Nekuus Nel?2

MeTannooodbpabaTbiBaroLime CTaHKU

Jlornyeckoe n yncrnosoe ynpasneHue, nporpammol Yy



MeTannopexylme cTaHKu

Jlekyusi Ne12

2

CopepxaHue

BBeneHue B yCTPOMCTBO CUCTEM YNpaBrieHUs1 CTaHKaMu
Cucrtembl niorm4yeckoro ynpasneHus (SPS)
Yucnosoe nporpammHoe ynpasneHue (NC)

3aknrovyeHue



MeTannopexylme cTaHKu Jlekyusi Ne12 3

BBoa AaHHbIX

JlokanbHbI® BHewHun yny
PepaktnpoBaHue [IMCKETb, CETb
nporpaMmbl '
l ——Jpp Jlornyeckoe ynpaBneHue
Mporpamma Yy yip

* (Bbi6op nHcTpymeHTa,COXX)
MoaroToBka koMaHg | |[epeknoyatom e
(NC-Interpretor) komaHgsl M, T

|
leometpuyeckne garHble (X, Y, Z, A ...)
TexHonornyeckue gaHuble (F, S, G ...)

CuHXpoHu3auus

NuTtepnonatop |«

<—
X Y Z YnpasnsioL,. BENMYnHbI

5 Perynsitop nonoxeHus I

PerynuposoyHoe oTknoHeHue

Onpep,eneHVle I'IOJ'IO)KeHVIHII’-

—

KoHTyp perynuposaHusix |
‘ KoHTyp perynunposaHus y
| KorTyp perynuposaHusi z M: apBuratens, MS: uamepuTtenbHasicuctTema

Puc. 12-1: CTpyKTypa cucTeMbl yrpaBrieHusl

BbixogHble gaHHble nporpammbl YlY, BMecTe C OOMKHOW KOppeKuuen, nocTtynawT B 650k
ynpasnenus, rge 6yayt pacwmdpoBaHbl, pas3fgeneHbl Ha reoMeTpuyeckne, TEXHONOrnyeckne m
OYHKUMM  nepeknioyeHnn.  [eomeTpuyeckme fdaHHble BKNKYAKT BCe, 4YTO KacaeTtcs
nepeMeLeHnin MHCTPYMEHTa M 3aroTOBKWU,B pesynbTaTe KOTOpbIX (hopmupyeTcsa 3apaHHas
reomeTpusa getanun. K TeXHONOrMYecknm OTHOCATCS, Hanpumep, BbIGOp MHCTPYMEHTa, YacToTa
BpalleHnss LWNUHAENs WM CKOPOCTU pe3aHud. ODyHKUMS nepeknoyeHun, B 6noke Tak
Ha3blBAEMOro «COrflacoBaHHOro» yrpasBfieHWUsl, corfiacoBaHHas C MOCTynalwwWwuMn OT CTaHka
curHanamm obpaTHOM CBA3M, WUCMNOMHAETCS KaK KOMaHAa BKITHOYEHUS-BbIKIMIOYEHNS Y3M0B,
BCTynawwmx B Mpouecc No mepe HagobHOCTU. BOnbWMHCTBO CUCTEM COrNacoBaHHOMO
ynpaBneHnsi CTaHKOB peanuayeTca cerogHs B Buae SPS — cuctembl, ©asupyowenca Ha
nporpammMmmpyemblix norudecknx koHtponnepax (MJIK). CornacoBaHne obecnednBaeTtcd, B
OCHOBHOM,  OnoKvMpylOWMMM 1 KOHUEBbIMW  Mepeknoyvatenamu, ©n  OTCNexuBaeT
B3aMMOUCKITIOYaloLWmMe KoMaHabl onepatopa Bo u3bexaHue aBapuUrHbIX CUTyauumn (Hanpumep,
«BKM. nogayv», nepeq «BKM. WwWnuHaens» u 1.1.). CornacoBaHHOe ynpasreHne CTaHka peluaeT
Takue 3agayu, Kak, Hanpumep, aBTomaTnyeckasd CMeHa 3aroToBkM U MHCTpyMeHTa. C NoMOLLbLo
COrnacoBaHHOro ynpaeneHusa, yHkumm UYlY, HesaBucawme OT CTaHka, MOryt ObiTb
«NpuBA3aHbl» K COOTBETCTBYHOLWUM MexaHusMam. [ns 3agaHHOro oTpeska TpaeKkTopuu
WHTEPNoNATOP paccynTbIBAET COrfacoBaHHble NOCNeaoBaTeNbHOCTM ABMKEHUN KOOPANHATHBIX
OCeln CTaHKa MO HanpaBfeHUIO M CKOPOCTW, FeHepupysi, Takmm obpas3oM, WUCMOMHUTENbHbIE
AaHHble Anga ux npueodoB. CoyeTaHue OTAemNbHbIX NepeMeLLeHnn BAOMb OCen CTaHKka cosfaeT
nepemMeLleHune WHCTPYMEHTa no 3anporpaMMmnpoBaHHOMY KOHTYpY aetanw.
lMporpammupoBaHMe BOCMPOM3BOOMMOrO KOHTYpa OCYLLEeCTBNAeTCAa 3ajaHueM KoopauHat
KOHTYPHbIX TOYEK W TpaeKTopun nepexoja W3 HayanbHOW TOYKM OTpe3ka B CreayloLlyto
(Hanpumep, NpaAMasa NMHUA, gyra okpyXHocTn). Mo Mepe BHeApeHUs1 KOMMNbIOTEPHON TEXHUKN B
cuctembl YlY BbISBRANUCL pasnuyHble TPYAHOCTU MpY NPOrpaMMUPOBAHUN pPa3HbIX BUMAOB
nepemMeLleHni, KoTopble pasgendanucb Ha ynpasneHne rno To4kam, no yvyacTkam U Mo KOHTYpY.
B HacToswee Bpems, kKak CaMOCTOATENbHbIE, CUCTEMbI YNPaBneHUs Mo ToYkam U Mo yyacTkam
He MPUMEHAITCA. HO UCNOMb3YITCA B BUAEe MOAYNen B COCTaBe CUCTEMbI yrnpasneHus SPS.
YnpaeneHue no moykam TnNpUMEHSieTCs Ans NpoCTbIX 3adad  NO3ULMOHMPOBAHUSA, Kak,
Hanpumep, obpaboTka OTBEepCTUM unM TodeyHas cBapka. [lpu ynpaBneHWMn nNO TOYKaM
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WHCTPYMEHT, BbINOMHAS MNO3ULMOHHOE MNepeMeLleHne, MOXeT He HaxoOoUTbCA B KOHTakTe C
getanbio, T.K. 3anporpamMupoBaHHas criegylolas Tovka nepeMeLLeHUss WHCTpyMeHTa
AocTuraeTcs nNo HeonpegeneHHomy nyTtwu. [pu yrnpasneHuu o ydyacmkam — KOHEeYHasi TOYKa
obpabaTbiBaeMOro oTpeska [ocTuraeTcs npu MNpsIMONIMHEMHOM MepeMeLeHnn, npu 3ToM
WHCTPYMEHT NpU ABWXEHUN HAaXOOUTbCA B KOHTaKTe C 3aroTOBKOW MoXeT. [MpocToe ynpaBneHue
MO y4yacTKkaMm MOXET WCMONb30BaTbCA TONbKO ANS napannenbHblX OCeN, YCNOXHEHHoe - Ans
nobbIX. YNpaBneHne no y4yacTkaM NogxogauT ANs NPOCTbIX LIMKMIOB TOKapHOM U dope3epHon
obpaboTkM, wnNu AOnNg  ynpaeBfneHus aBTOMaTUY4ECKUMW MPOU3BOACTBEHHBIMU  FIUHUSIMM.
YnpaBneHve OBWKEHUSMU MHCTPYMEHTa W cTona Ans NOSyYeHuUst NPOM3BOSIbHbIX KOHTYpPOB
BO3MOXHO TOJSbKO MPU UCMOMb30BaHUN KOHMYpPHOR20 yripassieHusi. NpuMeHsemble B HacTosiLLee
BpeMs cuctembl YUIMY npakTuyeckn NOMHOCTbIO ABMASKTCHA KOHTYPHbIMU. OHM pasnuyatoTcs no
4yucny OAHOBPEMEHHO YMpaBfsieMblX OCEN U MO CMAOXHOCTWU BbINOMHAEMOro KOHTypa (Kpyr,
KpmBasa u T.n.). Kak npaBuno, obbl4HOE KOHTYPHOE ynpaBrieHue peanuayeT TOSbKO MpsMble
NMMHUK 1 Oyrn okpyxxHocTen. Kaxgaa coBpemeHHasi KOHTypHas cuctema UYlMY ocHawaeTtcs
KOHTYPHbIM MHTepronsaTopoMm. MNepemeLleHns no oTaernbHbIM OCAM OCYLLECTBASAOTCS B CTPOron
PYHKLMOHANbHOW 3aBUCMMOCTM Apyr OT Apyra. KOHTypHble CUCTEMbI ynNpaBneHus NPUMEHSIIOT
ONa TOKapHbIX, ope3epHbIX, WIMdOBarbHbIX U 3NEKTPOIPO3NOHHBIX CTAHKOB, B YCTaHOBKaXx
nasepHon, rasoBo W  Bogoabpa3vMBHOM  pe3kn, B  BbIpyOHbIX  npeccax, B
cTepeonuTorpaduyeckmx mawmHax. Nepen BBeAeHMEM 3afaHHbIX KOOPAWHAT B ynpaBreHue
npvBogamMu, OOMKHbI ObiTb onpefeneHbl UCTUHHbIE KOOpAMHATbl MOJSIOKEHUA 3aroTOBKU W
WHCTpPyMeHTa. OTO MO3BONSAET, B 4YaCTHOCTM, NPOWU3BOAMTL YMCIOBOE MNporpamMmmMmupoBaHue
HEe3aBMCMMO OT MOSMOXEHWUs1 3aKaTON 3arOTOBKM Ha cTone pe3epHOro craHka. AkTyanbHoe
MONOXEHNE «HYNS» 3arOTOBKM OTHOCUTENbHO «HYNs» CTaHka AOMMKHO BBOoAsiTcs B UIY gns
obecrneyvyeHns ynpaBrieHns ¢ TpaHCHOPMUPOBAHHBIMU KOOpAMHaTaMU. AHaNorMyHble nonpasku
obsizatenbHbl MO pe3ynbTaTaM OOMEpPOB WHCTPYMEHTa. 3agaHHbli  KOHTYp  Aetanu
nporpaMMmpyeTca He3aBUCUMO OT akTyarlbHbIX FreOMEeTPUYEeCKUX NnapaMeTpoB WMHCTPYMEHTA,
T.e. 6e3 yyeTa cMmeLleHNs pagnycoB U AfMHbI B MPOCTPaHCTBE. AKTyarnbHble reoMeTpuyeckme
napamMeTpbl WHCTPYMEHTa BBOAATCA B CUCTeMy YynpaeneHus nepen obpabotkon. [danee
cucTemMa YnpaBfieHUs pacCYMTbIBAET TPAEKTOPUIO ABMXKEHUS CpefdHen TOYKM WMHCTpyMeHTa
(TCP — Tool Center Point) n nepegaeT ee C LwaroM MHTEPNONALMM OCEBOro JaTyuka B cUcTemMy
ury(Puc. 12-1).
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Puc. 12-2: O6nactv npUuMeHeHWUs1 CUCTEM NIoruyecKkoro ynpasneHus (SPS)

C MomeHTa cBoero nosiBNeHnst Ha pblHKe B Havane 70-X rogos, cucteMbl, 6asvpyowmecs Ha
nporpaMMMpyemMbix rormdeckux KoHtponnepax (SPS, aHrmn. PLC-Programmable Logic
Controller), npeacTtaBneHbl Bo Bcex 06nacTax NPOMBILUNEHHOCTU U ABNSAOTCS BaXXKHENLIMMMN
COCTaBNAKLWMMKM CpeacTB asBToMaTusaumm npomssoacTea. [lepBoHavanbHO cucteMbl SPS
CNY>XUIN B Ka4eCTBE 9KOHOMUYHOWN U MTMOKOW anbTepHaTUBbI MOBCEMECTHO PACMpPOCTPaAHEHHbIM
penenHbiM cucteMmam. CerogHsa yHKUMOHaNbHbIE BO3MOXHOCTU CUCTEM SPS BbIXOOAT Janeko
3a pamMKu CBA3M BMHapHbLIX CUrHanoB. YBernmyeHne o6beMOB MaMSATM XECTKUX HakonuTernen
NoO3BOJSIMIIO UCNONb30BaThk cUCTEMbl SPS Ans pewweHus Bce 6onee CnoxHblX 3agady ynpasneHus
32 CcYeT MNPUMEHEHUs MNOCTOSSHHO OOHOBMAKOWENCA MyNbTUMNPOLECCOPHON TEXHUKU. 3TO
onpegenseT MHOIOrPaHHOCTb MPUMEHEHUS OaHHbIX CUCTEM, B pacCLUMPEHUN KOTOPOro, Kak
nokasaHo Ha Pwuc. 12-2, metannoobpaboTka W, B 4YaCTHOCTW, CTaHKOCTPOEHME WrpatoT
CyLleCTBeHHyl0 ponb. maBHOM 3agadven cuctem SPS gaBnsieTca ynpaBreHWe U KOHTPOISb
MeXaHU4YeCKnX (PYHKUMOHAmNbHbIX OPraHoB, KOTOpble, MOMMMO CBA3YHOLUMX U PErynupyoLmx
dyHKUMA, obecneymBaroT KOHTPOSb BpeMeHU npouecca 1 6e3aBapunHOCTb paboTbl OTAENbHbIX
Yy3rOB CTaHKa (Hanpumep, Bpemsi MOBOpPOTa MaHUNyNATopa MNpyv CMEHE WHCTPyMEeHTa unu
CrnexeHve 3a napon KOHeYHbIX BblkntoyaTenen). CoBpemeHHble cucteMbl SPS npegnaratoT
LIMPOKMA BbIGOP PYHKUUIM ynpaBreHus CTaHKOM — BKIOYEHWE/BbIKMOYEHNE MNpUBOAOB,
arperata nogaun COX, koHBelepa ypaneHuss CTPYXkM wn T.n. [ononHutenbHo, SPS
obecne4vnBaeT XpaHeHWe, NOAroTOBKY M nepedadvy TEXHOMNornyecknx pAaHHbix (BDE) wunu
BbINOSMHAET ANcneTyepckme PyHKUUM ynpasneHns Habopom MHCTpyMeHTOB. O6beMHble 3agaun
no obpaboTke OaHHbIX BbIMOMHAOTCA Ha CBA3aHHbIX ¢ SPS MHAyCTpuanbHbIX NepCOHanbHbIX
komnbtoTepax (LUMK). Ha metannopexywmx ctaHkax SPS (pyHKUMOHUPYET M Kak CBsi3aHHasi C
urty cucrema obmeHa wHdOpMauven wn nepegadyn KomaHg ynpaeneHusi. Bo Bpems
npeobpasoBaHnsa cuctemon YUlY reomeTpumyecknx napameTpoB B BEIMYUHbI NEpPEMELLEHUS
(koopguHaTbl, noga4va), B SPS nepegaloTca NS UCMOMHEHUSA 3anucaHHble B ynpasnstoLen
nporpaMme CTPOKM Ha nepekntoyeHne (Hanpumep, komanabl M n T — cMeHa MHCTPYMEHTa).
Opyrune curhansl mexgy UMY mn SPS cnyxat gns obecnevyeHnsi CUHXPOHU3aL MK ABYX CUCTEM,
obmeHa cooBLEeHNAMN O COCTOAHUM U Apyron nHdopmaumen (YlY-nporpamma OKOH4YeHa,
coobuweHne o6 owmnbke u 1.4.). Hapsgy ¢ obmeHom gaHHbiMu ¢ UMY, cuctema SPS moxeT
obecne4vnBaTb KOMMYHUKALUIO C OONOSMHUTENbHBIM KOMMbIOTEPOM MK ¢ SPS gpyroro ctaHka.
TUNMYHBIM NPUMEPOM 30eCb MOXET CHYXWUTb MOTOYHAs NUMHUA, Kaxabln obpabaTtbiBaroLwmn
arperat KOTOpou ynpaBnsetca otaenbHon SPS. dopmupoBaHue 3agay ynpaBneHus, T.e.
BbINOSIHEHNE KOMaHA4, B [AHHOM Cry4ae MpOUCXOAUT He NyTeM BKIHOYEHMUA/BbIKIIOYEHUSA
COOTBETCTBYIOLMX perne, a CorfacHo ynpasnstouwen nporpamme. OTO MO3BONSAET BHOCUTb
U3MeHeHuss B ynpasneHue 6e3 OONONHUTENbHbIX KabenbHbIX COeAUHEHUN, HO U3MEeHEeHeM
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nporpammbl  SPS. TexHuyeckad peanusauus ynpasnsiowlen CUCTeMbl He 3aBUCUT  OT
KOHKkpeTHOM 3agaun. OHa paboTaeT B COOTBETCTBUM C YNpaBndawoWen nporpammMon,
KOMMYTUpPYeT onpeaeneHHbiM 06pas3oM ynpaensiowme curHanbl 1 Bbl4aeT KOMMYTUPOBAHHbIE
paboune curHanbl Ons BO3LEWCTBUST Ha npouecc o6paboTku. PyHKUMOHMpoBaHue SPS
SABNSAETCA TaKTOBbIM, T.€. MoOcfnegywlaa KomaHda BbINOMHAETCA Mocne 3aBepLleHust
npeablgywen (nocnegosaTenbHoe (PYHKUMOHMPOBAHUE), @ B €ANHULY BpPEMEHU MOXeT ObiTb
obpaboTaH oAuH curHan, 4YTo SABMASeTCA ewe oaHMM oTnuumem oT VPS, koTopas MoxeT
obpabaTtbiBaTb OOMnbLIOE KONMUMYECTBO cUrHanoB (napannefnibHoe GYHKUMOHMpOBaHue). T.k.
BpeMsi (POPMMPOBAHUSA KOMaHAbl NEeXWUT B 00MacTM MUKPOCEKYHA, MOXHO TOBOpUTb O
KBasunapannenoHoM crnocobe yHKLMOHMPOBAHMS.
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Puc. 12-3: CxeMa yCTpOMCTBa U NOTOK CUTHarNoB B CUCTEME INEKTPUMYECKOro ynpaBrieHus

Ha Pwuc.12-3 cxemaTmyHO npeacrtaBrneHa cuUcTeMa  anekTpu4ecKkoro  yrnpasreHus.
lMepBoHayanbHO, Ha ypoBHe BBOAA, (OPMUPYKOTCA curHanbel npouecca. CurHanbsl MoryT
n3BneKaTbCA HenocpeacTBEHHO W3 TEXHONOrM4YecKoro rpoluecca, Hanpumep Kak curHansl
CeHcopa, Unu BBOAUTLCS onepaTopoM. MicTouHnkamu curHana siBnstoTes, K NpuMepy, CeHcopbl
OnNs AMarHoCTMKU COCTOSIHUA CcTaHKa (TeMnepatypa, AaBreHue, CEHCOPbl HAaMOMHEHNd, aTYnKu
nepemMeLleHns, yrnoeble Aekodepbl M T.0.) WU YCTPOMCTBA PYYHOro YnpaBreHUs CTaHKOM —
namMepuTerb, Nepeknoyartens.

Ona obpaboTkn curHanoB B fiormvyeckoM O6roke ynpaBneHusi OHU OO0MKHbI OblTb 3NEKTPUYECKU
pasgeneHbl M COrflacoBaHbl C HamnpsbkeHMEM cucTtembl ynpasnenud. B UlY Ha 6ase
NoNynpoOBOAHUKOBbLIX 3fieMeHTOB TpebyeTcs, Hanpumep, npu paboTe UCTOYHMKA CUIHANoB NoA
MNOCTOSIHHBbIM  HanpsbkeHnem 24 B wvnn nepemeHHbIM HanpsbkeHnem 220 B, obGecneuntb
nuTaroLLlee HanpsXKeHue 3NEeKTPOHHbIX 3NEeMEHTOB cxeMbl Ha ypoBHe 5 B. [ns pasgeneHus u
noABefeHUs COOTBETCTBYIOLLEro CuUrHamna npuMeHsIoT ontonapbl unu pene. Ontonapbl (Mnn
ONTPOHbI) paboTaloT CcylecTBEHHO ObicTpee anekTpoMexaHudeckux pene. MNpuHuun paboThbl
ONTpoHa — OTOINEKTPUYECKUIA: MPU INEKTPUYECKOM YyrpaBreHUun CcBeToauMO4 nockinaeT
CBETOBOM CWUrHas, KOTOpbI CHOBa MpeobpasyeTcs MOfynpoBOOHUKOBLIM (OTOAMOLOM B
anekTpuyeckmun curHan. OCHOBOM ynpaBneHus 34ecb fBMAseTcs npeobpasoBaHWe CUrHanos.
BbixoaHble curHansl 6yayT reHepMpoBaHbl NO CMbICAY FIOrMYECKON CBS3N U3 BXOOHbIX CUrHaNoB
Tak, 4Tobbl normyeckas cBA3b Oblna MHTErpMpoBaHa B Mpouecc ynpasneHus. TexHuyeckas
peanusauusi forMyeckoM CBs3M MoOXeT OblTb OcywecTBneHa MOoCpeAcTBOM pene w
nepeknioyarenen — T. €. 9NEeKTPOMEXaHUYECKU, UMM YCTaHOBKOW MOMNynpoBOAHUKOBBIX
3N1IEMEHTOB - 3MNEKTPOHHOTEXHUYECKU. UMN MOCPEeACTBOM KOMMNBLIOTEPHOW MporpaMmmbl. YacTo
curHanbl, ynpaensiooLine ycTponctBaMmu Ha Bxofe (anektpoasuratenn, MydTbl, MHAUKATOPbI U
T.4.), OOMKHbI ObITb ycuneHol. ATo obecnevnBaeTca BCTPOEHHbIM 3MEKTPOHHBIM YCUIUTENEM.
[nsa peneHoro ynpasneHns MOLLHOCTM CUrHanoB 06bl4HO AOCTATOYHO.
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Puc. 12-4: O6wui BMA 1 NPUHLUMN OEeACTBUA perne

lMpMMeHeHne CUMMBOSbHBIX M300pPaXXEHUIN NEPEKOYEHNS NOMMYECKNX (YHKLUA MNo3BonseT
COCTaBWUTb JIOMMYECKME CXEeMbl CUCTEM YMpaBfieHUs BHE 3aBUCMMOCTM OT TEXHMYECKON
peanu3aumm OCHOBHbIX (yHKUMA. OCHOBHblE (YHKUUMKM OObEeANHATCA B CTaHOAPTHble
TEXHUYEeCKNe MOOYNU U COBMECTHO peanmsytoT KOMMIIEKCHbIE NTorMyeckue Lenm B COOTBETCTBUM
C 3NEKTPMUYECKON CXeMOWN. B pasHbIX TEXHMYECKMX CUCTEMAX FIOrMYeckme Lenu peanmsytoTcs
NOCPEACTBOM Pa3HOOOpa3sHbIX TEXHWYEeCKMX MeTodoB. [lpocTenwmm BuMOOM peanusaunm
nornyecknx (PyHKLMIN SABNSETCA WUCMNONb30BaHME 3aMblKaeMblX KOHTaKTOB, obecneymBaroLmx
06paboTKy BUHaAPHBLIX CUrHANOB M3MEHEHNEM COCTOSHUSI «HaMpPsKEHNE eCTb» U «HanpshKeHus
HeT». 3aMblkaeMble KOHTaKTbl MNOAPA3AENsAlTCA Ha aKTMBHbIE W naccuBHble. [laccuBHble
KOHTaKTbl B HOPMarlbHOM COCTOSIHMM 3aMKHYTbl. Ha cxemax OHM M306paxkatoTcs C BEPXHUM
LWTPUXOM Ha nOeHTUUKaATOpPOM nepemeHHon. [pu ynpaBrneHuM KOHTakTaMu nocpeacTtBoM
KaTyWKM MarHUTHOM MHAOYKUMK peanusyeTcs (yHKumnsa pene. Pene nossonsieT npuBectn B
OBWKEHNE OAHY MMM HECKONbKO KOHTaKTHbIX Map C NOMOLLbIO YNPaBMsOLEro 3f1IEKTPUYECKOro
TOKa Ha 3Ha4YUTESIbHOM yAarneHuu 1 npu orpaHNY4eHHON OOCTYNHOCTU. [pu COOTBETCTBYIOLLEM
NCMOMHEHNN HeBONbLLOW TOK BO3DYXAEHMS B MarHUTHOW KaTyluke obecrneuynmBaeT BKIIOUYEHUE
KOHTAKTOB AN 3HauYuTenbHOW cunbl Toka. Ha Puc. 12-4 nsobpaxeHo pene, koTopoe MMeeT
yeTblpe MepekntiovyaeMblX KOHTaKTa, T.e. YeTblpe KOHTakTa OyayT OAHOBPEMEHHO 3aMKHYTbl U
yeTblpe pa3oMKHYTbI. [locpeacTBom BKMOYEHUs (NepeknodeHmns) 60nbLIOro KonmyecTea pene
BO3MOXHO CO34aHMe NOornvecknx Lenen nobon npoTsKeHHOCTU. B HacTosilee Bpemsi pene
ncnonb3yTca peako. Bce Gonbluee npuMeHeHMe B KavyecTBe MNepekrodatenen nornyecknx
Lenen HaXo4AT COBPEMEHHbIE 3NEKTPOHHbIE MOAYNY Bnarogaps Ux KOMNaKTHOMY MUCMOSTHEHUIO,
ObICTPOOENCTBUIO U HM3KOW CTOMMOCTU. Pene anga BKMAOYEeHUs YCTPOUCTB HGOMbLLIOA MOLLHOCTK
(oBuratenu, HarpeBaTenu M T.4.) HasbiBaT NpegoxpaHutTenbHoiMu. OHM npegoTBpallatoT
neperpes paspbiBas Lenb, €Criv MOLLHOCTb B HEW NPEBLICUT JONYCTUMYIO.
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AnnapaTHAA N LKTPHYLCKAA CHCTEMA ynpasnednA (VP S)

T u [gporp aning HpGEaHHE AAQar Hoe { 30T PoUeb b
B TexHo NOrHA: ANReETRolleXaHHYeCEaA (Ppere), Gecn)oBesaHaR
| {MOMYNPOBOIHHEH}
M HLESHH LD AP NPT TeXHEYeCHHX e HHR
ELICT}aA O09padoTEA NP GUECCOB MOCHeCTEOL M arrens ol o0pamoT KH
al nporpaILIEl
= [iPpHEHHLIA B CHCTLLAR © BRICOFHLIH TPeGoB HHALH K
OTEAZOY CTOHMHBOCTH

—  NpoecT 3A KEOHCTEYELMA yPoWEsT novck awkGok

— COOTESTCTEVET .uaﬁmsymwm TpEEDBEl—HdFlM H CTaH43PTaM BeszonacHOCTH
CHCTeM A NOTHY KO o ynpaenedHda (SPS)

B [(orp i HpOBAHHE EOLAHOHOE {07,068 MbHbIE KEOLIaHmET

B TedHo norHa: G0 KCHTARTHAA (M0 Y NPOBGAHHEGBRLS ML 8HTEI,
LI M OIS GO

M c en 0BAT fbHAA 5% 0TER FOTHYSCECH Mporpalinisl SPS
FHGE CTh H SBICTROTA

HH3KXA CTOHMOCTD H HOMAOHOG Th NPH Ppa3padoTke
CNyEHBIX I'Il)HFIOH{EI-IHﬁ

Puc. 12-5: CpaBHeHue VPS n SPS

Peanu3auma nornyeckux cBsidei OCyLLECTBMASETCH pasfnuMyHbIMU TeXHUYeckumu cnocobamu u
O[HOBPEMEHHO MpeacTaBnseT cobon KpuTepu pasnuyunsa BUOOB 3MEeKTPUYECKoro ynpasneHus.
Kak nokasaHo Ha Puc. 12-5, BO3MOXHO pasfenuTb 3neKkTpudeckoe ynpasrneHue Ha KOHTaKTHO-
nporpammmpyemoe (VPS) n norudeckoe ¢ coxpaHsiemoin nporpammon (SPS). Mpu KOHTaKTHO
nporpaMMMpyemMomM yrnpasrneHun yHKUMKU ynpasrneHus 6yayT obecneunBaTbCs COeAUMHEHMEM
mMoaynen (pene, NnpegoxpaHMTenu, nNonynpoBOAHNKOBLIE YCTpoKCTBa). Mpn coeguHeHnmn Yepes
KNemmbl, nasHble MOBEPXHOCTU WNN BWUHTbI, (PYHKUUW YynNpaBrneHus MOryT ObiTb W3MEHEHbI
TOMbKO MexaHu4ecku. B aTOM criyyae MOXHO rOBOPUTb O XECTKOM MporpaMMypOBaHUN.
CoeavHeHns BeTBEN INEKTPUYECKMX CXEM MPU MOMOLLM LUTEKEPOB, MATPUYHBLIX KOMMYTaTOPOB,
a Takke AMOAHBIX MaTtpuy, nos3sBonalT obecneynTb  nNepenporpammMupyemMocTb  Anis
NPOrpaMMHOM  NOTUKM KOHTaKTHO MNporpaMMuvpyemMbiXx CUCTEM. Takme CuUCTeMbl paHee
NPUMEHSINUCb B BONbLUMX KONMMYEeCTBax, Hanpumep, ANA nepenporpaMMmpoBaHus npouecca
yrnpaBneHns ¢ Uenbio U3MeHeHUsa ycrnoBun obpaboTku getanu. B HacTosiwee Bpemsa Takue
CUCTEMbl YNpaBfeHus — HanpuMmep C TakK Ha3blBAaeMOW LUTEKEPHOW MNaHenblo, Takke
HasblBaeMble MaTtpuyHbIMM KOMMYTaTopamu, NPakTU4EeCKM NOSTHOCTLIO BbITECHEHbLI CUCTEMaMM
C coxpaHsiemon nporpammon (SPS). B npoTMBOMOMOXHOCTbL K KOHTaKTHO-MPOrpaMmupyemon
cucteme, cucteMa C  COXpaHsSeMou MporpaMmon  BbIMOMHSAET  (PYHKUMM  ynpasreHus
nocpeacTBOM nporpamMmbl  (NporpammHoOro obecneyeHuns), coxpaHsemon B Onoke namaTw.
MoaTomy annapaTHoe obecrneyeHre CUCTEMbI YpaBneHNs He 3aBUCUT OT KOHKPETHOW 3agaun un
O[MHAaKOBO B CBOEW OCHOBE NSl KOHKPETHOro BMAaa YCTPOWCTB. [pyrve oTnuuus aToro Buaa
yrpaBneHnss ornpeaensiTcs NpUMEeHEeHWEM OnpefeneHHoro Tuna ycTpoucTsa namsatu. OAns
cB0o60AHO NPOrpaMMMpyemMon CUCTEMbI YNpaBreHNss MOXHO U3MeHATb 06beM namaTy Ha 6ase
MMC (Micro Memory Cards), RAM, CMOS-RAM c He3aBucumon dydepusaumnen nnm EEPROM
6e3 mexaHudyeckon gopaboTku HGazoBoro arperata ynpasneHus. Npu Mcnonb3oBaHUKM TOMNbKO
cuntbiBarowmx yctporcte (ROM - Read Only Memory) Heobxoauma uameHsiemas cuctema
yrnpaBneHns C CoXpaHsaeMon nNporpaMmMon, YTo npeanonaraeT M3MeHeHne nporpamMmMbl TOSNbLKO
npu 3ameHe 6noka namaTu. MameHsemas cuctema ynpasreHusi nogpasgenseTtcs ganee Ha
cucTteMbl ¢ HeuameHssiemon namsTbio (ROM, PROM) n ¢ namexHsemon (EPROM). Hapsagy c
pasgeneHneMm cuctemMm yrnpasfieHMs Mo BuaamMm peanu3auuu ynpasngwoowmx nporpamm, DIN
19226, pasgen 3 (ycTpowcTBa ynpaereHus) genaeT NpuHUUnuanbHoe pasnuune Mexny Tak
Ha3blBaeMbIMU CBA3AHHbIMU U AUHAMUYECKUMWN CUCTEMAaMM.
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YnpaBnsiowasn anekrpocxema Pabouas anekTpocxema
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Puc. 12-6: Cxema ans BbiGopa HanpaBneHUs BpalleHUs ABuratens nepemeHHoro (Tpexd)asHoro) Toka npwu
Mcnonb3oBaHUKN GNOKOB perne

Kak y>xe nogvyepkuBanocb paHee, CBA3aHHble W nocnegoBaTesibHble CUCTEMbl YpaBfeHns He
3aBUCAT OT BUOOB TEXHUYECKOW peanunsaumm 1 Mno3BOMSAT CO34aTb KOHTAKTHO-CBA3AHHYHO
cuctemy ynpasneHus. [1py 3TOM NpakTUyeckn BO BCEX CUCTEMAX B Ka4eCTBe npeaBapuUTenbHbIX
OYHKUMA  BbICTYNalT TaK HasblBaeMble «uKcaums» K «BMoknpoBka», aBnfaloLmecs
NPOCTENLUMMMN CUCTEMaAMM CBA3aHHOro YynpasneHus. Ha Pwuc. 12-6 npegcrasneHa cxema
yrpaBneHnss HanpasfieHNeM BpaLleHWs aCMHXPOHHOro ABuraTens nepemMeHHoro Toka B BuAe
CXeMbl coeguHeHun. Ha pucyHke obo3HadeHa uenb ynpaBrsowero Toka, KOTOpbI O6bIMHO
nmMmeeT HanpskeHue 24 B nnu 220 B, a Takke cunosBas Lenb ynpaBnisemMoro anekrpoasuratens,
KOTOpbIA BKIOYEH HanpsMmyt B TpexdasHy V-ceTb ¢ HanpsbkeHvem 380 B (o1 L1 go L3).
PaccmoTpum neByto npoBoAsLLy0 OOPOXKY ynpasnsiowen uenn. dukcauma obecneynsaeTcs
cnegyrowmm obpasom: npu n3obpaxkeHum KOHTaKTHOro nraHa Bce nepeknoyvaTenu, Hanpumep
pene, n3obpaxkaloTcsl B HE3aMKHYTOM COCTOSHUW. [Mpn HaXkaTuM Ha CTEPXKEeHb S2 TOK NPOXOAUT
yepes KoHTakTbl S1, S2, a2 n yepes kaTywky pene Al. Pene Al cpabaTbiBaeT, U BCE KOHTaKThI,
0603HavYeHHble Ha ANeKTpUYeCcKon cxeme kak al, nepesoaaTca B paboyee nonoxeHve. B aTom
cnyyae gsuraTerib NpuBoga nosiyvyaeT feBoe BpalleHue. Tak Kak nocre BoO3BpaLleHUsA CTEPXHSA
S2 pene ocTtaeTcsa B paboyemM COCTOSHUN, NapannenbHO K CTEPXHIO S2 BKMNOYaeTCs KOHTaKT al
(3ambikaTenb). Yepes 3aTOT KOHTAKT perie 0OCTaeTcs Nocrie OTKPLITUA S2 Noj HanpsbkeHnem, T.e.
«camoygepxmsaeTtca». [lapannenbHbll  KOHTAKT al HasblBaeTcs «CaMOyAep>XMBatoLLnN
KOHTaKT», a ero BKIYeHMe - «camoydepxaHuem». [Ana BbIKMOYEHMA IeBOro BpalleHUus
CNY>XUT CcTepXeHb S1, KOTOpbIN MpU MNEpeMELLEeHUN MpepbiBaeT TeyeHWe Toka, Npu 3TOM
oTkrovaeTca perie Al. [paBad 4acTb CXeMbl CITYXUT COOTBETCTBEHHO AN BKIHOYEHUSA
anekTpogsuraTens npusoga vyepes pene A2 B npaBoM HarpasreHuu. 1ameHeHne HarnpasreHus
BpalleHus obecneyvnBaeTcs NPOCTON CMEHOW [ABYX anekTpudeckux a3 (Ha Pwuc. 12-6
o6o3HauveHbl L1 u L2, unn V u W). Ytobbl nsbexaTb caMmonepeknioyeHus, ecnn asuraterb
yepes Al nmeeT neBoe BpalleHue, OOMH KOHTaKT pene al — BKM4aTerb, BblBe4eH B TOKOBYIO
Aopoxky. B atom cnyyae pabota pene Al C OTKpbITbIM KOHTakToM al He nossonser
BKNoUMTbCA perne A2. Takoe BKMOYEHUE HasblBalOT OrOKMPOBKOW, a COOTBETCTBYHOLLME
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KOHTaKTbl «OINOKMPOBOYHBLIMU KOHTaKkTaMu». Hapsigy ¢ nNpuMepom [OOBOSMbHO  CIIOXHOM
CBSI3aHHOW CMCTEMbI YrpaBreHusl, B AanbHelwem 6yayT paccMOTPeHbl CUCTEMbI YrpaBneHus
npocToro npvBofa nogayn Ha Gase peneinHon TexHuku. Ha Puc. 12-6 npeacTtaeneHa cxema
3MNEeKTPUYECKOrO YNpaBneHns Takon CUCTEMBI.

Q -
s1 (- ( al a2 a3
BxkrnioueHue| al a2 a3 ml
(Hhasy (Flpess, (Tlrest (et
S2 Tqua ,El,ocm»(e WcxoaHoe
WcxogH. 3amenne- Hue Tpeb. rosnoxeHue
MonoXeHne Hus rny6v|Hb|
al
S2 (Uexoaroe M1
nonoxeHwve)
O

LWar 1 Lar 2 Lar 3 Lar 4
Yckop. nepemely. Mogaua Yckop. nepemely,.

SgTqua CHWX. CKOPOCTU

.Ha =

Puc. 12-7: dnektpocxema ynpaBfieHUs CBepnunbHbIM cTaHkoMm (VPS)

MpuBog nogaum obecnedvBaeT TpWU [OBWXKEHMSA: YCKOPEHHOE MepemelleHne Bhnepea,
YCKOpPEHHOEe nepemelleHne Hasag um pabodyo nogady. Kaxgoe Takoe nepemelleHue crona
BKIMOYAETCHA HaXXaTMeM KHOMKU BKIIOYEHUS U BbINOMHAETCS O MOMEHTa BblkntoveHns. OgHako
OBWXKEHWe CTona OCYLLECTBISAETCH TOMNbKO B TOM Crnyyae, eCnu [Ba oCTallbHbIX ABWXEHUS He
npuvBeneHbl B genctesune (6noknpoBaHume). OcTaHOBKA MNepeMeLleHnss Npou3BOAMTCA B TOT
MOMEHT, KOrga OCYLLECTBMNSAETCH HaXWM Ha KOHEYHbI BblKItoyaTenb (nepegHee wunu 3agHee
KOHeYHoe nonoxeHue). Haxatne KHOMKM Takke He NPUBOAUT CTON B ABWXKEHWE, ecrnn HacTynun
OTKa3 ruapaBnuMyeckon nNubo cmasoyHon cuctembl. [lpuBeaeHHast CBsi3aHHast cuctema
yrnpaBneHns MoXeT OblTb peanu3oBaHa Ha 6ase NonynpoBOAHMKOBLIX ©nokoB. CucTembl
yrnpaBneHns C XeCTKMMN KaberbHbIMU CBA3AMWU CEroAHs NPUMEHSAIOTCH pPeaKko — UX 3aMEeHSoT
MBKMMKN cMCTEeMaMn C COXpaHseMon nporpammon. Ons peanvsauun gMHaMUYECKOW CUCTEMBbI
yNpaBneHns WUCNonb3yeTcss Ta Xe 3anemeHTHas ©6asa, 4To U Ang CBA3AHHOW CUCTEMb
ynpaeneHusa (pene, nonynpoBogHWKOBbIE Moadynu). Ha Pwuc. 12-7 nokasaHa peanu3auums
ynpaBneHna Ha npuMmepe [OMHaAMUYECKOW CUCTEMbl YrpaBreHus B ¢opme CBSA3aHHOro
nporpammupoBanns (VPS). Tak kak B 3TOM NpuMMeEpe YCMOBUS TEKyLMX NepeKtoyeHnin
OLMHaKOBbI, HavanbHbIA MOPSAOK BKIOYEHMS MOXeT OblTb onucaH crneaylowmm obpasom.
Ceeprnio HaxoguTcs B HavanbHOM MOMOXeHUM ((PUKCMpyeTca HaXaTueM KOHEYHOro
BbIkNo4aTens S2) n npuBOANTCS B ABMKEHUE CTapTOBbIM BKOMATENEM MPU BKITOYEHUM pene
Al n ogHOBPEMEHHOM BKMHOYEHMUN YCKOPEHHOro nepemelleHus. lNyteson nepeknioyaTtens S2
OTKPbIT ANA  HavanbHOro nonoxeHwws, Ho pene Al, 4epe3 COOBCTBEHHbIN KOHTaKT
camoygepxaHusi al, octaetcsa ewe B paboyem nonoxeHuun. [ocpeactsom pene Al aToT
KOHTaKkT al 3akpblT B ToKoBeadywen AOopoxke Ans pene A2. OTOT KOHTaKT obecneumBaeT
paspelleHne Ha BbINOfHEHWe cnegytowero wara 2 (paboyen nogaum). Koroa nyrtesown
nepekntoyatens S3 [oCTUraeT HWXKHEN TOYKW, BKIoYaeTca pene A2 n  OTKpbiBaeT
ONOKMPOBOYHBIM KOHTAKT a2 B ToKomnpoBogswen popoxke oT Al, Tak 4to Al cHoBa
oTkntovaeTcs. COOTBETCTBEHHO Cregylowuin war oTKoyaeT npeawecTBYWNA 4O NOMHOro
OKOHYaHWS UMKna cBepneHus. Takon nopsaoK HadexHo obecnedvBaeT WCMNOMHEHVEe
TEXHONOrM4Yecknx NepexoaoB B 3afaHHOM nocnegoBaTenlbHOCTU.
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Lnknuveckana odpadoTka nporpammMel

® 11 HOPMANEHD padoTe NPOMIE0AMTCA NOCNEA0E aTeNEHAA 0fpaboTka
KOMAHA, COAERMHAELLIME CA B MPOrParMHOM OMMCaHIK TEXNpOLEecca

B BreINONHEHKME NPOrpaMMel OCyYLWECTENAETCA LMETHHD

O6padoTka NporpaMyel ¢ NpepeIBaHAAMMK NO coGBITUAN

B [|Mkni4eckan 06pafoTka NporpamMmel NPEPBIBAETCA NEW HAC TYNNEHMM
HEKOTOPOro COBRITMA (HANPMMED, AKCTPEHHOM OCTaHoEKK). OApaGoTka
COOBTWA NPOWIBOAMTCA B OTAENEHON HacTi MPAOrPaMkaEL

W [1oche ofpafdoTk 0T _NEHOR nporpammel OCYLWWECTENAHETCA BAZEPAT K
MCXOAHOA TOYKE OCHOBHOM NPOrPaMiEl (ECNK BEINONHEHKE
NPOrPaMREl HE 33K0HY EHO).

O6pafoTka NporpaMmel ¢ NPepbIBaHMAMK N BpeMeHK

B [|Mkni4eckan 06pafioTka NporpamMmel NPEPBIBAETCA NOCPEACTEOM
EHYTREHHEMD BREMEHHOrD CMrHANa AnA BEINOAHEHMA I:I'IELI,HEI.I'II:HEIEI

ryHK LMK
W [ocne ofpafoTk OTAeneHOM NPOrPaMtel OCyLE CTENABTCA BO3BPAT K
WCXOAHOWN TOYKE OCHOBHOW MPOrp akmel

Puc. 12-8: MpuHumn gencteusa cucteMbl SPS npu o6paboTke nporpamMmmebl

B cucteme SPS ynpasnswowas nporpamma npeacraBnsaeTr cobor CoxpaHsemMyto B MamMsaTu
nocrnegoBaTesibHOCTb KOMaHL W, 06Obl4HO, obpabaTtbiBaeTcs UMKNMYECKM. 3TO O3Hadvaet
MOCTOSIHHYIO 06paboTKy NporpamMmmbl, HE3aBUCUMO OT M3MEHEHUS COCTOSIHWUS curHanos. lNMocne
06paboTkM nocnegHen komaHgbl NPOrpamMmbl NPOU3BOAMTCA NEpexon K HadanbHOW KoMaHae,
npyv 3TOM KOMaHAbl Ha Mepexod BO3MOXHbl Kak Brneped, Tak W Hasag. [Momumo obblyHON
UuKnuyeckon ob6paboTkum  nporpamMmbl, COBpPEMEHHble  Gonbwme SPS  npegnaratoT
OOMNOSMHUTENbHYI0 BO3MOXHOCTb OydbepHOn, MNpepbiBHOM MM BpeMeHHow obpaboTtku. [Mpu
OydepHon obpaboTke curHan, nonydaembid M3 TeKyLlero npouecca, Hanpumep OT KHOMKK
aBapuHOIO OTKMIOYEHUS, OTKITYaeT LMKIMYeckyto o6paboTKky nporpaMmmbl, 4Tobbl 3anycTutb
ans obpaboTkn cneumanbHylo NporpamMMy BKIHOYEHUSA-BBIKIIOYEHWS, KOTopas obecnevvBaeT
HageXHoe OTKIIYEHMe Y3roB CTaHKka. Ecnu nporpamma nNomnHOCTLIO He Bbina npepBaHa — Kak B
crnyvyae aBapuMHOIO OTKITYEHWS, NpoLeccop 3anyckaeT 3Ty NporpamMmy B MecTe OCTaHOBKM
npouecca uuknnyeckon obpaboTkn. lNpu BpemeHHoM ob6paboTke LuuMKknMyeckass obpaboTka
MoXeT OblTb NpepBaHa Mpu NOMOLLM BHELUHEr0 BPEMEHHOrO curHana (Bpems Tavmepa), ans
BKITIOMEHMSA cneunanbHon nporpammbl obpaboTtku. [danee npouecc nNoBTOPSETCA Kak U npwu
OydepHon 0bpaboTke - LMKIMYeckas nporpaMmmMa 3anyckaeTcs B MpepBaHHON NO3ULMMK.
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Puc. 12-9: MNpuHumn aencTBmuA cucteMbl SPS — nporpaMMHbINA LIUKI

Bo Bpems paboTbl NporpaMMHOro Mpouecca CurHanbl BblZensawTcs 13 rpynn BXoda-Bbixoda.
SPS npu atom paboTaeT C Tak Ha3biBaeMbiM OTOOpaxeHmem npouecca (umeroTca SPS,
paboTalowme HEenocpeacTBEHHO C rpynnamun Bxod-Bbixod). [pu pabote ¢ oTobpakeHuem
npoLecca Bce BXoAbl OnpalumMBaloTCs nepen Hadanom uukna n nHgopmaumsa nepeHocuTcs BO
BXOAHOE oToGpaxeHne. ATo oTobpaxeHne COCTOSAHUIA OCTaeTCs AN BCEro LuKna NOCTOSAHHbIM,
Tak 4YTO M3MEHEHNE BXOAHbIX XapaKTEPUCTUK, MPOUCXOAALLMNX BO Bpema paboyero uukna, dyayr
UrHopupoBaTbCA CUCTEMOM ynpaBneHusi. B TedeHne paboyero wuUMKNa COXPaAHEHHble
XapaKTEPUCTUKN CBA3bIBAOTCA Mexay cobon COOTBETCTBEHHO MNPUMEHSEMON MporpamMmme,
COXpPaHAKTCA B MPOMEXYTOYHOM HakonuTene OTOOpaKeHWss M COBMECTHO nepefarnTcs Ha
BbIXOOHblEe KnemMmbl. Takum obpasom, pabota ¢ oTobGpaxeHnem npouecca npegycmaTpuBaeT
napannenbHOe CYMTbIBAHME BXOOHbIX COCTOSIHMM U OOHOBPEMEHHOE ynpaBrieHWe BbIXO4aMW.
Tak kak nogobHbI LMK, B 3aBUCUMOCTU OT AMNWHbLI NPOrpaMMbl U YCTPONCTBA, MOBTOPSETCH C
NMPOMEXYTKOM B HECKOSIbKO MWUNNMUCEKYHA (Tak HasbiBaeMoe Bpems uukna), obecnevnBaetcs
[OCTaTo4YHO ObICTpasd peakuusi Ha BCce WU3MeEHeHMs npouecca. [na onpeneneHns BeSIMYUHbI
CpaBHeHMs1 B pa3nuyHbiXx SPS no ckopoctn obpaboTkn, oHWM paHxupytoTcea ana obbema 1K
(=1024). CtaHgapTHble BenuuMHbl HaxoasaTtcs B npegenax ot 0,1 go 5 munnucekyHa. K Hum
OTHOCATCA KOMaHAbl yrnpaBnsawoLwWero npolecca, MMerLme norMdeckyto npupony, Takme, Kak
«W», «ANMN». TToMMMO 3TOro BO3MOXHO NpOrpaMMmpoBaHue BpeMeEHHbIX OYHKUUK, KOTopble
peanusyeT perne BpeMeHU MNpu 3NeKTpoMexaHW4yeckoM ynpasneHun. [dpyrue cneuuanbHble
KOMaHAbl criyxaT Ang nporpaMmMmpoBaHUsl CHETYMKOB, @ TakKKe YCNOBHbIX M 6e3yCrnoBHbIX
nepexoqoB BO BHYTpPeHHeM oObeme nporpammbl. beadycnoBHble nepexofbl BbIMOSHAKTCS
BCerga, a YCrnoBHble TOMbKO B TOM Chyyae, ecnu npensBapuTernbHOe Mornyeckoe ycrosue
BbINONHEHO (pa3BeTBrieHne). K aHanoroson ob6paboTke 3Ha4eHUIn OTHOCATCSA MHOMOYUCIIEHHbIE
apuUTMUYHbIE KOMaHAbl. Ha cooTBeTCcTBYyHOLWMX YyCTpoMcTBax (OfokM Ans aHanoroBoro BBoOAa-
BbIBOAA, U3MEPEHUa NyTU U CKOPOCTU, YNpaBfeHUs LWaroBbiMMU ABUratensiMun) BbINOSTHAKTCA
KOMMIIEKCHbIE 3agauu ynpaBneHus, Nno3nLMoOHNPOBaHNE ocen nepemMeLleHuns,
CTPYKTYpPUpPOBaHME KOHTypa ynpasneHus. BbiNonHeHWe KOMMNIEKCHbIX 3afjady onpegenser
nameHeHne nporpammbl SPS. OHa npeacrtaBnseTcs He B OgHOM Orloke, Kak nokasaHo Ha
Puc. 12-9, a pasgensetca Ang yrny4ylleHHOro CTPYKTYPUPOBAHUA Ha HECKONbKO MpOorpamMMHbIX
YyacTen, Tak HasblBaeMblX NporpamMmmMHbIX 6510koB. OanH 610K OrpaHMyeH yHKUMEN, CTPYKTYPOR
unn obnactbto  NpuMeHeHus B nporpamme. [lpemmywiectBamm  GFIOYHON  TEXHUKM
nporpaMmMmnpoBaHns ABASIOTCA, HAaNpUMep, NPOCTOE U HarnsgaHoe nporpaMMmMpoBaHne, a Takke
f6onbLlwon o6bem NporpaMmm, BO3MOXHOCTU CTaHAApPTM3auun 1 NOBTOPHOIO NMPUMEHEHMS 4YacTo
MCNosb3yeMbIX NPOrpaMMHbIX MoAdynen (TEXHWKa nognporpamm), ynpoLLeHHOe TECTUPOBAHNE U
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BBOA nporpammbl B paboty. MexagyHapogHbin ctaHgapT IEC 61131-3 onpedenseT pasfnvyHble
annapaTHble MOAYNuM OTAeNbHbIX npousBoauTenen SPS B BuAe TPeX OCHOBHbLIX TUMNOB
(nporpamma, pyHKLMA 1 PyHKUMOHAnNbHbBIA 610K). 3TO, Kak nokazaHo Ha Puc. 12-9, Hapsay co
CBOWCTBaMW BbI30Ba (UMKNNYeckoe, BPEMEeHHoe Unun COoObITUMHOE ynpaBfeHwe, paBHO Kak U
NpUoOpmUTET BbLI3OBA) COOTHOCUTCA CO BPEMEHEM WCMOMHEHUS nporpaMmMm W onpegenset
KOHUrypauuio BeluncnutTensHoro 61oka o6opyaoBaHus.

Fpacmyeckoe nporpaMMmupoBaine  TeKcToBoe MporpaMMHpoOBaHHe
E1 E2E3 A1 E1 U E1 IF Bed1 THEN
(| | E2 Al U ( Z:=-1;
- | = UN E2 ELSE
3 &), U E3 7= 1-
/ B4 | ON E4 END IF:
E4 ) =
=A1
|5tTpnﬁcTBn MNP OrpaM M HpoOEHIAA
porpaMmMmcT MNpeorpamma
yMpaBneHna
SPS

Puc. 12-10: Cnoco6bl nporpaMM1MpoBaHusi cuctemMbl SPS

Ons cuctembl SPS onpegeneHbl Tpy OCHOBHBbIX $3blka NPOrpaMMUPOBaHUL, KOTopble
pasfensTca No BUAY MHEMOTEXHUYECKOro u rpaduyeckoro npeacrasneHus. Ecnv B cnvcke
komaHg (AWL) onpegensietcas obnactb MHEMOTEXHMYECKOTO MPOrpamMMuMpOBaHusl, TO
KoHTakTHbIn nnaH (KOP) wu dyHkumoHanbHbin nnaH  (FUP) aenswTcs  rpaduyveckumu
cnocobamun. [ina Bcex cnocobos TpebyeTcs, noMmmo cobcTBeHHO SPS, elle ogHO YCTPOWCTBO
nporpammupoBaHns. O6beM npeanoXeHus YCTPOWUCTB MpOrpamMMpoBaHUS OXxBaTblBaeT
crneunanbHble  KOHCTPYKUMM, afanTupoBaHHble K SPS M KOMNakTHble  CUCTEMb
nporpaMMmMpoBaHnsa Ons CTaHOapTHbIX MNepCoHanbHbIX KOMMbIOTEPOB. locnegHue MMelT To
NPEMMYLLIECTBO, YTO HE HYXXAAKTCH B JOMNOMHUTESNbHOM NporpamMmHoOM obopyaoBaHun. Hapsagy
Cc 06biyHbIM Offline-nporpammupoBaHnem, nporpaMmmHOe YCTPOMCTBO WUMEET BO3MOXHOCTb
CeTeBOro CoeamHeHus U npsiMoro obmeHa faHHbiMM ¢ SPS. Takom cnocob npegnonaraet
BblBeeHUE COCTOSIHWE cuUcTeMbl SPS HenocpeaCcTBEHHO Ha YCTPOWCTBO NporpaMmMupoBaHns
Tak, 4To6bl ObIfI BO3MOXHbI LIAroBble TeCTbl MpOorpamMmmbl, a OTKNUK ynpasnsoLwen nporpaMmmbl
Ha BHEWHMe curHanbl npouecca Mor ObiTb BM3yanu3MpoBaH Ha 3KpaHe MOHMTOopa.
CtpemutenbHoe passutne obnactm SPS Begetr K yBenuyeHuto pasHoobpasusi A3bIKOB U
YCTPOMUCTB MNPOrpaMMnpoBaHusS Yy pasnunyHbiX npoussoauTenen. Y nonb3oBatenen SPS aTo
Bbl3blBaeT 3aTpygHEHUs, 3aKroyatoLeecs B TOM, YTO Npu nepexoge K obopyaoBaHUIo Apyroro
npou3BoanTensi, HeO6Xo0ANMbI JOMNOMHUTENbHBIE BPEMS HA OTNaaKy NpMMEHSeMON NporpamMmmbl
M pacxodbl Ha HOBOe YCTPOMCTBO nporpamMmmupoBaHusa. C y4yeToM [daHHOWM CcuTyauum
yCUNMBaeTCa pofb MeXAyHapOAHOM CTaHgapTusauuu. Pes3ynbTaTtoM TakuMx yCUIMn ABRsieTcs
MexayHapoaHbln ctaHgapT IEC 61131, 4vactb 32. Puc. 12-10 pgaeT npencraeneHne o
NnepeyvncrneHHbIX B 9TOM CTaHgapTe 43blkaX NporpaMMMpoBaHusi, KOTOpble MNpUHLUNNANbHO
pasnuyarnTca Mo TEeKCTOBbIM MnM rpaduyeckum cnocobam nporpammupoBaHus. CtaHgapT
OCHOBaH Ha CMuCKe KOMaHf, KOHTaKTHOM nraHe W YHKUMOHAarbHOM MfaHe, Npu KOTOpbIX
BO3MOXHO TOYHOE onucaHve u AuddepeHumnaumnsa, a TakkKe OTCYTCTBYHOT CBS3aHHble C
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ocobeHHocTAMM npouecca onepauun. [NpuHATME BO BHUMaHWE pPacrnpoCTPaHEHHOCTb 3TUX
A3bIKOB Obneryaet nepexod Nonb3oBaTenst Ha CTaHgapTbl NPOrpaMMMpoOBaHMS M ynpollaeT
ajanTuMBHbLIN Nepexod OT paHee WUCMonb3yemblx nporpamMmm. B kadecTBe  A3bIKOB
nporpaMmmMmMpoBaHms MoryT BbiTb NMPUMeEHEHbI aHanornyHble PASCAL s3bIKM BbICOKOrO YPOBHS,
«CTPYKTYPUPOBAHHbLIA TEKCT», TUMOBbIE 3NIEMEHTbl A3bIKOB BbICOKOIO YPOBHS, Kak Hanpumep
WHILE-umknel, IF n ELSE-IF v npuknagHble A3blkyM AN CTPYKTYPUPOBAHUA NporpamMm
npuknagHoro ynpasneHus. B uenax ckopenwero noBceMecTHOro BHeapeHus ctaHgapta IEC
61131-3, npou3BoauTENM W NOTPEOMTENN CUCTEM YyMpaBfieHUs W NporpaMmmMMpoBaHUs
obbeanHnnucb B MexayHapogHyk opraHu3daumto PLC-Open, koTopasi cregyet uenn —
BO3MOXHOCTb  MepeHoca  WUCMOomnb3yemblX  nporpaMm  Ha  YCTPOMCTBA  pasfnUYHbIX
npoussoaunTenen. [Ons cepTudukaumm cuctem nporpammupoBaHna PLC-Open onpegensiet
yeTblpe CTaHOapTHbIX YpoBHA. [puCyTCTBYyKOLWME  CerogHs Ha  pblHKE  CUCTEMbI
nporpaMmMmMpoBaHus, Taknme kak Step 7, WInSPS, Sucosoft S 40, Melsec Medoc plus unu
AcconProSys 1131 — sBRslOTCS B OCHOBHOM si3blkamMu nepBoro ypoBHs (Base Level)
Hopmann3oBaHHbIMK ¢ IEC 61131-3, T.e. oHM co3gatoT SPS-nporpammbl 6e€3 agantaumm kK SPS
apyrmx  npomssoguTtenen.  CrtaHgapT  TOYHO  OnNUCbIBaeT  OCODEHHOCTM  A3bIKOB
nporpaMMMpoBaHns, OAHaKO He 3arnpellaeT MNpPOU3BOAUTEND WHTErpupoBaTb COBCTBEHHbIE,
crneumanbHble A3blkoBble Oroku. JTO gBNSeTcd HeobxoaumbIM, Tak Kak SPS pasnnyHbix
npounsBoANTENEN YacTo OTNMYalTca cneuuanbHbiMU doyHKUMOHanamu. Takke ecnu c IEC-
eaMHoobpasHbIMM CUCTEMaMKN NPOrPaMMUPOBaHUSA NPOM3BEAEHHbIE NPOrpaMmbl NOMNb30BaTENS
He OyayT 3ameHseMbiMM Mexay SPS-cuctemamn pasnuyHbiX npowussoguTenen, ato byget
06yCnoBneHO OCHOBHbLIMW 3NieMeHTaMn si3blka M CTPYKTYpoW nporpammbl. B atom cnydae
3atpaTbl Ha nepeson SPS-nporpammbl B Apyrylo cuctemy 6yayT ymeHblieHbl. [lepen
BBegeHnem crtaHgapta IEC 61131-3 6bin NpuHAT nogcTtaHgapT Beaywux npou3BoguTenen.
HecmoTpsa Ha BBefeHue cTaHgapTta Onsd CUCTEM MNpPOrpamMMMpOBaHUSA, KaK yKasaHO Bbllle,
pasHbIMM NPOU3BOAUTENAMM JONycKalTca cheundunyeckme GopMbl MPorpamMmMmMpoBaHus,
OCHOBaHHblEe Ha UCMOrb30BaHUN CTaporo LWMPOKO pacnpocTpaHeHHoro noacraHapra. lNoatomy,
Ong nocnegyowmx NnpumMepos NporpaMmMmMpoBaHUs, KOHTaKTHbIX U OYHKUMOHANbHbLIX MiaHoB U
KOMaHAHbIX NMUCTOB, UCMOMb30BaH CTapbli CUHTAKCHUC.
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CopepxaHue

BBeneHue B yCTPOMCTBO CUCTEM YNpaBfieHUSI CTaHKaMu
Cucrtembl niorm4yeckoro ynpasneHus (SPS)
Yucnosoe nporpammHoe ynpasneHue (NC)

3aknrovyeHue
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PbIHKYM c6bITa Mo pernoHam Mupa MporHo3 o6bema npogax cuctem UMy

O6bem npogax cuctem YIMY no coctosiHuio Ha 2012 rog,
O6bem pbiHka: 7.466 mnH EBpo
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WctouHuk: ARC
Puc. 12-11: Onarpamma pacnpeaeneHus pbiHka cuctem YIY no permoHam

C «koHua 70-x rogoB Bce cuctembl UlMY ocHawatTcs Mukponpoueccopamu. TepMuH
«YnpaeneHne CNC» nmen onpegeneHHbli CMbICIT B NEPEXOAHbIA nepuoa, YToObl pas3genuvTb
kabernbHble CNC cuctembl ¢ xecTkon nporpammon m NC cucteMbl C KOMMNbIOTEPHBLIM
ynpaBnennem. B Hactoswee Bpema ob6o3HadeHne NC [OMKHO NPUMEHATLCA MOBCEMECTHO
BMecTo CNC. KoHKypeHUus mexay npousBoauTensMu CTaHKOB onpefenunn B 3Ha4YnTenbHOM
obbeme aKcnnyaTtaumoHHble BO3MOXHOCTM W LEHYy cucTem ynpaeneHus. EBponenckue
npoussoauTenn B Havane 90-x rogos yTpatunu Beayliee nornoxeHue. MNpogykuma ns AnoHnm
3aHAna OOMUHUpYHOLLEee MNOSIOXEeHWe Ha MUPOBOM pPbiHKE W MO KOMUYECTBY BbIMyCKaeMbIX
cucteMm, ocobeHHo NC, M no TexXHONorndeckomy ux passutuio. [locne 3aToro pblHOK,
BMELaBWMA Gonee 60-M eBPONENCKUX NPOU3BOAUTENEN, CYLIECTBEHHO KOHCONMAMPOBArCH.
lMocne MHOrOYMCNEHHbIX CNUSHMA W nornoweHnin, ¢ 2000 roga Ha MUPOBOM pPbIHKE
NPUCYTCTBYIOT 5 M3BECTHbLIX EBPONENCKUX NPOU3BOAUTENEN CUCTEM YMCROBOro yrnpasneHus. K
3TOMY MOXHO [J00aBUTb HECKOSNIbKO HeBGONbLUMX MNpeanpuaTuii, UMELMX permoHarbHoe
3Ha4yeHne. YCKOPEHHOoe pas3BUTUE NEepPCOHanbHbIX KOMMNbIOTEPOB ANfsl PblHKA OMUCHLIX W
ObITOBbLIX NOTPEOUTENBCKNX YCNYr NPUBENO K AanbHENLIEMY COBEPLUEHCTBOBAHMIO TEXHUKN OIS
cucteMm  ynpaeneHusi.  KomnbloTepHble  YCTPOMCTBA WM nporpammHoe  obecneyeHune
KOMMEPYECKOr0o  UCMOSIb30BaHUSA  MO3BOMWAN  MPOM3BOAMTENSM  3HAYMTENbHO  CHU3UTb
CTOMMOCTb CUCTEM YynpaeneHud. Ponb npousBoauTenen Takke MeHSeTcs — BMeCTO
HEeNoCpPeaACTBEHHOrO NPeasIoKEHNsT TONbKO CUCTEM YMpaBfieHNS OHM UCMONb3YHT cBoe Know-
how pgns okasaHus wHOMBMAOYasnbHbIX CepPBUCHBLIX ycniyr. CTaHgapTel annapaTHoOro u
nporpaMmHoro obecneyeHus, CTaHA4apTU3aunsa KOMMYHWUKALMOHHbIX YCTPOWCTB M OTKPbITblE
CUCTEMbl ynpaBfeHusi, KoTopble MOryT ObiTb TMOKO AOMOMHEHbl HOBbIMU  (PYHKLMAMM,
nonb3yrTcs Bce SonbluMM CNpocoM Yy nosb3oBaTenen. Bece 6onbluee 3HadeHne npuobpeTtaroT
BO3MOXHOCTU UHTErPUPOBAHUS CUCTEM YNpaBneHUs B Ce€Tb U CUCTEMbI YrpaBieHUsl BbICOKOMO
ypoBHsA (Puc. 12-11).
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- MOHWUTOPWHT paspyLu. UHCTP.
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Puc. 12-12: ®yHKLUMN CUCTEMbI YACTIOBOIO NPOrpaMMHOro ynpasrneHus

Ha Pwuc. 12-12 npegctaBneH yHKUMOHamNbHbLIN OXBaT COBpeMeHHoW cuctembl UMMY. B
3aBMCUMOCTM OT 006nacTM NpPUMMEHEHUA U KOHdUrypauun, BCE BO3MOXHOCTU CUCTEMBI
NCNonb3yTCH He Bcerga.

lNpoepammuposaHue

[na nporpaMmMmmpoBaHus CUCTEMbI YNpaBneHus npeanaralTcs pasHoobpasHble NporpamMMHble
WHCTPYMEHTbI, KOTOpble OXBaTblBalOT, B 3aBUCUMOCTM OT CTOMMOCTU U (PYHKLUNOHAMbHbIX
BO3MOXHOCTEMN, KaK MpocTble OyKBEeHHO-UMMPOBbIE pefakTopbl TEKCTOB, Tak W Mony- wu
aBTomatmyeckne  NC-nporpaMmmoreHepupylolme  CUCTEMbl, a  Takke  rpadouyecku
opueHTnpoBaHHble WOP-cuctembl. CUHTakCUC nNporpaMMmpoBaHns 6asupyeTca Ha cTaHaapTe
DIN 66025, npyumMeHsieMbI A3bIK NPU 3TOM 4YacTo U3MEHSAETCS 4vepes crneuuanu3mpoBaHHbIe
paclmMpeHns Npon3BoanNTENEN.

Ipagpuyeckoe modenuposaHue rpouecca obpabomku

HononHuTtenbHon yHKUMEN aBnsieTca rpadmyeckoe MmogennpoBaHume npouecca obpaboTkm Ha
MOHUTOpPE, KOTOpas Mo3BONSET MPOU3BOAUTL KOHTPONb M onTumusaumio NC-nporpammbl 6e3
BbINONIHEHNST paboymx onepaumi. OTUM AOCTUraeTCa yMEHbLUEHWE BPEMS Hanagku CTaHka u
otnagkun NC-nporpammbl. B 3TOM OTHOLWEHMM rpadhmnyeckoe MogenvpoBaHve umeeT 6onbLluoe
3Ha4yeHue, TaK Kak npu MerkocepumnHom npoussoacTee nogrotoska NC—nporpaMmmbl 0BbIYHO
ocywectenserca nytem offline-nporpammupoBarns B obbeme Hanagkm cTaHka. B
COOTBETCTBMM C NpeabsBnsemMbiMn TpeboBaHmaMU ucnonb3ytoTca 2D unu 3D rpadudeckme
mogenu. MopenvpoBaHue obecneymBaeT OOCTWXKEHWEe [OBYX Ueren OAHOBPEMEHHO:
ocyulecTBnsieT KoHTponb NC-nporpammbl Ha NpegMeT BO3MOXHbLIX OCIMOXHEHUA B paboyen
30HE CTaHKa Npu nepemelleHMn y3NoB U CMEHEe MHCTPYMEHTa, a TakkKe CHmKaeT 0b6bem
KOHTPONS pasMepoB M KOHTypoB (Hampumep, npu obpaboTke 3akpbITbiX MOBEPXHOCTEN);
MOZEenNupoBaHMe npouecca obpaboTku NOo3BoNseT ONTMMU3NPOBATbL paboune nepemeLleHus.
Mpn 3TOM uM3NMWHKME nepemelleHns (Hanpumep, Xxonocton xoa) OyayT w3BneyYeHbl w3
nporpaMmbl UM COEAMHEHbl C YCKOPEHHbIM MNepeMelleHneM, Ana Toro, 4ToObl COKpaTUTb
LUTYYHOE Bpems.

@yHKUUU KOHMPO#s u duazHOCMUKU

Ona obecneyeHns 6Ges3owmnbovHOro npouecca ob6paboTKM U CHMXKEHMA KONMYecTBa CryvyaeB
noBpeXxaeHUs CTaHka, geTann M WHCTpyMeHTa, B cuctembl YlMY BHegpawTcsa QyHKumMn
KOHTPONSA U OMarHOCTUKW. Takue (PyHKLUMM BCTpauBalOTCA HEnocpeacTBeHHO B cuctemy Yly
NN peanuayloTcs Yepe3 AononHuTenbHble ycTponcTBa. OHM nogpasgensaTca Ha obnacTu
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KOHTpONS cTaHka (HanpuMmep, KOHTPONs AMHaMUKU NpuBOAA, reoMeTpUYecKom TOYHOCTM WU
CcUCTEMbl CMa3kn), cCO6CTBEHHOIO NPOrpaMMHOro 1 annapaTtHoro obecneveHusa (Hanpumep, NC-
TECT CaMOKOHTPOSS, MpoBepka COeOUHEHWA W nepekniovartenen) u npouecca o06paboTkm
(Hanpumep, MNOMOMKa WHCTPYMEHTa, WM3HOC MHCTPYMEHTa, pasmMepbl 3aroTOBKM, COCTOSIHUE
NOBEPXHOCTH). PYHKUUN KOHTPONS COBMECTHO C (YHKUMAMM AMArHOCTUMKM ChnyxaT Aans
fiokanu3auumn BO3HUKaLWNX HENMCNPABHOCTEN N OLLINBOK.

@yHKUUU usmepeHUl U KoppeKkyuu

Bbicokme TpeboBaHMs K KayecTBY onpeaensoT HeoBXOAMMOCTb MOCTOSIHHOW KOPPEKTUPOBKM
pabounx nepemelieHnin B npouecce pe3aHus. OcHOBaHMEM AN 3TOr0  SABMAKOTCA
HEeCOBEPLUEHCTBO MeXaHUYeCKOW 4acTU CTaHKOB, W3HOC MHCTPYMEHTa WUnuM TemnepaTypHble
aedopmaumm MexaHm4ecKkon CTPYKTYpbl cTaHka. CTaTu4eckme OTKIMOHEHUS, Takne Kak owmnbka
lara XO4OBOr0O BMHTA WNN PEBEPCMBHBIA NMOMPT, Kak NpaBuno, ONpeaenstTca npu nycko-
HanagoyHbIXx paboTax M 3aHOCATCA B NamATb Koppektopa. Onsi NOCTOSHHO MEHSOLWLMXCA
pa3mepoB, Kak Hanpumep Mo3uUMs YCTAHOBKW 3arOoTOBKM (MOrPeLlHOCTb YCTaHOBKW), M3HOC
WHCTPYMEHTa unn TemnepaTypHas gedopmauus WnuHAens, NPUMEHSATCS Tak Ha3biBaeMble
nameputenbHble UuKnbl. C NOMOLLLIO M3MEPUTENbHbLIX NPMOOPOB, CEHCOPOB U MHOMKATOPOB
yCTaHaBNUBAKTCHA pas3MepHble N3MEHEHUS 3arOTOBKU UMW UHCTPYMEHTA, YASIMHEHWE CTaHKa U
KOPPEKTUPYIOTCH pasMepHOn KOMMeHcalmen B CUcTeme yrnpasreHus.

UHnmepgbelic nonb3osamerns (HMI, HMC, MMI unu MMC)

MoHaTtne wuHTepcdenc — obonoyka nonb3oBaTens, 0O0beaUHAET BCe BCrnoMoraTesnbHble
cpeacTBa, KoTopble MOryT OblTb npegocTaBneHbl nonb3oBaTtento cuctembl NC-ynpasneHus.
OHu MoryT ObITb pasgeneHbl Ha ABa TuNA: MOHUTOP U 3NEMEHTbI AN PyYHOro ynpaBneHus
(Hanpumep, nepeknoyatens, knasuatypa, wTypsan). becnpobnemHas agantauna o6onoyku
nonb3oBaTtens SBMASETCA OCHOBHbIM MoKasaTenem KavyectBa W OTKPbITOCTU CUCTEMbI
ynpaeneHus. log TepMUHOM «OTKpbITOE YyhpaBneHwe» MoAapa3yMeBaeTcs, npexae BCero,
TEeHOEeHUUs, B COOTBETCTBMU C KOTOPOM MPOM3BOAUTENO CTAHKOB NpegocTtaBnsaeTcs 6onblias
ceBoboga B MPOEKTUPOBAHUM pasfiMyHbIX KOHurypaumn obonodkn. [lMpyn aTtom OGonblioe
3Ha4YeHne MMeeT He TOMbKO BO3MOXHOCTb CBOOOAHON KOHUrypaumm npocTpaHcTBa 06004KM,
HO M NepeydHs MHPOPMALMOHHbBIX NapameTpoB, XapakTepusyloLwwmx npouecc obpaboTkm mnm
BHYTPEHHNE npoueccbl KOMMYyHUKaumm B YIY, koTopble TpebyeTca Bu3yanusmpoBaTtb Ha YI1Y.
CoBpeMmeHHble 060SI0YKM MPaKTUYECKN MOMHOCTbI0 Ga3vpyoTCa Ha OMnepauMoHHON cucTeme
MS-Windows. OHu 06nagatoT nporpaMMHbIMU U CBOBOAHBIMU (DYHKLMOHANBbHBIMW KaBuLLAMW.
NHdopmaumnsa B Takmx cuctemax BbIBOOMTCA Ha MOCKME LBETHbIE MOHUTOPDI.

BHewHsisi KOMMYHUKayusi — cemeegasi UHmeapayusi

@DyHKUMOHAmNbHbLIN  OXBaT BHELIHUX KOMMYHWKaLUMW MMeeT pellalllee BAWsHUME Ha
WHTErpMpyemoctb  cuctembl  UYlY B nNpom3BOOCTBEHHO-TEXHWYECKYyl0  cpedy. Bce
BbllLeHa3BaHHble CNOCOObI NOAKMIOYEHUA HAXOOAT NPUMeEHeHMe B pa3HoObpasHbIX cpeacTBax
KOMMYHMKaLUUK, Ha4YMHaga OT MPOCTbIX aHanoroBbiX MHTEPdENCOB N LUGPOBLIX NepnudepuinHbIX
LUMH, BKIOYasA CEHCOPHbIE M aKTyaTOPHbIE LWNHbI, A0 NOKanbHbIX cpeacTs. B nocneaHee Bpems
BCE Yallle NPUMEHSTCA CUCTEMbI yAaNeHHOoW AMarHocTukmn nocpencTsom mogema ISDN.
lNpuemka cmaHKa u KOHguaypauyus

Mpn npuemke ctaHka cuctema UYIY cooTBeTCTBYET €ro 0COBEHHOCTAM U MNoTpebHOCTAM
nonb3oBartens. [na 3Toro cuUCTeMy ynpaBrieHUs napameTpusmMpyroT OTHOCUTENbHO OCEW,
WINUHAENen, WTypBanoB, U3MepuUTerbHbIX CUCTEM, 0611acTu ynpaBneHnsi, CKOpoCTU, YCKOPEeHNI
U BMaa uHTepnonauun. HekoTopble npousBoguTENU CUCTEM YyMNpasreHus npegnarawTt Ans
NPUEMKN N OMArHOCTUKM CTaHKa cneuunarnbHble BCnomMoraTesnbHble OYHKUMKM C rpadmuyecknm
aHanu3om pfaHHbIX. [Ona onTMMmsaumm YCTaHOBKW PErynaTopoB MOXET WCNoNb30BaTbhCs,
HanpuMmep, aHanu3aTop KOHTypa perynupoBaHUs MO OCAM, KOTOPbIA BbIBOAUTCH HA MOHUTOP
CUCTEMbI YNpPaBfeHMA NPU Pas3nu4YHbIX NapameTpax perynupoBaHus. AHanmu3 cCMeLLeHus u
yctaHoBka Kv-paktopa (BenMYMHA YCUIEHUSA KOHTypa PerynupoBaHus) Ans onTumusauum
oceun, B 9TOM crydae, 3HauMTeNbHO ynpollaeTtcs. KoHTponupyemble OCU CTaHka ynpasrsoTcs
CUCTEMOW NocpeacTBOM (PYHKUUN NMYyTb-BPEMS U OTKIIMK NPUBOAA PErMCTPUPYETCH Ha SKpaHe B
dopmMe WUCTUHHOro nepemeleHusa. Takke OyayT CUMTLIBATLCA MOKa3aHWUS WU3MEPUTENbHbIX
cucTeM no ocaM nogayu. [JokymeHTaums yCTaHOBKM KOHTypa perynupoBaHus B 3aBUCMMOCTU OT
pa3mMepoB 3aroTOBKM MO3BOMSET ONTUMM3NPOBaTb nocregyowue perynupoBku. [padunyeckoe
NnpeacTaBneHne 3agaHHOro M UCTUHHOIO KOHTYPOB NPY COOTBETCTBYIOLLIEN CUCTEME U3MEPEHUI
UMeeT paspeLuaroLyo CnocoOHOCTb AUHAMUYECKUX OTKIIOHEHMI B MMKPOHHOW obnacTu.
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Puc. 12-13: UHTepdhenic nonb3oBaTtens cuctemol YUMy

UHTepdenc mexay nonb3osartenem n cuctemon Yy peanusoBaH B BUAe naHenu ynpasneHns,
Ha KOTOPOW BPY4YHYIO aKTUBUPYKOTCA OOCTYNHble (PyHKUMW. Kak npaBuno, naHenb ynpasreHus
nmeeT pa3HOOOpa3Hble KOMMNOHEHThI, HeobXxoaMMble ANst 0BCNYXXMBAHMSA CNeLManm3npoBaHHbIX
PYHKLMIA CTaHKa U cucTeMbl ynpaBnenusa. MNaHenb ynpaeneHusa BknodaeT OykBEHHO-UUGPOBYHO
KnaBuaTypy, pasnuyHble nporpammHble knasuwmn n XKK-moHuTOop. B HacTosiee Bpems B
naHesnb yrnpaereHus MHTerpupyeTcsa npomMblwreHHsin MK ¢ onepaumoHHon cuctemon Windows.
Uepes Takon uWHTepdenc BBOAA [ONyCcKaeTCA pedakTMpoBaHuMe nporpamMm, BBOL BEMUYMH
KOppeKLUMN Nnu 3anpoc coctosHus cuctemsl YIMY. MNMporpaMmHble KnaeBuwK UCNOSb3YOTCA AN4
Bbl3oBa QyHKuMiA YITY n3 CTPYKTYPMPOBAHHOIO anropMtMa MeHil. JTO MoryT ObiTb BBOA
KOppPEeKUUN WHCTPYMEHTa, MW3MEHEeHWe napaMeTpoB MNporpaMmbl, BbI30B W300paxeHus
rpachnmyeckoro MogenupoBaHus npouecca obpaboTkn u T.n. B 3aBUCMMOCTU OT BbIGPAHHOMO
Bnga (YHKUMOHUPOBAHUS CUCTEMbl, 3TUMW KraBuwaMu nNonb3oBaTeflb MOXET Bbl3BaTb
AanbHenwWy MHGOpMaUM0 O COCTOSIHUKM CTaHka. lMaHenb o6cnyXmBaHMA CTaHka BKOYaeT
CcoOTBETCTBYOLWME (YHKUMOHANbHbIE 3NEMEHTbI, KOTOpble Heobxoaumbl Ans  pyYHOro
ynpaBneHunsa. Takue anemMeHTbl OObeAMHSAITCA B pasfuyHble [pynnbl, ONUCbIBaeMble B
cneunansHOM — NPUOXKEHUUM  OOCTYMHbIX  QYHKUMA.  Haxatmem knaBuw  peanmsyloTcs
cnegywouwine oencTems:

- BblObOp BMAa QYHKUMOHMPOBaAHMS (HACTpoWKa, pPy4yHOM BBOA, aBTOMaTtuKka, OTAeSlbHOoe
npegnoxeHune);

- BO3BpaT cucTeMbl yrnpaBneHns B ucxogHoe coctodHmne (Reset);

- BbIGOp pexnma pedepeHLnpoBaHns;

- yCTaHOBKa YyBCTBUTENbHOCTU  WMHKPEMEHTanbHOro nepemMewenns (Hanpumep, 0,01
MM/MMMynbC).

Opyrasa rpynna knaBuw MOXeT CBOOOAHO YyCTaHaBNMBATbLCA MPOM3BOAUTENEM CTaHKa.
lMocpeacTBOM Takux Knasuw OBObIMHO aKTUBUPYIOTCHA CneumanmnsavpoBaHHble (PYyHKUMM CTaHKa
(Hanpumep, BKNOYEHUE TpaHcnopTepa CTPYXKKWU, BKIOYEHWE CUCTEMbl OXNaXKOAEHUSA, 3aXUM U
0oCBODOXAEHNE WHCTPYMEHTa M T.4.). [OnA pyyHOro ynpaBfeHUs OCSMWU CTaHKa Takke
Heob6xoauMbl AonosnHUTenNbHble Knasuwn. OHM OTpaXaloT M BBOAAT UMeLWMIAcS Habop ocen
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(X, Y, Z...) n xenaemoe HanpaBfeHNe MNepEMELLEHNS «+» UMM «-». Yepe3 MNOBOPOTHbIN
peryndarop 4acToTbl BpalLleHUs BO3MOXHa AOMNONHUTESNbHAA HacTporKa 3arnporpamMmmMmMpoBaHHON
CKOpPOCTW WNMHAENs M BenuuunHbl nodayn. lpu ycTaHOBKe 4acTOTbl BpalleHUs LINUHAOEens
Mcnonb3yeTcs [guanasoH BapbMpOBaHUA YactoTbl B npegenax oT 50% po 120% ot
3anporpaMMupoBaHHOro  3HayeHusi. [lpu  ycTaHOBKE  BenNUYWHbI  Nofdayu  AManasoH
BapbupoBaHua coctasnsieT ot 0 go 150%. Perynatop 4acTtoThbl BpaweHNsa 0ObI4HO pacnosioxXeH
B rpynne c ApyrMmMn 3fneMeHTaMmy Knasull, Yepe3 KoTopble, Hanpumep, MOXHO BKMoYaTb W
BbIKNIOYaTb nogadvy vnv BpaweHue wnuHaens. bnok knaeuw naHenu ynpasneHus BKNOYaeT
Bce (yHKuumn obbibyHoro MK co cneuymnanbHbiMM 0603HAYEHMAMM O Kypcopa U MOHUTOpa.
OCHOBHblE OTNNYMSA NPUCYTCTBYIOT B NOPSAKEe PacrnofioXeHUss CUMBOSIOB 3f1EMEHTOB KIaBuLL.
CvmBonuvka (PyHKUMOHANbHbLIX KNaBuW MaHenu ynpaBfeHUs U CTaHKa OnucaHbl B
cooTBeTcTBYylOLEeM ctaHgapTte DIN.

FeomeTpus

- Pasmep 3arotoBkun

- Paamep getanu

- Jonycku

- TexHonorny. nepexoqpl

NMpounsBoAacTB. cpeacTBa
- Pabo4yee npocTtpaHCTBO
- Mpucnocobnexus

- IHCTpyMeEHTHI

- MowHocTb npuBoga

- YacToTa BpalleHus

- BennumnHa nogaumn

- ToyHOCTb

- fon. yctponcTtea

TexHonorus

- KoHcTp. matepuan

- Pexx. matepuan

- COX

- KauectBO NOBEPXHOCTU
- MapameTpbl pe3aHns

Puc. 12-14: NoaroToBKa nporpaMmmbl Ana ctaHka ¢ Yy

Mpn yHuBepcanbHOM nocnegoBatenibHoM NC-nporpaMmMuMpoBaHUM B COOTBETCTBUM  CO
ctaHgaptom DIN 66025, B koge nporpammumpoBaHus cTaHka ¢ YlMY 3sanuceiBaotcsa NC-
dyHKUMM 1 NC-npeanoxeHuns, KOTopble B COBOKYNHOCTH BblaatoTcsa kak NC-nporpamma getanu.
MoOLWHOCTb CTaHKa, pasmepbl AeTann K 3aroTOBKW, Martepuar, reoMeTpusi MHCTPyMeHTa W
KayecTBO MOBEPXHOCTU AeTann yYuUTbIBAKOTCS Npu BblOOpe YCNoBUMIW pe3aHus 1 pasgerneHun
npunycka. B paboyem nnaHe yctaHaBnuBaeTCH NocreaoBaTenbHOCTbL NepexogoB obpaboTku. B
OOMOMHEHME K MMEKLWUMCS WHCTPYMEHTaNbHbIM KapTaM W YCTaHOBOYHbIM Hanagkam,
YKa3bIBAlOTCA [aHHble MONb30BaTens O MOMOXKEHUM 3aXuMMa 3aroTOBKM, MNPUMEHAEMble
WHCTPYMEHTbI C KO4OBbIM HOMEPOM M YCTAaHOBOYHOW OSIMHOW, a Takke yaaneHue TOYKM Havyana
06paboTkM OT TOYKM OTCYeTa, KOTOpoe MpOorpamMMuUCT yCTaHaBNMBaeT MNpeaBapuTenbHO Mpu
HanucaHuM nporpaMmmbl. ECnv HeKoTopble MCXOAHbIE BENWYUHBbI HE MOTYT ObiTb BblAep)KaHbl,
HanpvMep, ecnn 3aroToBKa 3aXXUMaeTcs CO CMelleHuMeM, To B 3ToM cnydae NC-nporpamma
OOMNOMHUTENbHO HacTpanBaeTcs NyTeM NepemMeLLeHns HyneBomn TOYKN.
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Puc. 12-15: MeTtoabl nporpammupoBaHusa Yy

PasButne cuctem ynpaBneHUA Ha OCHOBE KOMMNLIOTEPHLIX YCTPOWCTB B page oTpacnen
onpegenanocb pelleHneM creunduyeckux Ong OaHHOW oTpacny 3agad. Tak nosiBUNUCb
TEXHMYECKNE peLleHne, KoTopble cerogHs nasectHol kak CAD, CAQ, CAP, DNC n NC-cuctembl
nporpammupoBanuns (Puc. 12-15). OcHoBHbIM TpeboBaHMEM MNOBbILLEHUS 3KOHOMUYECKUX
nokasatenen nNpPou3BOACTBa, OAHAKO, BbLICTYNaeT co3fjaHue ceTel U MHTerpaums oTAenbHbIX
cucteM. HemsmeHHoe pacnpefgenenne 3agHui obycrnosnvBaeT HerMbkocTb MPOM3BOACTBA, He
obecneunBaeT adhPEKTMBHOE M3rOTOBIIEHME MOCTOSIHHO YMEHbLUAoWMXes naptun. Micxoga ua
3TOro, OCHOBHble ycunuga npu  NC-nporpaMMmupoBaHuM HamnpasfeHbl Ha peanunsauuio
KOHCTPYKTOPCKMX 3aday MOArOTOBKM MNPOU3BOACTBA M U3rOTOBMEHUA. OTO O3HayaeT, 4To
nporpaMMmnpoBaHne, paHee LeHTPanM3oBaHHO BbINOSTHAEMOE NPy NOAroTOBKE NMPOU3BOACTBA, B
HacTosillee BpeMs BCe uYale nNepeHOCUTCSs B KOHCTPYKTOPCKWE noapasgeneHus wu
npon3BoAcCTBEHHbIE Lexa. OpueHTaums Ha NPOW3BOLCTBEHHbIE Y4aCTKM WU COMyTCTBYHOLLEE
NnoBbILWEHNEe LEHHOCTU paboTbl onepatopa MO3BOMSAOT MOBbLICUTL MOTMBALMIO MepcoHana,
NMOCKOMbKY yBenumynBaeTcs 06beM OTBETCTBEHHbIX 3a4ay OT NPOCTbIX PYTUHHbLIX OENCTBUIA A0
nraHMpoBaHUA 1 ynpasneHus. NoBbllleHHaa MOTMBaLMS cneunanucTa BedeT K TOMY, YTO OH Ha
bonee paHHen cTagum pacnosHaeT BO3HUKawoLwme npobnembl, OWNBKN NNn OTKasbl U akTUBHO
ycTpaHseT nx. daktuyecku, nporpaMMmmpoBaHne Ha paboyeM MecTe, HanpuMMep Ha CTaHke C
Urly, He siBNsieTcs 4em-TO MNpUHUMNUANbHO HOBbIM. CUCTEMBI C pYyYHbIM BBOAOM AaHHbIX
aKcnnyaTupylTca  yxxe anutensHoe Bpemd. [log HuM noHumaetca NC-ynpaBneHue c
MHTEPaKTUBHOW rpacnyeckon CUCTEMOM NporpaMmmMmpoBaHns. N3BecTHble OYHKLUUKM, Takne Kak
reoMeTpuyeckme AaHHble AeTanu 1 3aroToBKW, pasgerneHue npunycka, KOHTPOMb CTONKHOBEHNS
y3Nn0B 1 MogenvpoBaHue, NogaepXnBaloTCa B TakMX cuctemax. HegoctaTtkoM cucteM pyyHoro
BBOJA SABMAETCA HECOBMECTUMOCTb C ApPYrMMM cUCTEMaMU U3-3a ee cneuunanu3aumm Ha
JaHHOM Tune cTaHka. [lpy MCNonb3oBaHMM PasfIMYHbIX CTaHKoB cneundpudeckme NC-
nporpamMmsbl ynpasneHus He MOryT UCMONb30BaTbCA Ha APYrux cTaHkax. Opyrummn cnosamu, aTo
O3Ha4yaeT MOCTOSIHHbIA HOBbIN BBOA AaHHbIX MU HOBOE OCBOEHME CUCTEMbl yrpaBneHus Ans
onepartopa. Tak 6bina cchopmynnpoBaHa 3agadvya YMeHbLUEHUS HeOOCTaTKOB CyLLECTBYHOLLUMX
cUCTEM ynpaBneHus, ¢ Lenbi COo3d4aHnd WHTErpUpOBaHHOM B MPOU3BOACTBEHHLIN NpoLecc
KOHUEenuun nporpamMmmMmMpoBaHns, OpPUEHTMPOBAHHOW Ha 3anpockbl onepaTopa. [MpakTudeckoe
BOMOLLEHNEe OdaHHOW wugen Obin NpeTBOpeHO B XM3Hb B 1984 rogy npwu peanusaumm
denepansHoro npoekta «lpon3BoaCcTBEHHO-OPUEHTUPOBaAHHbLIE METOAbl NPOrpaMMmnpoBaHUS
(WOP)». B Hem yyacTBOoBanuM MHOrne npou3BOAUTENN CTAaHKOB W CUCTEM YrpaBreHud,
pa3paboTynkm nporpaMMHOro obecneyeHusi, TEXHUYECKNEe YHMBEPCUTETLI N Nonb3oBaTenn 13
OPI. OOwen uenbo nnaHupoBaHus 6Gbina peanusaums KOHUENUMW MNporpamMMmMpoBaHMs,
BasupytoLLenca Ha cneayoLwmx npeanocbinkax:
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- METO4 nNporpaMMMpoBaHWs OPUEHTUPOBaH Ha cnocobbl 00paboTkM pesaHnem ¢
YHUMLMPOBAHHBLIM OMANOroMm;

- UIHTEPAaKTMBHbIV rpadhnyecknini BBOA He BKINOYaET A3bIK MpOrpaMM1MpoBaHus;

- BOCTYMHO rpadmyeckoe MoaenMpoBaHune npotecca o6paboTku;

- BO3MOXHbI ONTMMM3aUUSA N UISMEHEHNE NPOrpamMMbl B METOAMKE HOBOIO NpOrpaMM1MpoBaHus;

- NONHOE B3aMMOAEWNCTBME onepatopa C MPOU3BOACTBEHHbIM 000pPYyAOBaHMEM 4YUCIIOBOro
yrnpaBneHus;

- Hanu4Me Moaynsa ynpasneHusa 1 nepeaayn AaHHbIX MO UHCTPYMEHTY, 3aXKMMHbIM YCTPOMCTBaM
1 NporpamMmme;

- YHUULMPOBaHHasi cuctema Ansi paboTbl B LiEXy M NpU NOAroTOBKE NPOU3BOACTBA.
CpaBHeHMe npeacTaBneHHbIX KpUTEpUMEB C  (PYHKLUMOHANBHOCTBD COBPEMEHHbBIX CUCTEM
NPOrpaMMmMpPOBaHNS MOKa3bIBAET, YTO 3HAYMTENbHOE YMCMO NPOU3BOAUTENEN UCMOMb3YOT B
CBOMX NporpamMmmax HeKoTopble U3 3asiBfieHHbIX MyHKTOB. [MpoGrnemMHbIM hakTopoM pas3BuUTUSA
9TOro HanpaeneHusa ABnseTca To, YTo TepMuH WOP He sBRsieTcst 3alMEHHbIM U MOXET
AOCTaTovHO CBOOOAHO TpakToBaThbCs. PasHoobpasHble «WOP-cucTtembl» MOryT B psae
crny4aeB oTNU4aTbCAa Apyr OT Apyra.

py4Hoe

®peseposaHue (3-x KOOPANHATHOE) ®pesepoBaHmre (5-TM KOOPAWUHATHOE)
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Puc. 12-16: Metoabl NC-nporpammupoBaHusi

Ewe pas pgertanbHO paccMOTpMM OCOBEHHOCTU COo34aHus nporpaMmmbl nNpu  obpaboTke
noBepxHoCcTM cBOBOAHOM QOpMbI, Tak Kak 3TOT BuA 0OpaboTkm npeabsasnseTr ocobble
TpeboBaHmss Kk cuctemam CAD/CAP/CAM. B npuHumne, oOkoH4YaTenbHasi ob6paboTtka
noBepxHocTen cBOGOOHON (opMbl, Kak nokasaHo Ha Puc. 12-16, moxeT ObiTb obecrneyeHa
Tpems pasnuyHbiMM  cnocobamu: nocpeactBoM  3-X, 3+2-Xx unu  5-m KoopauHaTHbIM
dpesepoBaHneM. B  npoTtuBononoxHoctb 2 1/2 kKoopauHaTHoM  oGpaboTke, T.e.
ABYyXKoopAuHaTHOW 06paboTke U yCTaHOBKE TpeTber OCU C PUKCUPOBAHHBIM 3HaYeHneMm, npu
3-koopanHaTHOM hpesepoBaHmm ByayT NPUBOANTLCSA B ABMKEHNE CUMHXPOHHO 3 ocu. [pu aTom
OBWXEHMS MO Tpem ocaMm ByayT MHTepnonupoBaHHbIMU. OpueHTauusa dgpesbl B 3TOM Criyyae
OoCTaeTcs NOCTOSIHHOW B HanpasrieHun Z cuctembl koopanHat ctaHka. Npu obpaboTke no cxeme
3+2 opueHTupoBaHMe ocu pesbl OyaeT MEHATbCA Ha BENWYMHY MOCTOSAHHOrO yrna, B
pesynbTaTte Yero ocb pesbl He ByaeT coBnagaTtb C HanpasneHnem ocu Z. MNartnkoopanHaTHas
obpaboTka No3BonseT peannsoBaTb HENPEPbIBHOE U3MEHEHNE NMPOCTPaHCTBEHHON OpUeHTaLmm
dpe3bl K 0bpabaTbiBAEMON NOBEPXHOCTU, Tak, YTO UHCTPYMEHT pacnonaraetcs onTumarnbHO
OTHOCUTENBHO 3aroToBkW. [penmyllecTBa 3-x U 3+2-x koopaMHaTHOM 06paboTku 3aknovaeTcs
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B TOM, YTO ANSA OrpaHMYEHHOro Yncrna ocen pacyeT TpaeKTopuu nepemMeLleHns UHCTPYMeHTa
ABMNSAETCA MaTeMaTUyecku MeHee CMNOXHbIM W MOXET MNpPOU3BOAUTBCA 3a OTHOCUTENBHO
KOpoTkoe BpeMsi. BO3MOXHble CTOMKHOBEHMSI Y3MoB Nerde pacrno3HalTCd, a eOuvHUYHbIe
MaTpuubl, T.e. HEOOHO3HAa4yHOoe onpeferieHMe no3nuunm B OeKapToBbIX KoopAuHatax Aans
ucnonb3yemblX YCTAHOBOK OCe He BcTpevalTcs. [lockornbky Ans NO3vLMOHMPOBaHUSA
3aroTOBKM UCMOMb3YOTCA TOMbKO MNUHENHble NPUBOAbLI, B OaHHbIX CUCTeMax [OCTUraltTcs
BbICOKME 3HayeHWs CKOPOCTU pes3aHus K nogadyu. Hanpotus, 5-koopavHaTHas obpaboTka
XapakTepusyeTcsi MUWHUMMarnbHbIM  MalUMHHBIM  BpemMeHeM. OnTumanbHoe MOonoXeHue
WHCTPYMEHTa OTHOCUTENbHO 3arOoTOBKM 4OMNYCKaeT YBESIMYEHHbIE 3HAYEHMS MO4AYN U rNYyOMHbI
pesaHus (bonblioM CbeM MaTtepuana), a Takke CHwkaeT obbeM Heobxogumon [opaboTku
aetanu. KomnnekcHasa reomeTpust getanu MoxeT ObiTb Nofy4yeHa ¢ O4HOro yctaHoBa B OAHOM
paboyem uukne npaktmdeckm ©6e3 popabotkn. 310 obecneumBaeTcsi  OTCYTCTBUEM
NepeyctaHOBOK W 3aTpaTHOrO MO BPEMEHM OPUEHTUPOBaHWUS  3aroToBkM. CrOXHble
KMHemaTtumyeckme npouecchbl TpebyoT, ogHako, pa3paboTkuM cneumnanmsmpoBaHHbIX CTpaTerun
06paboTKkM Mo KOHKPETHYH AeTanb. Tak, Hanpumep, HacagHas Topuesas pesa AormkHa
yCTaHaBnMBaTbCs NO HEKOTOPbIM YrNOM, peanusylowmM ee OpueHTauuio Takum obpasom, 4To
KOHTaKT paboyen 4actn dpesbl C 3aroTOBKON B HanpaBneHun obpaboTkn OCyLeCTBRSETCS B
3agaHHOM cekTope ansa obecneyeHns nokarbHOro pe3aHus 3aroTOBKUM M NpefoTBpalleHus ee
NOBpPEXOEeHNa B 3agHEen 4actu. OTU CroxHble TpeboBaHus obecnevmBaloTCa MoCpeacTBOM
cneumanbHo paspaboTaHHbix cuctem CAD/CAP/CAM. B oTnuuMe OT NPOCTON reoMeTpumn
aetanen, MOMyYeHHbIX TOYEHWEM, KOMMMEeKCHass reomeTpuss CBOOOAHBLIX MOBEPXHOCTEN
paccunTbiBaeTca B OCHOBHOM npwu nomowmn cuctem CAD. Cuctema CAD npu 3TOM
WHTErpmpyeTca B OOLLyl0 CUCTEMY W CBfi3aHa C CUCTEMOW NpPOrpamMuMpoBaHMsa 4vepes
HenTpanbHbIN UHTEpPdENC.
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1) Py4yHoe nporpammupoBaHue
no DIN 66025

2) Mpadmyeckn-uHTepakKTUBHbLIN
BBOJ, AaHHbIX NO
TexHonorv4yeckon sagaye

3) Npadmyeckn-nHTEepakKTUBHbLIN
BBOJ TEXHOJIOrMYECKUX NapameTpoB
Npu NONHOM CUCTEMHOM NoaaepxkKe

4) kak 2) / 3) ¢ nogknoyeHnem CAx

5) Cuctema WOP - uexoBas

|CTOVIMOCTb nporpaMMupoBaHus >

CnoXXHOCTb NPOrpaMMmUpOBaHUs

I — — 1
B e | B

B

Puc. 12-17: KauecTBeHHOe cpaBHeHMe MeToaoB NC-nporpamMmupoBaHusA

MeTogbl nporpamMMpoBaHMS [OOSMKHbI OLEHMBATbCA Takke, Kak CTaHOK, MO OAMHAKOBbIM
NPOM3BOACTBEHHbLIM KpUTEpUAM. KOMMNeKCHble CUCTEMbI C BbICOKOW CTOMMOCTbI) OCBOEHUS,
npeanonaratmolme 3HayuTenbHble 3aTtpaTtbl Ha 00yyYeHwe nepcoHana, aPdEKTUBHbI TOMBKO B
TOM cny4ae, ecnu co3gaHHble NC-nporpammbl 6ygyT obecneydvBaTb 3HAYUMTENBHYO 3KOHOMUIO
(PUHAHCOBbLIX CPeacTB WM AO0CTaTOMHOE MOBbIWEHME KadecTBa npoaykumn. CTOMMOCTb
nporpaMmmMmpoBaHus gnsi ctaHkoB ¢ YlY urpaet ocobyto ponb npu Npov3BoacTBe HEOOMbLUMX
napTun n3genun. 3ta NPoM3BOACTBEHHAsA 3agada Ans ctaHkoB ¢ YUlNMY MHorokpatHO 3aBucuma
OT TOro, HacKoNbko (B OTHOWEHWW eAMHUYHOW  AeTanu) Benukum  3atpaTbl  Ha
nporpammupoBaHune. [loaTtomy npwu  onpegeneHuM 3atpaT  MCMOMb3yemble  MeToAbl
nporpaMMMpoBaHns  SABMSIOTCA  MacwTabHbiM  (pakTopoMm. PaccmaTpmBas 3HauuTenbHOe
KONMMYeCTBO 3HAYUMMbIX (PaAKTOPOB Mpu BbibOpe noaxoAdlien CUCTEMbl MporpamMuMpoBaHuS,
HEBO3MOXHO 3apaHee OnpefenuTb, Kakoh MeTon aBnaetcs Haubonee BbirogHbiM. O6bIYHO
UCXOAAT M3 aHanu3a CTOMMOCTM MporpaMMMpoOBaHUS B COBOKYMHOCTU C YPOBHEM OCHOBHOW U
AononHuTenbHoM 3apaboTHOM nnaThbl, a Takke CTOMMOCTM pabodero mecrta nporpammucTa
(yacoBow cTaBKM MCNOMNb30BaHMA 060pyaoOBaHMA CUCTEMBI, BKIOYAsa pacxodHble mMatepuansl).
Takum obpasom, aTn pacxofbl NpyM Py4YHOM NPOrpaMMUPOBaAHUN B CPABHEHUN CO CTOMMOCTbLIO
paboyero mecTta Ansi KOMMbIOTEPHbLIX METOAOB MPOrpaMMMpPOBaHUS, BKIOYaOLME CTOMMOCTb
annapatHoOro M nporpaMmmHoro obecneyeHns, npeHebpexmumo Manbl. [JononHuTenbHble
pacxofbl KOMMNEHCUPYHTCA BbICOKMM KOIPMULMEHTOM UCNONb30BaHWs, T.e. hopMUpOBaHNEM
nNpubbINIM OT BpPeMeEHU MNPOrpaMMMpPOBaHUS YCTaHOBMEHHOW cucTeMbl. Pacxogbl Ha cuctemy
MaLLMHHOIO NPOrpaMMmnpoBaHna MOryT BbiTb pasnuyHbIMU. B nepByto ovepeab, OHW CBA3aHbI C
aKkTyanbHbIMKM  3agavamu nporpaMMMpoBaHus. MatukoopamMHaTtHoe  dopesepoBaHue
NMOBEPXHOCTEN NPOU3BOSIbHOM OOPMblI CTaBUT, K npumepy, 6onee BbiCOkMe TpebOBaHUA K
cucteme, Yem npu nNporpammMmpoBaHmMM o6paboTkM TodeHMeMm. ITO B peLualollent CTEneHu
onpegenseT kputepuu Bblbopa Noaxoasien cUcTeMbl NPOrpaMMMPOBAHNS U MPOU3BOACTBA,
3aBuCALLME  OT  TEXHONMOrM4YecKoro  mnpouecca  KOMMSIEKCHoW — obpaboTku  getanu.
MpuHUMNManbHoe paccMOTPEHWE COBPEMEHHBLIX METOAOB MNPOrpaMMUpoOBaHUA Ha npeamet
3PP EKTUBHOCTN NPU PaA3NNUYHOM CNOXHOCTU AeTanu, No3BonseT NpeacTaBuUTb UX B CreayroLwmx
KayecTBeHHbIX rpaHuuax (Puc. 12-17). icnonb3oBaHue py4yHOro nporpammupoBaHus B G-koge
(DIN66025) uenecoobpasHo TONbKO Npy HEGOMLLLIOW CIIOXHOCTU AeTanen. NporpammmpoBaHue
CMNOXHbIX KOHTYpOB TpebyeT 3HaunTenbHbIX 3aTpaT BPEMEHU, a B psae Crny4daes, NpakTU4ecku
HEBO3MOXHO. CTOMMOCTb KOMMbIOTEPHOrO MNporpaMMuMpoBaHust npyu obpaboTke KOHTYpoB
pPasnNMYyHOM  CIMOXHOCTW  YBENMYMBAETCA  He3HaunTenbHO.  KOMMblOTEpPHbIE  CUCTEMDI
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nporpaMMMpoBaHns pasgeneHbl Ha 4 rpynmnbl, KOTOPble OPUEHTUPOBAHLI HA (PYHKLNOHANBHOCTb
N CBSI3b CUCTEMbI B cucteMHoM Grnoke. [1Be nepsble rpynnbl npeactasnstoT NC-nporpammbl,
KOTOpble OTNMYalOTCA 3a4aHHOW MNpU NPOrpamMmMUpPOBaHUM CUCTEMHOW noaaepxkoun. Nepsas
cuctema (Puc. 12-17, 2) TpebyeT OT nonb3oBaTtensa BBEAEHUS B ANANOrOBOM PEXMME MOSTHON
anddepeHUMpoBaHHON UMHGOPMaUUKM O TexHonormdyeckoM npouecce. [JononHUTENbHbIE
PYHKLMN, KaK aBTOMATUYECKUIA BbIBOP MHCTPYMEHTA, BBOA TEXHONOMMYECKMX NapameTpoB Unun
aBTOMaTMYECKOe TreHepupoBaHWe nocnegoBaTenbHOCT 06paboTkm He npegyCMOTpeHbI.
BTtopasa rpynna (3) cuctem nporpammmpoBaHus obecrneumBaeT AaHHble yHKUuK. 3aechb
HeobXxoaMmMO BBECTU reoMeTpudeckMe napamMeTpbl AeTanu, 3aroTOBKM U HEKOTOpYyk 0OLyto
UHopmaumio (LeneBon CTaHOK, UCMONb3yeMble MHCTPYMEHTbI, Matepuan 3aroToBkvM U T.4.),
ansa Toro, 4Tobbl NoA KOHTPOSieM onepatopa reHepupoBaTb NporpaMmy. OTO aBToMaTUyecKoe
NPOM3BOACTBO BO3MOXHO B TakoM obbeme, B HaCTOsILLEee BPEMS, TOSMbKO AS11 OTHOCUTESbHO
npocTblx cnocoboB npousBoacTBa. [pynna (4) npegctaBnsdeT cuctemy, Kotopas B
paccMmaTpMBaeMon KOMMbIOTEPHOW KOHUENUMUM MHTErpMpoBaHa B CUCTEMHbIA B6rok. CrnoxHble
reomeTpuyeckne ¢opmMbl MOryT ObiTb u3dsnedeHol n3 CAD-cuctembl M obpaboTaHbl. Takoun
noaxod npv MCMOMb30BaHUWM YK€ MNOArOTOBMEHHBIX TEXHUYECKUX AaHHbIX FeOMEeTPUYHECKOWn
MHdopMaumn, nossosniseTr obecneuntb 3pHEKTUBHOE NporpaMmmupoBaHmne. Takke BO3MOXKHO
nporpaMmMHOE onucaHne NoBepXHOCTU cBoOodHOM hopmbl (cnnarHoB). MNMocnegHsasa rpynna (5)
ABNAETCA CUCTEMON MNPOrpaMMMPOBAHNS, OPUEHTUPOBAHHOM Ha LIEXOBYK MOLrOTOBKY
nporpaMMm. Ye Ha3BaHHble NPenMmyLlecTBa CUCTEMbl MPOrpamMMMpPOBaHMS, adanTUPOBaHHOW
ana  paboTbl B KOHCTPYKTOPCKMX WM MPOM3BOACTBEHHbIX MoApasfeneHnsx ¢ 3amMeHoun
LEHTPanM3oBaHHbIX CTPYKTYpP NPOrpaMMHOM MOArOTOBKMW, OENatT BO3MOXHbIM YCKOPEHHOE U
rmbkoe pearnpoBaHMe Ha NOTOK aKTyarnbHbIX COObITUI B NpoLiecce U3rotoBneHns. B HacTosiwee
BpeMsi 06paboTka CrnoxHbIX 3D—MOBEPXHOCTEN BO3MOXHA CO 3HAYNTENbHBIMWU OrpaHUYEHNAMM.
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NuameTrp
A YnopHaa noBepxHOCT
@ XEP, ZEP InwHa gep#aekn MHCTPYMEHTA
M Hone cranka
R P . '@ AWR, 2WR PaccToAHWe oT TOUKW OTCYETA Ha 3aroTOBKE
edepEHLHBIN MyHKT e A0 HOMA CTaHKa
F. N Touka oTcueta Ha NonayHe ED MR, ZMRE PaccToAdwe oT HOMA CTaHka
M H3 MHCTPYMEHTE A0 pedepeHUHOrD NyHKTa
W  HyneBas Touka 3aroTOBKW 2N PaccroAHne oT HOMA CTaHKA
@ A0 TOYKM OTCYETA HA 3aroTOBKE
E  Touka otcueta Ha
WHCTPYMEHTE @ = BeplwmnHa MHCTpyMEHTA

Puc. 12-18: KOHTponbHbIe TOYKU TOKAapHOro ctaHka ¢ YlY u ¢ppe3epHOro MHCTpymeHTa

Cuctema koopauHaT npuBs3aHa K 3arOoTOBKE, MO3TOMY MpOrpaMMvMpoBaHME MNPOM3BOAUTCA
He3aBUCMMO OT TOro, ABWXeTcHa Npu 06paboTke MHCTPYMEHT unu aetanb. [porpammucT Becerga
npegnonaraeT, 4YTO WHCTPYMEHT [ABMXETCA OTHOCUTENbHO KOOPAWHATHOM  CUCTEMBbI
HenoaBWXHOW MO YMOMYaHUIo 3aroToBku. [porpamMmmnpoBaHMe 3Haka HarnpaBrieHUs BpalleHus
WNMHAENA Ha TOKapHOM, (pPe3epHOM WNU CBEPMUMNBHOM CTaHKe MNOOYUHAETCA npasuny
npaBoro BWHTA. HanpaeneHwe BpalleHMs B MNpaByld CTOPOHY MO HanpaBfeHUo Mnodayn
cynTaeTCsa MOSOXUTENbHbIM. OTO O3Ha4aeT, YTO HanpasfieHue BpalleHWUs M3 MNepCcrnekTUBHI
WHCTPYyMEHTa CBA3aHO C HanpasneHvem nogayn. OO6WenpuHATBIM - cynTaeTcs  ang
NONOXUTENBLHOrO BpaweHnss Mo ocam: Ans A npaBoe BpalleHwe B HanpasneHuu +X, ans B
npasoe BpalleHve B HanpasrneHun +Y u gna C npasoe BpalleHve B HanpasreHun +Z. [Ons
CcBepneHna npaBbiM CBEPriOM MNPUMEHSETCA MpaBoe BpalleHwe WNUHAENsA, 4YTO O3HayaeT
ucrnonb3oBaHue koMmaHabl MO3 npu nporpammupoBaHun. NoMMMO KOOPOUHATHOW CUCTEMbI Ha
Kaxxgom cTaHke ¢ UMY onpegeneHbl pasnuyHble KOHTPOSibHble (peddepeHLHbIE) TOYUKW.
BaxHenwune npencrasneHbl Ha Puc. 12-18. C nx noMOLWb0 YCTaHABMMBAOTCA COOTHOLLEHUSA
Mexay nosuumen 3aroToBkM 1 NOMNOXeHNeM UHCTPYMEHTA.

Honb cmaHka — M

lMocpeactBOM HOMS  CTaHKka MNpOM3BOAUTENb  YCTaHaBNMBAET KECTKYD NPUBA3KY K
KOOpAMHaTHOM cucteme ctaHka. OH siBNsieTca NpsIMON UM KOCBEHHOW OTCYETHOW TOYKOW AN
OPYrMX KOHTPOSbHbLIX TOYEK, pedepeHUHbIX MYHKTOB U MPOU3BOAHbLIX HyneBblX Toyek. Honb
CTaHKa sBnsieTcq HEM3MEHHbIM NapaMeTpPOM CTaHKa.

PepepeHuyHnbiti nyHkm R

PedepeHuHbIi NyHKT siBnsieTca rpybo ycTaHaBnNMBaeMOW 4Yepes3 KOHEYHbIV BbIKMYaTenb U
TOYHO OCTMPOBAHHbLIA MNOCPEACTBOM W3MEPUTENTBHON CUCTEMbI MOCTOSIHHOM TOuYKoW. Kak
npaBuIo, OH HaxoAWTCA Ha rpaHuue paboyen 30Hbl CTaHKa, C TeM, 4TOObl NMpu 3axaTown
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3aroToBke kK HeMy umencst 6ecnpobnemHbin goctyn. PedepeHuHbIi NyHKT BbICTaBNsAETCA Npu
Harnagke cTaHka npu noctossiHHoM pacctosHuM XMR, ZMR oOT HOnA cTaHka u ocTaeTtcs rnocrie
3TOro Hems3MeHHbIM. [pu BbINOMHEHMM KOMaHObl «N0AXo4 K pedepeHUHOMY MYHKTY» OH MOXeT
ObITb OOCTUMHYT BPYYHYO WAW Mpu nomowm SPS-nporpamMmbl C TOYHOCTbIO MYTEBOrO
WHKpemeHTa (B npegenax ot 0,1 go 1 mkm). CtaHku C abCoONOTHO-LUKIMYECKON WNN
WHKpPEMEHTaNbHON W3MEpPUTENbHOM CUCTEMOW OOMKHbI NPU  KaXOOM HOBOM  BKNHOYEHUN
BbIMOMHATL NepemMelleHne K pedpepeHuHoMYy NyHKTY. [locne 3Toro aBTOMaTUYECKUA CYETYUK
WUCTUHHOIO MOMOXEeHUA YyCTaHaBNMBaeTCA Ha HOMb WU OpyrMe BBedeHHble Mpu Hanagke
3Ha4yeHud, Hanpumep XMR vnu ZMR.

Hyneesas moyka 3a2omosku

HyneBasa ToO4ka 3aroToBKM $BMSETCA WCXOAHOW AN KOOPOMHATHOW CUCTEMbl 3aroTOBKM,
No3TOMYy OHa CBdA3aHa C YacTUYHbLIM MporpammMupoBaHueM. [lporpaMMmUCT NPOU3BOMNBHO
yCTaHaBMMBaET €€ MONOXEHNE, HO OOSDKEH NPW 3TOM OPUEHTMPOBATLCS Ha pa3mepHyto Gaasy.
Ona petanu Tuna Terna BpalleHUs 3TO, HanpuMmep, ToYKa Bpe3aHWsd Ha Bpallaloencsd ocu C
©a30BON KPOMKOWN N3MEPEHUS OMNHbI.

KoHmpornbHass moyka uHcmpymeHma E

Pa3mepbl MHCTpyMeHTa AN BbINOMHEHUSA KOPPEKUUM 3aHOCATCA B NaMATb B pasgen AaHHbIX 00
WHCTPYMEHTE M CBA3bIBAOTCSA C KOHTPOMbHOW TOYKOM MHCTpyMeHTa. KOHTporbHas Touka
WHCTPYMEHTa npu ppesepoBaHMM coBMagaeT C TOYKOW WMHCTPYMEHTanbHOW ornpaBkm «N» B
WHCTPYMEHTAalbHOW onpaBke, Mpyu TOYEHUU C KOHTPOSTbHOW TOYKOM cynnopTa «F». NonoxeHue
KOHTPONbLHOW TOYKU MHCTPYMEHTa B BbICOKOM YCTAHOBOYHOM KOHYyCe WnuHAens dopesepHoro
CTaHKa onpefenseTcs He OOCTAaTOMHO TOYHO, TaK Kak nocafoyHas NoBepXHOCTb B LWNUMHAeNe
CTaHKa He MMeeT YNOpHOM NOBEPXHOCTU Ha diaHLe, a 3akpennsaeTca B KOHMYeckon onpaske. B
OaHHOM criyyae HeobxoguMMa KOHTPOSfbHas Touyka AN YCTAHOBKW WMHCTPYMEHTa, KoTopas
onpegendeTca OTAENbHO ANS KaXOoro CTaHKa W MHCTPYMeHTanbHOro KoHyca. Yem panblue
KOHMYeCKasi onpaBka yCTaHaBNMBaeTCsa B KOHyce paboyero WwnuHaens, TeM ganblie HaxoauTcs
KOHTpOnbHas Touka «E» WMHCTpyMeHTa B HanpaBneHun ero BeplunHbl. HSK-KOHyC, HanpoTus,
ycTaHaBnuBaeTcsa TOYHO Ha donaHew wnuHaens, Tak 4to N n E ctaHoBATCA nOeHTUYHBI.

Touka omc4yema nocado4yHoU nosepxHocmu uHcmpymeHma N u nonsyHa F

Mpn pesepoBaHMM onpenensT TOYKY MNOCAAOYHOM MNOBEPXHOCTU WHCTPYMEHTa, a Mnpu
TOYEHUN - KOHTPOSIbHYIO TOYKY mMon3yHa. [aHHble TO4YkM aHanorumvHbl TOYKaM oOTcyeTa Ha
NMHCTpymMeHTe. OHM y4acTBYIOT B LIMKIE pedhepeHLHbIX NepeEMELLEHNA CTaHKa.

Toyka cmapma B

Touka ctapTa o603HayaeT NO3MLMI0 KOHTPOMBbHOW TOYKM MHCTPYMEHTa B Havane nporpammbl.
OHa pocTturaetca nepeg HadanoMm MporpamMmbl OT pedepeHLHOro MyHKTa BPYYHYK U MO
OKOHYaHuM 06paboTkM 3aroToBKM NO nporpamme, 4Tobbl obecneuntb Havano obpaboTku
crneayLlen 3aroToBku.

Toyka cmeHbl uHcmpymeHma WW

Mpyn cMeHe MHCTpYMEeHTa CMeHHad rofloBka Ha TOKApHOM CTaHKe Unn pesepHas ronoska Ha
bpe3epHOM CTaHKe nepemellaeTca B OnpeAeneHHyo nosuumio pabodero npocTpaHcTea, AN
BbIMOMHEHUS] HagexHoW (6e3 CTONKHOBEHMWI Y3MOB) CMEHbI MHCTPYMEHTA. OTa Touka, Kak u
HOMb CTaHKa, SABMNAETCA MOCTOAHHbLIM pasmepoM. [Npu BbINONHEHWUW KoMaHAbl T Ha CMeHy
WHCTPYMEHTa nepemMeLLeHre B 3Ty TOYKY BbINOSTHAETCS aBTOMaTUYeCKU.

eomempus uHcmpymeHma

Mpn o6paboTke 3aroTOBKM NPaKTUYECKN BCErAa UCnosib3ytTCA MHOMOYUCTIEHHBIE MHCTPYMEHTDI,
Kak, Hanpumep, WMHCTPYMEHTbl ANS YEepPHOBOM W 4MCTOBOM 0O6pabOTKM, WMHCTPYMEHTbI ANnA
cBeprieHnsa n 1.4. OHU MMEIOT pasnUyHYo ONVMHY 3akpenneHnsa, o603HavYaemyo BenmymHamm
XEP u ZER wmexay pexywmmMuy KpOMKaMuM M TOYKOW YCTAHOBKM WHCTPyMeHTa «E», B
3aBUCMMOCTM OT WMHCTpymeHTa. [lpn Kaxgon CMeHe WHCTPYMeHTa COOTBETCTBYHOLUUE
KoopavHaTHble napbl  XFP, ZFP pacyeta nepemelieHns ©OyayT nepeHasHayaTbCs.
He3HauuTenoHoe u3MeHeHWe pasmepa MWHCTPyMEHTa BCneacTBMe WU3HOCA, HEeTOYHOMU
npeaBapuTenbHON YCTaHOBKM WNW  TemnepaTypHbiX AdedopmMauun ctaHka MoryT ObiTb
KOMMNEHCMpPOBaHbl ONepaTopoM KOppeKUnen MHCTPYMEHTa nepes Havyanom obpaboTku.
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0O603Ha4yeHne DYHKUMA U 3HaYeHne O6o3Ha4eHue DYHKUMA 1 3HAYEeHNe
% Hayano nporpammsil D 17099 HoMep Koppekw. daKTopa MHCTPYMEHTa
: 1t0 9999 |HOMep CTpOKu X 0 0o +99999.9|3aAaHue kKOOPANHATLI NepemMeLeHs B MM
N Y 0 0 + 99999.9|3anaHue KoopAMHATbI NepPeMeLLIeHs B MM
L KOMMeHTapui Z 070 +9999.9 |3agaHune kOOpANHATLI NEPEMELLeHs B MM
/N CTpokKa C KOMMEeHTapuem 3aaHue KoopavHaT nepemeLleHmss °,
00 yCKOpeHHas noaava 4.0ocb [070+99999.9focn:A B.C. U V. W
01 NUHEeNHasa nogaya R Ogon nokasartesb CyGpyTUHbI
02 KpyroBasi nojaya no 4acoBoW CTpernke | 040 +9999.9 |napameTp MHTepnonALMM nNo ocn X
03 KpyroBasi nogada npoTUB 4YaCOBOW CTPENnkun 170 2000.0  |xo4B MM
33 HapesaHyie pe3bbbl J 040 +£9999.9 |napameTp MHTepnonaumMm noocun Y
G 4 BpEMsi Nay3bl 1002000.0 |xoaB MM
G 17 BbIGOp nnockocTun X-Y K 040 +9999.9 |napameTp MHTEpnonALMM No ocn Z
18 BbIGOp nrockocTn X-Z 170 2000.0 |xo4B MM
19 Bbl6op nnockoctun Z-Y F 010 Fnax nogava B MM/MUH (cppes.) unu Mm/o6 (Tou.)
G 39 KoMmneHcauvsa paguyca pesua (ToyeHue) s 040 Smax YyacToTa BpaLleHns B MUHL
G ;1(; BbIKIMIOYEHWE KOPPEKLUN pa3Mepa MHCTPYMEHTa T 1709999 HOMED WHCTDYMEHTA
KOPPEeKUMA ABUKEHNSA TPAEKTOPUU, UHCTPYMEHT H 170 9999 BCMOMOraTeNbHbIE thyHKLMM
pacnosioXeH cnesa 0THOCUTENbLHO 3aroTOBKU L 1710 9999 HOMED BbI3bIBAEMOVi OANPOTDAMMSI
42 KOPpPEKLMSA ABUKEHUSA TPAEKTOPUK, UHCTPYMEHT M 00 ocTaHoBKa (GeaycriosHas)
S = pacnonoxeH cnpasa omocme:(}:;;) 3aroToBKM o1 ocTaHoBKa (yCrIoBHaS)
CMELLeHINe HAtaNna KoopAMHAT HeT 02 OKOHYaHWe nporpaMmbl 6e3 nepexoaa
G 54 cMmeleHne HK1
30 OKOHYaHWe NporpaMmbl 1 BO3BPAT B HAYano
55 cMeleHne HK2 =
~ M 03 BpaLleHune WnuUHAenNs, No YacoBOW CTpenke
G 70 BBO/, B AlonMax
04 BpaLleHune WNUHAenNs, NPOTUB YacC. CTPESKN
71 BBO/ B METPUYECKUX EANHNLIAX
05 OCTaHOBKa WNUHAENs
G 80 BbIKMHOYeHME paboyero umkna
M 007099 BCoMoraTenbHble dMYHKLUWW, HacTpansaemblg
81to 89 kbl Yy,
( Havano KoOMMeHTapus
G 90 BBO/J aBGCONMIOTHBIX KOOHANHAT
) OKOHYaHWe KOMMEHTapwus
91 BBO/] MHKPEMEHTanbHbIX KOOPANHAT ~
~ LF nvHenHaa nogada
G 92 3agaHue Tekyllen no3nLvmn kak Hayana koopamHat
G 94 nogaya B MM/MUH WcTounuk: DIN 66025
G 95 nogaya B Mm/o6opoT

Puc. 12-19: Bbigepxka us o6o3Ha4yeHus pyHkumin no DIN 66025

MepBble NC-nporpammbl 06pabaTtbiBannCb WUCKMIOYUTENBHO MNocrefoBaTerbHbIM Cnocobom,
yto ObINO 0BYCroBNEHO MMEKLWUMCH B PacnopsikeHun anroputMam, MOLLHOCTbIO
KOMMbIOTEPOB U TEXHOMOrMAMU XpaHeHus uHgopmauun. Bmecto Toro 4tobbl onucbiBaTb
napameTpbl 3aroToBKM WM Heobxogumyro ans  ee 00paboTkM  TEXHOMNMOIMYECKYH U
noaroToBUTENbLHYIO MHOPMaUUIo, OHW cofepxaT nepeyncneHne otaenbHbix NC-CTpok ¢
yKasaHusiMn no nepemMeLleHMsaM 1 KomaHgaMm Ha nepekntiodeHne ansa onpeaeneHHoro ctaHka ¢
urly. 3gecb mmeeTcs B Bugy nporpaMMuMpoBaHMe CTaHka, a He 00paboTKM KOHKPETHOM
3arotoBkn. Ha ocHoBe aToKn TexHonormm obinn paspaboTaHbl paclumnpeHHble NC-nporpaMmmHble
A3bIKW, KOTOpbIe npeactaBnedsl B ctaHgapTtax DIN 66025 vnu 1ISO 6983. NC-nporpamma Ha
6ase Tak HasbiBaeMoro G-koga, B cootBeTcTBMM C DIN 66025, cocTOMT U3 ynopsaoveHHbIX
npeanioXXeHnn, KoTopble COOTBETCTBYIOT O4HOMY Liary obpaboTtku. YkasaHua no obpaboTtke B
OLHOW CTpOKe HABNATCA KOMOMHauuen Ha OCHOBE «CrOB» M3 onpedeneHHbix 6yks wu
nocnegoBaTenbHOCTU UUgp, KOTopble MOryT ObiTb KOOMPOBaHbl MHAEKCAaMU UnNn 6e3 HuX.
3HayeHne 1 nopsaoK Takux CroB yKasblBalOTCA B MPOrpaMMHOM Krtoye, Ha ocHosBaHuum DIN
66025 pgns kaxgon NC-nporpammbl. B npeacraBneHHonm Tabnvue COBMECTHO YKa3aHbl
3HayeHUsa BakHenWwmnx komanpg corracHo DIN 66025. HavanbHbiM ykaszaHnem NC-nporpammbl
ABMAETCA HadanbHbIA NporpaMMHbIN 3HaK %. lNMocne aToro B CTPOYHOW nocnegoBaTelbHOCTU
cnegyT NC-npeanoxeHusi, KoTopble OnpefenaiTcsd HOMepoM MpeanoXeHus «N» ¢
3aBepLUalnTCa 3HAaKOM OKOHYaHusa npeanoxeHua «LF» (Line Feed). Kaxpgoe npennoxeHue
MOXET UMETb pasnnyHoe Ymcno cnoB. OBbIYHO DYHKLMN ABNAIOTCS CaMOYAEPKMBAOLLMMNUCA U
NMo3TOMYy MOTYT He BBOOUTLCHA B Kaxgoe MNpeanoXeHwe 3aHoBO, T.e. AEWCTBYIOT A0 MOMEHTa,
noka B HOBOM MpeasiokeHun OHW He OyayT nepenucaHbl UM OTMeHeHbl. C  yCMOBHbIM
nepemelyeHnemM «G» (BBOJ reoOMeTpu4eCcKUxX AaHHbIX) Y NporpaMMucta MMerTCs BO3MOXHOCTU
BHECEHMS B MporpaMMy BuAa vHTepnonsaumu (NMUHenHas unu nonspHas), smga pasmepos (MM
UNn OonMbl, abCOMTHBLIN UM OTHOCUTENbHbLIA), KOPPEKTUPOBAHMSA MYTU WHCTPYMEHTa,
CMeLLEeHUs HOoMs M 3anycka LUKNoB (CBepnuibHbIe LMKMbI, LUKNbl (bpe3epoBaHMs KapMaHOB U
T.4.). MNepemelleHns No oTaenbHbLIM OCAM 3anNUCbIBAOTCA B BUAe nyTeBon MHgopmaumn. OHa
BKMtovaeT OykBbl Ha BbIGop No ocam (X, Y, Z ansa nuHenHbix ocen n A, B, C ana noBopoOTHbIX
ocen) M uudpbl AN YKasaHUMS BENUYUMHBI NepemMelleHust unum  yrna nosopoTta. [lpwu
nepemMeLleHnn no Kpyry BBOOATCA napamMeTpbl KpyroBon uHTepnonsumm |, J, K cBasbiBaoLwme
peanbHOe MOoMoXeHWe LeHTPa OKPYXHOCTU C ee HayanbHOM TO4YKOW. [OMONHUTENbLHO K
YKa3aHHOW reoMeTpuyeckorn WHdopmaumn, onuckbiBalwLwen nepemelteHns MHcTpymeHnTa, NC-
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nporpaMmMma BKtoYaeT TEXHOMOornyeckne MHCTPyKUMM no obpaboTke 3aroToBKM: «F»-KoMaHaa
(Feed) onpegensieT BenuuMHy nogayn B MM/MUH vnn oBGOpoTHyt0 nogadvy B Mm/06. Beibop
npou3BoanTCca Mexay komaHgamu G94 wmnm G95. YacTtota BpaweHus wnuHgens B o6/MuH
onpegensaeTcs nNpu NporpaMmMmpoBaHUN MOCPEACTBOM KOMaHAbl «S» (BpalleHue LWnuHaens).
[na cTaHKOB CO CMEHOW MHCTPYMEHTa NocpeacTBOM KOMaHAbl «T» (MHCTPYMEHT) MOXeT ObiTb
BblOpaH WMHCTPYMEHT. NS KaXOoro MHCTPYMEHTa B NamMATU Nog MHOEKCOM «D» cOXpaHeHbl
HOMepa KOPPEKTMPOBOK ANs Mocrneayowen KOppekuMn WHCTpyMeHTa. 3Ta uHdopmauus
Nno3BOMsAeT KOPPEeKTUpoBaTb paguyc WHCTPYMEHTa, QOMWHY WHCTPYMEeHTa unn guametp
WMHCTpPyMeHTa npu oTpaboTke nporpammbl. KoppekTupoBka paauyca ans gppes nveet b6onbLuoe
3HayeHne npu HanucaHunm NC-nporpammbl. Bmecto nporpaMmmupoBaHus nepemMeLLeHus
KOHTYpa MHCTPYMEHTa NPOU3BOAAT aKTUBHYHO KOPPEKTUPOBKY 3KBUANCTAHTLI K KOHTYPY rOTOBOW
aetanu, KoTopasi 3aTeMm peanum3yeTcsi Ha cTaHke. Cuctema ynpasneHus obecneuvBaeTtcs
nocpenctBom komaHa «G» G41 un G42 - coBMeLLEeHVE pearibHOro MNosioXEeHUs MHCTpPYMeHTa
OTHOCWUTENbLHO 3aroTOBKW B HanpaBfeHUM OBWKEHUS, T.€. UHCTPYMEHT OOIKeH HaxoOuTbCs
cnpaBa wnu cneBa OT [WHUX nNepeMeLlleHns NO OTHOLWIEHW K peanbHOW 3aroToBKe.
Bcnegcteue aToro B CUCTEME YMpaBrieHUs BO3MOXEH pacyeT BepTUKanbHOro MoroXeHus
WHCTPYMEHTA K NUHUN OBWXEHUS MpU reHepupoBaHMM nepemeLleHnin no ocam. Ecnu npunyck
HaxoauTCcA crnpasa OT NUHUKU OBWXKEHUA NHCTPYMeHTa, TO ucronbdyetcd G41, ecnv cnesa - 10
G42. lNpun TOKapHoM 06paboTke B TakoM pasgeneHunm Het HeobxoaumocTu. BonblMHCTBO
cucTeM ynpasneHus ucnonb3yoT G46 Ang aBToOMaTUYECKON KOPPEKTUPOBKN paguyca pexyLlen
KpoMKW. HanpaBneHne, B KOTOpPOM [AOfKHa MNPOBOAUTLCH KOPPEKTUPOBKA, orpeaendercs
COXpPaHEHHbIM B MNaMATM CUCTEMbI YMpaBreHUa MOMoXEeHNEM TOKAapHOro WHCTPYMEHTa.
MHoroumMcneHHole AOOMOMHUTENbLHbIE YHKUUKW, Kak, Harnpumep, nNpaBoe - NeBoe BpalleHune
WNMHAEeNs,  MepekroYyeHne  CTyrneHerM  npuBoda,  BKIIOYEHUEe-BbIKIIOYEHUEe - CUCTEMbI
OXNaxAeHWs UM OKOHYaHWe Nporpammbl BKITHOYAKOTCH NOCPeACTBOM KoMaHg «M» (cMmellaHHble
dyHKUMn). L-pyHKUMa obecneumBaeT BbI30B nognporpaMmm. OHM COKpallaloT nporpamMmbl npu
NOBTOPSOLWMNXCA LmKnax obpaboTku, Kak, Hanpumep, Npy pasgereHnn npunycka unmn Hannius
CXeMmbl cBeprieHns obpabaTbiBaeMblXx OTBepCTUA. B 9TOM crnyvyae BO3MOXHO W3MEHeHue
pasMepoB B Buae napameTpoB (Siemens R-napameTpbl) npyv HOBOM BBOAE U 3aTeM Bbl30B
noanporpammbl Ans npogosnkeHnsa o6paboTkn. OKOHYaHWE nNporpamMmmbl YCTAHOBIIEHO B BUAE
ponornHuTtensHon dyHkunun M02. M30 - aTo dyHKLMS, KoTopad bbina HeobxogMma B NPOLUIOM
npy MCNorb3oBaHUN MepdoneHThbl, KoTopad MO OKOHYaHWW MporpaMmmbl nepemaTbiBanacb B
Hayano. MNepdoneHTa Gbina Ha HayanbHOM CTagauM OCHOBHBIM HOCUTENeM MHdopMauun ans
NC-nporpamm, Tak Kak Jpyrve cpeacrtBa  XpaHeHus uHdopmaumm  Obinv  HeHageXHbl
BCreACTBUe 3arpsA3HeHns unvM B3aMMoOenCcTBUA C MarHUTHLIMU NONSAMU B NMPOU3BOACTBEHHbIX
uexax. B HacTosilee Bpemsa cTaHkm ¢ YlMY obnagatoT 4OCTaTOYHbIMU 06 beMamMmn BCTPOEHHOM
namat 1 obrnagalT CnocoBHOCTBIO XpaHeHWs M nocredylowen peanusaumm nporpaMmm
pasnuMyHon crioXHocTu. [NepeHoc nporpammbl B CUCTEMY YNpaBneHUs MOXeT Npou3BOAUTLCA
pasHbiMM MeTogamu. Bo MHOrux cnydasgx nporpamMmbl 3anuCbIBalOTCA U CUUTLIBAKOTCA MNpwu
noMoLLM AUCKET UnuM yCcTponcts dnaw-namatu. [pyrue BO3MOXHOCTW MnepeHoca nporpamm
0alT cepuirHble uHTepdericbl (Hanpumep, npousBoacTBeHHbln PC) wnn cuctema DNC
(pacnpeneneHHoe YnCnoBOe ynpaBreHus) Yepes ceTeBble pecypckl. B cucteme DNC, koTopas
BKNtoYaeT pyHKunm ynpasneHus NC-nporpaMMupoBaHMeM U fokanusauuun, YCTaHOBMEH
cepBep, COeAMHEHHbIN Yepes3 nokanbHyto ceTb LAN co ctaHkamu ¢ YlY. Tpebyemble NC-
nporpaMmbl UIM 3rNemMeHTbl NporpaMm BbI3bIBAOTCA MO CETU CUCTEMOW YrpaBrieHUs CTaHKa
Unu, Npu yctapesLUen cucteme ynpasrneHusa 6e3 xxecTkoro ancka, u3 TepmmHana DNC.
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KpyroBasi uHtepnonsiuus

yuctoBom pesel, T1205 G02 X10 Z-10 110 KO

Bpe3Hom pesel, T1003  BpesHom pesel, T1004

Puc. 12-20: YepTexu getanu u UHCTPyMeHTa (MpuMMep NporpaMmmsbl)

Mporpamma:

NO1 G59 X0 2300 S1300
NO02 G90 T1003 M04
NO3 GO0 X54 Z-78 FO,1

KommeHTapumi:

CwmelueHue Honsa (M -> W), 1300 06/mMuH

ABConoTHbIE KOOPAMHATBI; CMeHa UHCTpyMeHTa T1003 , BpalleHue WnnHAens NpoTUB YaCoBOWM CTPENKM
YckopeHHoe nepemetleHune; nogada 0,1 mm/o6

NO04G01X30 BpesHoe ToueHue cnpasa

NO5  X54 OTBOA pesua

N06G00aX2002100 YckopeHHoe nepemMeLleHre K ToYke Havana KoopauHaT

NO7 T1104 CmMeHa nHcTpymeHTa T1104

NO8G0OX74 Z-88 YCKOPEHHbIV 0TBOA UHCTPYMEHTA

NO9G01X30 BpesHoe ToueHune cnesa

N10 X74 OTBOA pe3ua

N11G00aX200Z100 YckopeHHoe nepemMeLleHre K ToYke Havana KoopauHaT

N12 T1205 CmMeHa nHcTpymeHTa T1205

N13G91l VIHKpeMeHTanbHbIM BBOA KOOpAUHAT

N14G46 BkritoyeHne koppekummn MHCTpPYMeHTa

N15G00X-80Z-98 YckopeHHoe nepemelueHune k P1

N16G96 V250 [NocTosiHHas cKOpPOCTb pe3aHnus 250 M/MUH

N17G01 Z-2 FO0,15 JnHenHoe nepemellenue k P1; nogaya 0,15 mm/06.

N18 X5 Z-5 P1->P2 P A

N19 z-75 P2 ->P3 e 100

N20G00X10 Z-6 YckopeHHoe nepemelueHune k P4 4 __ e PR [+

N21G01  Z-32 YckopeHHoe nepemetleHue k P5 X, 1 2 P1 8

N22G02X10Z-10 110 KO P5 -> P6 (kpyrosoe nepemeLleHue) 090 o0 | [T&os0 [o50 w °

N23G01X2 OtBoA pesua Ml z N

N24G40 KomneHcauusi pagunyca pesua 5x45°

N25G90 ABGCOMIOTHLIN BBOA, KOOPAUHAT 78:»‘7

N26G00X200Z2100 YcKopeHHoe nepemMeLLeHne K Touke \'& le—— 88—
oTcyeTa KoopamHaT S —

N27 MO5 OcrtaHoBka WNUHAENs 300 >

Puc. 12-21: NMporpamma YMY no DIN 66025 ansa TokapHon o6paboTku

Ha Pwuc. 12-20 n Puc. 12-21 npefgcrasneH npumep TokapHow o6paboTku npenBapuTenbHO
NOArOTOBMNEHHOM 3aroToBkW. [Ana o6paboTkn AaHHOM geTann UCNOMb3yeTCs TOKapHbIA CTaHOK.
Kak 6bIrio nokasaHo Bblle, HAa NPakTUKe NPUMEHSETCS MHOMO CUCTEM YnpaBfeHus, B KOTOPbIX
OOMNOMHUTENbHbIE  (PYHKUMM peanusyloTca 4Yepe3 COOCTBEHHble, HecTaHA4apTU3UPOBaHHbIE
ynpaendwLmne komaHasl. Hanpumep, cuctema ynpasrneHus, npuMeHsieMasl B TOKApHOM CTaHKe
TRAUB, npegnaraet Takue, otnuyatowmecs ot DIN 66025, komangbl (Tabnuua 6.1). MNocne
yXe npoBefeHHOW npeaBapuTenbHon obpaboTku crnegyeT npoxon ABYMSI MHCTPYMEHTaMu u
OOMOMHUTENbBHO BLINOMHAETCA OKOHYaTenbHaa obpaboTka Yepe3 MapknMpoBaHHble TOYkM Pl u
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P6. B kadecTtBe nepBoro wara NC-nporpaMmma BbIMOMHAET NepeMeLleHne Hyna nocpencrtsom
nucnonb3oBaHua kKoMaHgbl G59. OTMM onpegensieTcs peanbHOe CMELLEeHWe HOMsA CTaHka K
KOHTPOMbHOM Touke 3arotoBkn W. 3HadyeHue nepemeLleHns B paccMaTpBaeMoMm crnydae X=0 u
Z=300. JononHuTensHO onpegenseTcs YactoTa BpaweHus wnuHgens. Cneaytowasn ctpoka N2
yCTaHaBnMBaeT BUA BBEAEHUS pasMepoB, HamnpasreHwe BpalleHUsa LINUHAEens n CMeHsieMbln
nHcTpymeHT T1003. MepBble aABe undpbl T-ykaszaHus onpenensaioT No3ULUI0 UHCTPYMEHTa B
pPEBOMbBEPHON TOMOBKE WMN WMHCTPYMEHTANbHOM MarasvHe TOKapHOro cTaHka (B npumepe
nosuvuunsa 10). BTopasa napa uudp ycTaHaBnveaeT MO3MUMI0O B LaHHbIX NaMATU 4151 TOYHOM
KOPPEKTUPOBKM MHCTpPyMeHTa. B 3Tom cnydyae Habop KOppeKUMOHHOro obbema namaTu
NPOUCXOONT He 4Yepe3 npumMeHeHwe komaHabl D, a mocpeacTBOM MPSIMOro COeAMHEHUST Npwu
BbI30BE CMEHbl UHCTPYMEHTa. B nocnepyowmnx crpokax obecneunBaetcs obpaboTka cHavana
npaBon M MOTOM neBon OOKOBOW MOBEPXHOCTU npoxoga. [locne aToro nmpoucxoauT 3ameHa
WHCTPYMEHTa ANns okoH4YaTenbHou o6paboTtku T1205 (cTtpoka N12) n o6xoasaTca TOUKM KOHTYpa
ot P1 go P6. 311 nepemelleHns nNporpammMmpytoTcsl C ykasaHMEM pa3MepoB B BuAE Lenu.
Hanpotne, Ans abCcontoTHOro oTcyeTa, yCTaHaBnMBaemoro npuv 3TOM B HarnpasneHun X,
OOMXKHbl OblTb yKasaHbl 3HAYeHWs OuameTpoB, YTO B ClNyvae 3adaHus pa3mepoB MO Lenu
NpUBOANT K peanibHOMYy CMELLEHMIO CTapTOBON 1 Leneson nosnunin. Komanga G46 (ctpoka 14)
BKIIOYAeT KOMMEHcauuio paguyca pexylien KPOMKM Ha TokapHOM cTaHke. OcobGeHHoCTu
HacTponkn Ana obecneyeHns NPorpaMMmMpPoOBaHUS MO KPyry elle pa3 onpegeneHbl B CTpoke 22.
CTtpoka HadMHaeTca C Bbi3oBa koMaHgon GO02 KpyroBOW MHTEPNonauMM B HampaBfieHUWM Mo
yacoBon cTpernke. [locne aTOro npPoOBOAUTCA YCTaHOBKA Ha4yanbHOW TOYKWM KPYroBOro
nepemMeweHnss (P5, okoH4yaHve CTpoku 21), KOHEeYHOro nyHKTa KpyroBoro cermeHTa (P6) B
peanbHbIX KoopAnHaTax HavanbHow Toukm (P5) (B npumepe: X=10 n Z=-10). NMocne atoro 6ygeT
BBeJEeHa Mo3numMs LieHTpa OKPYXXHOCTM OT HayarnbHOM TOYKM B pearibHblX kKoopAuHatax. 3atem
BBOAATCHA criegywoowmne BenuumHbl: 1=10 (cooTBeTCTBEHHO, B HanpaeneHun X) n K=0 (B
HanpasneHuu Z). o okoH4YaHUKU nporpaMmmsl (OT CTPOKM 25) CHOBa NPOUCXOAUT NepeycTaHoBKa
Ha abCconoTHble WM3MepeHuUs U MPOM3BOAUTCH MNepeMeLleHne K pedepeHLHOMY MyHKTY.
Komanga M30 okoHuaTenbHO 3aBeplliaeT nporpamMMmy U BO3BpallaeT ee K 3Haky % (Hadano
nporpamMmmel), Tak, 4Tobbl nocne HaxaTus knasvwm «CTapT» NPOBOAMNAck HoBas OoTpaboTka
nporpamMmei.
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5 Sy
ﬂ,OI‘IOﬂHEHIﬂ"Ie K rmaBHOMW nporpamme A 10;? R
N28 G97 S500 M04 TlocToAHHAaA YacToTa Bpall. WniHaenA °
500 0B/MWH, NPOTHE YACOBOR CTPENKK “630 850 w <
) Q
N29 T0906 CmeHa MHCTpymeHTa TO906 . 5x45°
N30 L1/49 3agaHue nepemenHoi (L1=49 mm) - 78 .
N31 G22 A8100 BrI30B noanporpamme
N32 L1/48 3agaHue nepemenHoi (L1=48 mm) 88 =
N33 G22 A8100 BrI30B noanporpammei
N34 L1/47 4 3apnaHue nepemenHoi (L1=47.4 mm) 3aroToBka F
N35 G22 A8100 Brl30B nognporpammel ry
N36 GO0 X200 Z100 YckopeHHoe nepemelieHne K TOYKe 0TCYeTa KoopauHat
N37 M0O5  OcTaHoBKa WNWHAENA
Mognporpamma 08100 XEP
N101 GO0 X54 Z2 YckopeHHoe nepemelleHue
N102 XL1 YckopeHHbIR noaxoa -
N103 G33 7-83 F1,5 Hapesanne pe3bbbl '
N104 GO0 X54 YCKOpeHHOe nepemeLeHne no ock X =
N105 M99  OKoHuaHWe noanporpammel ZFP

Pesel AnA Hape3aHuA
Pe3bbeI TO906

Puc. 12-22: NMpumep: nognporpamma npu nporpammmupoBaHumn NC
TexHuka paspabomku nodrnpozpamm

C nomowblo TexHukn pa3paboTkM noanporpamm 4acTto NOBTOpSOLMECA nepexonbl
(cBepnunbHbIE LMKIbI, CXeMbl pacnonoxeHus obpabaTbiBaeMbIX OTBEPCTUI UMW NMOBEPXHOCTEN
ana  gpesepoBaHus) 3anucbIBalOTCA B MNporpaMMy OAWH pa3 W 3aTeM  Bbi3blBaOTCH
nocpeacTBOM  CUMBOSIMYECKMX HAWMMEHOBAHWA C BBOAOM  aKTyallbHbIX MapameTpoB.
Mcnonb3yemble KoMaHAbl, Kak U3MepeHwe Mo uenu v T.04. B OTNUYNE OT A3bLIKOB BbICOKOrO
ypoBHs, Takmx kak C, Pascal u T.0. He orpaHMyMBalOTCA Ha MoanporpaMmme, a OEWCTBYIOT B
ob6beme Bcenn NC-nporpammbl. Ha Puc. 12-22 n3obpaxeH npumep AN cnydas HapesaHus
pe3bbbl. [locpeactBOM npuMMeHeHus noanporpammbl Tpebyemas pes3bba pgomkHa ObiTb
BbINOfMIHEHA Kak nesas. 370 TpebyeT BHeOpeHWs OOMOMHUTENbHOW Y4acTu nporpaMmmbl B
OCHOBHylO nporpammy A 1 cosgaHuss cobcTBeHHO nognporpammbl. Pe3bba (M50X1,5)
n3rotTaBnuBaeTcsa C  MOMOLIBLKD  WHCTpyMeHTa T0906. TexHonorudecknmn  npouecc
npegycmaTpuBaeT BbINOMHeHWe 3-X nepexofoB yaaneHws wMartepvana [0 OOCTUXKeHUs
3agaHHon myouHbl pe3bbbl paBHon 1,3 MMm. lNMognporpamma obosHadaetcst GykBon «O» u
nporpammMHbin Homep 8100. MNMognporpamma 6yaeT Tpu pasa Bbi3BaHa U3 OCHOBHOW MporpamMmmbl
(N31, N33, N35) komaHpgon G22. [llepepasaembiM napameTpoMm (L1) 3gecb 4Bngetcs
COOTBETCTBYIOLLME nepexodam rnybuHbl, KOTOpble B OCHOBHOW Mporpamme otaeneHbl oT L1
3HaKkoM «/». MNogada F canas3ok ycTaHOBIEHa B COOTBETCTBUM C WwaroM pesbbbl. Komanaa G33
(ctpoka N103, HapesaHue pes3bbbl) CMHXPOHU3MPYET npu 0bpaboTke nogadvyy u BpalieHue
WwnuHaens.
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CopepxaHue

BBepneHue B yCTpOi”ICTBO CUcTtemM ynpaBJrieHUs CTaHKaMu

Cucrtembl fiorm4yeckoro ynpasneHus (SPS)

YucnoBoe nporpammHoe ynpaBneHue (NC)

3aknrovyeHue

3aknoyeHue

[nsa ynpaBneHns ctaHkaMu HeoBxoAMMbl Kak CUCTEMbI JTOrMYECKOro ynpaenenust (SPS), Tak u cuctembl
YMCIOBOro NporpammHoro ynpaeneHus (NC). 3T cucTembl pellatoT pasnuyHble 3agayn u obecneymsatoT
BbINOMHEHWE Pa3fUYHbIX TpeboBaHMiA.

Pasznnyatotcsa Buapl norudeckoro ynpaenexus (VPS, SPS) n coopmbl peanusauumn SPS
(annapaTHo peanu3oBaHHble SPS, SPS B B1uae MoaynbHbIX KapT, MPOrpaMMHO peanu3oBaHHble SPS).

B nekuunn npegcrasBneHbl rpaduyeckmne (KOHTakTHas cxema, yHKUMoHanbHas cxema) n TeKCTOBbIe
(cnucok komaHg, CTPYKTYPUPOBaHHbINA TEKCT) METOAbI NMPOrpaMMUPOBaHKs cuctemsl SPS.

Mpw HanucaHuu nporpamm NC JOMKHbI y4UTbIBaTbCS TPeBOBaHKS 1 OrpaHUYeHNs], Hanaraemble
TexHu4eckon 6a3oin, reomeTpueil oGpabaTbiBaeMbIX AeTanen U TEXHONOrMen NPOM3BOACTEA.

MmetoTcsa pasnuuHble MmeToabl ansa HanncaHusa NC-nporpamm. NpermMyLecTBEHHbIM SABASeTCH
nporpammupoBaHme Ha 6a3e DIN 66025, koTopoe paccMaTpvBaeTCsl Ha NPaKTUYECKUX 3aHATUSAX. Takke
NPYMEHSOTCS NPOU3BOACTBEHHO-OPUEHTUPOBAHHBIE (LEXOBbIE) METOALI U MeToAbl, 6a3npyemble Ha CAX

I'Ipm NC-I'IpOFpaMMVIpOBaHVII/I NPUHNMAIOTCA BO BHUMaHWE pa3findHble reOMeTpuveckme n TexHosrorn4eckme
rpaHn4HbIE YyCIoBUA.



