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B cmamuve paccmompervl 60npochl, CéA3AHHbIE C AGMOMAMUSUPOSAHHBIM KOHMPOIEM 2e0MEeMPUYECKUX
napamempos 3a20mo6ox Npu U320MOGIeHUU Oemaneti Had AemoMamax NpoooIsHo2o moyenus. Maccosoe
npoU3600CMBO U30eNUT C UCNONbIOBAHUEM ABMOMAMO8 NPOOOILHOSO MOYeHUs NO380Aem NOTYHAMb 3HA-
yumenvHvle 00bEMbL NPOOYKYULL CO CHAOUIbHBIMI KAYeCMEeHHbIMIY Xapaxkmepucmuxamu. Ilepexoo om ky-
JIAUKOB0O2O YNPAGIEHUS K NPOSPAMMHOMY NO360JIem He MOIbKO COKPAMUMb 8PeMsl MEeXHOI0SUYeCKOl noo-
20MOGKI NPOU3BOOCMEA (8 MACCOBOM NPOU3BOOCHBE NPAKMUYECKI OMCYMCMBYIOM 8peMsl nepeHANaoKu), HO
U Yynpocmume camy KOHCMPYKYUuo 060pYOO8aHUs, YMO CHUSUM 3AMPAMbl HA €20 IKCNIYAMAyur0, d 8 KOHeY-
HOM UmMoz2e Npueeoém K CHUNCCHUIO cebeCmOUMOCMIL GbINYCKACMOT NPOOYKYUL C UCNOTIbIOGAHUEM A8MOMI-
mo6 npoooabHo20 modenus. Llenvto dannoil pabomol ae1gemes noiyuenue mMooeau 06x00a npopuia oemaniu
UHCIPYMEHMOM, 8bl@EOCHHAS U3 YCIO08U O NOIYHEHUE KOHMYPA Oemdill 3a 00UH NPOXo0 U OOHUM UHCHPY-
MEHMOM, d MAKIHCE NOCMPOEHUE CXeMbl MEXHOIO0SUYECKOT CUCIEMbL HA Ba3e agmoMAamos npoo0IbHO20 Mo-

yeHust, NO3BOAAIOUAS 0Becne My CHAOUTLHOCTD NOTYYE HHBIX PA3MePO8 OemdaiL.
Knrouesnbie cnosa: asmomam npoooibHO20 mMoOYeHUd, 6eCKOHMAKMHBIN MemoO KOHMPOs, a0anmayus
UHCMPYMEHMA, YAPAGIIOWAs. NPOZPAMMA, UHMEPNOAYUS, MEXHOIOZUHECKAsL CUCHeMA.

Beeaenue. Ha mepBreiii B3risia, Kaszaaoch ObI
pe3epBbl MOBBIIIECHHS 3QPESKTHBHOCTH TOTYUCHUS
W3ICITHI Ha aBTOMATax NPOJOJBHOTO TOUCHHS HC-
yepnansl. Ho B pesynprate aHamuza ombita obpa-
OOTKH CJIO’KHO NMPOGUITBHEIX U3ACTHHA, B TOM YUCIE
AMCIOIMUX TUIOCKOCTH [1], BBIICHHIOCH, UTO W3IC-
7ML, MOTy4acMbIc Ha aBTOMATe MPOAONBHOTO TOUC-
HUSI, HATIPUMEDP, CTOMATOJIOTHICCKHE OOpsI, TpeOy-
0T NOCIEAVIOMEH COPTHPOBKH, TaK Kak mpu obec-
MEYCHHN TOYHOCTH AMAMETPOB HMX XBOCTOBHKOB
BO3HHMKACT HCCTAOUIBHOCTD PasMepa, BBIXOISIIETO
3a mpeaensl AonyckoB. CTOUT 3aMETHTh, YTO 3TO
3aBUCHT OT TOYHOCTH H 4YacTOThl Pa3MEPHOI
HacCTPOWKM M TOJHACTPOMKHM cTaHKa. llpmuém, B
ClIydac MPEBBILICHUS JOMYCTUMOTO JUAMETPa, XOTS
U BO3HUKACT WCIPAaBUMBIA Opak, HO OH VCIOBCH,
TaK KakK MOCJC BHIIIOJHCHUS KOHTPONBHOW omepa-
UM HE BO3MOXKCH ChEM NPUIYCKOB HA TOKAPHOM
onepauuu. [Ipu U3roToBICHHH CTOMATOIOTHUCCKHX
0OpoB — ecau pazMep MOJIYYCHHOIO JHaMeTpa
6oMpIIe MAaKCHMATBHO JOMYCTHMOTO, TO VBECIHYH-
BaIOT ATHTCIBHOCTh ONCPALIM TAITOBKH, TEM Ca-
MBIM CHUMAs OOJBINUH MpUITycK [2]. AHANOTHYHO U
MPH JUAMETPE MEHBIIE AOMYCTHMOTO — HCIpPaBiC-
HUS BO3MOJKHBI MMyTEM YBETHUYCHUS BPEMCHH Tallb-
BaHMUICCKoU omeparuu [3]. Bee 3T0 HaknmageiBacT

JIOTIOTHATENBHBIE PACXOABI, BIMAIOIIYIO HA KOHEU-
HYHO CTOUMOCTh uafenus. Takum oOpa3oMm, mpuxo-
JUT BapUaHT PEIICHHSI 3TOH 3aJadd ¢ UCIOJIb30Ba-
HHEM KOHTPOJIbHO-COPTHPOBOYHOTO 000PYIOBAHUS
[2], BBHIMOTHSMIOMIECTO CENCKIUIO MOMYIACMBIX HA
aBTOMare M3ACIUH Ha TPYIIIBL, KOJIMYECTBO KOTO-
pBIX ompexensgerca pacuéroMm. B ciyuae ¢ omepa-
THBHBIM KOHTPOIEM CTOMATOJIOTHYCCKUX OOpOB
[OCIIE TOKAPHOH ONEpauy MPOUCXOIUT COPTHPOB-
ka Ha 4 moToka [2]. [TocnenoBaTeIBHOCT TCXHOMO-
THYCCKUX ONCpalri BBHITSIUT CICAVIOIMM 00pa-
30M: MOJTYYEHUE U3SIHM Ha TOKAPHOM aBTOMATe —
TPaHCIIOPTUPOBKA  W3AECIWH K  KOHTPOJIBHO-
COPTHPOBOYHOMY OOOPVIOBAHHIO — COPTHPOBKA
n3Aenuil Ha 4 motoka. A 3aTeM, B CIVYAc HCIIPaBU-
Moro Opaxa, BBITTOJHACTCS TANTOBKA C MOCICAVIO-
LIUM HUKSIHPOBAHUEM (WU APYTOH ONCPALUSii).
Kax mokazan aHamm3 noayICHHBIX U3ACITUH. HA
OKOHUATEIBHBIA pa3Mep OKa3blBacT BIHSHHUE, IIIAB-
HBIM 00pa3oM, H3HOC PEXKYINEIO HHCTPYMEHTA H
HEKOPPEKTHO HAa3HAYCHHBIE PEXKUMBI pesaHmit. Kak
ONMCHIBAIOCH B pabore [4], M3HOC HMHCTPYMEHTA
MOXHO KOMIICHCHUPOBATh MOJHACTPOUKOM HHCTPY-
MeHTa (KOMIICHCAIMEH €T0 HM3HOCA B MOIMCPCYHOM
Hanpasiacuun). B cucreme UITY sta 3amaga perna-
€TCs € WCIONB30BAHUEM KOPPEKTOPOB, MPHUEM

&9



Becmuux BI'TY um. B.I'. Illyxosa

2016, Ned

KOPPEKLHS MOKET OBITh BBIMOJIHCHA ABTOMATHYUC-
CKHU TIO0 MOJIy4acMOMY JHAMETPV. 3adadqa, ieKamas
Ha TIOBEPXHOCTH U peluacMas METOAAMH aKTHBHOTO
KOHTPOIIA TIPY NPOU3BOACTEE, HAPHUMED, CTOMATO-
JOTHYECKHX OOpOB, MOPOMKAACT MHOTO BOIPOCOB,
CBSI3aHHBIX € MPAKTUYECKON €€ peaau3aucit.

Bonpoc 1. Kakoit MeToa KOHTPOIS HCTIOIB30-
BaTh. KOHTAKTHBIH WK OCCKOHTAKTHBIH?

Bonpoc 2. Korna agantuposars pexyInui HWH-
CTPYMCHT. B TCUCHUM LMKIA MOIYYCHUS W3ACITHSI
WJIM ¢ Ha4aJI0M HOBOTO IMKIIA?

Bonpoc 3. Uto acnate ¢ ACTANBIO, V KOTOPOU
pasMep HE COOTBETCTBYET HOMHUHATIBHOMY !

ABTOPHI TOIBITATHCH ITOCIEA0BATEIBHO TIOTY-
YUTh OTBETHI HA 3TH BOIIPOCHI.

Metonosiorusi. KOHTpPOTER rcoMETPHUCCKHUX
MapaMeTPOB OCYLICCTBIACTCS OCCKOHTAKTHBIM Me-
TOZOM aKTHBHOTO KOHTPOJIA.

Mogenp TpacKTOpHU ABHKCHHS HHCTPYMCHTA
COCTaBJICHA UCXO M3 VCJIOBHM ITOJYUEHHS KOHTY-
pa Jerand 3a OJUH NPOXOJ M OJHHUM HHCTPYMCH-
ToMm. [Ipodunp cocraBicH Ha OCHOBE UYEpPTE)Ka W3-
JIE TV

JeHCTBYIOT OrpaHHYCHHS MO MPOAOTBHOMY
VCIIIMIO PE3aHM, a TAKOKE — OTPaHHICHHE 110 TI01a-
Ye B MPOAOJBHOM HAIPABICHHHU , PACCUUTHIBACMOE
Ha ocHoBaHuH Gopmyisl B. JI. Yebpimena.

3ajaun peaan3oBaHa, OCHOBBIBASCH HA YCIO-
BUH BBIIIOJHEHUA TOJBKO JIMHEHHON WU KPYTrOBOM
HUHTEPIOJLUH, TIPU 3TOM 00paboTKa NPOCKTUPYET-

OcHoBHast 4aCThb.

1. KoHrakTHBINH METOA KOHTPOJIS AOCTATOYHO
MIUPOKO HCTIONB3YETCA. 34 JO0Nroe BPEMS  €ro
OPpUMCHCHHUA B MAIMUHOCTPOCHUU HAKOILJICH OIIBIT
HU3roTOBJIICHUS Pa3IUIHBIX YCTpOﬁCTB, KaK
AKTUBHOTO, TaK U IMAaCCUBHOI'O KOHTPOJIA. BCC OHH
IMUPOKO OIHUCAHBI B JIUTCPATYpPC, HO Y4YUTbIBad
rabaputel pabouYero MOPOCTPAHCTBA, B KOTOPOM
nmony4aroT magenus; crpyxkky; COX; a rmasHoe,
XOTA W HC3HAYUTCIBHOI'O, HO BCC KC BOS,Z[GI\/'ICTBI/IH
HA TIONYYACMYIO JCTajdb H3MCPHTCIBHOTO OpraHa
mpubopa, JOCTOBEPHOCTh PE3YABTATOB MOTOOHBIX
U3MEpCHU coMuHUTebHA. CKOpEe BCErO, TakKWe
mpuOOPbl  NPUTOAHBI AT HCIOIB30BAHHUS 32
peacnaMu paboucii 30HBI. KonrakrHbie
HU3MEPUTEIBHBIE YCTPOUCTBA JOCTATOYHO U3BECTHBI,
Tpe6yIOT TIIATC/IPHOI'O  BBINIOJTHCHUA  Pa3MCPOB
OCHOBHBIX JJICMCHTOB U3MCPUTCIIBHBIX OPraHOB, HO
He gatotr TpeOyemoro osddexra. K Tomy ke,
o0paboTKa PEe3y/IbTaTOB KOHTAKTHBIX H3MCPCHUIMA
TpeOyeT 3arpar BPEMCHH, TO €CTh H3ACITHS
HEOOXOOMMO CHa4yaNa BBIBECTH U3 paboycH 30HBL, a
3aTeM  BBIMIOMHUTH u3Mepenws. [locae  vToro
HCOOIB30BaTh  MOJIYYCHHBIC  PE3VABTATBl I
KOPPEKIIMH M3HOCA WHCTPYMEHTA, 9TO TpelyeT
ﬂOHOHHHTeHLHOﬁ OIICHKH BPCMCHHBIX 3arpar.

Bonee mpuBicKaTenpHBIMH, [0  MHCHHIO
aBTOPOB, SBIISIFOTCS OCCKOHTAKTHBIC
mMepuTeabHbIC yeTpoiictBa Ha Oaze I13C-marpun
U MIOJYTIPOBOAHUKOBBIX JIA3€POB, HALICAIINX CAMOE
mupokoe nmpuveHeHue. CoBpEeMEHHAs BICMCHTHAS
06aza TO3BOICT BBHIIONHATH 3TH YCTPOWCTBA
KOMIIAKTHBIMU, YTO TIO3BOJBSICT PAa3MECTUTh HX
HECTIOCPCACTBCHHO B palodch 30HE TOTYUCHHS
nmaaeavid. COBPEMCHHBIC MHUKPOKOHTPOJUIEPHI MPH
HAIMYAH ~ COOTBETCTBYIOIIETO  MPOTPAMMHOIO
00eCrCUCHHUs TMO3BOJISIIOT BBIMOIHATE «OBICTPYIO»
0o0paloTKy JaHHBIX W3MEPeHUM. Takke CTouT
OTMETHTh, YTO BBITIOTHCHHE CAMOTO H3MEPCHUS HE
3aHUMacT MHoro BpeMeHU. LIluprHa 30HB KOHTPOIS
NMPYU  HCIOJNB30BAHWN MPOCKIHOHHOTO  CHOco0a
KOHTPOJsS paBHa mupune win gauHe [13C-
MaTpuUbl. A TOYHOCTh HU3MEPCHHH OMpPEACICTCH,
raaBHBIM  oOpaszom, pasmepamu 3eprHa [I13C-
MAaTPHIIBI, YTO HECOJHOKPATHO OMUCHIBAIOCH, B TOM
qUCIC U aBTopamu [3].

2. Bompoc azanTanuy MHCTPYMEHTA CBSI3aH C
MOTPEIITHOCTHIO MOBCPXHOCTH MOJIYYaCMOTO
W3ACTHS, TAK KaK N3MCHECHHE KOPPEKTOPA MPHBOIUT
U K HM3MCHCHHIO IONYYacMOTrO pa3Mepa, TO €CTh
BO3HHKACT CJICAYIOIIMHA BONPOC. JOCTOBEPHBI JIH
Pe3yNbTaThl M3MEPCHUN? (TaK Kak HOMHUHAIBHBIC

3HAYCHUSA JUAMETPOB oyayT PasHUTBCA).
CrnenoBaTenbHO OTBET — QAANTALMIO  CICAYET
BBIIIOMHATh ~ IOCIAE  3aBEpPIICHHS  IpoLEcca

o0paboTku. KoHEYHO MOJKHO PELINTh 3TOT BOIIPOC C
HCTIOIb30BAHUEM CICLHATBHOTO arropuT™Ma
00pabOTKH PE3yIbTATOB U3MEPCHUN B HECKOJBKHX
CCUCHUSIX, HO PCATBHBIC 3HAUCHUS Pa3MEPOB IPH
KOPPCKIHUN 6y,[[yT MCHATBCA, TAKXKC XOTAd H
HC3HAYUTCJ/IPHO U3MCHHUTCA MOIMHOCTH PC3aHUA, TO
CCTh NOABIAIOTCA AOIOJHUTCIIBHBIC YCUIIUA (MOI‘yT

yMeHbH.II/ITbCH), BIUAIOIUC Ha TOYHOCTB
MOJIy4acMOro  pazMmepa, MU CHCTEMa  JOJDKHA
cpearupoBath Ha 3TO H3MeHeHHe. Ecmm ¢

HW3MCHCHUEM VCHITUH PE3aHus BCE MPOCTO, CHCTEMA
MOXET HX «HE 3aMETHUTBh», TO ICPEMCLICHHE
padodero opraHa Ha HECKOJIBKO MHKPOMETPOB
TpeOyeT ONpEACIEHHOr0 BPEMEHH, YTO OILITh
MPUBOANT K MHOSABJICHHIO HCKKCHHH MOBEPXHOCTH
getand. Takum oOpazoM — U3MECHCHHS KOPPEKTopa
BBIMOITHSIOT MOCTC OKOHYAHMS LHKIa 0OpadoTKH,
VIUTBIBAS, 4YTO MOCIE TONYYCHHUS  H3ICTUSL
TpeOyeTcss BpeMs Ha YCTAHOBKY 3arOoTOBKH U €&
3aKPCIUICHHE, B HAIleM ClIy4ac — MEPEMEIICHHUE U
3aKPEIUICHAE MPYTKA.

3. Ecam npm permmeHny nepBhIX JBYX BOIIPOCOB
OCVILECTBIANACE COPTHPOBKA ACTAICH Ha YETHIpPS
MOTOKA, TO B JAHHOM CIy4ac — OTKJIOHCHUS
MOJIY4aeMOro pasMepa ot TpedyeMoro OobIIe, YeM
HA MPEICTBHYIO BETUUNHY OYACT BBI3BIBATh COOU B
cucteMe U TpeboBaTh OCTAHOBKH OOOPYAOBAHUS, a
OCTaJIbHBIC Pa3MEphl JODKHBI OVAYT HAXOOUTHCS B
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mpeaenax Jomycka. Takum oOpa3oM, HMEeM BCEro
AUl JBA TOTOKA JACTanci: rogHo u  Opak
HCI/ICHpaBI/IMbII\/'I, HO HIpHU BO3MOXXHOCTH YCTaHOBKHU
COPTHPOBOYHOTO YCTPOUCTBA MOYKHO "
OpPraHu30BaTh ABTOMATHYCCKYO CETCKLIHUIO
MOJYYCHHBIX JETAICH.

OnpeaennmM W3MEHEHHSA B TEXHOIOTHH TIOIY-
YCHHS HW3ACIMH Ha aBTOMATC MPOJOJIBHOTO TOHUC-
HUS, OCHAIMEHHOTO CHUCTCMOM  MPOTPAMMHOTO
yrpasncaus. [lo ananornm ¢ moaeneio u3 [6], co-
CTaBUM MOJEIb TPACKTOPHHM JBWKCHUS HMHCTPY-
meHTa. Ecmu B mpeanoxkenHoi padote [7] moaenu
pabounii oprad O0OPYAOBaHHS MOT TOC/ICIOBA-

TENBHO / OXHOBPEMCHHO MEPEMEILIATECH MO ABYM
KoopauHataM X U Z, TO B CIy4ae ¢ aBTOMAaTOM
MIPOAOIBHOTO TOUYCHMS ITH ABM)KCHHS BBIITOTHAIOT-
€A pa3IMYHBIMH OpPraHaMM: MEXaHH3MOM IIOJauH
3aroTOBKA B NPOJOJBHOM HAaIPaBICHUH W MeXa-
HU3MOM TIEPEMEIIECHAA HHCTPYMEHTA B IIOTIEPEY-
HOM HampasiaeHud. CocTaBuM MOAETb 11 npodus
W3ACTHUS B MPOJOJBHOM CCUCHHH, H300PAKCHHYIO
Ha puc.l. [lpoduns coctaBneH Ha OCHOBE YepTekKa
W3ACTHS, Ha KOTOPOM MPEICTABICHBI BCE HEOOXO-
JUMBIC pasMEphl, MO3BOJLIIOIIKC HACHTH(HIHPO-
BaTh €0 TEOMETPHIO.

7 X

™
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Puc. 1. [Ipodwmns u3genms B mpoAOTEHOM CCUSHUH

IIpencraBiacHHBIE HIXKE CIMOCOO HMHTEPHOpETaA-
LU NEPEMELICHUM UHCTPYMEHTA TAKXKE HUCIOJIB30-
BaH U paHee MM pacueTa KyJIadyKoB IS VIIpaBIc-
HUS CYIIIOPTaMM TOKapHOTO agroMara |3, 8].

Cunraem, uro npoduiar HONy4eH OAHUM HH-
CTPYMCHTOM, TMOCICAOBATCIBHO  BBIMOIHIOIIAM
ChEM MPHUIYCKA MO IKBHAUCTAHTE, PACIONOKCHHON
HAa PacCTOSHUH 2, PAaBHOM PaauyCy MPU BEPLIHHE
PEAKYIIETO HHCTPYMEHTA.

Bpems nocnexosatensHOro o0xoxa KOHTypa
JEeTaIl IpU NOCTOSHHOHN MPOAOIBRHOM noAaye:

S = const, MM/MUH

_ (ap+lpcticp+ipe) _ Lger
T, = = (1)

S S

op op

rac / — AMMHA COOTBCTCTBYIOIICTO YYACTKA, MM,
L., — ITWHA ICTATIA, MM,

B sTom ciyaae, monepeyHas mogavua Ha Kaxk-
JIOM YYaCTKE OYACT OMPEACSIThCS:

lAB lBC lCD lDE

; Spc =7—3S8cp = ;SpE =

tan tre tep tpE

Sap =
Benmvrumza mara mogavu paBHA BEIHYNHC THC-
KPETHl WM MUHUMAIIBHOMY LIAry NEPEMEIICHUS 10
ocu. Ilpoduas uMeeT y4acTku TPACKTOPHUH, HE Ma-
palienbHBIC OCH O0OpalaThBACMOU MOBEPXHOCTH:
y4qacTOK AB BBITIOMHAETCS ¢ KPYrOBOH HHTEPITONA-
LIMEY MPOTUB YaCOBOU CTPENIKHU ¢ paguycoM R; yua-
crok BC BBIMOTHSACTCA ¢ MTUHCHHON MHTCPHOIIIUCH
C YIIoM:

X¢c —Xp )
|zc| — |25l

yaacTok CD npsaMonuHEEH U mapaiieicH OCH Z, HO
MOXKHO CUHTATh, UYTO OH TAaKKC BBITIOJHCH C JIMHCH-

a = arctg <

HOM MHTEPHOJLAINEH, HO ¢ yrioM paeHeM (; yua-
ctok DE BBIIIOIHEH ¢ KPYroBON MHTEpNOIALMEH R;.

HHTEpIIONATOPHI IPUCYTCTBYIOT B KAKIOH CO-
BpemeHHOH cucteme UIIY, uro pemaeT Bompoc mo-
ayueHns koHTypa. Ho u3 ycnosmit 3agaun o momy-
YEeHHM KOHTYPa ACTaIH 3a OAWH NPOXOA W OJHUM
HHCTPYMEHTOM MOSIBISIETCS 334a4a y4éTa BEIHUU-
HBl CHUMaEMOTO TIPUIIYCKa, TaK KaK OHA OKa3bIBacT
BIMSHHWE Ha CHJIBI, BOZHHKAIOIIHME NPH PE3aHWH H
JEHCTBYIOINE KaKk HA MHCTPYMEHT, TaK M Ha 3aro-
TOBKY, UYTO B KOHCUHOM CUYETE OKA3BIBACT BIMIHHC
HA TOYHOCTb MOJYyYaEMOT0 pa3Mepa U HA BEIHUUHY
MHUKpOHepoBHOcTeH Aetanmu. OTkyga caeayer 3axa-
4a yuéTa BETUYMHBI MIPHITYCKA MPH 00paboTKE Kaxk-
JOr0 yyacTka mpoduil, ¢ YIETOM Kak paguyca
npodul, TaKk U y4acTKa HAKIOHA MoBepxHOCTH. B
aTaNTHBHBIX CHCTEMAX, YIIPABIAIOMNX 110 MOIIHO-
CTH, 3aTpaurBacMoOl Ha ChEM MPHITYyCKa, 3TOT (dak-
Top Jerko perymupyerci. Ho B Hamem cmyuae
aJanTUPOBATh HYXKHO YK€ CaMy YIPABISIOLIYEO
mporpaMMmy 1 MOTYYCHUA ACTANH, TaK Kak Tpedy-
eMbIH MPO(QUIb SBISACTCS TOCTOSHHBIM, & 3arOTOBKA
HMMEET 3apaHee M3BECTHBIM, YTO OOCCHCUYHT pacuéT
MIPUITYCKa ¢ YIETOM MUHHMMATBHOH BEJIMHYHHBI IIara
WHTEPIIOIIALINH, HMEEM:

;1:—11 (|Zi+1|—|Zi|) (2)

’10
Szi

[I¢ z— KOOPAMHATA i-T0 y4acTKa, MM (MU JUCKPE-
Tax); S.,-mojada B MPOJOJBHOM HAIPABICHUH,
MM/MUH, { — HOMEP Yy4acTKa, 7 — KOJIUYCCTBO
VYIACTKOB TPACKTOPHH.

Toukn, B KOTOPBIX HU3MCHACTCS TPACKTOPHI,
MPUHATO HA3BIBATE OTIOPHBIMH TOUKAMH, IIOSTOMY B
JaJbHEHIIEM OYIeM HUCIOIB30BATh STOT TCPMUH.
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IMogaua B momepeYHOM HAMPABICHUN C VICTOM
VITIa HAKJIOHA MOBCPXHOCTH MO MOZAYJIIO 3HAMCHUS
KOOPIHMHATHI, OMPCACTACTCS:

Ilpu kpyroBoli WHTCPIOIINN U3MCHCHHUC TIO-
Jlavd OPUBA3aHO TAKXKE K U3MEHECHUIO KOOPIUHATHI,
HO PacCUUTHIBAETCA IS KKAOW HHTEPIIOSLIUN:

- . |xi+1|—|xi|) MM
SXl _SZl arctg (|Zi+1|—|Zi| " Mun (3)
as,;
Sxi = ~
|xj+1|—|xj|> <5Xj> MM
Syi =8, -arct <— =S, -arctg|=—),— 4
Xj Zi g |Zj+1|—|Zj| Zi g 52]_ MUH ( )

rae &zj, 0x; — AMCKPETHI MJIM IIAr MHTEPHOJIALUM
10 COOTBETCTBYIOLICH OCH.

Taxum oOpazoM, momy4yacM BBIPRKCHHE, MO3-
BOJLIIOIIEE ONPEACINTh IOJAYy B IONEPEIHOM
HAMPABJICHUH HA TFOOOM YIACTKE TPACKTOPHH:

Syi = Sz - arctg (%) A Sz - arctg (%),% 5)
IIpH 3TOM KOOpAMHATa 2 HM3MEHSETCA B COOTBET- [pu 310M V) TAKOKE OYyAECT PACCUUTHIBATBCS C
CTBHH € 33J3aHHBIM IIArOM HHTEPIOSLHN §7C Kak- U3MECHCHUEM CHHUMAacMOro IPHIYCKA, KOTOPBIH
JBIM IIaroM j. ONPEACISIETCS KaK!
Kak m3BecTHO, cuna pesanus U3MEHIACTCA B CO- d
OTBCTCTBHUM ¢ M3MCHCHHMCM IIPHUIIYCKA IIPHU JBHIKC- = 7% (8)

HUHM pe3lia B MPOJOILHOM HAIPaBICHHH, CJIEIOBa-
TCIIBHO, U3MCHACTCS W MOINHOCTB, 3aTPavHBACMAs
Ha caiaTHe npunycka [9, 10]. To ects nmpu cHaTHH
Marepuana peKyImeH YacTei0 HHCTPYMCHTA 3HAYH-
TCIBHBIC U3MCHCHHUS MPHUITYCKA BRI3BIBAIOT M3MCHC-
HHS Ha TTOBCPXHOCTH, YTO HCCOMHCHHO CKAa3bIBACT-
¢4 HA KAUCCTBCHHBIX XaPAKTCPUCTHKAX MOTYHAC-
MO} HOBEPXHOCTH, CIEIOBATEIBHO, COTIIACHO NPH-
HATOMY HAMH VCIIOBHIO — CBEM BCETO TPHUITYCKa 32
OJVWH TPOXOA, TPEOYCTCH KOPPSKUMS TMOJAYH B
MPOIOTBHOM HATIPABJICHUH, TIPU P = const, UMeeM:

(6)

P

Yp

S = ————————————
z XD D,

10Cyt; Vg Kp

rae Cp, Xp, Yp, Kp — COOTBETCTBYIOmMHUE KOOPANHA-
ThI, OITUCAHHBIC B CIIPABOYHUKAX 110 PC3aHUIO, VQS —
(hakTHUeCcKas CKOPOCTh PE3aHMs, M/MUH; j — HOMEP
mara HWHTCPHOJIAIMUN Ha YYaCTKC, HC HUMCHOLICM
TPACKTOPHH, NAPAICIBHONU OJHOM U3 OCEH.

YCTaHOBI/IM, UTO Ha BCCX YUACTKaX, HC UMCHO-
M pagnyca, MHCTPYMEHT IEPEMEINacTCs C IH-
HEVMHOW MHTEPNOSLUEH, YTO YK€ HUCHOIB3YETCH B
nporpamMMHoi obpadotke [11].

Ecnu ycunus, BozHuKawomue npu oOpaboOTKe
Ha j marei-ro ydyactka, OyIeT MpeBbIIAaTh AOMY-
CTHMBIC, TO PacCUHUTHIBAETCS HOBOE 3HAUEHHE IIO-
Ja4d UM KOPPEKTHPYETCA 3HAYCHUE IOJAYH, YKE
Ha3HAYCHHOE CHCTEMOH HIIH OIIEPaTopoM.

To ecTb BEIpaKEHHUE, COAEPIKAIMME Sz, BMECTO
Hero OyAeT HMeTh CIeAyomyr 3amuck. Ecmu
P>P,, 10

(7

rae d — ruamMeTp 3aroTOBKH, MM;

Kpome orpaHutueHHs MO MNPOJOIBHOMY YCH-
JIHEO PE3aHMS ACHCTBYST OTPAHMUCHUE IO MOJANC B
MPOTOIBEHOM HATIPABACHUH B COOTBETCTBHH ¢ (Hop-
mynoi B. JI. UeOrimesa:

R, MM

py— ©)

max 8z ’ MuH

rac R.— mapameTp mepoXOBaTOCTH, MKM, Z — paJu-
YC IIPU BEPLINHE PEAKYINETO HHCTPYMEHTA.

Takum 00pa3oM, MOSABIETCS BO3MOXKHOCTB
COCTaBJICHHS MOJCIH MPOLECCa MOIYUCHUS IIO-
BCPXHOCTH Ha ABTOMATC NPOJONBHOTO TOUCHHS C
y4ETOM ChEMa NPHITYCKA HA OJAHMH MPOXOJ OJXHHM
nHCTpyMeHTOM. [Ipn 3TOM yCI0BHM OrpaHHYCHHEM
SIBISIFOTCS 3aJAHHOC MPEACIBHOC YCHINE PE3AHUS U
Tpebyemasi [epoXoBaTOCTh. 3aJaBaCMBbIC MapPaMeT-
PBL paguyC IPHU BEPIIUHE PEKYIIETO HHCTPYMEHTA,
k03 puLHeHTH, OTpakarolue cBoiicTBa obOpada-
TBIBACMOIO MaTepuana, CBOHCTBA Marcpuaga pe-
JKYIIEH 4acTH MHCTPYMCHTA, YCIOBHUE OOPabOTKH.
Leneras dyHkus — Bpemst 00X0qa KOHTypa JIcTa-
am.

|Zji+a|-|2ji]
Yp Pzan
1OCp-tj.(L.p-Vji-Kp

Poay = const

< =2 (10)
i =5 — %X
Yp Paan < YRz
I I
100,63 VK, 82

Vi =
Ji 1000
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B moxenu nosBUICS HOBBIN mapaMeTp — Aua-
meTp 3arotoBku (d). Kakum obpasom crieayer yuu-
TeiBaTh ¢ro? KOHCUHO MOXHO 3amaBaTe AHAMETP
MPH HAYATBHBIX PACUCTAX, HO ABTOPHI BHAAT HEOO-
XOJUMOCTDb €r0 U3MECPCHUS B MPOLIECCE MOAAMH 3a-
TOTOBKH, TAKUM 00pPa3oM, B TCXHOJIOTUYCCKOH CH-
CTEME TMOSB/ICTCS BTOPOHM JATYHMK AUAMETPA, HA
3TOT pa3 — yke 3arotoBku. Ha puc. 2 npeacrasieHa

CXEMa TCXHOJIOTHYCCKOM CHCTEMBI Ha 0a3e aBToMa-
TOB MPOAOIBHOrO ToucHUS. OCHOBHBIMU MOJAY ISIMH
SIBJITEOTCSI. MOZAYJB PacdcTa TCXHONOTHUCCKUX PC-
JKUMOB, OH JKC BBHITIOJHACT TO BBIPAKCHISIM 2 U 3
MIOCTPOCHUE TPACKTOPUH NBIDKCHHUS HHCTPYMCHTA,
JATIUKHA, O KOTOPBIX OBLIO CKA3aHO BHINIC, MPHUBO-
JIbl, OTIMCAHHBIC B PA3IMIHBIX PAbOTaX, B TOM YUCIC
U aBTOPOB.

bk Modyye
LAnabaeHus |- DacHEm
puBogoM pexurol
]
Lk Madu Ham
ouaMempa Ao duaempa
azomobi oemany

Puc. 2. Cxema Texmonorndeckoil cucTeMEl Ha 6a3e aBTOMAaTOB TIPOJOJIBLHOIO TOUCHUNS

Ha puc. 2: M, — npusox mmmusgers, M, — npu-
BOJ MOMEpPEYHO moaauu, M; — MpUBOJ MPOAOIb-
HOM ITOJAuH.

TexHnomornyeckuii UK padboThl 000PyAOBA-
HUSL BBITJILIUT CJICAYIOIIMM 00paszoM:

1. TloaroToBka yIpaBiasSiOmEed IpOrpaMMBl;

2. 3arpyska 3aroTOBOK B MarasuH;

3. Pacuér TPaCKTOPHUH JBYDKCHHS
HHCTPYMCHTA U TEXHOIOTHICCKHX MapaMETPOB;

4. Tloma4a 3aroTOBKH,

5. HM3mepenne nuaMeTpa 3aroToBKH;

6. OOpaboTKa 3arOTOBKH;

7. WaMepenus noIyuIeHHON AeTalH,

8. TlpoBepka HaMHUMs 3arOTOBOK B MaraswHc.
B cnyuae orcyTcTBHA — BO3Bpar B IL2, B Ciyyae
HAINYHA — TPOJOKCHUE LIUKJIA,

9. Ilpoepka HagUUMg KOMAHAB OCTAHOBA.
Ecnu ocTanoB BKIIOYEH - paboTa 3aKOHYCHA, HHAYE
— TIPOJIOJDKEHHE,

10.Koppekuus Ha TpeOyeMy0 BEIHUUHY, CCIH
TpeOyeTcs U BO3BpaT Ha m.4.

B mozmenu 10 orcyTcTBYeT Kakas-muOo CChLIKA
Ha KOppekTop, a B mare 10 nukia padoTel cnexyet
e BKJIFOYHMTBH, OUCBUIHO, COIIACHO BBIPAKCHHIO 2
TpeOyeTcs KOPPEKLMs IO KOOpAMHATE X, Takas
KOppeKIsA, Kak NpUHATO [3] BHINOTHACTCA IO

pagycy mpH  BCPIIMHE  PCXKYINCH — 4YacTH
HHCTPYMECHTAa — I (OH H3MCHSCTCS C H3HOCAM
HHCTPYMCHTA).

Takum  oOpa3oM, MOAYYCHHAS  aBTOpPAMU

MOACabp oOxoma mpoduas ASTaIH, OTIMYAOINASICS

y4ETOM  HU3MCHCHHSI MPHUIYCKA W HMCIOIIAs
OTPAHHYCHHS MO YCHIHIO PE3aHMs M IONy4acMOU
[ICPOXOBATOCTH MOBCPXHOCTH, MO3BOJISICT
00eCTICUHTh CTAOUIBHOCTDh MONYYACMBIX Pa3MEpPOB
JCTaITH.

KpomMe  mporHosupoBaHus  CTaOMIBHOCTH
MOJYUACMBIX  Pa3sMEPOB  JCTATH  BO3MOMKHA
ABTOMATHM3AIMS  CO3AAHMS  CaMOH  TPOrpamMMBI
o0OpaboTkH, OCHOBBIBASICh TOJBKO HA

TEOMETPHUUECKUX XapPaKTEPUCTHKAX ITOMYyIacMOTO
mpodust neranu [12]. IogoGHoe yike peamn3oBaHO
HCKOTOPBIMHU MMPOU3BOAUTEISIMH aBTOMATOB
MIPOAOIBHOTO TOUCHUS c MPOrPaMMHBIM
vopasnenueM [13]. ABropel mpemararoT CBOU
MOAXOA K peaNn3aliy 3TOH 3aJadH, OCHOBBIBASACH
Ha YCJIOBHUHM BBIIIOJHEHUS TONBKO JUHEWHOM WU
KPYTOBOH HHTCPIOJILMK, NPH 3TOM 00paboTka
MIPOEKTHUPYETCA TOJNBKO A OJHOTO HMHCTPYMEHTA.
Ha puc. 3 mnpuecacHa cxcma BBOJA HCXOTHOU

urpopmarmn 0 HOIy4acMOM npodurne,
HHCTPYMCHTE U JCTAJIH.

INpennoxkeHHOE ~ aBTOpaMHM  TEXHHUCCKOC
pereHne HOTHOCTBIO 6azupyrorcs Ha
npeqmaracMoii B BeIpakeHmH 10 momenmn u He
COACPKUT KaKI/IX-J'II/I6O JAOIMOJTHHUTCIIBPHBIX
apamMeTpoOB, 3aTPYAHSIOMNX TCHEPALMIO
mporpaMMel  00OpabOTKH. ITO  HCKIIOYAcT
HCTIOIb30BAHUE OIIepaTopoM obopynoBaHus

CICIHAIBHBIX HABBIKOB MPOTPAMMHUPOBAHUS HITH
3HaHuA koma ISO7bit.

93



Becmuux BI'TY um. B.I'. Illyxosa

2016, Ned

/
Lemans | Mamepuan | T6endocms i
1Ia0aMETIb!
/l _
Hompy- | Paduyc npu Mamepuans
MeHT. BUd | bepuwuHe
7 Friel ] 02 PEMS
[ID0XO0HOU
VA
HoMED L4acimka tom R+0 kpyzobag
Yoarmox 1 X1Ls MH/WE,UHQ/?QU A <
Uepoxobamocme (U /\\ o R=0 fAuHeuHas
Yoacmok 2 i [p9C
Htfaf}naf( /1
Beisoapl. Ilonyuena Moxens TpaekTopHH 3. Cynran-zaze H.M. IIpoexTrposanne

JBWOKCHUS WHCTPYMEHTA W TPOLIECCa TMOMYICHUS
npoduIsl MOBEPXHOCTH HA ABTOMATE MPOJOIBHOTO
TOUYCHHS C YIETOM MOCTABICHHBIX YCIIOBHH 3aJaUH:
MONYYCHUE KOHTYPA ACTATH 32 OOUH MPOXOX U OX-
HUM HUHCTpyMcHTOM. [laHHas Mozxenp OTIHYAacTCs
VUETOM H3MCHCHHS TPUITYCKA W UMEET OrpaHHYC-
HUS IO YCUJTHIO PE3aHMS M MOTYYACMOU MEepOXoBa-
TOCTH MOBEPXHOCTH, 4 TAKXKE MO3BOJICT odecre-
YUTh CTAOUIBHOCTE NOTYYACMBIX PA3MEPOB JCTATIH.
IMpuBeaeHBI TEXHOJOTHYCCKUNM LUK PabOTh 000-
PYIOBaHHA U CXEMa TEXHOJOTHUCCKOW CHCTEMBI Ha
6asec aBTOMATOB NMPOJOJBHOIO TOUYCHHUS, VUHTHIBA-
IOIIAs U3MEPEHHS AUAMETPA 3ar0TOBKH.

*Paboma 6bInOIHeHA 8 PAMKAX —EPaHmA:
Ilpoexm I[ICP Ne 2011-IIP-146 docoeop Ne A-28/15
om 14.04.2015 2.
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Chepchurov M.S., Tabekina N.A, Voronenko V.P.

CONTROL OF GEOMETRICAL PARAMETERS IN TECHNOLOGICAL SYSTEM BASED

ON SLIDING HEAD MACHINES

The article deals with the questions related to the automated control of geometric parameters of work pieces
in the manufacture of details on sliding head machines. Mass production of products using sliding head ma-
chines allows obtaining significant amounts of products with stable qualitative characteristics. Transition
from cam control to the program allows not only to reduce the time of technological preparation of produc-
tion (in mass production the changeover time is almost non-existent), but also to simplify the design of the
equipment, that will reduce the operating costs, and finally will lead to decrease in the cost of products using
sliding head machines. The purpose of this work is receiving model of round of the profile of detail by the
tool from the condition for receiving detail contour in single pass and by one tool, and also creation of the
scheme of technological system based on sliding head machines that allows to provide the stability of the
obtained detail sizes.

Key words: sliding head machine, contactless method of control, adaptation of the tool, control program,
interpolation, technological system.
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