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MO NPOJAYKIIMU U YBeJUYeHUE JI0JU BHEIIHUX 3aKa30B,
OCHOBHOE MECTO B KOTOPBIX, 3aHMMAaeT BBICOKOTOUYHOE
000pynoBaHue, BHIIIOAHSIEMOE IIPU HEMOCPEACTBEHHOM
y4acTuu TrubKUX aBTOMATHU3MPOBAHHBIX IIPOU3BOJCTB,
Ba’KHEHUIINM 3BEHOM KOTOPBIX SIBJSIIOTCS CTAHKU C YUCJIIO-
BBIM TIporpaMMHbIM yrpasiaernem (YIIY) tuma «o6paba-
TBIBAIOTIUH TIEHTP>.

HIupokuii CreKTp MPOEKTHBIX PAOOT, CIOKHOCTD KOH-
CTPYKIU#1, CKATOCTD CPOKOB BBITIOJHEHUS 3aKAa30B, YCH-
JIeHWe KOHKYPEHTHOU 60pbObl Ha PhIHKE 3aCTABJISAIOT Ce-
TOJIHSI IIPOBOJUTH PAGOTHI HA COBPEMEHHOM TEXHUYECKOM
YPOBHE, I0ATOMY KOHCTPYUPOBAHUE, AaHAJIU3, TEXHOJIOTH-
YecKasi OJTOTOBKA NPOU3BO/CTBA OCYIIECTBIISIETCS C UC-
MOJIb30BAHUEM TaK HA3bIBAEMBIX «UHTEI PHPOBAHHBIX» CH-
cteM aBToMaTua3mpoBanHOTo npoektupoBanus (CAIIP).
B cBoto ouepenn, Boibop panubix CAIIP u opranusaius
paboThl ¢ HUMU, IIPOXOAAIIAS B paMKaX €JIMHON KOHIIeN-
LMY PA3BUTHS CPENCTB NpoeKTupoBanus [1] u TexHoJ0-
IMYECKOIl MOATOTOBKY IIPOU3BOJICTBA, CIIOCOOHOI pemarhb
3aj1a4y HeJanHeiHoro ¢hopmMoodpazoBaHusl, HEBO3MOKHBI
6e3 aHaJIM3a HaKOIMJIEHHBIX 3HaHU I B 3TOl 001aCcTH, YTO U
JeJIaeT aKmyaivHol 1eJb TaHHON PpaboThI.

Ienvio pabomor IBJISI€TCS AaHAIN3, CUCTEMATU3AIUS 1
crpykrypusanus cymecrByomux CAIIP (CAD/CAM/
CAE/CAPP) dopmupoBanust ynpaBJsiolnux MpPOrpaMM
nust crankos ¢ UITY.

Anamus ucnosibzoanuss CAD/CAM/CAE/CAPP

IIpu HamMCaHUK JAHHOW CTAThH, IIPEXKAE BCEro, ObLIn
MO/IBEPTHYTHI aHAJM3Y METO/bl M CPE/CTBA aBTOMATH3M-
POBAHHOTO IIPOEKTUPOBaHMST (HOPMOOOPA3OBAHUS U IO/~
TOTOBKM ympaBisiomux nporpamm (YII) gas crankos c
YIIY, ucnosnb3yionuecss Ha MPOOUIIBHBIX TPENITPUITUIX
CHT.

ITO MaKeTbl U CUCTEMbI OT BEJlyIIUX HAYYHBIX NHCTH-
TYTOB CTPAHbI ¥ 3a1I/[HBIX Pa3PabOTUMKOB.

[TepBoii n3 TiIaTEIBHO POAHAIN3NPOBAHHBIX CUCTEM,
craa naketr EDS Unigraphics (UG). ITocne ocBoenust cu-
CTEMBI, [IPOBE/IEHU S ABTOPAMU CEPUM HEOOXOIMMBIX OpTa-
HU3AIMOHHBIX MEPOIPUATHH, HATMCAHUSA Psi/la CBA3YIO-
IUX NporpaMM Obljia CO3/laHa IIPOTPAMMHO-alIIapaTHast
cpezia, oTBevyaouas 1eJasIM IPOEeKTUPOBAHNS aBUAIlMOH-
HBIX COCTaBJASAOMUX [2].

B aroit cpene UG saBasgercss Tolf ocbio, HA KOTOPYIO
OIMPpAIOTCS IPYyTHE CPEJCTBA IIPOEKTHUPOBaHUA. MHorue
U3 9TUX CPEJCTB ITI0 CBOEHl CTOMMOCTU B HECKOJIBKO pa3s
nopoxe UG, Ho ux pabora 6e3 ucoab30Banus GyHKIU-
onaspHoctu CAD/CAM neadbdexrusna. Ceituac B UG
MIPOBOJATCS TEMJIOBOH M HPOYHOCTHOH aHAJIU3 OTBET-
CTBEHHBIX JleTaJieil, HAllMCaH MPEeNnporeccop MoAroTOBKU
06BbEeMHON CETOYHOW MOAENH I MPOTPaMMBbI pacdeTa
TeYeHUs B KaMepe CrOPaHus, BBIIIOJHEHA ONBITHAS JKC-
myaraius anmnapara nepezadu nanssix u3 UG B maker
pacyeTa TPEXMEPHBIX I'a30/JMHAMUYECKUX TEYEHU I, OTpa-
6oTan MexanusM Bzaumozeiictsud UG ¢ nakeToM aHau-
3a 3aJIMBKU MeTaJia B mpecc-dopmy [3].

[TpakTuueckoe IMpuMeHEHUE CUCTEMBI BEAETCA B Ha-
MPaBJIEHUSIX TEXHOJOTUYECKOH TOJATOTOBKU MPOU3BOJI-
CTBa, a MMEHHO: MPOEKTUPOBaHUEe HamboJsee CJIOKHBIX
3JIEMEHTOB JIUTEHHON OCHACTKHY [1J1s1 Ty POUHHBIX JIOIIATOK;
reHepaisi HeO6XO0INMBIX ITOCTIIPOIECCOPOB [IJIsSI CTAHKOB
c UITY (c npumenenuem Moy GPM); coznanne Ha si3bi-

kax Cu u GRIP HeoO6XOAMMBIX CEPBUCHBIX MPUJIOKEHUI;
paspaborka YII aost crankos ¢ UITY [4].

Onnaxo, HecMoTps Ha Bce npenmyinectBa UG, ocra-
I0TCSI HEPEIEHHBIMU PsI/I CIOKHBIX U He MeHee BasKHbIX
TEXHUYECKUX 3a7a4 (HopMOOOPA30BAHMSI, 3aKIIOYAIOINIE-
rocsi B IIPOEKTUPOBAHWU M U3TOTOBJEHUM PA3JIUYHBIX
TOHKOCTEHHBIX KOHCTPYKI[UH, COCTOSAMIMX U3 GOJIBIIOTO
Habopa KPUBOJIMHEHHBIX MOBEPXHOCTEH, COMPSIITAIONUXCS
IIPYT € IPYTOM U UMEIOIINX TIJIaBHble U3MEHEHUS TTPOU3-
BOJIHBIX.

Cuenyromeit paccmorpennoit CAIIP-cucremoii 6biia
Anvil, cucrema, B KOTOpOi GOJNBIIMHCTBO OIEpALUil CO-
MPSIKEHMST TIOBEPXHOCTEHN PeIajoch METOJIOM CO3AaHUS
KapKaca KPUBBIX ¢ TPeOyeMbIM PAJUyCOM U MOCJEAYIO-
M TTOCTPOEHNEM TTOBEPXHOCTEH [5].

B mannoit cpejie, 175 aeKBATHOTO COKPAIEHUs Bpe-
MeHU pa3paboTKU TEXHOJOIMYECKUX IPOIECCOB, MPU-
MeHeH NPUHIUIT TUTTU3AIUYU KOHCTPYKIUK [6] 1 co3namsl
THUIIOBBIE UePTeXK U CONpsiTaeMbIX ToBepxHocTel. [Ipnatom
MCIOJIB30BAH METOJ MIOCTPOEHUS ATUX TOBEPXHOCTEHN M3
TUIIOBBIX 3JIeMEHTOB. TakKoil IOAXO0J II03BOJIMJ: C OLHOK
CTOPOHBI, 3apaHee CO3/1aTh HEOOXOAMMBINA HabOP cKeTueil
Y IPOTPAMM /LIS TapaMeTPHU3AIUHY 3JIEMEHTOB IeTAJIH 1 €€
OCHACTKH, Pa3dpaboTaTh acCOIMATUBHO CBSI3aHHBIE YepTe-
KU, a C APYTOi, — YCKOPUTH (GOPMUPOBAHIIE MAPIIPY THHIX
KapT Ha 6a3e TUIIOBOU TEXHOJIOIMH, YCKOPUTh PACYeT Me-
JKOTIEPAIITMOHHBIX Pa3MePOB U IIPOEKTUPOBAHNE OCHACTKHU
BTOPOTO MOPSIKA.

Cucrema Anvil umeer Hemsoxue BO3MOKHOCTH s
MPOEKTUPOBAHWS U U3TOTOBJIEHUS JeTajell TIOBbIIIEHHO-
ro YpoBHSA cJoxkHOCTH. OHAKO, TEXHOJIOTUYECKUE TIPO-
1Ly PBl, HOCSIIMEe UTEPAlMOHHBIN XapaKTep, 3aHUMAIOT,
[pU BBHINIOJIHEHUU WX C Hcrnojb3oBaHueMm Anvil, maccy
BpPEMEHU, KPOME TOro, IPH ITPOEKTUPOBAHUU JETaJI€id,
KOTOpble MOKHO M3rOTOBUTDH TOJBKO HA 4-5 KOOPAMHAT-
HBIX CTAHKAX, T€HEPATOP MOCTHPOIECCOPOB HE TIO3BOJISIET
JIOCTATOYHO OBICTPO CreHepUpPOBaTh 4-5 KOOPAMHATHYIO
HOCTIIPOIECCOPHY IO 06pabOTKY /st CTAHKOB € PA3JIUYHOI
KUHeMaTu4ecKoi cxemoil. Tak Hanpumep, 1715t 06paboTKu
netanu ¢ npunyckom 0,2 — 0,3 mm, Bpems pacuera Y11 qiis
BKJIaabIa pasmepom 200x150 mMm, cogepskarntero 15 —20
moBepxHocTedl B cucteme Anvil 5000 Ha VAX-11/780 co-
craBiaser 2 4. 15 muH.

BecbMma wHTepecHBIE 3aaY AaBTOMATU3AIUH MPOEK-
TUPOBAHUS, TAK HA3BIBAEMBIX, MAJbBIX APXUTEKTYPHBIX
dopm mccaenyioresa B [7]. B craree paccmartpuBaioT-
CsI BONPOCHI, CBsI3aHHBbIE C ABTOMATHU3AI[UEN IOATOTOB-
KU YIIPaBJISIONMX TPOTPAMM [IJIsi MAIIMH TePMUYECKON
pe3KM Marepuaja IIPU HM3TOTOBJEHUU METAJJIMYeCKUX
pEeLIeToK, MPUBOAUTCS 0030p CYIIECTBYOIUX TEXHOJIO-
I'Hif U3TOTOBJIEHUS] PEHIETOK, OCBEIAIOTCS 0COGEHHOCTH
MPUMEHEH ST KOMITBIOTEPHBIX TEXHOJIOTHH Ha PA3JUYHbBIX
aTanax MPOeKTUPOBAHUS PEIIETOK CJI0KHON reoMeTpuye-
cKoit (popMBbl, GOPMYIUPYIOTCS PEKOMEHAAIINH 10 TIPUMe-
HEHMIO CUCTEM aBTOMAaTH3MPOBAHHOTO MPOEKTUPOBAHUS
U TEXHOJIOTUYeCKOoro obopynosatus ¢ YITY.

B nocnennue necsatTunieTusi, BMECTe C PA3BUTHEM
CPENCTB aBTOMATU3aI[UU MPOEKTUPOBAHUS, IOJydYaeT
pPa3BUTHE W METO/I U3TOTOBJIEHMS METAJNJINYECKUX Pelile-
TOK M3 JINCTOBBIX MATEPUAJIOB TIOCPECTBOM TEPMHUYECKOM
pe3kn Mertasaa Ha Mamuuaax ¢ YITY. Ilog tepmuueckoit
PE3KOl NPUHATO HMOHUMATH JIA3EPHYIO, I1Ja3MEHHYIO,
KHUCJOPOAHYIO (Ta30BYI0) M 2JEKTPOIPO3UOHHYIO PE3KY.
WNuorga K xJgaccy TEPMUYECKON PE3KU OTHOCST U PE3KY



BOJISTHOM cTpyeil (THApopesKa n ruapoabpasuBHas pe3Kka).
TepMuyeckas TEXHOJOTUS TOXKE UMEET OJMH CEPbE3HbII
HEIOCTAaTOK, KOTOPBIH 3aKJII0YAETCsI B TOM, YTO 0OBIYHO
oxoJsio 80% MeTaJsya MOCJi€e BBIPE3KU PENIeTKH YXOJUT B
OTXO/I, 4YTO, ECTECTBEHHO, CKA3bIBAETCS HA CTOMMOCTH U3-
nenus. Bmecrte ¢ TeM, B OT/MuYMe OT JPYTUX TEXHOJOTUA
U3TOTOBJIEHU, BbIPE3Ka U3 JIICTA B IIJIaHE TPYAOEMKOCTU
OKa3blBaeTCd BHE KOHKYPEHIIMM, TaK KaK IIOJrOTOBKA
yhpasisoneil mporpaMMbl s Mamuusl ¢ YITY ¢ uc-
nosb3oBanueM coBpemenHsix CAD/CAM/CAE/CAPP
MOXKET 3aHUMAaTh BCETO HECKOJIbKO MUHYT.

ITockosbky paccMaTpuBaeTCs TEXHOJIOTUS H3TOTOBIIE-
HUS PEelIeTOK U3 JIMCTOBBIX MaTEepUaJsIoB, 9CKU3 pelIeTKH
JIOCTATOYHO Moay4YuTh Kak 2D-006bekt. Ilox <«Hecaox-
HBIM» Y30POM B [ 7] TOHNMaETCs TeOMETPUIECKUIT 0OBEKT,
KOTOPBIH 33/1a€TCH OTPE3KaMU HPSAMBIX U yTaMu OKPY K-
HOCTEI, IPUYEM KOJHMYECTBO TE€OMETPUYECKUX ITPUMHU-
tuBOB He npepbimaer 50 — 100. Ciexyer OTMETUTD, YTO
reomerpuyeckasi mojesib peimerku B CAD-cucremax 1o-
Jydaercss B BeKTopHOM ¢dopmaTe, YTO Cpasy IMO3BOJISET
ee MCII0JIb30BaTh Ha CJEAYIONEeM 3Tale IPOeKTUPOBAHU S
— 9Tarle MOATOTOBKHU yIPABJSIONIEH TPOTPAMMBI JIJISI BbI-
pesku na manrune ¢ YITY.

Ecin npoekTHpyeMBIHl y30p SBJSETCS AOCTATOUHO
CJIOKHBIM, TO 1€JIeCO0OPA3HO PUMEHEHHUE Clelalu3u-
POBaHHbBIX reoMerpuueckux penaktopos tuna CorelDr-
aw, 06JIAA0NUX OTMPEAeTEHHBIM HaOOPOM Pas3iudHBIX
crJIaiiHOB M KpuBBIX Besbe M 1103BOJIA0ONINX CO3/1aTh Te-
OMETPHIO y30pa B BekTopHOM Buze [8]. OxHako u Takoro
pOjia PefaKTOPbl HE CIUIIKOM YIOOHBI sl TPOEKTUPO-
BAHUS OUEHb CJOKHBIX TEOMETPUYECKUX KOH(PUTYPAIIUA.
TeomeTpuyeckre KOHTYPBI TOJOOGHBIX O6BEKTOB COCTOST
NPEeMMYLIECTBEHHO M3 JIEKAJbHBIX KPUBBIX, NpeIBapH-
TeJbHO pas3pabaTbiBaeéMbIX M IPOPUCOBBIBAEMBIX AM3aM-
HEPOM Ha OyMare ¢ IOCJEAYIONUM BBOAOM MHGOPMAIMHT
MOCPEJICTBOM CKaHMpOBaHUs. VHOrma, B KauecTBe WH-
CTpyMeHTa Ju3aiiHepa, MCIIOJb3YIOTCS PaCcTPOBbIE Tpa-
¢dbuueckue pepaxropsl Tuna Adobe Photoshop, Ho, kak u
B cJy4ae CKaHUPOBAHMS, PE3YJbTAT NPOEKTHPOBAHUSA
oJIy4aeTcs B pacTpoBoM dopmare.

B aTux cayvasx stam moJy4eHUs TeOMETPUUYECKOH
MOJIEJIA COMEPKUT €elle OJHY CTajuio: ImpeobpasoBaHue
pacTpoBOl MO/iesTN B BeKTOPHYIO (BeKkTopusanuio). Mure-
PAKTUBHBIN crOCcOO MpuMeHseTCst U 6e3 UCMOAb30BaAHMS
CTa[MU CKAHUPOBAHUS — B KAYECTBE «IIOJAJIOKKU»> BBICTY-
naet GyMa)KHBII OPUTUHAJ, HO B 3TOM cjydae Tpebyercs
JOTIOJTHUTEIbHOE 000pYI0OBaHUE — JUTHTAN3€ep, BBIMOJI-
HSIOUMI TIpollecc MOJy4YeHUs BEKTOPHON reoMeTpuye-
CKOU MOJIesin — O POBKY.

AnnpokcuManus KOHTypa AyramMu OKpPY:KHOCTeH 110-
HaZoOUTCS B caydae, KOT/a TeOMeTPUYeCKast MOJeb CO-
NepKUT GOJIBLUIOE KOJMYECTBO KOPOTKUX OTPE3KOB IPSsi-
MBIX.

Bosuukaiomass Heo6X0AUMOCTb B JTaHHOU [ejiHea-
pU3aluK, BbI3BaHA OCOOGEHHOCTAME TEXHOJOIMHU TEPMU-
YeCKON pe3KW MeTajjia U npobjeMaMu € yHpaBieHHEM
NIBUKEHUEM MHCTPYMEHTa Ha KOPOTKMUX OTpe3KaX, Mpu
KOTOPBIX BbIPE3Ka CJOKHBIX PENIETOK, KOHTYP KOTOPbIX
OIIMCBIBAJICS TOJBKO OTPE3KaMU NMPAMBIX, IPUBOJAUIA K
CYIIECTBEHHOMY yXY/IIIIEHNIO KAYeCTBA IIOBEPXHOCTHU pe3a
[9]. Tak xe mpu MpoOeKTUPOBAHUM TIPOIlecca Pe3KH, BaxkK-
HO 00ecIeuyuTh ONepPaTopy BO3MOKHOCTD IJIAHUPOBAHUS
TOYKY BPE3KH, IPUITYCKA HA pe3, HAlIPABJIeHUsI 1 BbIOOpa
OIITUMAJIBHON CKOPOCTH PE3KU U JIP.

B kavecTBe, onTUMaJBHOTO MHCTPYMEHTa, IJ pe-
HIEHUs BBIIIETIEPEYNCIEHHBIX 3a/1a4, POCCUICKUMU TIPO-
rPaMMHUCTaMU-TIPOEKTUPOBIUKAMHU Oblia paspaborana
CAM/CAPP-cuctema, obecnednBaionias shQPeKTuBHOE
MIPOEKTUPOBAHUE U IOJITOTOBKY YIIPABJISIONIMX IPOrPAMM
JLJIST A POKOTO CHEKTPA TEXHOJIOTUYECKOTO 000PYIOBAHU ST
¢ UITy: CAIIP «CUPNYCs» (Cucrema VIHTEepaKTUBHOIO
Packpos U Ynpasaenusa Crankamn).

CAIIP «Cupuyc», pazpaborantas B r. Ekarepunoyp-
re, crientmaanctaMu OAO «Yparxummani», COBMECTHO C
kadenpoii aBToMaTU3aN MK TPOCKTUPOBAHUS U IPUKJIA]L-
Holt reometpuu YI'TY, npennasnauena nys aBpToMaTnsa-
MU IPOEKTUPOBAHUSA PACKPOS JIMCTOBBIX MaTepHaJioB
M MOATOTOBKHU YIPABJSIONIUX HPOTPAMM JJIs MAalIUH C
YIIY, ncrnonp3yonnx Bce TeXHOJIOTUN TEPMUIECKOH pe3-
ku Matepuada [9].

Mpuorosernuii onbitT BHeaperus CAIIP «Cupuycs Ha
POCCUICKUX NPEANPUATUAX MOKa3aJ, YTO JOCTATOYHO
G6oapmoil Habop cnenndUUECKUX 3aAa4, BOZHUKAIOIIMX
IIPA MOZIEJIMPOBAHUN T€OMETPUYECKUX KOHTYPOB M II0-
cJIeIYIOIEeM IIPOEKTUPOBAHUU YIPABJLIONINX [IPOrPaAMM
JUISI MAIIMH TEPMUYECKON PE3KU MeTajijia, yCIENHO pe-
1IAI0TCs B CUCTEME.

OrHocutenbio 2D-06bekToB «Cupuyc» npeaycMa-
TPUBAET: MOJIEJIUPOBAHNE, COCTOSIEE U3 OTPE3KOB IIPs-
MBIX U JIYT OKPYKHOCTel, 6e3 OrpaHudYeHuil Ha KOJuye-
CTBO T€OMETPUYECKUX TIPUMUTHBOB; OMUGBPOBKY JI1060i
CJIOKHOCTH Ha d9KPaHe MOHUTOPA MO0 PACTPOBOM «ITO/JIOXK-
Ke» 6o ¢ 1moMoulbo aurutaiizepos ¢upmbr CalComp;
uMropt 06bekToB U3 Apyrux CAIIP-cucrem yepes DXF-
(bopmar; menuHEpU3aNUI0 TEOMETPUUYECKUX KOHTYPOB;
ABTOMATHUYECKNH U MHTEPAKTUBHBIN PEXKUM Ha3HAYEHUS
MapuIpyta pe3ky; BO3MOKHOCTHh y4eTa BCeX TeXHOJIOTH-
YecKUX TPeOOBAHMN PE3KW MeTasjia; BO3MOKHOCTD pas-
pabOTKU HPOrpPaMM-IOCTIPOIECCOPOB CAMUM II0JIb30Ba-
TesieM; OUGANOTEKY MOCTIPOIECCOPOB A GONBUIMHCTBA
OTevYeCTBEHHBIX U 3apyOeskubix Mamun ¢ YIIY s raso-
BOIi, TIJIa3MEHHOM U JIa3ePHOU PE3KOM.

K coxanenuio, B cucteme «Cupnycs e mpeiycMmoTpe-
Ha BO3MOXXHOCTD ITPOEKTUPOBAHMS U MOCJTeAYONmel nH-
Teproasiiuu 06bEMHBIX 3D-00bEKTOB, YTO CYIIECTBEHHO
cysaeT obsacts nmpuMmenenus mpauHoit CAIIP. Tax xe, B
KavyecTBe HEJOCTATKOB, CJeNyeT OTMETUTHh TO, YTO XOTS
COBpPEMEHHDIE «BEKTOPU3ATOPbI» (DYHKIINHU KOTOPBIX UMe-
orcst B CAIIP «Cupuycs) 1 Mo3BOJLIOT 1OJYy4YaTh a/leK-
BATHBII BEKTOPHBIN (DOpMAT B aBTOMATHUECKOM peRuMe,
Bce ke po6JieMa BEKTOPU3AIUU — OCTAETCSI AKTYaJbHOU.
OCOOEHHO 1JIs1 CJIOKHBIX TEOMETPUYECKUX KOHTYPOB, 151
KOTOPBIX aJITOPUTMBI UHTEPIOJISAIINN KPUBBIX, UCIOJTIb3Y-
eMble B «BEKTOPU3ATOPaX», He 0becreunBaoT Heo6Xo u-
MYIO CTeleHb TOYHOCTHU M0 OTHOIIeHNIo K opurnHady. He-
00X0IIMO UMETH B BUIY ¥ TOT (DAKT, YTO HU3KOE KAYECTBO
OyMa’kKHOTO 9CKU3a TAKIKE MOKET HEraTUBHO IIOBJIUSThH Ha
HCKa’keHUe Pe3yJIbTUPYIOollell reoMeTpUYecKol MOJEJIH.
W x0Ts1 peRKUMBI yIaJIeHUs «TPS3U» TPEJAYCMOTPEHBI elle
Ha CTaJuM CKAaHWPOBAHMS, IIPAKTUYECKU BO BCEX IIPO-
IPAaMMHBIX TTPOJIYKTaX, KOTOPBIMU KOMIIJIEKTYIOTCS 10PO-
Tre CKaHUpYyIoI#e ycTpolicTBa, B T. 4. 1 CAIIP «Cupnycs»
— oH 2¢ddeKTUBEH TOJDbKO /IS YAaCTH BO3HUKAIOIMX B
peasibHOU MpakTHKe 3a/1a4.

Henb3ga He oTMETHTH NpeMMYIIECTB MOIIHBIX IPO-
rpamMmMHubixX cucteM West Labs 4.x, B KOTOPbIX BeCh UK
YIIPaBJIEHUS BBIIIOTHAETCS Ha OcHOBe coBpeMeHHbIX PC-
based crankos ¢ YIIY, tuma o6pabaTbiBaioniue IIEHTPDI



«Fanuc» n1ubo «Siemens», rje UCIOAb3YIOTCs, B KaueCTBe
UHTEPAKTUBHOI OOPATHOU CBSI3U C OIEPATOPOM, TaKHUe
yCTpOUicTBa Kak susyaauzamoput [10].

[lanHOoe ycTpoiCcTBO 1103BOJIET OlEepPaToOpy MPOBECTH
BU3YaJbHBI KOHTPOJIb TPAEKTOPUU JBUKEHUS UHCTPY-
MeHTa 6e3 oTpaboTKu mporpamMMbl Ha ctanke [11]. Takxke
BHM3yaJIM3aTOP Pas3pelaer olnepaTtopy IMpPOCMOTPETh Tpa-
eKTOpHUIO, 3aJaHHYI0 B IPOTPaMMe, U PeabHyIo TPAeKTO-
pUIO IIeHTPa paboyero OpraHa ujau HHCTPYMEHTA, C YYETOM
KOPPEeKIINY paaunyca u cmerenni (puc. 1).

[Freeware] - Brayanmsatop <Tor3d>
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Puc. 1. Pabota Busyanusartopa cuctembl West Labs 4.x

CucTeMHbIIl BU3YaJuU3aTOP HCIOJb3YET IJsi 0TOOpa-
JKEHUSI TPACKTOPUHU TOT K€ MPOrPAMMHBII MOJIYJb, KOTO-
pbIii Bcmionb3yeTcss naTepnoastopom cuctemsl YIIY npu
orpaboTke Tpaexkropuu [12]. DTO MO3BOJISLET MOKA3aTh
OTepaTopy peasibHyI0 TPAEKTOPUIO ABUKEHUS WHCTPY-
MeHTa, onucanuyio B YII u uHTEPIPETUPOBAHHYIO CH-
CTEMHBIM UHTEPIIOJISTOPOM.

Kpowme TOro, ¢ IOMOIIbI0 BU3yaanu3aTOPa BHITOTHSIOT-
cS cJeyIoNINe BaXKHble GyHKIUN:

— Tepexo/i K BRITIOJTHEHUIO ciemyiomiero kaapa YII (c
rpaduyecKuM IIPOrHO3UPOBAHUEM);

— BO3MOJKHOCTb MacmTabupoBaHus uzobpaxkenus (¢
MOMOTI[BIO PETYJISITOPA);

— WHAUKanus Tekymero kajapa Y1,

— [epexo/l K UCIOJb30BAHUIO TaOJHIIBI KOPPEKTOPOB
(B pexxuMe BU3YyaJIM3aIluN);

— BKJIIOUYEHUE TabJUIbl CUCTEM KOOPAUHAT;

— pacuer rpanuil 06aacTu 0TpaboOTKU.

OrTcroza BUTHO, YTO PAa3BUTHE CUCTEM BU3YaJIU3ANUH
TpaekTopuil pabodero oprama B cuctemax JIIY, mmeer
BasKHOE 9KOHOMUYECKOE 3HaUeHue B oTpacau o6paboTKu
MaIINHOCTPOUTENbHOH NPOAYKIINH, KAK CPEJCTBO YMEHb-
IIEeHMsT KoJinyecTBa Gpaka, BCJAENCTBUE BBISIBJEHUS OIINU-
GOK IIporpaMMupoBanns u BBoga Y11, Ha sTanax HaJagKu
U 3aIyCKa IepBbIX 00Pa3I[0B CEPUITHON MPOLYKIUU.

Caenyouieil U3 MpoaHATU3UPOBAHHBIX CUCTEM Oblia
CUCTEMAa aBTOMATU3MPOBAHHOTO TPOEKTHPOBAHUS yIIPAB-
JA0MUX nporpamm ajas ctankoB ¢ UITY «CAIIP-HITY/
2008». D910 Win32-npusoxeHue ¢ IPOCTHIM U T'MOKUM
unTepdeiicoM, BBICOKOI CKOPOCTHIO pacyeTa yIpaBJsiio-
HIUX IIPOTPAMM U Pa3BUTBIMU CPEJCTBAMU BepU(DUKAINT
TPAEKTOPHH [IBUKEHUSI HHCTPYMEHTA. TeXHOJIOr U BBICOKO
oneansn Bepuduratop G-KoaoB, OTIAJYNK MTOCTIIPOIEC-
copos PostWizard, sxonsimue B cocra CAITP-UIIY, a Tak-
JKe IIPOCTOTY €€ YCTAHOBKU, 0Oy4YEeHUs U UCIIOIb30BAHUSI

[13]. Haunnas ¢ 1989r, cucrema CAITP-UITY pazanunbix
Bepcuii BHenpeHa Ha Gosiee uem 300 npeanpusTusx Poc-
cuu u ctpan CHIL

WurerpupoBantasa 060j04Kka u3baBaAsgeT TEXHOJOTa
0T HEOOXOAMMOCTH U3y4YaTh allliapaTHOEe ¥ MPOrpaMMHOe
obecmedernne [IDBM, TeM caMbIM yCKOPsIst TPOIleCC BBOAA
CATIP-YIIY B akcmiyatanuio ¥ MpakTHIeCKH N30aBJIIsIs
TEXHOJIOTHYECKUE CJHYKObI MPENIPUSITHIl OT yCayr cu-
CTEMHBIX ITPOTPAMMUCTOB [14].

Wurerpuposannas 060I04Ka UMeET Pa3BUTHIE CPEJI-
CTBA JIJIsI HACTPOEK MHOTouKcaeHHbIX mapameTpoB CATIP-
YIIY nuauBuAyaabHO U KaXJOro MOJIb30BaTEIs, BOC-
CTaHaBJNBAs 3HAYEHUSI IIPU MOBTOPHBIX ceancax [13].

O60Ji04Ka KOHIEHTPUPYET yIpPaBJieHNe BBI30BAMU
Bcex moayraeit CAIIP-UIIY ot pacueta KoHTypa AeTanu u
KapkKacHoro MojiesupoBanust (puc. 2) 10 GopMupoBaHus
VIL

Puc. 2. ®parmeHT kapkacHoro MmogenvpoBaHus 3D-
06paboTku, BbinonHeHHoro B «CAMP-UMY /2008»

B CAIIP-YIIY upu mporpaMMmupoBanun o06paboT-
KU TOYEYHO-33/IaHHBIX IOBEPXHOCTEH, KOTOPBIE 3a/laHbl
CEYEeHUSAMHU, BBEJCH METO] JNHEHHO-KPYTOBON MHTEPIIO-
JISIIUM, TO3BOJIAIONINN aBTOMATHYECKU PACCYUTATDH MO
MacCHBY XapaKTEPHBIX TOUEK (3a/[aBA€MbIX TEXHOJIOTOM)
— IJTAJKUN KOHTYP, COCTOSINUN U3 AYT OKPYKHOCTEN U
OTPE3KOB, UTO IIPUBOAUT K 9KOHOMUU JIJIMHBI 11epdoeH-
THI (110 CPAaBHEHUIO C JMHEWHON MHTEPHOIINNeil), a as
CcTOeK ynpaBjeHusi crankamu tuna H-33, aBisercs He-
06XOIMMBIM YCJIOBUEM JIJI5T UCITOJIH30BAHUSI KOPPEKTOPOB
Ha paauyc uHctpymenra [16].

B cucreme «CAIIP-UITY/20085», nmeeTcs BCTPOEHHBII
MOJLyJIb HPEIpOoIeccopa, MpeHa3HauYeHHbIH [JIsT TPaHC-
JISIIIUM MCXO/IHOW TIPOTrPaMMBbl B TaK Ha3bIBaeMblil (haii
KOHTYpa JieTaJi U TEXHOJIOrn4eckux koMmauz. B nmpormecce
TPAHCJSAINY, B IEPBYIO O4epe/ib, BBIYUCIAIOTCS KAHOHHU-
YecKue MapaMeTpPbl BCEX TeOMETPHYECKUX 3JEMEHTOB U
nIeHTU(GUKATOPOB, a 3aTeM 06pabaThIBAIOTCSI OMEPATOPHI,
COCTaBJAONIUE TeJIO npoueaypbl (ctpoku obxona). Ilo-
MHUMO OCHOBHBIX OIEPATOPOB (JBMKEHUE IO dJIeMEHTaM
reoMeTpHHU, TOAbeM/ONycKaHue Mo Z), TPenporeccop
UHTEPIpPeTUpyeT ynpasJsionue onepatopbl (06paboTka
YYacCTKOB, OIIEPATOPBI IIUKJIOB), @ TAKKE MAKPOIPOLEILY-
pbl, BbI30BbI aBTONUKJI0B, CNC-1I0/ITPOrpaMMBbl U TEXHO-
Jornyeckue komaHsl [17].

B CAIIP-UIIY umeetcs crienuajibHblil MOAYJIb, TPE-
Has3HAYEHHBI 711 yrpoiienus cozaauusa Y1 o6paboTku
st ToKapHbIx ctaHkoB ¢ UITY «dmextponuka HII-31».




C ero nomorbio YII pacrmeyaTsiBaeTcst B BUJI€ JUCTUHTA,
yA0OHOIO [JIsi HOCJEAYIONEro PyYHOTO BBOAA CTAHOY-
HUKOM B mamaTh ctoiiku ¢ YIIY. Kpome Toro, momymnp
MT03BOJISIET TEXHOJIOTY HCIOJIb30BaTh BCE OPUTHHAJbHbIE
BO3MOKHOCTHU PYYHOTO TIPOTPAMMHUPOBAHUS: CMEHA THIIA
pacyera mepeMelleHus, CMelleHne KOHTYpPa, OpraHusa-
[Us ¥ BBI30B MOANPOrpaMM, 0OpaleHus] K MOCTOSHHbBIM
nukaam [18].

Monayab <«Ipapuueckuit Ilpomeccop «DeHUKCH»»
BKJIIOUEH B cocTaB 6a3oBoro kommaekra cucrembl CATIP-
q11y/2008. Moxaynb «DeHUKCH», HCIOJB3YETCS ISt
rpaduyeckoii BepuduKanumu yrmpasisoOIUX TPOTPAMM,
T.e. UIs1 TpauvecKoro MpeAcTaBIeHus] KOHTYPa JAeTaJH,
3JIEMEHTOB Pa300IIEHHON TeOMETPUH, & TAKIKE UMUTAIIUU
nepeMeleHnii HHCTPYMeHTa B mpoiecce 06paboTku je-
tasau [19].

I'paduueckuit mpoieccop BKJIOYAET HE TOJBKO pas-
BUTBIE CPEJCTBA BU3YaJU3aINU HA 9KPAHe, HO 1 MOTI[HbIe
CpeAcTBa A CHATUA KONHMM M300pakeHus Ha Ja1000ii
Windows-coBmecTuMbIii TIpUHTEp AJs AajbHelimeil pa-
6OTHI UM cAeJATh NPOCTEHIUI dCKU3 AN Mepejadn B
mex [20].

PasobiienHass reoMeTpusi, UCIOJb30BaHHASI TEXHO-
JIOTOM [IJISI TIOCTPOEHUST KOHTYPa JeTaan, oTobpaxkaercs
KaK COBOKYITHOCTb TOYEK, IIPSIMBIX U KPUBBIX BMECTE CO
cBouMU ujeHTudurKaTopamu (puc. 3). ITO YyIIpolaeT By-
3yaJIbHBIH aHAJIN3 TEOMETPUH KOHTYPA, & OPTOTOHAJIbHEIE
U aKCOHOMETPHYECKHUE TIPOEKIIUU U CIIOCOOCTBYIOT GoJiee
OBICTPOMY HAXOKAECHUIO BO3MOXKHBIX O1IHO0K [21].
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Puc. 3. NpepncraBneHune KoHTypa AeTasiu U NepeMeLLeHui
MHCTPYMeHTa, B npouecce 06paboTku Npu NOMOLLH
rpacpuueckoro npoueccopa «DeHUKCb»

B mannom MozyJie UMEIOTCSI BO3MOKHOCTH BbIJI€IEHU ST
I[BETOM YYaCTKOB OBICTPOTO X014, YIACTKOB TPAEKTOPUH,
06pabaThIBaeMbIX TTOCJAE0BATENBHO PA3HBIM HHCTPYMEH-
ToM. Bepuduxanus TpaekTopun ABUKEHUS UHCTPYMEHTA
OCYIIECTBJISIETCS B HECKOJBKUX PEKUMaX — YCKOPEHHOM,
3aMeIJIEHHOM, TOKaIPOBOM U OTJa0uHOM [22]. B mocnen-
HeM pe’KUMe Ha 9KPaH BBIJJAETCS TaMMa reOMeTPUYeCKUX
U TEXHOJIOTUYECKHX [TAPAMETPOB TEKYIIETr0 epeMenleH s
pekyliero MHCTpyMeHTa B KaxxjoM kazape YII.

VMeroTcst cpejicTBa BU3yaJU3allU TOJBKO OIpefie-
JIEHHOU YaCTU TPAEKTOPUM J[BUKEHUS MHCTPYMEHTA. ITO
JOCTUTAETCS BBIOOPOM OIpe/ieIEHHON CMEHBI HHCTPYMEH-
Ta, 60 KMCIOJb30BAHUEM MOIIHOTO WHCTPYMEHTAPUS
paccTaHOBKY KOHTPOJIBHBIX Touek [23]. B nocaexnem cay-
wae Gy/IeT PHCOBATHCS TOJIBKO YaCTh TPAEKTOPUH, HAXOIS-
HIASICST MEK/TY 3a/IaHHBIMU KOHTPOJIbHBIMU TOYKAMU.

OmHako, YTO KacaeTcsi HEIOCTATKOB, TO B JaHHOM
MOJZlyJIe He IIPEeJlyCMOTPEHbI CPEeACTBA /Js NMPOBEIACHUS
n3MepeHuil (YIJIbl HaKJI0HA, ONpe/iesieHre TPUHA/IJIEKHO-
CTHU, HAXOXK/IEHUST TOYEK KACAHUS UJIH MePeCcedeH s de-
MEHTOB), aBTOOMNPEIEJeHUSI KAaHOHMYECKUX TTapaMeTpPOB
pa3001eHHON TeOMETPUH IIPU HABEJIEHUU HA HUX MBIIBIO,
a TaK)ke HeT peaju3anuu rpaduueckKoro MoeInpoBaHUs
dbopmoobpasyiomnieit WHCTpyMeHTa s TOKapHO# U (pe-
3epHOI 06pabOTKU M OTCYTCTBYIOT 6UOIMOTEKN Ipaduye-
CKUX 06pa30B HHCTPYMEHTOB.

B cBs13u ¢ aTuM, B kayecTBe rpaduyueckoro Bepuduka-
Topa, 611 pacemoTper moxyab CutViewer (ot Tudor I/E
Ltd), moanocthio unrerpupoBanubiii ¢ NCVerify [24].

OrnuvurensHoii ocobennoctoio CutViewer siBisiercst
TBEPAOTEJIbHOE MOJEJINPOBAHNE 3alOTOBKM U IIpoIlecca
pesanus Merasia (puc. 4). [losb3oBaTesnio gocTyneH pe-
JKUM TOKAJ[POBOTO BePUMUIIMPOBAHMS, OTJIAJKa BIEPe]
WJIM Ha3a/l, BpallleHHe 3ar0TOBKY, U3MePeHIe YIJIOB U pac-
CTOSTHUI, KOHTPOJIb COYJAPEHUIl C JeTaJlblo Ha OBICTPOM
XO/ly, almnapar KOHTPOJbHBIX TOYEK, CEYCHUS NeTaju U

APp.

Puc. 4. Npumep TBEpAOTENBHOrO MOLENMPOBaHUS,
BbINOJIHEHHOrO C nomoLubto Mmoayns CutViewer

HemnpemeHHBIM yCJIOBUEM UCITOJIb30BAHUSI MOJIYJIST SIB-
JIieTCsl IMAaJIOTOBOE 3ajlaHue MapaMeTPOB 3arOoTOBKHU, a
Takke HHMOOPMAIINHU O KaK[OM M3 UCII0Jb3YEMbIX HHCTPY-
MEHTOB M, KaK CJIeACTBUEe — abCONIOTHO peasbHbIi CheM
MeTaJija B KaskJI0M Kajpe.

sIBHOl HemopabOTKOM, siBJsieTcst TO, 4TO Moayab Cu-
tViewer BepupUIIMPyeT TOJBKO Hambojiee IOMyasipHbIE
BU/IbI METAJJI000PaOOTKU — TOKapHYIO U (ppe3epHyIo.

B wuTterpuposannyio obosouky cuctembi CAITIP-
YIIY/2008 BcTpoen «KoppekTop ymnpaBisionux Mpo-
rpamM». ETo Ha3HaueHWe COCTOUT B BBOJE C HOCUTEJS
panee noaroroBieHHolt Y1, ee nepekoaupoBKy U3 uH-
(popmanmonnoro kona cranka (ISO, EIA) B TekcToBbII
BU/I, TOCJIeIYIOTast KOPPEKTUPOBKA MIPU TOMOTIHA 9KPaH-
HOTO peIaKTOpa M, HaKOHel, oOpaTHas onepanus- BbI-
BOJI Ha HOCUTEJb B HEOOXOAUMOM Kozie cucteMbl ¢ UITY
[25].

KoppekTop nmeet 601bI1moe 4ucio Hactpoek. [Ipu BBo-
ne ¢ mepdoJIeHThl BO3MOKHA (GUIBTPAIUS CHUMBOJIOB TIPO-
TSIKKH, y/laJleHue MeKKaIPOBBIX TPOTSKEK, a TP BBIBOJIE
Ha Heé MOKHO BbIOPATh OJMH M3 YeThipeX MH(GOPMAI[UOH-
HBIX KOJOB CTAaHKA, ONPENEJUTh BEJIUYUHBI CTAPT/CTOT-

HBIX IPOTSIKEK, 337[aTh YNCJIO0 MPOTSKEK MKy KaJpaMu
ylpasJsionieil nporpaMmmsl [26].




APTIPP (yauBepcanbpHbIll TOCTIIPOIIECCOP) — TTIO3BO-
JISIET WCIOJIb30BaTh eanHyio Oubimoreky u3 300 moct-
npoieccopos s noboi us cucrem — ADEM, CATIA,
UG, Pro/Engineer, Duct, PowerMill, ProCAM, CADDS,
Euclid, Anvill, KPEJJO, TEMMA-3D, CAII-Y®A, APT,
BAIIT, MODAPT [27]. APTIPP renepupyet ynpasJsiio-
uryto nmporpamMmmy Ha ocHoBe CL-daitnos, chopmuposan-
ueix CAD/CAM-cuctemamu [28]. IIpu momomu APTIPP
TEXHOJIOT MOXKET pa3pabaTbhiBaTh MOCTIPOIECCOPDI JJIst
JM060T0 KOMIIJIEKCa «CTaHOK-cucTeMa ¢ IITY» [29].

«MuBapuanrtusiit [loctuponeccop» (UII) — ynukamnb-
HBIil TIPOrpaMMHBIA TPOAYKT, paszpaboranubiii B 1975r.
U TPOIIEAIUI TOJATUN IIYTh IBOJIONUH, 0 CUX IO He
uMeeT noJHbIX aHasoroB B CHI u 3a py6esxom. B coctase
cuctemsl CAII-CM4 on BHeapen Ha 500 mpeanpusATHsx
6biBiiero CCCP, a B cocrae CATIP-UIIY — Ha 220 upex-
npusitusix Poccun u CHI [30]. Monyap UII npeanasua-
4eH /17151 ipeobpa3oBanust baiijia TPAEKTOPUH JBUKEHUSI
WHCTPYMEHTA M TeXKoMaH/ B ¢aiiy ynpasJsioniei mpo-
TPaMMBI, a[AIITUPOBAHHOI K KOHKPETHOMY KOMILIEKCY
«cTaHOK — cuctema YIIY».

B orTsinune OT TPAANIMOHHBIX METOIOB IOCTIIPOIIEC-
cupoBanus, MII moxer ObITh HacTpoeH Ha 060 u3
a3bikoB cucteMbl YITY. Hactpolika Mmoaysnsa 3akiiodaercs
B CO3/IaHUU HOBOI WJIM MCIIOJIb30BAHUU FOTOBOI AHKETBI
(macropTa), OIMCHIBAIOINIEH XapaKTEPUCTUKN KOHKPETHO-
T0 KOMIIJTeKca «cTaHoKk-cucTeMa UIIY» [31].

Bxonnoii uncopmanueii gus monyas NI sasastiores:

— (aitsn TpaekTOPUN IBUKEHUSI WHCTPYMEHTA U TEX-
KOMaH/I;

— haiin macmopTa;

— daiia MaKpoOIpOIeyPHI.

BrixonHoii nHMOpMaIuei aBiIseTCs TEKCTOBBIN (aiiu
VII, koTopbiii MOKeT ObITh BbiBeAeH Ha nepgoJeHTy, 3a-
MHUCAaH HA MATHUTHBIN AUCK, (JIDII-KAPTY MJIM TepeiaH B
MaMsTh CTOMKHU Yyepe3 IMHUIO TPSIMOTO yHPaBJIEHUS.

UII siBaisteTcst XOPOIIUM JIOTIOJTHEHUEM K JI000i MM-
noprtHoit u oredectBentoit CAD/CAM-cucreme, Tak Kak
y’Ke€ MMeeT TOTOBBIE ITTACIOpPTa MPAKTUYECKH Ha J1060e
YIlY-o6opynoBanue. OmHako, eciu ke o6opypoBaHUE
YHUKaJabHOE, TO uctnonab3zoBanue UII ve maet 3smaumTesn-
HBIil BBIUTPHIII B CTOUMOCTHU, CPOKAX CO3JaHUS U yA00-
cTBe MOAMGMUKAIMYU MTACIIOPTOB 110 CPABHEHUIO C TEXHO-
JIOTUSIMU MHAVBU/IYAJBHOTO HOCTIIPOIECCHPOBAHUS NJIH
reHeprpOBaHUS MTOCTIIPOIECCOPOB.

GrafCAM /2008 sT0 HamcTpoiika BEPXHETro ypPOBHS
naxa cucrtemoir CAITP-UI1Y/2008. GrafCAM moaHocTbio
opueHTHPOBaH Ha 2.5D-Bu3yasbHble rpadudecKme cpem-
CTBa MMapaMeTPUYeCKOro MPOEKTUPOBaHUS g-KoaoB YII.
Baaronaps cpeacrsam umnopra DXF-daiinos, GrafCAM
JIETKO MHTerpupyercs ¢ Ja06oii koncrpykropckoit CAD-
cucTeMoil, obecrieunBasi CKBO3HOU I[UKJI KOHCTPYHUPOBa-
HUe-ipoekTupoBanue [32]. BusyasnbHble cpe/cTBa pejak-
TUPOBAHUS FeOMETPUU KOHTYPOB UJU TEXHOJOTUYECKUX
1epexo/l0B, IOJIHAS IapaMeTpu3anus U BO3MOKHOCTD
HapamuBaHus (QyHKInoHaspHoctn — pemaior GrafC-
AM MOIIHBIM MHCTPYMEHTOM JJI TexHoJsora. Haunnas ¢
1992r., GrafCAM BHenpeH Ha 6oJiee yuem 70 peanpusTu-
ax crpan CHI.

Monyab GrafCAM npegHasHaueH AJs IPOEKTUPOBa-
ausg YII x crankam ¢ UIIY, ucnons3ys npunmun rpadu-
YECKOT0 MOCTPOEHUS U PEJTAKTUPOBAHMS KOHTYPa JIeTaJlH,
TPAeKTOPHH ABUIKEHU S NHCTPYMEHTA M TEXHOJIOTHYECKUX
komauy [33].

Monyas GrafCAM opueHTHpPOBaH Ha MOJb30BaTeeH-
TEXHOJIOTOB ¥ MOKET ObITh HACTPOEH Ha 10601 yPOBEHD UX
kBasupukanuu [34]. Moayas GrafCAM mo3BoJisieT cTpo-
UTb 3JIEMEHTHI Pa300IEHHOI reOMeTPUU U OObENMHSATD UX
B KOHTYPBI, HA 3TOH OCHOBE TEXHOJIOT MPOEKTUPYET TPa-
€KTOPUIO JIBUKEHUS MHCTPYMeHTA. /{71 IPOeKTUPOBaHUS
pasobIiieHHON TeoMeTpuu, ucnoJb3ywrces 60 crnocobos
3aJlaHus TOYEK, TPSAMBIX, OKPY/KHOCTEH (pHcC. 5).

Puc. 5. NMpumep rpadpmuueckoro nocTpoeHust KOHTypa AeTanu C
nomouipto GrafCAM

[Tosp3oBaTesio MpegocTaBIeHA BO3MOKHOCTD /leJIaTh
M3MePEeHUsT PACCTOSHUN MeXKAY TeOMeTPHUYECKUMU dJie-
MEHTaMH, a TaKKe U3MEPSTh IIEHTPAJbHbIE YTJbl MEXKIY
npsambeiMu uan toukamu. GrafCAM uaeanen aist rpadu-
yeckoro (hOpMUPOBAHUS TPACKTOPUHU JIBUKEHUS UHCTPY-
MeHTa: OJIb30BATENb YKA3BIBAET 3I€MEHTHI PAa300IIEeHHO
reoMeTpHH, CBSI3bIBasI UX B IleMb. B 110601t MOMEHT BpeMe-
HY MOKHO BBECTH TEXHOJIOTMYECKYIO KOMAH/y yIpaBJie-
nus crankoMm. GrafCAM moapgepkuBaeT GpopMupoBaHme
KOHTYPOB 1 apduHHbBIE ollepaiuu HaJ HUMU (CMellleHue,
MOBOPOT U T.IL.), 06€eCednBaeT MPOPUCOBKY M KOPPEKTHU-
POBKY KOHKPETHOTO KOHTYPa.

Moayab GrafCAM noggepskuBaer 6ubanoTeKw Ta-
pPaMeTPU30BAHHBIX 3JIEMEHTOB (MaKPOIPOIEAYPBI) U JI0-
[yCKaeT NONoJIHeHue OUGINOTEK 1 MEHIO MAKPOIIPOLELY P
CaMHM II0JTb30BaTeJIeM: JONOJHEHHE KOHTYPOB JeTaju
UM TpaekTopuil ABMKeHUs uHctpymenrta [35]. Takke
MOJIH30BATENIO JOCTYIHBI Pa3HOOOpa3Hbie BUOBBIE OIle-
panum.

OrsuuurenpibiM npunnunom GrafCAM sasisiercs
aBTOMarmyeckoe (GOpPMHUPOBAHME TEKCTAa MPOTPAMM Ha
BXOJIHOM SI3BIKE CBOel 6a30B0ii cuctemsl, T. e. CAIIP-YIIY.
Kpome toro, GrafCAM sBasiercst 100% rpadudeckum
UHTEPIPETATOPOM U OTJIAJAYMKOM TEKCTOB IHPOTPAMM,
co3panHbIx ¢ momortrbsio cuctem CAII-32, CAIT-EC, CAII-
CM4, CAII-IIK, ACAD-SAP, yto nossoJssieT obecredyn-
BaTb PEXUM CKBO3HOT'O ITPOEKTHPOBAHMS HPHU ITOMOIIU
MIPOCTOTO MaKPOSI3BIKA.

Onnaxko, k coxanenuto, GrafCAM asngerca 16-6uto-
BbiM DOS-nipuiosxkeHneM u He MOXKeT MOJHOIEHHO pabo-
TaTh ¢ cOBpeMeHHbIMU Win32.

[TakeT makpomnpoleayp «9BOJbBEHTa» NPEIHA3HAYEH
st pacueta YII gust crankos ¢ UITY Tokapnoii, dpesep-
HOH (C MCIOJIb30BAHUEM KOPPEKIIMU HA PAANYC MHCTPY-
MeHTAa) U 9JIeKTPOIPO3NOHHON IPYIII, CTAHKAX C 1a3epHON
PE3KOU JIJIsi U3TOTOBJIEHUS HPSIMO3YObIX I[UJIUHPHYE-




CKUX 3y0OUaThIX KOJIEC BHEIIHETO M BHYTPEHHETO 3allellie-
HUS C BBOJIbBEHTHBIM TIpodusiem 3y6a [36].

Ha crankax TOKapHOU rpymnbl BO3MOKHa 06paboTka
KOHIIEBOTO (PACOHHOTO PEXKYIETO NHCTPYMEHTA C 9BOJIb-
BEHTHBIM TIPOMUIEM AT MOCTEAYIONETO U3TOTOBICHUS
KOHKDPETHOro 3y0YaToro Kojeca Ha yHUBEPCATIbHOM 060-
pynoBauuu [37].

B TokapHtoii 06paboTke mpeycMoTpeHa BO3MOKHOCTh
aBTOMaTHYECKON BBIOOPKM MeTaJjlia 1mo cxeme <lleTas» ¢
[POrpaMMUPYEMBIM [IPUITYCKOM T10J] YHCTOBYIO 06paboT-
Ky [38].

[Ipoduib paccMaTpuBaeMOro KoHTypa 3yba mnpej-
cTaBJiisieT co60I MacCUB TOYEK, IPUHAJIEKAIIUX IBOJb-
BEHTe, U MOKEeT ObITh 0O6paboTaH ChlaiiHaMKU CHCTEMBI
CAIIP-UIIY c nuneliHOW NAN TUHEHHO-KPYTOBOH UHTEP-
noJisitiueit (puc. 6).
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Puc. 6. MNpodunb 3ybuatoro Koneca ¢ 380/IbBEHTHbLIM
npocunem 3yba, HTEPNOAMPYEMOE C NOMOLLbIO NaKeTa
«JBOJIbBEHTA»

Crntaiin ¢ JTMHEHHONW WHTEPIOJSIINEH allpOKCUMU-
pyeT MacCUB TOYEK JJOMAHHBIMU JUHUSIMH C 3ajlaBaeMON
crenenbio Tounoctu [39].

[Ipu HEOGXOAMMOCTH, TOCTIIPOIECCOP MOXKET TMJIABHO
conpsArarb HOJIyYeHHbIe OTPE3KHU JAyraMyu OKPYKHOCTE
151 obecriedeHust paboThl ¢ KOPPEKIIMEN pajuyca HHCTPY-
mernTa [40]. Cunaiin ¢ JTUHENHHO-KPYTOBOW WHTEPIONS-
nueil U3 MaccuBa TOYEK 3BOJIBBEHTH (DOPMUPYET KaJPbl
VII (13 1aBHO CONPSIYKEHHBIX YT OKPY’KHOCTEH), 4TO Ha
mopsifiok cHuKaeT o6beM Y1I 110 cpaBHEHUIO ¢ JIUHEHHOI
uHTepnoasiuei [41].

B mponecce dopmuposanua YII na arame nmocrmpo-
L[eCCUPOBAHUs, NIPEJyCMOTPEHA BO3MOXKHOCTb pacueTa
pasMepa MeK/1y POJINKAMU JIJI1 KOHTPOJIS 9BOJIbBEHTHOTO
npoduisa 3yba, M3roTOBAEHHOTO Mo Toaydyennoil YII, a
TaKJKe TPeyCMOTPEHa JHATHOCTHKA ONTHOOTHBIX CUTYa-
1[uii B BBIOOpE AMaMeTpa POJIUKA.

Vcnosnb3oBanue makeTa «JBOJbBEHTa» HA 3aBOJIE CIIe-
MAJU3NPOBAHHOTO MHCTPYMEHTA M TEXHOJOTHYECKON
ocuactku «l'omcenbmaiiy (Bemopyccus), mpu uarotTosie-
HUU KOJIEI-KaauGpoB (AJIsl KOHTPOJIS 3y64aThix KoJec),
[I0Ka3aJI0, YTO OTKJIOHeHue Mpodust 3y6a OT aHAJOT Y-
HBIX (M3TOTOBJEHHBIX 1o YII, paccumTaHHBIX ¢ IpuMe-
HenueM cucteM PEPS-2 u PRO/Engineer) ue npesbiinaer
0,001 MM, a pacxoskieHre PACCYNTAHHOTO pa3Mepa MeK1y
poaunkamu He ipeBbimaet 0,003 MM o cpaBHeHUIO € (hak-
THUYECKUM.

BoiBoas!

Takum 06pa3oM, MOABO/S UTOTU BHITIOJHEHHOTO aHa-
JIN3a, CJeyeT OTMETUTD OIHO U3 2AAGHLLY YCA0BUL, UTO
crasurcs nepe; CAD/CAM/CAE/CAPP — pemenue npo-
6JieMbl KauecTBa BeKTOpU3aluu. JIpyrumMu cioBaMu, BO3-
HUKaeT NOTPeOGHOCTh B MCIOJb30BAHUU UHTEPAKTHUBHBIX
METOJIOB TIOJyYEeHUsI BEKTOPHON MOJEJH, IIPH IpUMeHe-
HUY KOTOPBIX TOJb30BATEh 3a/1a€T HA IKPaHE MOHUTOPA
HaboOp TOUeK M300paskeHUsT W PsiL APYTUX TTapaMeTpOB,
MO3BOJISIONUX YIIPABJSTDH IPOIECCOM MHTEPIOJSIINH M0~
JIy4aeMOro reOMeTPUYeCcKOTO KOHTYPa, a, CJIe[0BaTeIbHO,
Y BJIUSATH HA TOYHOCTH PE3YJIbTATA.

Kpowme Toro, mpu ananmuze CAD/CAM/CAE/CAPP c
paccMaTpuBaeMoil MO3UIUH, OYEBUIEH 8b/600 O TOM, UTO,
B HaCTOsilllee BPeMsl, HauOOJbIIUMU TPYILHOCTSIMU [PU
CO3/IaHNUY UHTEPAKTUBHBIX CUCTEM, SIBJISIOTCS:

— WCIIOJIb30BaHUE METOJOB AHAJUTHYECKOI reome-
TPUHU JIJI5 ONIMCAHUS TIOBEPXHOCTE;

— [pPUMEHEHNE COBPEMEHHBIX KOMIBIOTEPHBIX OMOJIH-
OTEK, MMO3BOJISOIUX MAHUIYJIUPOBATH N300paKEHUEM;

— paspaboTKa MeTOJ0B OPTaHU3ANUU APXUTEKTYPHI
MpOrpaMM U rpaduvIecKoro A1asora;

— peajusalusl CHenuaibHbIX TPeOOBAHUMN, TIPEAbsIB-
JISIeMbIX K MHTepdercy.
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