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Pa3paborka 3¢)¢eKTUBHON TEeXHOJOTMH 00PadOTKH OTBEPCTHH B KOJIbIAX
U3 BBICOKOTBEPAbIX MATHUTHBIX ciJIaBoB. O0OpaboTKa OTBEpCTUN JUAMETPOM 6 —
10 MM B neransx (Kosbliax) TUApOANIapaTypbl, M3rOTOBIEHHBIX U3 TPYIHOOOpabda-
ThiBaeMbIX MarHuTHbIX ciiaBoB AHKO-3A u FOHKJI-18 tBepmocteio HRC 62-63,
XapaKTepU3yeTcsl HU3KUMU TMOKa3aTEeJSIMU TTPOU3BOJAUTEIILHOCTH U KadecTBa oOpa-
OOTKH: TO KpasMm 00paOaThIBaEMBIX OTBEPCTHH 00pa3yroTcs MUKpockonsl [1, 2].
TeopeTnuecku u 3KCHEPUMEHTAIBHO YCTAHOBJIEHO, YTO OCHOBHBIM YCIIOBHEM BBICO-
KOKQueCTBEHHOU 00paOOTKU JAHHBIX OTBEPCTHUH SIBIISIETCA YMEHBIIIEHUE CUJIbI pe3a-
HUS 332 CYCT YMEHBIIICHUS TOJIIUH cpe30B [3]. DTO MOKET ObITh JOCTHTHYTO MPUME-
HEHHUEM BHYTPEHHETO HUIM(OBAHUS, BRICOKOCKOPOCTHOTO pachpe3epoBbIBAHUS WU
pactaurBaHusi oTBepcTHil. OJHaKO, BHYTpeHHee HIIM(OBAHUE XapaKTepU3yeTCs
YpEe3BbIYAHO HU3KOM MPOU3BOAUTENBHOCTHIO 00PAaOOTKH B CBSI3M C OBICTPOM mOTe-
pell pexyieid cnocoOHOCTH Kpyra (B pe3yJibTaTe ero 3acajluBaHusi). BBICOKOCKO-
pocTHOE pac(pe3epoBbIBaHUE OTBEPCTUH O0ECIEUMBAET BHICOKONPOU3BOAUTENbHBIN
ChEM MpPUIyCKa ¢ 00pa30BaHMEM MHUKPOCKOJIOB Ha ypoBHE (0,2 MM, KOTOpbI€ MOTYT
OBITh YCTPAaHEHbI Ha MOCIEAYIOIIEH onepaluy BHyTpeHHero nuimdosanus. [Ipouecc
pacTauMBaHUsl OTBEPCTUN TBEPIOCIUIABHBIM PE3IIOM TAKKE XapaKTEPU3YETCs BBICO-
KO MPOU3BOAUTEIILHOCTHIO 00Pa00TKU, OJHAKO TPU 3TOM 00pa3yIOTCS MUKPOCKOJIBI,
3HAYUTEIHHO TPEBBINIAONINE BEIMUYMHY CHUMaeMoro npunycka (0,8 mm). Bmecte ¢
TeM, KaK yCTaHOBJICHO TEOPETUYECKH, MEPEX0] K BBICOKOCKOPOCTHOMY pacTaylBa-
HUIO OTBEPCTHH (Takke Kak M BBICOKOCKOPOCTHOMY pac(pe3epOBBIBAHUIO OTBEP-
CTHI) TIO3BOJISIET CYIIECTBEHHO YMEHBIIUTH CUJIBI PE3aHUSl U BEIUYUHY O0pa3yro-
IIUXCSI MUKPOCKOJIOB. Ciie10BaTeIbHO, OCHOBHBIM TTyTE€M MOBBITIIEHUST 3((HEKTUBHO-
CTH 00pabOTKH OTBEPCTHUH B MAarHUTHBIX KOJIBIIAX SIBJIICTCS NMPUMEHECHHUE BBICOKO-
CKOPOCTHOM 00pabOTKH, K KOTOPOM MOMXHO OTHECTH IMPOIECChl BHYTPEHHETO ILIH-
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CTOPOHY yCTaHaBIMBAICS paBHBIM 1 MM. [Ipm BbICOKOCKOpOCTHOM (Dpe3epoBaHHM
yAISUICS TpUIycK BeauduHoi 0,67 MM, a mpu BHyTpeHHeM nuiidoanuu — 0,33 M.
[nudoBanue npou3BOAMIOCH MO ynpyroi cxeme nuimdoBanus [1] abpa3uBHBIM
kpyrom IIIT 8x20x3 25A 25H CT 7KS5 co ckopoctbio ero Bpamenus V,,=16,7 m/c

(uactoToii BpammeHus kpyra 40000 06/MuH), npooapHON ojaven S, =2 M/MHH U

npo
4acTOTOU BpaleHus: oopadbarsiBaeMoit getanu N =600 06/muH. 1o nanHoO# TexXHOIO-
MU ChE€M IPHUIyCKa BEJIMYMHOM 1 MM Ha CTOPOHY HpHU BHYTPEHHEM HUIM(OBAHHUU
npousBoauTcs 3a 120 mun. CnegoBaTenbHO, MpUIyck BeauunHou 0,33 MM ynangercs
3a 40 MuH.

®pe3epoBaHre OTBEPCTUS MPOU3BOAMIOCH C YAaCTOTOM BpaileHus Qpe3bl —
20000 o6/mun; nmogavyert — 0,2 m/MuH; TIIyOMHOU pe3aHus (3a mpoxoxa) t=0,05 mm.
JlnmurensHOCTh 0iHOTO Mpoxoaa (amuHoi 40 mm) cocrasisuia 0,2 MUH, YUCIIO MTPOXO-
noB npu cheMe npunycka 0,67 mm paBHo 13. O6miee Bpems ppe3epoBaHHs OTBEP-
cTHs cocTaBwiio 2,6 MuH. B utore cheM npunycka 1 MM Ha CTOpOHY (C MCIIONB30Ba-
HUEM BBICOKOCKOPOCTHOIO (ppe3epOBaHUsI OTBEPCTHUS U MOCIEAYIOIET0 BHYTPEHHETO
nudoBanus) Obl1 ocyniecTBieH 3a 7=40 muH + 2,6 MuH = 42,6 MuH (BapuaHT 2,
puc. 1). Oto B 2,8 paza MeHbIlIe, YEM NIPU ChEME MPHUITYCKa | MM Ha CTOPOHY, HC-
MOJIb3Ysl JIUIIb METOJI BHyTpeHHero numdosanus (Bapuant 1, puc. 1). CnegoBatens-
HO, MPUMEHEHHE BBICOKOCKOPOCTHOIO (Ppe3epoBaHUsl OTBEPCTHUS MO3BOJIAIIO CyILIe-
CTBEHHO IOBBICUThH MPOU3BOJUTENBHOCTh 00paboTKu (B 2,8 pa3za). [Ipu stom kaue-
CTBO 00pa0OTKH HE YXYAIINIOCH.

Takum 00pa3oM, MPUMEHEHUE TEXHOJIOTHYECKOro IpoIecca o0paboTKH OTBE-
CTUM B KOJIbIIAX M3 BBICOKOTBEpJ0r0o MarHuTHOTO ciiaBa AHKO-3 A, Brirogaromiero
MPEABAPUTEIIbHYI0 00pabOTKYy MO METOJy BBICOKOCKOPOCTHOTO (Ppe3epoBaHHs U
OKOHYATENbHYI0 00pabOTKy MO METOJy BHYTPEHHEro NuiM(oBaHUs, OTKPHIBAET HO-
BbI€ BO3MOYKHOCTH MHTEHCU(PUKAIIMHN TEXHOJIOTUYECKOTO MpoLecca.

[IpuBeneHHbIe BbILIE pPe3yIbTAaThl UCCIEOBAHUM CIIpaBeAJIMBhI pU 00paboTKe
OTBEPCTUH B KOJIbIIAX W3 BBICOKOTBepAOro MarHutHoro cruiaa AHKO-3A TBepno-
cteio HRC 62-63. Tlpu oOpaboTke OTBEpCTHUH B MArHUTHBIX CIUTaBaX MEHBIICH
tBepaoctr (HRC 56-58) Ha omeparuu npenBapuTeabHON 00pabOTKH MOXKET OBIThH
MCIIOJIb30BaH IMPOLIECC PACTAUYMBAHMS, T.K. B 3TOM cllydyae o0pa3yroumecs MUKPOCKO-
b1 (B Mpezenax BeJIMYMHBI CHUMAaeMOIro PUITYCKa) HECIOXKHO yIaduTh HAa OCIENY-
IOLLEH OMNepali BHYTPEHHETO NUTH(POBaHUSI.

CornacHo AeMCTBYIONIEH TEXHOJIOTMH BHYTPEHHETO NITM(GOBaHUs (10 )KECTKOM
CXEME) OTBEPCTHUSI AUAMETPOM 8,5 MM MPHUITYCK, paBHbIN 0,8 MM Ha CTOPOHY, MOXKET
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kpyra 40000 06/muH); npofonbHas mogava S,,,, =2 M/MUH; 4acTOTa BPaILCHHUs 00-

pabatpiBaemoii aetamun N=600 o06/muH; rayOmna numdosanus t=0,005 mm (Ha
IBOIHOM X0[ cTona); yepe3 5—10 mpoxoaoB MPOU3BOAUTCS BbIXa)KHUBAaHUE, T.€. IUIU-
¢dboBaHME ¢ OTKIIOUYEHHOM Mogauei.

[Ipu pacraumBaHuU AAHHOTO OTBEPCTHS pe3loOM uU3 TBepjoro cruaBa T15K6
MalImHHOe Bpemsi coctaBuiio 0,6 vaca, a croiikocTh pesia — 7=0,6 yaca. O6paboTka
IPOU3BOIMIIACH C PEKUMOM pe3aHus: Tiyouna pesanus t=0,1 mm, yactora Bparie-
Husa aetanu N=600 o6/mMuH, mogada S=0,05 MM/00, cHUMaemMblii ipunyck — 0,6 Mm.
OcranbHas yacTh npumnycka 0,2 MM OCTaBIsiIach o1 NUTH(OBaHUE, BPEMS €ro CheMa
paBHo 0,8 yaca. Torna cymmapHoe MaliMHHOE BpeMsl cheMa npuiycka 0,8 MM paBHO:
7=0,6+0,8=1,4 vaca unu 7=36+48=84 muH (Bapuant 2, puc. 2).

W3 mpuBeneHHBIX pe3ylbTaTOB BBITEKAET, UTO MPUMEHEHHE MpoIlecca pacTa-
YUBaHUS OTBEPCTUH B KOJBIAX W3 MArHUTHBIX CIUIABOB TMPHU TMPEABAPUTEIHHOM
ChEME 3HAYUTENBbHBIX TpUITycKOB (0,6 MM Ha CTOPOHY) MO3BOJISIET YMEHBIIUTH CyM-

MapHO€ MalIMHHOE BpeMsi 00paboTKu Oosee 4em B

T, uac 4
10 2 pasa. IIpu 3TOM mOSIBIAETCS BO3MOXHOCTH Ha
MOCJEAYIONIEH onepaiuy BHyTpeHHEro  nuiudo-
7.5 BaHUsl YCTPAaHUTbH oOpasyrourecs AePeKThl 00pa-
50 OOTKM TpU pacTouke (B BHJIE MHUKPOCKOJIOB Ha
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25425CT7KS ~ 92425CM pger T =2 yaca (puc. 3), a nmpu chbeMe NPHUITYCKa
Puc. 3. luarpamMma pacipene-  penyaymoii 0,2 MM coctapmsier T =8 qacos. Vera-
JICHIS - SHAYCHUM  CTOMKOCTH  yopneno Takke, 4TO CTOMKOCTH HITM(OBAILHOIO
adpasHBHBIX  KPYTOB  HPH  yhury 11T 8x20x3 92A 25CM (XpOM THTAHHCTHIH)
BHYTPEHHEM LUTH(pOBAHHH. 3HAYUTEIHHO BBIIIE M IIPU ChEME IIPUITYCKA BENH-
yuHou 0,8 MM paBHa T =10 uvaca, a npu ceeme npunycka 0,2 mm paBHa T =40 gacos.
Takum 00pa3oM dKCHIEPUMEHTAIBHO YCTAaHOBIIEHO, YTO, OCYIIECTBIISAS TIPeBa-
PUTEIBHYIO 00pab0OTKY OTBEPCTUI MO METOAY pacTauuBaHHs, a OKOHYATEIbHYIO 00-
paboOTKy 1O METOJly BHYTPEHHETO IIIU(POBAHUS, C YUETOM ONTHUMAJIbHBIX 3HAYEHUI
CTOMKOCTH PEXYILEro M NIIU(POBAIBHOTO MHCTPYMEHTOB, MOXXHO YMEHBIIUTH Ma-
ITUHHOE BpeMsi 00paboTKH OJHOrO Kojblia ¢ 4,8 gacoB g0 3 4Jacos, T.e. B 1,6 pa3za.
[Tpu >TOM, KaK yCTaHOBJIEHO, CE0ECTOMMOCTh 0OpaOOTKH MOKET OBITh YMEHBIICHA B
2,2 paza. Heo6x0auM0 OTMETUTH, UTO MPU HUCIIOJIB30BAHUU TEXHOJIOTHH, BKIIOYAIO-
e MpeIBapuTENbHYI0 00paboTKy OTBEPCTUN MO METOIy pacdpe3epoBbIBAaHUS, 110~
cTuraemblii 3G (eKT BbIlIE, YEM MPU NMPEABAPUTEIBHON 00pabOTKe pacTauruBaHUEM U
OKOHYATENIbHON 00paboTKe METOJOM BHYTPEHHErO HUTH(POBAHUSI.
Pazpaborka 3¢ dexTuBHON TeXHOJIOTHM 00pPadOTKU OTBEPCTHH B OPOH30-
BBIX BTyJIKax. Kak moka3piBaeT MpakTHKa, 00pabOTKa BBICOKOTOYHBIX OTBEPCTHIl B
OpOH30BBIX BTYJIKAX XapaKTEPHU3YETCs YPE3BbIUAHO BBICOKOW TPYJOEMKOCTHIO B CBsI-
31 ¢ HU3KOH 3(pPEeKTUBHOCTHIO Mpoliecca pacTauyuBaHUs TBEPAOCILUIAaBHBIMU PE3LaMU —
HU3KHM KauecTBOM oOpabaTbiBaeMON mNoBepXHOCTH. lllepoxoBaTocTh MOBEPXHOCTH



coctaBisier R,=2,5...1,25 MKM, a TOUHOCTBH pazmepa 0OpadaTHIBAEMOI MOBEPXHOCTH

— 10 Mxm. Huzkue mokasarenu kauecTBa 00pabOTKH TPeOyIOT MPUMEHEHUS TOTIOTHH-
TEIBHOU Olepanuu perlOepoBaHusi, B Pe3ybTaTe YEro JOCTHUTAIOTCS HEOOXOIMMBIC
noka3aTell TOYHOCTU M IIEPOXOBATOCTH MoBepxHOCcTU. OHAKO TMpoliecc peitdbeposa-
HUSI XapaKTepU3yeTCsl BHICOKOM TPYIOEMKOCTHIO 00pabOTKH, T.K. MPOU3BOAUTCS 3a 4
JOCTaTOYHO MPOJOJDKUTENBHBIE TTPoXoaa peitdepa. EcrecTBeHHO 3TO TpeOyeT n3bIcKa-
HUSI HOBBIX TEXHOJOTHUECKUX PEIICHHUI MO MOBBIMIEHUIO 3P PeKTUBHOCTH 00pabOTKH
otBepcTuil Bo BTynkax u3 O6ponssl bp 010C2H3 tBepnocteio HB>75. OnmauMm u3 Ta-
KUX pEHICHUM MOXXET ObITh MPUMEHEHHE BBICOKOCKOPOCTHOIO pacTayuBaHUsI OTBEp-
CTHI, KOTOPOE MO3BOJISIET CYIIECTBEHHO YMEHBIIUTh TOJIIMHY Cpe3a U CUJIbl PE3aHMUs
0€3 CHUKEHUS TTPOU3BOUTEILHOCTH 00pabOTKU. B cBsI3U ¢ 3THM ObUT POBEACH KOM-
IUIEKC SKCIIEPUMEHTAIbHBIX HCCIIEIOBAaHUM Ipolecca BbICOKOCKOPOCTHOTO pacTayu-
BaHUS OTBEPCTHI B OPOH30BBIX BTYJKaX. DKCIEPUMEHTHI IPOBOIMINCH HA COBPEMEH-
HOM BBICOKOOOOpOTHOM 0OpabaThiBaroieM 1ieHTpe ¢ UITY moxa. ”Picomax-60M”. [le-
Tanb ObUIa HEMOJBMKHA, Bpalayici pesell. PeXuMbl pe3aHus: 4acToTa BpaIECHUS
n=8000 o6/muH; mpoxonsHas nogada S=0,02 mm/00. B pe3ymnbprate mpoBeIeHHBIX
HKCIIEPUMEHTOB YCTAHOBJIEHO, YTO TPOIIECC BBICOKOCKOPOCTHOTO pacTadyMBaHUS OT-
BEPCTHI OOecrneunBaeT MOBBILIEHUE MapaMETPOB KadecTBa OOpabOTKH: IIEpOXOBa-
TOCTb ITOBEPXHOCTH HaxoauTcst Ha ypoBHe R,=0,63 MKM, a mOrpenHocTs 00paboTKu

— B mpenenax o =5 MKM (puc. 4).
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Puc. 4. [luarpamma pacnpezesieHusi 3Ha4€HUH IIEPOXOBATOCTH NMOBEPXHOCTH R,

MOTPENTHOCTH 00pabOTKU O TMOCie pacTauuBaHUs, BHICOKOCKOPOCTHOTO pacTadyuBa-
HUS U peiibepoBaHus OTBEPCTHI B OPOH30BBIX BTYJIKAX.

[Tpou3BoanTENIHLHOCTH O0OPAOOTKH yBeIMYEeHA OoJiee ueM B 3 pasza. DTO MO3BO-
JINJIO YMEHBIIUTh TPYAOEMKOCTh MOCIEAYIONIEH onepauu peiidepoBanus 6oee yem
B 2 pasa, MOCKOJIbKY TpeOyemble MmapaMeTphl KauecTBa 00paboTKH (1IEpOXOBATOCTb
nosepxHoctu R,=0,16 MKM, OTKJIOHEHHE OT HMWIMHIPUYHOCTH 3 MKM, 004YKO0Opa3-

HOCTh 3 MKM U Pa3HOPa3MEpHOCTh 9-Th 00paOOTaHHBIX MOPITHEBHIX OTBEPCTUH 3
MKM) (hopmMupyroTcst Bcero 3a 2 mpoxojna peiibepa (BMecTo 4-X MPOXO0JI0B MO JeH-
CTBYIOIIEH TeXHOJOTHUN). Takum 0O6pa3oM, HaydHO 0OOOCHOBAH BHIOOP OMTUMAILHBIX Ba-
PHAHTOB TEXHOJOTMYECKOTO MapIIpyTa ¥ MapaMeTpoB OMeparyii, 00eCcTIeUNBAIOLINX IO~
BBIIIICHUE KQUeCTBA U MPOU3BOJUTEIILHOCTH OOPAOOTKH.
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