 4,3..3,0 | 3774,0 | 971729,5 | 1734 | 446470,3 0,202 0,093 0,001 | 0,0004

Taknm obpasoMm, BbiBNeHa 4YeTkasi B3aMMOCBSA3b MeXAy CTONMKOCTbHO
pesua, MUKPOLLEPOXOBATOCTbID W OTpaXKaTeSfibHOM CrnocOoBHOCTb0 0bBpabo-
TaHHOW NOBEPXHOCTU. YeM Bbile CTOMKOCTb pes3ua, TEM Bbllle KadecTBO 06-
paboTKN C TOYKM 3peHnsa obecnevyeHus MUKPOLLEPOXOBATOCTM U OTpaXka-
TenbHOW CNOCOBHOCTM MOBEPXHOCTW.

[MonukpucTannnyeckmin anmas COCTOUT M3  MUKPOCKOMUYECKMX YacTuL
anmasa n cBsA3yloLlero sellectsa. [log Bo3genCTBMEM BbICOKONO OaBfieHUs U
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TemnepaTypbl YacTuLbl CNEKAKTCS, U NonyyYaeTca Ype3Bbl4anHO TBEPAbIN Ma-
Tepuan C yHuKanbHbIMW cBovcTBaMu. Mexay 3epHamm anmasa obpasyeTtcs
HenocpeacTBEHHAs CBsA3b, OCTAETCs fMb HEMHOINO OCTPOBKOB CBSA3KM, TOraa
Kak, Hanpumep, y NosmkpucTanndeckoro kybunyeckoro HuTpuga 6opa vyactmubl
HEeNoCpeaCTBEHHO APYr C APYrOM HE CBSI3aHbI.

Monukpuctannmyeckme anmasbl KrnaccuuumpyoT nNo pasmepy 3epHa
(cpeaHUM 3Ha4YeHUAM): 2 MKM (MESTIKO3EPHUCTLIN MOSIMKPUCTaNINYEeCcKun an-
mMa3), 10 MKM (CpeaHe3epHUCTbIN NOMMKPUCTaNNYecknn anmMas) n 25 Mkm
(KPYNHO3EPHUCTBIN NONMKPUCTaNNNYEeCKNin anmas).

KpynHO3epHUCTLIM NonMKpUcTannudeckun anmas obrnagaeT 6onblien
NPOYHOCTbIO M M3HOCOCTOMKOCTBIO MO CPaBHEHWMIO CO CpedHe- U MenKko3ep-
HUCTbIM anmasamu. Bcnefcreme aToro oH obecnevnBaeT BbICOKYH CTOMKOCTb
npu YepHoBon 0bpaboTKke, ogHaAKO He obecnevnBaeT BbICOKOrO KayecTBa Mo-
BEPXHOCTU, NOITOMY HE UCMONb3YEeTCs NPU YNCTOBON 0B6paboTKe.

Taknm obpasom, aKCnepuMeHTanbHO YCTAaHOBMEHO, YTO MO COOTHOLLIE-
HWIO NapamMeTpoB LeHa/kayeCcTBO U3 BCEro MHOroobpasus npegnaraemMbix Ha
PbIHKE pe3LoB (C TOYKN 3PEHUS UX CTOMMOCTU) Haubornee 3dpPEKTUBHO UC-
noNb3oBaThb pesubl NponssoacTBa YKpanHbl. OgHaKo B Cury Toro, 4To 3apy-
BGexHble NpoM3BOANTENN MPUMEHSIKOT NPU MU3rOTOBMAEHUN UHCTPYMEHTOB 60-
rnee MenkoAuCrnepcCHble MOPOLLKU, A0BUTLCS YNyYLEeHUs OoTpaXkatoLlen cno-
cobHOCTM 06paboTaHHON NOBEPXHOCTU AAHHLIM MHCTPYMEHTOM MpPOLLE, YeM
OTEYECTBEHHbIM.

BbiBoAabl K pasaeny 7

1. OKCnepuMeHTarnibHO YCTaHOBIIEHO, YTO NPUMEHEHME NPOrPECCUBHBIX
cObOopHbIX TBEPOOCMNIaBHbIX Pe3LOB C U3HOCOCTOMKMMU MOKPLITUSIMU Ha ore-
pauusax MexaHumdeckon obpaboTkm (ToueHund, pactaumBaHus, ppesepoBaHus,
CBepneHnda) getanen rnapaBfiMyeckux cuctem (nnyHxepa, NATbl, BTYSIKU
chepunyeckon) B3ameH TPaguLMOHHO UCMONb3yeMblX pe3uoB U3 GbicTpope-
Xywien ctanu nossonsiet 4o 10 pas noBbICUTbL NPOM3BOAUTENBHOCTL Obpa-
BOTKM N BO CTOMBKO K€ pa3 YMeHbLUNTb cebecTonmocTb 06paboTkn. JT1o OT-
KpblBaeT HOBble BO3MOXHOCTU 3QMEKTUBHONO NPUMEHEHNSA BbICOKOCKOPOCT-
HOrO pe3aHusi, OCYLLECTBIIIEMOrO Ha COBPEMEHHbLIX BbICOKOOBOPOTHbLIX Me-
TannoobpabaTbiBatowmx ctaHkax ¢ YIlMY tuna "obpabartbiBarowmnm LeHTP", n
no3sonsieT 06paboTKy CrOXHbIX MO KOHUIypaumn getanen c obecnevyeHnem
BbICOKMX TpeboBaHui Ha ux 0b6paboTKy C OOQHOro ycTaHoBa, YTO CYLLECTBEH-
HO MOBbILLIAET NPON3BOAUTENBHOCTb 0B6PabOTKN. JKCNEepPUMEHTANbHO AoKa3a-
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Ha BO3MOXHOCTb CHWXEHUSI TPYAOEMKOCTM U cebecTtommocTn obpaboTkun aeta-
nen rmapaeBnnyeckUx CUCTEM 3a CYeT YyHuBepcanusaumm obopyaoBaHUSa C
UITY nytem ncnosnb3oBaHUA HECTaHOAPTHbLIX PEXYLLUNX NHCTPYMEHTOB U Cre-
LManbHOM OCHACTKN.

2. JKcrnepuMeHTanbHO YCTAHOBIIEHO, YTO NPUMEHEHNE COOPHbIX TBEpP-
AocnnaeBHbIX (pe3 C U3HOCOCTOMKMMW MOKPbITUSMU B3aMEH MOHOJSTUTHbIX
dpe3 nossonusio B 11,5 pas yMeHbLNUTb TPYAOEMKOCTb 06paboTKN CRNOXHO-
NPOUITbHBLIX pabounx MNOBEPXHOCTEN CeKTopa npecc-popMbl ASS LUMHbI
anameTtpom 2 200 MMm. SpekT OOCTUMHYT 3a CHET MHTEHCUMPUKaALNN PeXu-
MOB pe3aHUs 1 YMEHbLUEHNSA KonnyecTsa nNpoxonoB gpesbl. [pUuMeHeHbl He-
CTaHOapTHble Noaxodbl K KOHTPOsio KadyectBa — BHeapeHbl CAM cuctembl
ESPRIT, 4To mncknoyaeT NpoMexyTodHble 3aMepbl B npouecce obpaboTku
AeTtanu v AONONHUTENbHO NOBbLILAET NPON3BOANTENBHOCTL Tpyaa.

3. lMpvBeaeHbl npumMmepbl 3PEEKTUBHOIO NPUMEHEHUsT pa3paboTaHHbIX
TEXHOSOMMN MexaHn4yeckom obpaboTkM (ToYeHUs, pacTaymBaHnd, ppesepoBa-
HWA, CBEpNieHns) geTanen MawwunH (Hanpumep, "ynop nepegHui” n "uunuugp"),
N3roTOBMEHHbBIX M3 TpyaHoobpabaTbiBaeMbliXx MatepuanoB, COOPHLIMU pexy-
LLIMMM TBEPAOCNIAaBHLIMM NTIE3BUNHBIMU MHCTPYMEHTaMM C M3HOCOCTOMKUMU MNO-
KpbITUSIMW, KOTOpble obecnevmBaloT MHOMOKpaTHOE CHUXKEHWe cebecToMmocTu
N NOBbILWEHNE MNPOU3BOAUTENBHOCTN 0bpaboTKku. NMokazaHa 3PFPEKTUBHOCTb
NPUMEHEHNSA CcneuuanbHOro MHCTpyMeHTa KomnaHun TaeguTec Ha npea-
NpuaATUSX YKpauHbl 1 0BOCHOBaHa 3KOHOMMYEcKas LenecoobpasHoCTb npu-
MEHEHNS HOBOrO NPOrpPEeCCUBHOIO MHCTPYMEHTA B NPOU3BOLACTBE.

4. PaspaboTaHa 1 BHedpeHa Ha KPYMHOM MPOMbILLIEHHOM Npeanpus-
T YKpauHbl apdekTnBHaa TexHonormss obpaboTkM TypOMHHbLIX nonaTok,
BGnarogaps KOTOPOW ONTUMM3NPOBaHbI 3aTpaThl HA NEpPeoCHaLLEeHNE CTaHO4-
Horo napka u Ha 50 % yBenuyeHa NPoM3BOAUTENBHOCTb 06paboTkn. TexHo-
norns ocHoBaHa Ha obpaboTke geTtanu "3a [gBa ycTaHoBa", T.e. ee MNoo4e-
pegHas obpaboTka ¢ Kaxgon CcTopoHbl Ha ctaHke ®OLL DNM400 to)KHOKO-
peunckoro nponssoautenss DOOSAN c yyetom TpeboBaHM NO gonyckam u
LLepoxoBaToOCTN obpabaTbiBaeMbIX MOBEPXHOCTEN.

5. PaspaboTtaHa addeKkTuBHas TEXHONOIMA MexaHn4eckon obpaboTku
NOpLUHEN pe3uamMu U3 NONUKPUCTANNNMYEecKMx anmasoB, obecrneymBaroLlas
BbICOKOE KayecTBO obpabaTbiBaeMblX MOBEPXHOCTEN. IKCNEepUMEHTasIbHO
BbisiBfIEHa B3aMMOCBSI3b MEeXAY CTOMKOCTbIO pesua, MUKPOLLEPOXOBATOCTLIO
N OTpaxaTesibHOM CNOCOBHOCTbIO 06paboTaHHOM NOBEPXHOCTU. YeMm Bbile
CTOMKOCTb pes3ua, TeM Bbille KadecTBO 06paboTkm C TOYKM 3peHust obecne-
YeHUs1 MUKPOLLIEPOXOBATOCTN U OTpaXKaTefibHOM CMOCOOHOCTM NOBEPXHOCTW.
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BbiBOAbI

B paboTte 0606LLEH OMNbIT NPaKTU4ECKOro UCNOMb30BaHNA METOAOB Me-
XaHn4yeckon obpaboTKn n3genui, N3roToBMNEHHbIX U3 MeTanfM4yecknx n He-
MeTanmnm4ecknx maTepmarnoB MOBbILLEHHOW TBEPAOCTU, U NPUBELAEHbI HOBbIE
pa3paboTaHHble BbICOKONPOU3BOAMTESNbHbIE TEXHOMNOMMU anmMasHo-abpasuns-
HOM M Ne3BunHOM obpaboTku, obecneymBaroLLMe NOBbILLEHME TEXHOMOrnYye-
CKMX M 3KOSOrMyecknx nokasatenien obpabotku. MNokaszaHa adhdPeKTUBHOCTb
NPUMEHEHNSA TEXHOSOMMN LWNNAGOBaHNA anMasHbIMUM Kpyramum Ha MpPOYHbIX
MEeTann4Yecknx CBs3Kax C OOMOSTHUTESbHLIM 3IEKTPO3PO3NOHHBIM BO34EN-
CTBMEM Ha paboyyro NOBEPXHOCTb Kpyra u obpabaTbiBaemyk AeTanb, 4YTO
NO3BONSET NOCTOSIHHO NOAAEPXKMBATb BbICOKYHO PEXYLLYID CMOCOBHOCTb KpY-
ra — OCHOBHOMO WUCTOYHMKA MOBLILLEHNA TEXHOSTIOMMYECKUX U IKONOMMYECKMUX
nokasatenen ob6paboTku. [lokasaHO, 4YTO anMasHoe JSNeKTPO3PO3NOHHOE
LWNrdoBaHNE N aBTOHOMHAas 3MEKTPO3PO3MOHHAs NpaBka ariMa3Horo Kpyra B
OTNNYNE OT INEKTPOXMMUYECKOTO LWNMGOBAHUS MU COOTBETCTBEHHO 3S1EKTPO-
XUMWNYECKON NpaBKK ariMasHoro kpyra He TpebyeT npMMmeHeHnsa BpedHbIX 4N
300poBbs paboyero anekTponnToB, 0bpaboTka NPON3BOAUTCSA C NPUMEHEHU-
eMm 6e3BpegHON 0ObIYHOM TEXHUYECKOWN BOAbI.

B paboTe npuBeaeHbl pesynbTaThl AKCNEPUMEHTANbHbIX UCCeg0BaHN
anMasHoro 3S1IeKTPOIPO3NOHHOIO WIM(OBAHUS U 3aTOYKM TBEPLOCMIaBHbIX
MHCTPYMEHTOB. NokasaHo, 4YTo Ana 3(pdeKTUBHOro OCyLECTBIIEHNS NpOoLEec-
ca wnudoBaHMA arnMasHbiMM Kpyramu Ha meTtannudeckon csaske M1-01
HeobXoAMMO MCNOMb30BaTb MNEPUOOUNYECKYHD INEKTPOIPO3NOHHYIO MpPaBKY,
obecneuvnBatoLLy0 BOCCTAHOBMEHNE peXyLlen CNocoOOHOCTM anmMasHOro Kpy-
ra. 31O yny4ywaet akonorno npounssoactea. Npu wnudoBaHnum anmasHbIMU
Kpyrammn Ha 6onee npodHon meTtannuyeckon cesske M2-01 HeobxogmMmo uc-
NoSfib30BaTh 3MEKTPO3PO3MOHHOE LWNNdoBaHMe, No CyTU, OCYLLECTBNAS He-
NPepbIBHYIO 3MEKTPO3PO3MOHHYI0 MPaBKy arniMasHoro Kpyra, Tak Kak B Mpo-
TMBHOM Crly4ae OH BbICTPO 3acanmMBaeTcda U TEPSIET PEXYLLYIO CNOCOBHOCTD,
0cobeHHO npn 06paboTke BbICOKOMPOYHbLIX MOKPbLITUK, HaMMaBOYHbIX MaTe-
puanoB n ctanen. Ha ocHoBe NonyyeHHbIX pe3ynbTaToB pa3paboTaHbl -
PEKTMBHbIE TEXHOOMMU aniMasHOro 3NeKTPO3PO3MOHHOIO LWNUdOoBaHUSA, a
Takke WNNQOBaHMA anmasHbiMU KpyramMm Ha MeTaniM4yeckux CBs3Kax C
NPUMEHEHNEM MNEePUOANYECKON INEKTPOIPO3MOHHON MPaBKU Pa3fIMYHbIX M3-
Aennin, N3roTOBMNEHHbIX N3 METaNIMYECKMX N HEMETANNYECKUX MaTepuanos
NOBbILLEHHOW TBEpAOCTU (TBepAbIX CrfiaBoB, U3HOCOCTOMKMX HaMnmaBoOK U Mo-
KPbITUW, anmMasoB, Kepamuk u eppuToB, TEXHMYECKOrO CTekna, Xpycrtans
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n T.4.). Ans Hay4yHo 060CHOBaHHOroO BbIOOpa ONTUMasibHbIX YCHOBUN LWNNGO-
BaHUS, BKMOYAS MEXAHUYECKME N INEKTPUYECKME NapaMeTpbl pexuma LWwnm-
dooBaHuSA, NpoBeaEHbl TEOPETUYECKNE U SKCNIepUMEHTarbHbIE NCCeaoBaHNS
npoLecca aniMasHoro 351IEKTPOSPO3MOHHOMO LWMEOBAHUSA, YTO MO3BOJSIUO
BbISIBUTb €r0 HOBble (PU3NYECKNE N TEXHONOMMYECKNE 3aKOHOMEPHOCTU U pe-
anun3oBaTb B pa3paboTaHHbIX npoueccax wnmdoBaHus. Tak, ycTaHoBreHa
9(PPEKTUBHOCTL NPUMEHEHNSA CXEMBbI KPYrnoro rinybuHHOro animasHoro anek-
TPO3PO3NOHHOIO LWNNGOBaHNA C HEBOMbLLOW CKOPOCTbLIO BpalleHus getanu
0,5 ... 5 M/MMH 1 goneson NpPoaonbHOM nogavyen, bnuskon Kk eguHuue. B pe-
3ynbTate obecneymMBaeTCcsl MOBbILWEHME NPOM3BOAUTENBHOCTU 0B6paboTkn u
CHWKEHMe pacxofa anmasa npu BbICOKOM KadecTBe 0bpaboTaHHbIX NOBepX-
HoCcTen. OddekT 06paboTKn AOCTUraeTCcs 3a CHET YMEHbLLUEHUS MaKCMMarb-
HOW TOSILMHbBI Cpe3a OTAeNbHbIM 3€PHOM Kpyra U MOCTOAHHOIo NogAepXKaHus
BbICOKOW pexyLlen cnocobHOCTU anmasHoro Kpyra.

B paboTe Takke npuBeaeHbl NpakTuyeckue pekomeHaaumm no ucnorsb-
30BaHNIO COBPEMEHHbIX TEXHOMOrMMM ne3sumnHon obpaboTkn geTtanen, msro-
TOBJMIEHHbIX M3 MaTepuanoB C MNOBLILEHHOW TBEPAOCTbI, OCHOBAHHbLIX Ha
NPUMEHEHNN COOPHBIX PEXYLLMX TBEPAOCMMABHbLIX U KEPaMUYECKNX UHCTPY-
MEHTOB C M3HOCOCTOMKMMM MOKPbITUAMU Ha BbICOKOOOOPOTHLIX MeTannope-
Xywmx ctaHkax ¢ YUlY tuna "obpabaTbiBatowmn LeHTp". IKCNepUMEHTanNbHO
YCTaHOBSEHO, HANpUMep, YTO NPUMEHEHNE ITUX TEXHOSOMMA Ha onepawmsix
MexaHn4eckom obpaboTku (ToYeHNd, pacTauymBaHusl, pesepoBaHusl, cBeprie-
HWA) geTanen rugpasriMyeckux cuctem (nnyHxepa, nATbl, BTYNKN cepude-
CKOW) B3aMeH TpaauLMOHHO NCMONb3yEMbIX PE3LOB U3 BbICTPOpPEXYLLEN CTa-
nn nossonsieT 4o 10 pa3 noBbLICUTb NPOU3BOAUTENBHOCTL 06PabOTKM U BO
CTOJIbKO X€ pa3 YMeHbWUTb cebecTomMmocTb 06paboTkn. OTO OTKPbLIBAET HO-
Bble BO3MOXHOCTU 3(P(PEKTUBHOIrO NpUMEHEHNA BbICOKOCKOPOCTHOIO pe3aHuns
N nossongeT obpaboTKy CrOXHbIX NO KOHJUrypauumn getanen ¢ obecneve-
HMeM BbICOKMX TpeboBaHMn Ha nx obpaboTKy Npon3BOAUTL C OAHOMO YCTaHO-
Ba, YTO CyLLECTBEHHO NOBbLILIAET NPON3BOANTENBHOCTL 06pPabOTKN.

[MokasaHa 3aPPEKTUBHOCTL MPUMEHEHUSA MpOrpamMmmbl YTUIM3aUUN OT-
paboTaHHbIX TBepaocnnasHbiXx nnactuH MATRIX, paspaboTaHHOW KOMMNaHW-
en TaeguTec, 4TO NO3BONAET SKOHOMUTbL Ha OTKpPbITON Jo6blve pyabl 4nd
npou3sBoAcTBa Kapbuga sonbdpama, cokpatutb Bblbpockbl CO,, CHU3UTL 06-
LLilee KONMYEeCTBO SHEeprum, Heobxoanmom Ansa AodbiuM 3TUX LIEHHBIX NPUPOA-
HbIX PECYpCOB, U COKpPaTUTb OFPOMHOE KONMYECTBO BOAbl, NoTpebrnsiemon B
ropHoo6bIBatOLLEN NPOMbBILLIIEHHOCTM.
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