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BBEJAEHUE

AKTYaJlbHOCTh TeMbl. AKTYaJbHOCTh BBITIOJIHEHHBIX HCCJIEIOBAHUN HCXOAUT U3
3a7a4, MOBBIIIEHUS Y((HEKTUBHOCTH MPOU3BOACTBA 3a CUET HU(POBU3AUU PEATHHOTO
CEeKTOpa DJKOHOMMKHM H3JIOKEHHBIX B MPOrpaMMHBIX JOKyMeHTax Poccuiickoit
®enepauuu - Crpareruu pa3BuTusi 00pabaThIBAIONIEH MPOMBIIUIEHHOCTH PO,
HammonanwsHoii nporpamme «lludposas skonomuka P®y», HamumonanbHOM MpoexTe
«IIpousBomuTenbHOCTh TpyHa», PDeneparbHoM TMpoekTe «llepenoBble HHKEHEpPHBIE
IIKOJIBD), IPOrpaMMBbI M0 UMIIOPTO3aMEIICHUIO 3alaIHbIX KOMIBIOTEPHBIX CUCTEM JJISI
MAaIIMHOCTPOCHHS Ha OTeYeCTBeHHBIC paspadotku [43; 44; 49; 60]. OcHoBHEIC 3a/1a4H,
U3JI0)KCHHBIE B ATUX JOKYMEHTaX, Ha PEIICHHE KOTOPBIX HAMPABICHBI PE3yIbTaThl
JUCCEPTALIMOHHOTO UCCIIEAOBAHMS:

- aBTOMAaTH3alisl TMPOU3BOJICTBA B OJlbKaliiee BpeMs CTaHET OJHUM U3
IPUOPUTETHBIX HaIpaBieHUi pa3BuTus B Poccuu;

- co3JlaHhe B 00pabaThIBAIONICH MPOMBIILIEHHOCTH BBICOKOIIPOU3BOIUTEIIBHBIX
CEKTOpPOB, PAa3BUBAIOLIUXCS HAa OCHOBE COBPEMEHHBIX TEXHOJIOTUH, 00ECIeYeHHbIX
KBaTM(PHUIIMPOBaHHBIMU Kajapamu [60];

- ToBbIIIeHHE I(P(HEKTUBHOCTH MPOU3BOACTBA 32 CUET LHU(PPOBU3ALUU PEATHHOTO
CEKTOpa DJKOHOMHUKH, YBEIMYECHHE KOJWYECTBA MPEANPUATHI, YYaCTBYIOIIMX B
porpamMme 1o MoJAep>KKe aBTOMATU3allMK U MCHOJIb30BAHMS LU(DPOBBIX TEXHOIOTUH
[45];

- o0ecrieyeHue TEMIIOB pPOCTa MPOU3BOAMTEIIBHOCTU TpYJla HA HE CHIPhEBBIX
OTpaciiaX 3KOHOMHUKH 10 5% K KaxaoMmy npeapayiiemy roay [43];

- peleHue KaapoBOW MpoOiieMbl, CHUXkaromeld 3()(eKTUBHOCTh MPOU3BOJICTBA,
ycTpaHeHue mnpodeccuoHanbHO-KBATM(PUKAIIMOHHOTO JucOaranca - HECOOTBETCTBUS
KOMITETEHIIMI KBaTU(UKAIMOHHBIM TpeOoBanusm [60];

- pa3paboTKa Hay4YHBIX OCHOB aBTOMATH3allMd TEXHOJIOTHUYECKOW IOATOTOBKH
npoussojcTea (ACTIIIT) [49];

OmHuM W3 OCHOBHBIX HANpPABJICHWA aBTOMATHU3AallMM  TPOU3BOJICTBA B

MAlIMHOCTPOCHUU, ABJICTCA IMPUMCHCHHUC ABTOMATU3UPOBAHHOTO O60py,Z[OBaHI/IH C



IIPOTPAMMHBIM YIIPABIECHHUEM IIPU PeAN3alUN BBICOKOIIPOU3BOANUTEIBHBIX TEXHOIOTUN
00pabOTKH, YTO MO3BOJSET COKPATUTh KOJIMYECTBO PA0OUNX-CTAHOYHUKOB Ha 25-80% u
10 50% TOBBICUTH MPOM3BOAUTEILHOCTH Tpyna [24]. Bee mpenmytiecTBa mpuMeHEHUsI
00OpyIOBaHUS C MPOTPaAaMMHBIM YIPABICHUEM JJIsl PEIICHUS 3THX 3a/1ad HEBO3MOXKHBI
0€3 COOTBETCTBYIOIIEH TEXHOJOTMYECKOW IMOATOTOBKM IPOU3BOJICTBA, 3(PPEKTUBHASA
peanu3anus KOTOPOM peaJM3yeTcs Ha OCHOBE aBTOMATU3WPOBAHHBIX CHUCTEM
npoektupoBanusi. C  yBEJIIMYEHUEM  CIOXKHOCTH  M3ACIHWA  MallMHOCTPOEHUS,
HEOOXOJMMOCTH TOBBIILIEHUS! KaueCTBA MPOEKTHBIX PELICHUM M COKpPAILEHUS CPOKOB
BBIXO/Ia Ha MPOU3BOJACTBO HOBBIX M3/ENHi, BCe 0o0Jiee BaXHBIM CTAaHOBUTCS CO3aHUE
HayyHO OOOCHOBaHHBIX 3((PEKTUBHBIX CPEICTB M METOJOB aBTOMATHU3UPOBAHHOTO
TEXHOJIOTMYECKOTr0 MPOEKTUPOBAHUS, B T.4. ONEpalii BBICOKOCKOPOCTHOM 00pabOTKU
(anrn. High Speed Cutting, HSM) [9].

AHanu3 JIMTepaTypHbIX UCTOYHUKOB U IMPOU3BOJCTBEHHOIO OIBITA MPEIIPUATHH,
r7€ MHUPOKO HCNOJB3YyIoTcA cTaHku ¢ UIIY, mokassiBaeT, 4To NMpU TEXHOIOTHYECKOU
HOJIFOTOBKE IPOU3BOJICTBA OMNEpalMii  BBICOKOIIPOU3BOAUTENIBHON 00pabOTKH B
HEJIOCTaTOYHOW  CTEIIEHUW  PEAIU3YIOTCA  BO3MOXHOCTH  aBTOMAaTU3UPOBAHHOIO
npoektupoBanus B cuctremax CAD/CAM/CAPP [8; 9; 23; 52; 55]. Ilpu atom, B CAM-
CUCTeMax €CThb (PYHKIMH JJIi KOMIUIEKCHOM MOATOTOBKH TEXHOJOTMYECKOTO Mpoliecca
BKJIIOYAsi aBTOMATU3UPOBAHHYIO Pa3pabOTKy yHpPaBISIOIIUX MPOrpaMM JUisl CTAHKOB C
YITlY, ¢gopmupoBaHus KOMIUIEKTa TEXHOJOTMYECKOM JOKYMEHTALMM WU ONpe/esIeHue
HOPMATHBOB BPEMEHH, a TAKXKE PEATU3ALMIO PE3YyJIbTaTOB IPOCKTUPOBAHMS B BUIE
uupposoro aBoitHuka (anri. Digital Twin, DT) TexHomoruueckoro npoiecca, KOTOPbIi
MOJKET HCIIOJIb30BATHCSA MPHU OLEHKE SKOHOMMYECKOHN 1enecoo0pa3HOCTH pa3IMYHbIX
BapUAHTOB W3TOTOBJICHUS JaHHOro m3nenusi [15]. Bmecte ¢ TeM B paccMOTpPEHHBIX
UCTOYHHUKAX HWH(OpPMAIMU HEJAOCTATOYHO CBEACHUN 00 oOmnpeneleHur MNapaMeTpoB
MPOEKTHBIX 33/7a4 HEOOXOJIMMBIX ISl 3arpy3KH B CHUCTEMY IpPHU aBTOMATHU3HPOBAHHOM
MPOEKTUPOBAHUM Olepaluii BHICOKOCKOPOCTHOTO (ppe3epoBanust Ha ctaHkax ¢ UYIIY,
TaKMX KaK TOJIIMHA CJIOS PU MOCIOMHOM (hpe3epoBaHUU 0OBEMHBIX KOHCTPYKTHUBHBIX
HJIEMEHTOB, TOJILIMHA CTPYKKM MPHU PALMOHAIBLHOM YIpPaBJIEHUU (pe3epoBaHUEM C

NEPEMCHHBIM 110 BCIWYMHC IIPUITYCKOM, BCIIMYMHA CMCHICHHWA MHCTPYMCHTA IIpHU



IUTYHKEpHOM (Ppe3epoBaHMH, MapaMeTpbl TOPOUIATHLHOTO MEPEMEIEHUSI HUHCTPYMEHTA
[32; 35].

Takum 00pa3om, CTAHOBUTCS aKTyaJbHOM MpoOsiemMa noBbiieHus: 3QPEKTUBHOCTH
TE€XHOJIOTHYECKOW MOJATOTOBKHM W3JEIMH MAIIMHOCTPOEHHS HAa OCHOBE aBTOMATHU3ALUU
pelIieHus MPOEKTHBIX 3a/1au MPHU BBICOKOCKOPOCTHOM (hpe3epHoit 00paboTKe Ha CTaHKaxX
c UYIIY, obecrneyuBaromux COKpalleHUsI BPEMEHH TMPOCKTUPOBAHUS U CHHIKCHHS
BEJIMUMHBI TPY103aTPaT MPHUBJICUCHUS KBATU(UIIMPOBAHHOTO MEPCOHANa Ha €IUHUILY
MPOCKTUPOBAHUSI, TMOBBIIICHUSI MPOU3BOAUTEIBHOCTH U CHIKEHHUS CEOECTOMMOCTH
bpesepHoit 00paboTkn Ha crankax ¢ UIIY mpum obecredeHwM 3aqaHHOTO KadyecTBa
NOBEPXHOCTH, a TakkKe O0ecHedyeHus MporpaMMbl  UMIOPTO3aMEIIECHUS U
KOHKypeHTocnocoOHocTH oTeuecTBeHHOro [10.

Crenenb pa3padoranHocTH TeMbl. [IpoBeneHo o3HakomieHHEe ¢ paboTamu,
NOCBSIIEHHBIMM ~ aBTOMATU3allMM  TEXHOJOTWYECKOW TMOJArOTOBKM ITPOU3BOJCTBA,
TE€XHOJIOTHH MalIMHOCTPOEHHUS, TEOpUU pa3paboTKu MH(}OpPMATMOHHBIX
aBTOMATU3UPOBAHHBIX CHCTEM. 3HAYMTENIbHBIA BKJIAJ B PEUICHUM 334a4 10 TEOPHH
pe3aHusi IpUMEHUTENbHO K 00paboTke Ha craHkax ¢ YIIY BHecium oTeuecTBEHHbIE
cienmanuctel  baryeB B.B., bopoguna H.B., Ka3zakos A.A., Ky3emun FO.II., PeoxoB
D.B., Cepree A.C., Cycnop A.I., Ilaunes C.U. HccrenoBanusmu B 00JacCTH
IIPOEKTUPOBAHMUS TEXHOJIOTHYECKUX IMPOLECCOB 3aHMMAINCh ABepueHKOB B.I.,
I'opanckuii I'. K., 'opoynoB b.U., I'panosckuii I'. U., I'peuniunukoB B. A., NHo3emiieB
I'. T., Kanyctun, H.M., MacnoB A. P., MemepsikoB A. W., Murpodano B.T'.,
Mutpodanos C.II., ITasnos B.B., Pomun II.P., Camoitnos B. C., Caxapor ['.H.,
Cepeopenunkutii I1.I1., CmonenueB B.I1., Conomennies FO.M., Ctapoctun B.I'., I{BeTkoB
B. [., Yemnuuckuit JI.A., IOnukos M.U., Amepuusin [1.U. u ap. [Touckom pemenus
Hay4HBIX 33/1a4 110 MporpaMmMupoBanuio 1 craHkoB ¢ UITY B CAM-cuctemax AHOCOB
M.C., beikoB A.B., JIpsuenko E.II., Jlemenko A.U., IlaiiBua A.C., PribaxoB E.H.,
Cxwmprnanze A.I'., Typuumn JI.E. u apyrux W OCHOBBIBAETCS Ha TPHUMEHEHUU
COBPEMEHHBIX METOJOB U TEXHOJIOTHI 00paOOTKHU 3HAHUI B COUETAHUU C JOCTUKEHUSIMHU
TEOPUH ABTOMATUYECKOTro  ympaBieHus. (CoOBEpPIIEHCTBOBAHHEM pacyeToB

PKOHOMMYECKHUX TOKa3aresiel npu oopadboTke Ha ctankax ¢ UITY 3anumanuce MBueHko
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I'.1., UckakoBa A.XK., UtukaBa A., Mopozos .M., ITaxomoB /I.C., IToousiackas A.B.,
CeBocThsiHOBa A.A.

[IpoBeneHHBI aHATUTHYECKUH 0030p MOKa3all, BOIPOC MCCIEAOBAHMS Mpolecca
IIPOEKTUPOBAHUSI BBICOKOCKOPOCTHBIX  (ppe3epHbix omnepanuil (High Speed Milling,
HSM), na crankax ¢ YIIY Takux kak 2,5-KOOpJuMHATHOE MOCIOHHOE (pe3epoBaHKE
OOBEMHBIX U3JENUN, O0O0ECHeYeHUss PalUMOHAIBLHOIO  YIPaBJICHUS  KOHTYPHBIM
dbpe3epoBaHUEM € TMEPEMEHHBIM IO BEIMYMHE MPUIYCKOM U  IUIYHXEPHOTO
dpezepoBanuss B cucreMe CAD/CAM/CAPP ¢ wucnonp3oBaHHEM — cepBHCa
aBTOMATU3WPOBAHHOTO MPOCKTUPOBAHUA [ COKPAILEHUSI CPOKOB TEXHOJOTMYECKOU
MOJATOTOBKM  TMPOU3BOJCTBA, TOBBIIICHUS  MPOU3BOJAUTEILHOCTH W CHWKCHHS
ceOecTOMMOCTH O00pabOTKU TpH OOECIICUeHUH 3aJaHHOTO KauyecTBa IMOBEPXHOCTH Ha
CETOIHAIIHUHN JIeHb HeJocTaTOuHO u3y4deH [33; 35].

Heabo auccepTanUOHHONW PadOThLI SBISETCS TOBBINICHUS S()PEKTUBHOCTU
TEXHOJIOTUYECKOW MOATOTOBKU HM3/CTUN MAIIMHOCTPOCHHUS Ha OCHOBE aBTOMATHU3alUU
pelieHus MPOEKTHBIX 3a/1au MPU BHICOKOCKOPOCTHOM (hpe3epHoit 00paboTKe Ha CTaHKaxX
c UIIY, obecneunBaronux COKpaIIeHHUE BPEMEHH IPOCKTUPOBAHUS, IOBBIIICHUE
MPOU3BOAMTEIILHOCTH M CHUXEHUE Ce0eCcTOMMOCTH O0OpabOTKHM TpH oOecrneyeHuu
3aJIaHHOTO KauecTBa 00pabaThIBAEMOM MOBEPXHOCTH.

JUJ1s1 1OCTHKEHUs] OCTABJIEHHOM LeJIM MPeANoJiaraercsi peueHue cjieayome
COBOKYIHOCTH 33124

1. BemonanuTh WHOOPMAIIMOHHO-AaHATUTHYECKUNA 0030p COCTOSHUS BOIpOCa
3((PEeKTUBHOTO UCTIOIL30BAHUS CTAHKOB C MMPOTPAMMHBIM YIIPABJICHHEM, aBTOMATHU3AIUN
TEXHOJIOTUYECKOM TOATOTOBKM MPOU3BOACTBA  BBIINOJIHEHUS  BBICOKOCKOPOCTHBIX
dbpe3epHbIX omepanuii Ha crankax ¢ UIIY, a taxke aHamu3 CyIIECCTBYIOIIUX METOIUK
oTpeJIeNIeHUs] KOIMYECTBEHHOTO U IIEHOBOTO MoKa3zareyie 3p()eKTUBHOCTH BBITIOJTHEHUS
omepaluii, HOPMAaTUBOB BPEMEHHU M OIEHKU PE3YJIbTATUBHOCTU JIEMUCTBYIOIIETO
MIPOU3BOJICTBA.

2. Pazpaborarb  CTPYKTYpHYIO CXeMy CHCTEMbl  aBTOMAaTH3WPOBAHHOMN

TEXHOJIOTUYECKOM IIOATOTOBKHM IIPOHU3BOACTBA I/ISI[GJ'H/Iﬁ MAalIMHOCTPOCHHUA Ha OCHOBC
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aBTOMATU3AlMA PENICHHs] TMPOEKTHBIX 3a/Ja4 MPU BBICOKOCKOPOCTHOHW (pe3epHOi
o0paboTke Ha ctaHkax ¢ UITY.

3. BbIABUTH B3aMMOCBSI3M U YCTAHOBUTH 3aBUCHUMOCTU MEXIYy IapaMeTpamu
MIPOEKTHBIX 3a]1a4 BBITIOJIHEHUS BHICOKOCKOPOCTHBIX (DPE3EPHBIX OTIEpAIlMii Ha CTAaHKaX C
UITY (mocnoitHOro  2,5-KOOpAMHATHOTO  ()pe3epoBaHUss OOBEMHBIX  M3JICIHH,
paIrMoHAIPHOM YTIPABICHUN KOHTYPHBIM (hpe3epOBAHUEM C TICPEMEHHBIM IO BEIIMUNHE
NPUIYCKOM W  IUTyH)KEpHOTO  ()pe3epoBaHUs) H  XapaKTEPUCTUKAMHU  KadecTBa
oOpabaThIiBaeMOM MTOBEPXHOCTH.

4. Pa3paboTarh MareMaTU4eCcKue MOJICTHU, CO3/]aTh aJrOPUTMbI U MPOTPAMMBI JIJIs
aBTOMAaTH3WPOBAHHBIX  PACYETOB IMAPAMETPOB MPOEKTHBIX 3a]a4  BBIIOJIHEHUS
BBICOKOCKOPOCTHBIX (hpe3epHbIX ormepanuii Ha crankax c YIIY, obecnedmBaromumx
3aJJaHHOE Ka4€CTBO MOBEPXHOCTH.

5. Pa3paboTrarh METOAMKHA aBTOMAaTU3UPOBAHHOTO OMPEIEICHHS KOJIMYECTBEHHOTO U
IIEHOBOTO mnoka3aresiei 3p(heKTUBHOCTH BBITIOJIHEHUSI BLICOKOCKOPOCTHBIX OMepaluii Ha
crankax ¢ UIIY, HopMaTuBOB BpeMEHH U HOPM BBIPAOOTKU MPH 3aIyCKe MPOU3BOACTBA
HOBBIX  M3JENUHA, a  TaKXKE  OIEHKU  pPE3yJbTaTUBHOCTU  JEHCTBYIOIIETO
aBTOMAaTU3UPOBAHHOIO MPOM3BOJACTBA MO Mokazaresnsim obuieit s3pdexruBnoctu (OEE,
Overall Equipment Efficiency).

O0BbeKTOM HMCCJIeIOBAHUS SIBJISIIOTCS ITPOLIECCHI aBTOMATU3AllMHA TEXHOJIOTUYECKOU
MOATOTOBKU TMPOM3BOACTBA C HCIOJIb30BAHUEM HHTErpUpoBaHHOW cuctembl ADEM
CAD/CAM/CAPP.

IIpeanMeTom wMccC/IeIOBAHUS SBJSIOTCS METOAWKH, MOAEIM M  aJITOPUTMBI
ABTOMATHU3UPOBAHHON TEXHOJIOTHUYECKOW MPOECKTHOU JEATEIBHOCTH, IIyTH peanu3aluu
HOBBIX TeXHOJIOTHYeCKHX pemeHnit B CAM-cucTemMe J1jis BBICOKOCKOPOCTHOM (hpe3epHOi
0o0paboTku Ha ctankax ¢ YIIVY.

MeToabl Mcc/ielOBaHUSI OCHOBAaHbI HAa HWCIOJb30BAHUU MOJIOKEHUU M METOJI0B
TEOPUH AJTOPUTMOB, TEOPUU ABTOMATU3UPOBAHHOTO MPOCKTUPOBAHUS, TCOPUU PE3aHUA

1 MaTeMaTUYE€CKON CTaTUCTHUKHU.
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Hayuynasi HOBH3HA [HMCCEPTALMOHHOIO MCCJIeI0BAHUS 3aKJII0YaeTcs B
cjaeaylonem:

1. Pa3paborana  CTpPyKTypHas CXeMa CHUCTEMbl  aBTOMAaTHU3HPOBAHHOMN
TEXHOJOTHUECKON TMOATOTOBKH MPOM3BOJCTBA W3JEIHI MAIIMHOCTPOCHHSI Ha OCHOBE
aBTOMATU3allMM PEIICHUS NPOEKTHBIX 3aJad MpPU BBICOKOCKOPOCTHOM (hpe3epHoit
oOpaboTke Ha ctankax ¢ YITVY.

2. BolsBreHBI B3aUMOCBSI3M U YCTAHOBJICHBI 3aBUCHMOCTH MEXJy HapaMeTpamu
MPOEKTHBIX 3aJ1a4 BBIITOJIHEHHS BBICOKOCKOPOCTHBIX (PpE3EpHBIX ONepalfii Ha CTaHKAaX C
YIlY (mocnoiiHoro 2,5-KoOpauHATHOTO  (pe3epoBaHuss OOBEMHBIX  H3JCIUH,
palMOHaIbHOM YIIPABICHUN KOHTYPHBIM (Ppe3epOBaHUEM C IEPEMEHHBIM M0 BEIUYUHE
OPUIYCKOM M IUIYHXEPHOTO (pe3epoBaHUsl) U  XapaKTEPUCTHKAMU KadyecTBa
o0pabaTbIBaeMON MOBEPXHOCTH.

3. Pa3pabGoTanbl mMareMaTH4ecKue MOJENHU, CO3[JaHbl aJFOPUTMBbI M MPOrPaMMBI
aBTOMATHU3WPOBAHHBIX PACUYETOB MApaMETPOB MPOCKTHBIX 3a/ad JJIs BBIMOJTHEHUS
BBICOKOCKOPOCTHBIX (pe3epHbIX omepaunuii Ha crtankax ¢ YIIY, obecneumBaronimx
3aJJaHHOE KaYyeCTBO IMOBEPXHOCTH.

4. Pa3paboTaHbl METOJAUKH aBTOMAaTU3MPOBAHHOTO OIPEAEICHIS KOTNIECTBEHHOTO
U 1IEHOBOTO Noka3aresneil 3 PpeKTUBHOCTH BBIMOIHEHNUS BBICOKOCKOPOCTHBIX OINEpalui
Ha cTaHkax c¢ YIIY, HOpMaTMBOB BpEMEHM M HOPM BBIPAOOTKM MpU 3aMMyCKe
IIPOM3BOJICTBA HOBBIX H3ACIWH, a TaKXKe OICHKH pPEe3yJIbTATHBHOCTH JIEHCTBYIOIIETO
aBTOMAaTH3WPOBAHHOTO MPOM3BOCTBA M0 TToka3atessiM oo1iei raddexrunoctu (OEE).

Teoperuyeckass 3HAYMMOCTHL PadOThl COCTOMT B  COBEPIICHCTBOBAHUHU
TEOPETUYECKMX  OCHOB  aBTOMATHU3UPOBAHHOM  TEXHOJOTMYECKOW  IMOATOTOBKH
npousBogcTBa B CAM-cucremMe ¢ UCHOJIb30BAaHUEM DJIEMEHTOB HCKYCCTBEHHOTO
WHTEIJICKTa, 00ECTICYNBAIOIINX COKpAIICHHE BPEMEHH BBHITIOJHEHHSI TPOCKTHBIX PadoT,
TapaHTUPYIONINX  DKOHOMHYECKYI0 3(PQPEeKTHBHOCTH 00padOTKM U 3aJIaHHbIE
Tr€OMETPUYECKHME TMapaMeTpbl KadecTBa IOBEPXHOCTH JeTajed Ha  CTaaud

MPOEKTUPOBAHUS BBLICOKOCKOPOCTHBIX (hpe3epHBIX paboT Ha cTankax ¢ UITY.
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IIpakTHYeckass 3HAYUMOCTH MOJYYEHHBIX Pe3yJabTaTOB MCCJIeI0BAHUA.
Pe3ynbTaThl uccienoBaHM BBIMOJHEHB Ha OTEUECTBEHHBIX pa3paboOTKax B pamMKax
MPOrpamMMbl M0 UMIIOPTO3aMEIICHUIO U TIOBBIIIEHUIO KOHKYPEHTOCIIOCOOHOCTH Tepe/T
3apyOeKHBIMU IMPOEKTHBIMU cucTeMaMH. [ [puMeHeHne BBITOJIHEHHBIX TEXHOJIOTHYECKHUX
pa3paboToK (palMoHAIBHOE YIIPaBICHUE MPOILIECCOM KOHTYpPHOTO ¢pe3epoBaHusi ¢
NEPEMEHHBIM MO BEJIWYMHE NPHUIIYCKOM H IUIYHXXEPHOTo (pe3epoBaHus IpU
BBICOKOCKOPOCTHOM 00pabOTKe) 00EeCrneuyuT POCT MPOU3BOAUTEIHLHOCTH OOpaOOTKH.
[Ipumenenue 00paOOTKM OOBEMHBIX M3ACIHUA TOCIOMHBIM  BBICOKOCKOPOCTHBIM
(dpe3epoBaHuEM, IMPU HCIOIB30BAHUM YNPABIAIOMIMX MPOrPAMM, BBINOJHEHHBIX IO
pa3paboTaHHOW METOJIUKE, MOXKET IPUMEHAThCA B BUIAC (PUHUITHON M obOecreduT
3aIaHHOE€ KayeCTBO MOBEPXHOCTH M MOBBINIEHUE IMPOU3BOAUTENBHOCTH. Peannszanus
OLICHKM PE3yJIbTATUBHOCTH U  KOPPEKTUPOBKM IUIAHUPOBAHUS  JIEWCTBYIOILETO
MpoU3BOJCTBA MO TokazarensiM obmel 3¢dexktuBHocTH OEE ¢ ucnonb3zoBanuem
MH()OPMAIIMOHHBIX BO3MOXXHOCTEW YCTPOMCTB uMciioBOro ympasienus (YUILY)
o0opy10BaHUS.

JlocTOBepHOCTL M O0OCHOBAHHOCTHL  Pe3yJbTATOB  MCCJICIOBAHUA
MOATBEPKIAETCS  KOPPEKTHOCTHIO MPUMEHSIEMOr0 MaTEeMaTHYEeCKOTo  arapara,
pe3yapTaTaMyu BBIYUCIUTEIBHOIO U CTAHOYHOI'O 3KCIIEPUMEHTOB.

AnpoGauuss padorbl. CTeneHb [OCTOBEPHOCTH M ampoOarusi BBINOJTHEHHBIX
uccienoBanuii. OCHOBHbBIE TMOJIOKEHUSA IUCCEPTAMOHHOW pabOThl JOKIAABIBAINCH U
00CYXTaJTMCh Ha CIEAYIOIMUX MEXTYHAPOJIHBIX U peruoHalbHbIX KoH(pepenmmsx: 11
MexayHaponHoii HaydHo-TipakTHueckod koHdpepenuun «CAIIP u moaenupoBaHue B
COBPEMEHHOW »dIeKTpoHuke, T. bpsack, 2019; IV  MexnyHapogHoil Hay4dHO-
npaktuyeckoi kondpepenun «CAITP u MmoaenupoBane B COBpEMEHHON JIEKTPOHUKE,
r. bpsnck, 2020; XI PervoHanbHON Hay4YHO-NPAKTUYECKONW KOH(EPEHIIMU MOJIOABIX
uccienoBareNed M cnenuanuctoB, r. bpsanck, 2019; XII PeruonanbHOl Hay4HO-
MPaKTUYECKON KOHPEPEHIIMH MOJIOJIbIX HCCIIeIOBAaTENe U CHEeHAINCTOB, I'. bpsHCK,
2020; MexayHapogHoM  Tpo¢eCCUOHAILHO-UCCIICIOBATEIbCKOM — KOHKYypce, T.
[TerpozaBoack, 2020; MexayHnaponnoi koHbepeHInu «COBpeMEHHbIC HAMIPABICHUS U

NEPCHEKTUBbI PA3BUTHS TEXHOJIOTUH 00pabOTKM M 000PYI0BaHUSA B MAIIMHOCTPOCHHUU
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2021 (ICMTMTE), r. Ceacrononb, 2021; Bcepoccuiickoli KoH(pepeHIHH
«ABTOMaTH3alIM U MOJICIMPOBAHUE B IIPOECKTUPOBAHUY U YIIpaBIeHUW», bpsHck, 2021;
MpEJICTaBJIEH JOKJaI 0 pe3ysbTaTax ucciaeaopanuii B ®I'bOY BO «KanuHuHrpaackuit
TOCYy/IapCTBEHHBIH TEXHMUECKUU yHUBepcuter», 2021; cemuHap mno oOydYeHHIO
aBTOMATU3UPOBAHHON TEXHOJIOTMYECKOW MPOEKTHON NEATEeNbHOCTH MpernojaBaTenei
yueOHbIx 3aBenenui, [IAO «/lumaktuueckue cuctemsb», T. MockBa, 2023, mokiman Ha
00pa30BaTebHOM MHTEHCUBE MO MHTErpanuu nporpammuoro kommiekca ADEM-VX B
yueonsiii nporecc, MI'TY um. baymana, r. Mocka, 2023; npeacraBiieH JOKJIaa Ha
kadenpe ABToMaTU3UPOBAHHBIX CUCTEM 00paboTKu nH(popMauu u yrnpasienus, MI'TY
«CTAHKWH», r. MockBa, 2023; nokiaan Ha ceMUHape MO HH()OPMaIMOHHBIM
texnonorusasm, HUTY MMUMCuC, r. MockBa, 2024; nokian Ha KoH(pEpEeHIMH Ha
MEKTyHapOoJHOU BbicTaBKe Metamiooopadotka 2024, r. Mocksa, 2024; noknan Ha XII
MexayHaponHOH HaydHO-TIpakTU4Yeckoi KoHpepeHiun «CoBpeMeHHBbIE MPOOJIeMbI
teopun Mamun», Tr. Caskr-IlerepOypr, 2024; npoknaag Ha MexIyHapOIHOM
uHcTpyMeHTanbsHOM dopyMe Rosmould & 3D-TECH 2024, r. Mocksa, 2024.

PesynbraTthl  HayyHO-KBaNM(UKAIMOHHOW  pabOThl  OBUIM  TOJJIEPIKaHbI
CJIEAYIOIIMMHU HayYHBIMU ITPOTpaMMaMu U JOTOBOPaAMU:

2016 r. Xo3moroBopHas Hay4yHO-TeXHUYecKas pabdorta «Pa3paboTka KOMIUIEKTa
HAay4YHO-METOIMUECKUX MATEpPUaIOB MHTEPAKTUBHOTO 00pa30BaTEILHOIO KOHTEHTA IS
oOyueHus ornepaTopoB v HataauukoB cTtaHkoB ¢ UITY mis AO «KapadeBckoro 3aBona
«Anexrpoaeransy (r. Kapaues, bpsiackas 0611., Poccust).

2017 1. Xo3moroBopHas Hay4YHO-TexHWYeckass pabora «VccmegoBanue u
pa3paboTka MEPONPUATHH 110 TOBBINIEHUIO 3((MEKTUBHOCTH IPOM3BOJICTBEHHBIX
npoiieccoB U kaudectBa mponykuuun AO «KapadeBckoro 3aBoma «nekTpoaeranby (T.
Kapaues, bpsinckas 06:1., Poccus).

PazpaboTannbsie MoAenu W HAy4YHO-OOOCHOBAHHBIE TEXHOJIOTHMUYECKHE PEIICHUS B
00J1acTh aBTOMATU3UPOBAHHOTO MPOCKTUPOBAHHS BHEIPEHBI B PAKTUKY UCIIOIH30BAHUS
cuctembl ADEM CAD/CAM/CAPP B xomnanuu « ADEM - umxunupunr» (r. Mocksa),
a Takxke Ha npennpuatusx AO «SpociaBckuil 3aBojA AW3ENbHOW ammapaTypbD» (T.

SApocnasns), AO «KapaueBckuii 3aBon «InekrpoaeTanby (. Kapaues, bpsHckas 0011.),
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AO «Kommpeccop» (r. Cankrt-IlerepOypr), ITAO «/Iugaktuueckue cuctems» (T.
Mocksa), OO0 «Mupakc» (r. Mocksa).

Ha 3ammTy BHIHOCATCH CJIeYIOLIHe HAYYHbIE MOJ0KCHUA:

1. PaspaboraHHas CTpyKTypHass cXemMa CHCTEMbl aBTOMAaTHU3HPOBAaHHOMN
TEXHOJIOTUYECKOW MOArOTOBKM NPOU3BOJCTBA HU3AENIHMII MAIIMHOCTPOCHUS HAa OCHOBE
aBTOMATH3AllMd PEHICHUS TPOEKTHBIX 3a/Jad MNpPH BBICOKOCKOPOCTHOM (ppesepHoi
oOpaboTke Ha ctankax ¢ YIIVY.

2. BbIsABIECHHBIE B3aMMOCBS3W W YCTAHOBIICHHBIE 3aBUCUMOCTH  MEXIY
napamMeTpaMe TPOCKTHBIX 3a7a4 BBITIOJHEHUS BBICOKOCKOPOCTHBIX (PPE3EPHBIX
onepanuii Ha crtankax c¢ YIIY (mocnoitHoro 2,5-koopauHaTHOTO ¢pe3epoBaHus
OOBEMHBIX U3JIETUH, palMOHAIBHOM YINPABICHUHU KOHTYPHBIM (pe3epoBaHHEM C
MEPEMEHHBIM TI0 BEJIWYMHE TNPUIIYCKOM H IUTYHXKEpHOro ¢pe3epoBaHusi) U
XapaKTepUCTUKaAMU KauyecTBa 00pabaThIBa€MOi MOBEPXHOCTH.

3. Pa3paboTaHHble MaTEMaTUYECKUE MOJIEIH, CO3JaHHBIE aITOPUTMBI U IPOTPaMMBI
JUI. aBTOMAaTU3MPOBAHHBIX PACUETOB IMAPAMETPOB MPOEKTHBIX 3aJ1ad BBINOJIHEHUS
BBICOKOCKOPOCTHBIX (ppe3epHbix ormeparuii Ha crtankax c UYIIY, obecneuymBaromumx
3aJaHHOE Ka4€CTBO IMOBEPXHOCTH.

4. PazpaboTanHble METOAUKHU OMPEIEICHUS KOJUYECTBEHHOTO U IIEHOBOTO
nokasaresiei 3(p(PEeKTUBHOCTHU BBIMOJHEHUS! BEICOKOCKOPOCTHBIX OMEpaldii Ha CTAHKAX C
YITY, HOpMaTUBOB BPEMEHHM M HOPM BBIPAOOTKH IMpHU 3alyCKe MPOU3BOJCTBA HOBBIX
U3JICNINM, a TAaKKe OIEHKH PE3YyJIbTaTUBHOCTH IEHCTBYIOUIETO aBTOMATU3WPOBAHHOTO
MPOU3BOJICTBA O MokazatessiM obie agdextuBHoct (OEE).

IMyoaukanuu nmo TemMe cnennaabHocTu. [1o Teme nuccepraruu omyoiukoBaHbl 24
Hay4dHble myOnukanuu, 11 crarell B poCcCHIUCKUX HAY4YHBIX XKypHanax u3 nepeuns BAK
U crienuanbHocT  2.3.3. ABTOMATu3alMsd W yOPaBICHUE TEXHOJIOTMYECKUMU
npoiieccaMu U npousBojcTBamu (kareropusi K2 — 10), nosydeHo 2 CBUIETENBCTBA O
roCyJIapCTBEHHOM peructpanuu nporpammel 1t 9BM, 4 craThu B cOOpHUKAX HAyYHBIX

TPYIOB, 7 yueOHbIX nmocobuii ¢ rpudom «PekomennoBano YMO miis BO».
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CooTBercTBHE mNacnopry cnenuajabHocTH. Hayunas paboTra COOTBETCTBYET
dbopmysie HayyHOM crmenuaibHOocTH 2.3.3 — «ABTOMaTH3alMsl M yOpaBJCHUE
TEXHOJIOTUYECKUMHU MPOIECCaMU U TPOU3BOICTBAMI» B ITyHKTaX 2, 8 1 9.

Ctpykrypa m o0bem padoThl. Jluccepramus wu3jgokeHa Ha 162 crTpaHmmax
MalIMHOMKUCHOTO TEKCTa, COACPKUT 62 pUCyHKA U 9 TaOJIMI], COCTOUT U3 BBEICHUS, D

IJIaB, 3aKJIFOUEHHUS, CIIMCKA JINTEPaTyphl U3 84 HAMMEHOBAHU.
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I'JIABA 1 AHAJIMTUYECKHWA OB30P IPUMEHEHHUSA CTAHKOB C
Y11y, BBICOKOCKOPOCTHOI'O ®PE3EPOBAHUA U
ABTOMATU3NPOBAHHBIX CUCTEM TEXHOJOI'MYECKOI'O
HPOEKTUPOBAHUSA, METOAUK ONEHKH DPPEKTUBHOCTHU
PEAJIMBAIIMU TEXHOJIOI'MYECKHUX ITPOIECCOB

[IpuBenens! cBenenus 00 3gdpekTuBHOCTH TpUMeHeHUs cTankoB ¢ UITY B oTpacisax
MAIIMHOCTPOCHUsI. BBITIOTHEH aHAMUTUYECKUN 0030p TEXHOJOTHYECKHX HAaIlpaBICHUN
pUMEHEHUSI 000PYI0BAHUSI C TPOTrPAMMHBIM YTIPABIEHUEM U OTPACIIEH, UCIIOJIb3YIOIINX
TEXHOJIOTHIO (hpe3epHO 00pabOTKH, TUIIOBBIX 00pabdaThiBaeMbIX u3Aenui. [IpuBoasaTces
OCHOBHBIC CBEJCHH 10 peanm3arnuu KoHnenmun « amgyctpus 4.0»: TexHoIOrHIecKas
MOJATOTOBKAa MPOU3BOJACTBA - aBTOMATHU3alUsl TEXHOJOTUYECKOHW  MOJITOTOBKHU
MPOMU3BOJCTBA  M3JCIMH C  TOMOIIBI0  HWHTETPUPOBAHHBIX  KOHCTPYKTOPCKO-
TEXHOJIOTHYECKUX KOMIBIOTEPHBIX CHUCTEM, TAIOTCS OCHOBHBIC IMOHSATHS, OMIPEACIISTIOTCS
OOBEKT, 3aJaul W METOAbl TpoekThpoBaHud. I[IpoBenéH ananmu3 >HPEKTUBHBIX
TEXHOJIOTMUECKUX PEIICHUH, TPUMEHSIEMBIX 11 BBICOKOCKOPOCTHOU (hpe3epHOn
oOpabotku Ha ctankax ¢ UITY. BeimonHen 0030p METONUK ONpeseieHrs HOpPMaTHBOB
BPEMEHU W HOPM BBIPAOOTKM TPHU 3aMyCKE MPOU3BOACTBA HOBBIX W3JEIUH, OIEHKH

3 PeKTUBHOCTH JEHCTBYIONIETO MPOU3BOICTBA, OCHAIIIEHHOTO cTankamu ¢ UITY.

1.1 TlocTanoBka 3agauu m0 3¢pGeKTUHBHOMY NPUMEHEHHIO CTAHKOB €

NMporpaMMHbIM YIIPABJCHUEM B MAIIIMHOCTPOCHUH

B cooTBeTCTBHM ¢ IMPEKTHUBAMH MPABUTEIHCTBA aBTOMATH3AlIUs MTPOU3BOJICTBA B
OnvKkaiiiiee BpeMsi CTaHET OJJHUM K3 MPUOPHUTETHBIX HANpaBlieHUH pa3BuTus B Poccun
[43; 44; 49; 60]. Bemyummm HampaBJIeHHEM peEIIeHUS 3TOM 3amgadd B 0O0JIaCTH
METAJTIOO0OPA0OTKA - TPUMEHEHHE OOOpYJOBaHUS C YHUCIOBBIM IPOTrPaMMHBIM
ynpasiennem (UITY mam CNC — computer numeric control), kotopoe obecrieunBaeT

OYEHb BBICOKYIO THOKOCTh IPOM3BOJICTBA, BO3MOXKHOCTb OBICTPO IMEPECTPOUTHCS Ha
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HOBBIM BUJ u3aenus. Kpome TOro, 3HaUMTEIBHO CHWXKAIOTCA PHUCKU [UJIsl KadyecTBa
BBIITYCKAEMOM MPOAYKIIMU, CBS3aHHBIE C JEATEIBHOCTHIO 4YEJIOBEKa — OIEepaTropa.
Hcnons3oBanue crankoB ¢ YITY mo3BosiseT cOKpaTUTh KOJWYECTBO pabounx Ha 25 -

80 %, 3aMeHUB OT TPEX 10 BOCBbMU OOBIYHBIX CTAHKOB, YMEHBIIUTh CPOKU MOATOTOBKH
npousBojcTBa Ha 50 - 70 %, MOBBICUTH MPOU3BOIUTEIBLHOCTD TpyAa 10 50 %, a TOUHOCTH
W3FOTOBJICHHUS IeTay — B 2 - 3 pa3a, CHU3UB KOJIMYECTBO JOBOJIOYHBIX ONepaluii B 4 -
8 pa3 [77].

Cranku c UYIIY OblcTpo OKymaroTcs, COKpamasi OIepaldoOHHBIE pacXolbl H
yMEHBINAsl BIUSHUE Ha TMPOU3BOJCTBO UeIOBeYeCKOTO ¢akropa. OHM HE TpeOyroT
IIOCTOSIHHOT'O ~ IIPUCYTCTBUSL ~ OIlEpaTopa, YTO IIO3BOJSET OJHOMY COTPYAHHUKY
00CITyKMBaTh JI€CATKU CTAHKOB, YMEHbIIAs KOJMYECTBO HEOOXOJUMOro IMepcoHaja U
pacxoipl Ha OIUIaTy TpyAa. YMEHbBIICHHWE AOJIM PYYHOIO TpyAa TaKKE MOBBIIIAET
0e301acHOCTbh MTPOU3BOJICTBA, CHUXKAsi BEPOSATHOCTh TPAaBMUPOBAHHUS YesioBeka [24; 42].

['maBHble TpeumyinecTBa cTaHkoB ¢ YIIY — ckopocTb W TOYHOCTH pPabOTHI,
HEMpEPbIBHBIN pexxkuM 24/7, cTaOWIBHOCTh KaudecTBa pe3yjibTaTa, HEIOCTyMHAas
yenoBeky. YI1Y-cTanku npeasnararoT BBICOKYIO SKCIITyaTallMOHHYIO THOKOCTh. CTaHOK C
YITY MOeT BBINOJHATH pa3Hble MPOrpaMMBbl JIJIsl IPOU3BOACTBA OTIIMYAIOIIUXCS APYT OT
Jpyra npoAyKTOB, HE TpeOysl IPU 3TOM 3HAYUTEIIbHOMN [IEPEOCHACTKU. DTO 1aeT CTaHKaM
c UITY Oonblioe mpeuMyIiecTBO Mepea APYTMMH METOJAaMU MPOU3BOJCTBA, TaK Kak
TIO3BOJISICT U3MEHSATH POJIb CTAHKA HA JIMHUU 33 HECKOJIbKO MUHYT [24].

3HaYUTENBHBIM MTpeuMyLIecTBOM cTaHKOB ¢ UIIY siBiseTcs mpocToTa MHTETrpauuu
B CHUCTEMbl «yMmHOro» mnpousBoactBa «Wuayctpun 4.0», a Takke HX BbICOKas
3¢ (HEKTUBHOCTH, TO3BOJISIIONIAS 3HAUUTEIFHO CHU3UTD U3/ICPKKU HA €IMHUILY BBITYCKa.
Ho, ¢ apyroit ctopoHsl, Takoe 000pyA0BaHUE ABIISIECTCS BECbMa JOPOTrocTosImmM. JIroboi
MPOCTON BEAET K CYLIECTBEHHBbIM YOBITKaM, MO3TOMY, MCIOJIb30BAHUE COBPEMEHHOTO
IM(POBOTO CTAHOYHOTO TApKa, TPeOYeT BHICOKOKBATU(UIIMPOBAHHOTO IJIAHUPOBAHUS
MPOU3BOJICTBA, Pa3pabOTKU A(P(HEKTUBHBIX TEXHOJOTHM M YHPABISIIOUIMX MPOrpamw,
CBOEBPEMEHHOTO 00CITy)KMBaHUs U peMOHTa [57].

HauGonbmuit  3ddext or mnpuMeHeHus o0OOpyJAOBaHHS C MPOTPAMMHBIM

yIOpaBJICHUEM NPOSBIAETCS NpHU (Ppe3epHoil 00pabOTKe KOPITYCHBIX JeTajieil 3a cuer
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oOecrie4eHnss BBICOKOM TOYHOCTHM M KOMIUIEKCHOCTH TEXHOJOTHYECKHX PpEeHICHUN
00paboTKM Ha OJHOM OOOpYJOBaHMM W 3a OJMH YCTaHOB. Bce mnpeumyiiectna
IPUMEHEHUs O0OpYyJIOBaHUs C MPOTrPAMMHBIM YIPABIEHUEM HEBO3MOXHBI 0€3
COOTBETCTBYIOIIEH TEXHOJIOTUYECKOM TMOATOTOBKA MPOU3BOACTBA, 3 (EKTUBHAS
peanu3anysi KOTOPOM BBINOJHSAETCS C MOMOUIbI0 aBTOMAaTU3UPOBAHHBIX CUCTEM
IPOEKTUPOBAHUS. AKTyalnbHBIMU ~ SIBJSIFOTCSL  MCCIICZOBAHUSA MO  TOBBIIICHUIO
3¢ (HEeKTUBHOCTHU BBHIMOJIHEHUS (PPE3EPHBIX ONEpalyii Ha CTaJuH aBTOMAaTHU3UPOBAHHOTO
POCKTUPOBAHUS TEXHOJOTHIA U mporpaMM Jijis ctankoB ¢ UITY [6; 42].

OTpacau IpOMBIIUIEHHOCTH, TJi€ MPUMEHSIOTCS TEXHOJIOTUH (hpe3epHoit 00paboTKu
KOPILYCHBIX JieTasniel Ha crankax ¢ UIIY.

AdpoKocMHuYecKasi IPOMBIIILJIEHHOCTH [24]. HekoTopsie BUabI 000PYA0BaHUS B
a’POKOCMHYECKONW OTpACiv, B KOTOPBIX HCIOJIB3yeTCs (ppesepHbie TexHomorus UITY,
BKJIFOYAIOT B c€0sI - a3poIMHaMUYEeCKUE MPOPHIIN, TUTAHOBBIE OOIIMBKH, JETANIU 111aCCH,
KOJUIEKTOPBI, KOpIyca peaykropa. Bum geramu a’poarHaMu4ecKoro mpoQuiis, MpH
U3TOTOBJIEHUH KOTOPOTO UCIIOJIB30BaH BECh CIIEKTP BapUaHTOB (hpe3epHOit 00paboTKH, B
T.4. — palMOHAJIbHOE (HPE3epPOBAHUE IMOBEPXHOCTEH C MEPEMEHHBIM MPUILYCKOM,

TUTYH)KepHOe (ppe3epoBaHme IITyOOKHX KOJIOIEB, Toka3ad Ha Pucynke 1.1.

Pucynok 1.1 - DneMeHT a3poinHaMUYecKoro npoduiisi camosiera nocie ppezepHoi

o0paboTku Ha ctanke ¢ YITY
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ABTOMOOW/IbHASI MPOMBIILJIEHHOCTh [24]. ABTOMOOWJIBHAS MPOMBIILICHHOCTD
SBJISIETCS OJHHM W3 KPYMHEHIIUX CEeKTOpoB sl (pesepHoit obOpaborku ¢ YITY.
Oo6paboTtka ¢ YIIY mpemyaraeT cBoM NpEeUMMYIECTBA Ha Ka)XJAOM JTare IMpoiecca
IIPOU3BOJICTBA aBTOMOOWIIEH, OT HMCCIEIOBAaHUN M Pa3pabOTOK 10 KPYMHOCEPHUITHOTO
MPOU3BOJICTBA. HEKOTOPBIE U3 aBTOMOOUIIbHBIX KOMIIOHEHTOB, B KOTOPBIX UCIIOIB3YETCS
dbpesepnas oOpaboTka Ha ctaHkax ¢ UITY - kopoOku nepenay, AeTanu IBUTaTesl, 0J0KU
UUJIMHAPOB, TAHEIH PUOOPHOI MaHen, KOPOOKH mepead.

Mopckast maaycrpus [24]. @pesepubie onepanun Ha crankax ¢ UITY mo3Bossior
CO3/[1aBaTh IOYTH BCE JETaIM KOHCTPYKLUMH MOABOAHBIX JIOAOK. OHU BapbUPYIOTCS OT
KOpITyCa, KOTOPBIA CUMTAETCS CKEJIIETOM JIOJKH, 10 BHYTpeHHEH oTaenku. Crucok
U3JIeTUi, B W3TOTOBJICHHM KOTOPBIX peanu3yroTcs (pesepHas mnporpamma c YITY
MPOU3BOSATCS [ MOPCKOW MPOMBIIUIEHHOCTH - MadyOHbIe KOHCTPYKILIHMH, KOPITYCHbIE
KOHCTPYKITUH, pedpa >KeCTKOCTH.

BoenHasi 1 000poHHasi MPOMBINLIEHHOCTD [24]. Cdheprl npuMeHeHHs (Hpe3epHOi
00paboTku Ha cTankax ¢ YITY oT clI0XKHBIX MHAMBUAYATBHBIX KOHCTPYKIIMI KOPITYCOB
OpYXHs 10 BHYTPEHHUX KOMIIOHEHTOB pakeThl. M31enus, KOTOpbIE M3rOTaBINBAOTCS
bpesepubix ctankax ¢ YIIY - coemuHuTenW, pambl CHUJICHUM [JII HA3€MHOIO H
BO3JYILLIHOI'O TPAHCIIOPTa, KOMIIOHEHTHI PAKET, KOMIIOHEHTBI BEPTOJIETOB, KOMIIOHEHTBI
JUIsl TIOAbeMa OOeTIPUITacoB.

PoGoToTexnuka u apromaruzanmus [24]. @pesepHas oOpaboTka Ha CTaHKaX ¢
UITY mpenocTtaBisieT METOABI JUIsl CO3aHMS JIFOOBIX TUIOB JETaliel, KOTOPhIE CIy>KaT
sToil nenu. M3nenusi, KoTopble HM3roTaBiuBaroTcsa (¢Qpe3epHbiXx crankax ¢ YIIY -
poOOTH3MPOBaHHBIE PYKHU, KOHIIEBBIE A (PEKTOPHI, MPUCIIOCOOIEHNUSI, OCHACTKA.

B nocnennee Bpems peryisipHO MOJHUMAETCS BOIPOC 3aMEeHbl 00padaThIBAIOLINX
omepaluil Ha UCIOJb30BAHUE AJAUTHUBHBIX TEXHOJOTMH NpPU  HU3rOTOBJICHUU
METaJUIMYECKUX KOPIMYCHBIX W3JeINil cloxHoi (opmbel. B aBTomMoOumecTpoeHuu,
aBUAKOCMHMYECKOW MPOMBIIUIEHHOCTH W JIPYTUX OTpacisx, Iae TpeOyeTcs: BbhICOKas
TOYHOCTh HM3TOTOBJICHHMSI TaKUX JETajied, HEBO3MOXHO OO0ECHEeYHUTh JIOIMyCTHUMbIE

MOTPEIIHOCTH, UCTIONB3YS TOJbKO 3D-nedars. C Apyroit CTOpOHBI, TPEUMYIIIECTBO
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3D-neyatn B mWOMOOHBIX CiIy4asX — BO3MOXKHOCTb CHHU3UTh MacCy M YJIYYIIUTb
ProHoMHKYy netaneil. COBpeMEHHOE CTAaHKOCTPOEHHUE IOIUIO MO MYTH COYETaHUs B
OJIHOM YCTPOWCTBE AJAUTHUBHBIX TEXHOJOTHI U (hpe3epHBIX METOJIOB 00pabOTKU, TEM
CaMbIM CHJIBHO PACIIMPHUIIO BO3MOKHOCTH sl €ro mpuMeHeHuss. CTaHOYHBIN KOMILIEKC
BKJIIOYAET BCTPOEHHBIN J1azep Il aTUTUBHOTO MTPOU3BOJICTBA U MOTHOLIEHHBIN
5-oceBoit (pe3epHBIi CTAaHOK. DTO THOPUAHOE pEIICHHE codeTaeT B cebe THOKOCTH
Ja3€pHOTO HAIUIaBJICHUS C TOYHOCTHIO (pe3epoBaHUS TaKMM OOPa30M, YTO TOTOBBIC
JIeTaIM U3rOTaBJIMBAIOTCS C MAaKCHUMAJIbHOW TOYHOCTBIO. Takas TEeXHOJIOTHS SIBIISETCS
CaMbIM JKOHOMUYHBIM CHOCOOOM OOpaOOTKM TrabapuUTHBIX H3ACIUNA C  OOJBIION
BeIMunHOW npunycka [67]. K Takomy Bumy 000pynoBaHUS OTHOCHTCS TIPOMBINUICHHBIH
3D npuntep LASERTEC 65 3D hybrid, npoussoautenis DMG MORI (I'epmanus) [78].
MammnHa aBTOMAaTHMYECKHd MEPEXOMUT OT Ja3epHOr0 HarulaBieHUs K d(dexTuBHOU
¢dpe3epHOl 00pabOTKE yYacTKOB, KOTOpBIE CJOXHO 00pabaTbiBaTh Ha TOTOBBIX
u3nenusax. K npernmyiecTBy MCIoJIb30BaHUS TAKOTO crioco0a 00pabOTKH OTHOCUTCS:

- TEXHOJIOTHSI SBJIETCS CaMbIM YKOHOMUYHBIM CIIOCOOOM 00pabOTKH rabapUTHBIX
u3Jienuil ¢ 00NBIION BETUYMHON MIPUITYCKa;

- KOMIUIEKCHasg o0OpaboTka oOecreynmBaeT BBICOKOE KadecTBE 00pabdaThIBaEMOii
MOBEPXHOCTH;

- aBTOMarhyeckass (QyHKUus nepexoAa OT JiazepHOW oOpabOTKM K (YyHKUUAM
dbpe3epoBanus;

- TOJIIIIMHA CTEHOK oOpabaTeiBaeMoro u3aeius: ot 0,1 MM 10 5 mm.

Ha ocHOBaHWM BBIMIEU3IIOKEHHOTO MOXHO CJENaTh BBIBOJ, YTO HCIOJIB30BaHUE
(Gpe3epHbIX TEXHOJOTHMH AakKTyaJllbHO Jak€é B TaKOM BapUaHTE U CYIIECTBYET
HEOOXOJMMOCTh B JaJbHEUIINX HCCICI0BaHUAX 3(P(OEKTUBHOCTH HTOTO IpoIecca

MEXaHM4YeCKoil 00paboTku Ha ctankax ¢ YUITY.
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1.2 O6uiue cBeeHNs 0 BLICOKOCKOPOCTHOM 00padoTke Ha ctankax ¢ UITY

BricokockopocTHas 00paboTka — 3TO Mpoliece ynajieHne MeTaaia pe3aHueM, B
KOTOPOM 0cO00€ BHUMAHHUE YNENSAETCS BHICOKUM CKOPOCTSIM OOpabOTKH U MOJauM IS
MOBBIMICHUS ~ TPOU3BOJUTEILHOCTH WM YIy4YIIEHWS  KayecTBa  IMOBEPXHOCTH.
OTnuuuTenbHble OCOOEHHOCTH BBICOKOCKOPOCTHOM OOpaOOTKU - BBICOKAsi CKOPOCTh
pe3aHusi, BBICOKAas TeMIlepaTypa B 30HE OOpa30BaHUS CTPYXKKH MPUBOJAIIAS K
pa3MArYeHUI0 MaTepralia JeTald U YMEHBIICHUIO CHII pe3aHus, 4YTO JaET BO3MOKHOCTD
HHCTPYMEHTY JBHUTaThcs C Ooibmiol padoueit momauerr [8]. Teopermueckum
00OCHOBaHHEM BBICOKOCKOPOCTHON 00pabOTKM SBIAIOTCS TaK Ha3bIBa€Mble KPHUBBIC
ConoMoOHa, KOTOpPBIE TMOKa3bIBAIOT CHIDKEHHWE CHJI PE3aHHs B HEKOTOPOM JHara3oHe
ckopocreit. Ho Hanbosee BaKHBIM PaKkTOpOM 37€Ch ABIISIETCS Mepepacnpe/ieiieHIe Teria
B 30He pe3anus. [lpu HeOOMbIIMX CEUeHHUSAX cpe3a B JAaHHOM JUAIa30HE CKOPOCTEi
OCHOBHAasl Macca TeIula KOHIEHTPUPYETCS B CTPYXKKE, HE ycCreBas IEepeXOoJuTh B
3aroToBky [8].

BricokockopoctHas oopadotka (High Speed Machining, HSM) B ocieane roabt
CTajJla OJIHUM W3 CaMbIX OBICTPOPA3BUBAIONIIMXCS HAIpaBICHUN B MeXaHOOOpaboTKe.
CBs3aHO 3TO, B IEPBYIO OYEPED, C €€ BBICOKON MPOU3BOAUTEIBHOCTHIO. BTOpOI BaxkHOM
ocobeHHocThio HSM sBisieTcsi BbicOKas yucToTa O0OpabOTaHHON MOBEPXHOCTH, UTO
MO3BOJISIET B psifie  CIy4aeB OTKa3aTbcs OT (UHUAIIHOTO TUIM(OBAHUS U
AIEKTPOIPO3UOHHOM 00PaOOTKHU.

BricokockopocTHast 00paboTKa UCTIONIB3YETCs sl MEXaHOOOPaOOTKHU CIIe Ty FOITUX
netaneil: mpecc-GopmMbl I JUThS METAJUIOB, IITAMIIBI, Tpecc-POpMbI I JUThA
riactTMace Takxke noaxoast anss HSM oOpaboTku u3-3a CBOUX HEOOJBUIMX Pa3MEpPOB,
YTO JIeJIaeT SKOHOMUYECKH BBITOJHBIM BBITIOJHUTH BCE OMEparii 00pabOTKU 3a OJHY
yCTaHOBKY aetanu [12; 22].

[IpumeHeHre BBICOKOCKOPOCTHONW OOpabOTKM B KavyeCTBE (DMHMIIHBIX OMepariuii
BBIIBUTAET TPEOOBAaHUS K OOCCIICUCHHIO 3aJaHHOW MIEPOXOBATOCTH MOBEpXHOCTH [11;

23]. C Touku 3peHHs] JBWXKEHUS (pe3bl, CaMbIM TIJaBHBIM TpPEOOBAHHEM K
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BBICOKOCKOPOCTHOMY (pe3epoBaHUIO SIBISETCS OOecnevyeHrue IUTaBHOW, 0e3 pe3Kux
W3MCHEHUH HaIpaBJICHUsS, TPACKTOPUH JBIIKCHUS MHCTpyMEHTa. TpaeKkTopus TaKoro
BUJIa TIpU3BaHa 00ECTICUNTh MTOCTOSHHOE CEUEHUE CTPYKKH M TIOCTOSITHHYIO Harpy3Ky Ha
¢bpe3y. YuutsiBas ocoOble TpeOOBaHUS K TPAEKTOPUHU MEPEMEIICHUS HHCTPYMEHTA MpU
BBITIOJTHCHUH OTIEpaIii BHICOKOCKOPOCTHOTO (pe3epoBaHusl peanu3alysl 3TOro BUAA
00paboTku BhITIONHAETCS Ha cTaHkax ¢ YITY [9]. OcobeHHOCTH aBTOMATH3UPOBAHHOTO
MPOEKTUPOBAHUS YIPABISIONUIUX MTPOTPaMM JJI BHICOKOCKOPOCTHOM 00pabOTKU yUTEHBI
B OTEYECTBEHHOH pa3pabOTKe - MHTErPUPOBAHHON KOHCTPYKTOPCKO-TEXHOJIOTHUYECKOM
cucreme ADEM CAD/CAM/CAPP [19]. Ho mms wux peammzanuu TpeOyercs
JIOTIOJTHUTEIIHHBIN pacueT mapaMeTpoB MPUMEHHUTEIFHO K KOHKPETHON CUTYaIluy — y4eT
IIepOXOBATOCTH 00pabaThIBaEMO MMOBEPXHOCTH, MIEPEIa]] TOJIIIMHBI CHUIMAeMOTO CJIOS,
KOMIICHCHUPYEMBIH 00SCIICUeHUEM TTOCTOSIHCTBOM ONTUMAIBbHON TOJIIIUHBI CTPYXKKH TIPH
00paboTKe, MUHUMAIBHBIH paJANyC CKPYIJICHUS  TPACKTOPUU  TIEPEMEIICHUS
WHCTPYMCHTA, BEJIMUMHBI I1ara ¥ MIHUPUHBI TPOXOUTAIbHON 00paboTku. Ha ocHOBaHMM
aHanu3a UCTOYHUKOB mHopmaruu [6; 8; 9; 19; 22; 23; 52; 65; 75] BBIACHWIOCH, YTO
PEKOMEH/IallMU TI0 OIPEACICHUI0 KOHKPETHBIX 3HAYCHHI 3TUX BEJIMYUH B JIUTEpAType

OCBCIICHBI HEAOCTATOYHO.

1.3 AHaIuTHYeCKHUiT 0030p ABTOMATH3UPOBAHHBIX CHCTEM JIJISA MOATOTOBKH

TEXHOJIOTHH M MPOrpamMm i cTaHnkos ¢ UITY

DddekTuBHOE UcHoNb30oBaHUE oOopyaoBanus ¢ YIIY mnpenbsBiser BbICOKUE
TpeOOBaHUSI K TEXHOJIOTMYECKON MOArOTOBKE NPOU3BOJACTBA, pealu3alus TaKoro
10JIX0/1a 00eCTeYnBaCTCs MPUMEHEHUEM CUCTEM JJIsl aBTOMATHU3UPOBAHHOM MOITOTOBKU
TEXHOJIOTUH W ympaBisitomx — nporpamm  [18].  LlenmsmMu  aBTOMaTH3anuu
TEXHOJOTMYECKOTO MTPOSKTUPOBAHUSI SIBJISIOTCS:

- COKpaIIeHHEe CPOKOB 00eCieuyeH s TEXHOJIIOTHYECKON TOTOBHOCTH MPOU3BOICTBA;

- MIOBBIIICHUE Ka4ueCTBA TEXHOJIOTMUECKON JOKYMCHTAIWNH;
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- COKpalleHHE TPYIOEMKOCTH TEXHOJOTUYECKOM TMOJArOTOBKM MPOU3BOJCTBA
W3TOTOBJICHUS U3/CIINS;

- JKOHOMMUS YEJIOBEUECKUX PECYPCOB IMPH BHIMTOJIHEHUH MPOEKTHBIX paboT, 3a cueT
oObenuHEeHUsT Ha OJHOM pabodeM MecTe Mpoleayp pa3pabOTKU TEXHOJIOTUYECKUX
MPOLIECCOB, MOJTOTOBKH YIPABJISIOMMX MporpamMm st obopyaoBanus ¢ YIIY u
HopMmupoBanus ornepanuii [10; 13; 55].

B wmenoM, anroputM aBTOMATU3MPOBAHHOW TEXHOJOTHYECKOW MOJITOTOBKU
NPOU3BOJICTBA M3JIETUSI HA OCHOBE pa3pabOTaHHOM paHee KOHCTPYKTOPCKOM
JOKYMEHTAIMU, COCTOUT U3 CIEAYIOIINX 3TAIOB:

- COCTABJIEHUE TEXHOJIOTUYECKOTO MAPIIPYTa U3TOTOBICHUS U3/1EIUS;

- pa3pa0oTka OOBEMHOM MOJENM H3AETUS U KOPPEKTHPOBKA KOHCTPYKTOPCKOM
JIOKYMEHTAIUH 10 H300pakeHNE TEXHOJIOTUYECKUX ICKHU30B;

- monbop u3 0a3 JaHHBIX HEOOXOJIUMBIX O0OPYIOBaHUS, MPUCIIOCOOJICHUH,
PEXYIIETO U MEPUTEIHLHOTO HHCTPYMEHTA;

- pa3paboTka ymOpaBisolUX nporpamm s ctankoB ¢ YIIY u peanuzanums
CEpBHUCOB CHUCTEMbI, 00ECIEUMBAIOUINX IOBBIIICHUE MPOU3BOAUTEIBLHOCTH 00pabOTKU
[16];

- HOpMHUpOBaHHKeE ornepanuii 0opadoTku [50];

- TOJITOTOBKA U TeHEPAIUs TEXHOJIOTHYECKOW JOKyMeHTauu [25].

OddektuBHOoCTh peanuzauumu aromatuszauuu  TIIII  ompenensier  BbIOOP
aBTOMATHU3UPOBAaHHOW CHUCTEMBbl TMPOEKTUPOBAHUS, ONPEACIAIONIMMU KPUTEPUIMU
koTopoi, npu BeiOope CAIIP cuctembl 11 pOCCUUCKUX MPEINPUSATUH, KaK MPaBUIIO,
SBIISIOTCS:

- poccuiickas pa3paboTKa;

- BOBMOXXHOCTh IPOOHOM IKCIUTyaTaIlH MTPOTYKTa;

- IOCTOSIHHASI TEXHUYECKasi OIJIepKKa pa3paboTunKaMu KOHEUHBIX M0JIb30BaTeNei
HE TOJIBKO Ha CTaJIUU BHEJPCHUS;

- aJanTanus K KOHKPETHBIM YCJIOBUSM MTPOU3BOICTBA,;

- cootBercTBUE TpeboBanusM ECKJl u ECT/];

- HAJIGXKHOE CETEBOE PA3BEPTHIBAHUE U MOJIIEPIKKA;
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- KOMIUIEKCHBIN TIOJXO/] K PEIICHHUIO 3a/1a4 - OT (POPMUPOBAHUS OOJIMKA U3EIHUS 10
HOJIFOTOBKHU YIIPABJISIFOIIUX MTPOrpaMm AJist cTaHkoB ¢ UITY, BKiTtovast oJIHbIN KOMIUIEKT
KOHCTPYKTOPCKOM U TeXHOJOTHYecKoil nokymenTamuu [20].

[lenecooOpa3Ho U1 PEANPUATUN, peANU3YIOIINX KOMIIBIOTEPHBIN
JIOKYMEHTO000pOT, UCIIOJIb30BaHUE UHTETPUPOBAHHBIX KOHCTPYKTOPCKO-
TEXHOJIOTHYECKNX KOMITBIOTEPHBIX CHCTEM, OOBEIMHSAIONIMX B €IMHOM MPOrPAMMHOM
IIPOCTPAHCTBE KOHCTPYKTOPCKYI0 W TEXHOJOTHMYECKYIO COCTaBIAIOIIME, a TaKkKe
cpeacTBa pa3pabOTKU YHPaBIAIOLIUMX HporpaMM Juisi 000pyA0BaHUS C YCTPOWCTBOM C
YHCIIOBBIM MPOrpaMMHBIM yripasieHueM (YUITY).

B coorBercTBHM C IpOrpaMMod HMMIIOPTO3aMELIEHUS CpPEAU OTEUYECTBEHHBIX
aBTOMATU3UPOBAHHBIX CHUCTEM, HCIOJB3YEMBIX B METAIJIO00pabOTKe, MPUMEHSIOTCS
KOMIUIeKChl pa3pabotanHbix komnanusiMu ACKOH, ADEM, Textpan, T-FLEX,
SprutCAM wu ap. [1; 3; 69; 70; 71] aHamu3 XapaKTePUCTUK OTEYECTBEHHOTO
IPOrpaMMHOro o0ecneyeHus AJi1 MalllMHOCTpoeHus npeacTtasieH B Tabmuue 1.1.

Hcxoas U3 NaHHBIX, IPUBEACHHBIX B TAOJIMLE, TOCTATOYHO MOJHO OTBEYAET 3TUM
TpeOOBaHUAM OTEUYECTBEHHOE MporpammHoe obecneuenue ADEM (Automated Design
Engineering Manufacturing). Poccuiickas unaterpupoannass ADEM CAD/CAM/CAPP
— CHUCTEMa, IpeIHa3Ha4YeHHAsl U1 aBTOMATU3alUU KOHCTPYKTOPCKO-TEXHOJIOTHYECKON
noarotoBku npousBoactBa (KTIII). ADEM mnpencraBnser eauHbli MOPOAYKT,
BKJTIOYAIOIINN B ceOs MHCTPYMEHTapHUi Ui MPOEKTaHTOB U KoHCTpykTopoB (CAD),
texHosoroB u Hopmuposiwkos (CAPP), mporpammucto UITY (CAM). OH comepxuT
HECKOJIBKHX Pa3JIMYHBIX NpeamMeTHO-opueHTUpoBaHHbIX CAIIP mox enmHONM norukoun
yrpaBJIeHUs ¥ Ha eauHON nHpopMannonHoi 6ase [1; 20].

AHanor (pyHKIMOHAJIBHOCTH MOJOOHOIO MPOAYKTa MOKHO COCTaBUTh TOJIBKO U3
HECKOJIBKUX MPO(PECCHOHANBHBIX CUCTEM, HO MPU 3TOM BPSI JTU MOKHO JOOUTHCS TOU
CUHXPOHU3ALIMU U TIyOOKOro B3aUMOJICHCTBUS, KOTOPYIO OO€CIeyuBaeT TIiIyOoKO
unterpupoBanHas CAD/CAM/CAPP cucrema ADEM. [1; 20]. TexHonoruueckas 4acThb
€IMHOr0 MH(POPMALIMOHHOTO MPOCTPAHCTBA MpeAnpuaTus Bkitodaer moayiu — CAD,

CAM, CAPP u GPP, uto u ob6ecnieunBaeT nporpamMmmubiii komriekc ADEM.
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Tabnuna 1.1 - AHanu3 XapakTepUCTUK OTEYECTBEHHOTO MPOTPaMMHOTO
oOecrieueHus JUisl MAIIMHOCTPOEHHUS (110 TAHHBIM OTKPBITBIX HCTOYHHKOB)

[1; 3; 69; 70; 71]

No Xapakrepuctuka [10
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AHanor (GyHKIIMOHATLHOCTH MOJO00OHOTO MPOIYKTAa MOXKHO COCTaBUThH TOJBKO W3
HECKOJIbKUX MPO(ECCUOHANIBHBIX CUCTEM, HO TIPHU 3TOM BPSJ JIUM MOXXHO JIOOUTHCS TOU
CUHXPOHM3allMM M TJIYyOOKOTO B3aMMOJICHCTBUS, KOTOPYIO OOeCleunBaeT TITyOOKO
unrerpupoBanHasi CAD/CAM/CAPP cucrema ADEM. [1; 20]. TexHonormueckas 4acThb
€AMHOTO MH(POPMAIITMOHHOTO MPOCTPAHCTBA MpeanpuaTus Briaoudaer moayiau — CAD,
CAM, CAPP u GPP, uro u obecnieunBaet nporpammubiii komruiekc ADEM.

B monyne CAD:

- BO3MOYKHOCTb BBINOJHATH 2D 1 3D MonenupoBaHue 11000 CII0KHOCTH;

- 00eCTIIeYnTh HECKOJIBKO YPOBHEH MapaMeTpU3allvy;

- opopmiienue u Beimyck KJI B mostHOM cooTBeTcTBUU ¢ TpeboBanusmu ECKJI;

- acCOoIMaTUBHAS CBSI3b 00BEMHON MOJIEIHN M YEPTEIKHBIX BUJIOB;

- aBTOMAaTHW3alldsg TepecyeTa W IPOCTAHOBKH pPa3MEpPOB OT YKa3aHHOW TOYKHU
MIPUBSI3KH;

- BO3MOYKHOCTbB B TTOJTHOH Mepe pa3padaThIiBaTh TEXHOJOTHUYCCKUE ICKH3HI,

- 9KCcropT ¥ uMIopT u3 Joo0bix CAD cucrtem, B TOM 4YHCIIE MPSIMOE YTCHHE W3
SolidWorks u Kommnac.

B moxyne CAPP:

- MPOEKTUPOBAHWUE CAWHUYHBIX, TPYIIOBBIX M THIOBBIX TEXHOJOTHYECCKUX
MIPOIIECCOB;

- MoJTy4eHne nH(OpPMaIUU U3 KOHCTPYKTOPCKUX JTOKYMEHTOB (YEPTEK,
3D- mogenb);

- MPOEKTUPOBAHUE MapIIPyTa (JUATOTOBOC UIIH aBTOMATHIECKOE);

- OCHAIIICHHE TMPOCKTUPYEMOr0 TEXHOJOTHYECKOro Iporecca 00OpYyI0BaHHEM,
WHCTPYMEHTOM, TIPUCIIOCOOICHUEM U . ;

- pacueT OCHOBHBIX PEKUMOB 00pabOTKH;

- MaTepuaIbHOE U TPYI0BOE HOPMUPOBAHHUE;

- (opMHUpOBaHHE TIOJIHOTO KOMIUICKTA TEXHOJIOTHYECKON JOKyMEHTAIlUU B

cootBeTcTBUM ¢ TpeboBaHusiMu ECT/I;
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- €IUHOE€ TEXHOJIOTMYECKOE MPOCTPAHCTBO, OJHOBPEMEHHO COZAEpIKallee
uHdopmaiuioo 00 omepanusix, BBIIOJHAEMBIX Ha YHUBEPCAIHHOM OOOPYJIOBaHUU U
crankax ¢ YIIY;

- enuHas wuWHpopMalMOHHAas 0a3a JaHHBIX C HOPMATHUBHO-CIPABOYHOU
uHdopmalelt o omnepausM, nepexoaaMm, 000pyI0BaHUIO, OCHACTKE, MaTepuajgaMm C
BO3MOKHOCTBIO JOTIOTHEHUS;

- aBTOoMarmueckoe (GopmupoBaHue 37eMeHTOB TII Ha OCHOBE TeOMETPUYECKOM
uHpopMary;

- aBTOMATHYECKHE CEPBHUCHI MO MOAOOpPY CPEACTB HU3MepeHus, (HopMHUpOBaHHUS
KapThl KOHTPOJIsA, 00pabOTKE OTBEPCTHI, KAHABOK U AP.;

- aBTOMaTH4Yeckoe HopmupoBanue o0bekToB TII ast mo6oro Tuna Mpou3BOICTBA,
OINpEJETICHNE HOPM BPEMEHU — OCHOBHOT'O, BCHOMOIATEIBHOIO, MOATOTOBUTEIBHO-
3aKJIFOYUTENIBHOTO, LITY4YHOT'O B aBTOMAaTUYECKOM pexume 1o
0OLIEMaTMHOCTPOUTENIbHBIM HOPMATHBAM;

- ABTOMAaTWMYECKHH pACUET PEXKUMOB PE3aHUS C YYETOM IACIOPTHBIX JaHHBIX
CTaHKa, TeoMeTpuu oOpabaThIBa€MOro »3JIEMEHTa, 00pabaTbiBaeMOro Marepuaiga Hu
3arOTOBKHU, TEOMETPUH U BUAA PEXKYILET0 NHCTPYMEHTA, CXEMbI KPEIJICHUS U JIp.

B monyne CAM:

- BBIOOp cTpaTeruii 00pabOTKH, B T.4. BEICOKOCKOPOCTHOI;

- yuet 3D 3aroToBkuy;

- MOATOTOBKA YMPABISAIOIIUX IPOTPaMM IO OOBEMHBIM MOJENISIM JeTald |
3arOTOBKHU MOA3JIEMEHTHO, aBTOMAaTH3allisl KOMILJIEKCHOTO MPOrpaMMHPOBAHUS B CpeJe
CAM Dkcnepr;

- BBIOOP crioco0a Moxo/ia U Bpe3aHus HHCTPYMEHTa B MaTepHall;

- MOJIeNTMpoBaHue 00pabOTKH, B TOM YUCIIE CO CHATUEM MaTepHasia U CUMYJISALNEH
KHUHEMaTUKU 000pyA0BaHNUS;

- KOHTPOJIb Pa3MEPOB MOJIEIIN B MPOIIECCE MOJEIUPOBAHUS OOPAOOTKH;

- pacdeT BpeMeHHU pabdOoThl KaXJA0T0 MHCTPYMEHTA U MOJCYET O0IIEero MalIMmHHOTO
BPEMEHH C yYETOM BCEX NEPEMEIICHUI HHCTPYMEHTA C 3aHECEHUEM B TEXHOJIOTMYECKUE

KapTBhl;
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- nobaBieHre B MapuipyT obpabotku Ha obopyaoBanuu ¢ YUIIY unpopmanum,
HEOOXOAUMON i1 O(POPMIICHUSI BBIXOJAHBIX JTOKYMEHTOB (YCTaHOBOYHBIE IMEPEXO/IbI,
nepexoAbl TEXHUYECKOTO KOHTPOJsS, TEXHUYeCKue TpeOoBaHUs, MpUMEYaHUs,
MPUCIIOCOOJICHUS U T. 11.);

- peanuzanus MOPOrpaMMUpPOBaHUS  2.5-KOOpAMHATHOTO (pe3epoBaHus MpuU
00paboTke 00beMHBIX JaeTanet Ha ctankax ¢ UITY mis mimockoro ¢pesepoBanus;

- o0ecrniedeHns CTaOMIM3AIMN YCUITUI TIPH BHICOKOCKOPOCTHOM (ppe3epoBaHUH U
MPOU3BOAUTEIILHOCTU KOHTYPHOTO (hpe3epoBaHus 3ar0TOBOK C IEPEMEHHBIM MPUITYCKOM
32 CYET MOCTOSHCTBA TOJILUHBI CTPYKKU;

- pa3pabotka U O(OpMIIEHHE TEXHOJOTMYECKOro MpoIecca IO MepexojaM B
cootBeTcTBUM ¢ TpeOoBanusmu ECT]] mapainenbHO ¢ pa3paOOTKOM ympaBlsSroONIeH
nporpammsl [17];

- gopmupoBaHue UPPOBOrO ABOMHMKA TEXHOJOTHYECKOTO IMpoIecca ¢ IMOJIHOM
uHpopmanmeit o ¢dopMe JneTraqd U 3aroTOBKHU, OOOPYJIOBAaHMM, MPHUCIOCOOJIEHUH,
CBEJCHUI MO MEpexoAaM - PEKYyIIeM HHCTPYMEHTE, peKuMax oO0paboTKu, cxemax
110JIBOIa/0TBO/IA U TPAEKTOPUHU JBUKEHUS HHCTPYMEHTA, KOTOPHIE MOKHO BapbHpPOBATh
B Iiporiecce ananm3a [11; 12; 53].

B monyne GPP — OTKpBITBI UHCTPYMEHTApUA IJIsi CO3/IaHUS TOCTIIPOIIECCOPOB
[1].

OcBoeHUE TEXHOJOTMYECKOTO TMPOEKTUPOBAHUSL C HCIOIb30BAHUEM CHCTEMBI
ADEM mo3Bonser B KOPOTKHE CPOKU TMOATOTOBUTH CIEIHUATUCTA IS PEIICHUS
JIOCTATOYHO CJIOKHBIX TE€XHOJOTMYECKHMX 3aJad B paMKaxX MOJTOTOBKM MPOU3BOJICTBA,
TaK KaK IPOEKTUPOBAHME NPOUCXOMUT B PEXKUME JUANOra, C IOACKa3KaMU I10
BO3HUKAIOIIKUM MPOOJIIEMHBIM CUTYaIHSIM.

Monynas PDM obecnieunBaeT CTpyKTYypUpPOBAaHHOE XpaHEHHUE JIFOOBIX TOKYMEHTOB U
yIpaBlieHUE AaHHBIMU u3aenus. Kpome Toro, anexkTpoHHbI apxuB cuctembl ADEM
PDM nmno3BosiileT BHOCHTh KOMMEHTapHUU K JIOKYMEHTY M BECTH >XKypHall paboThl C
JTOKyMeHTOM. B apxuBe peann3oBaH KOHTEKCTHBIA MOHUCK, MOMCK JOKYMEHTOB IIO

CBOﬁCTBaM, BIIMCAHHBIM B YUCTHYIO KapTOYKY JOKYMCHTA, a TAKKC I10 BPCMCHU CO3JaHNA
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U UHBIM aTpuOyTaM. Peann3oBan MeXaHW3M yNpaBiIeHHs CTaTyCOM JOKYMEHTa, KOTOPHBIi
o0ecrieunBaeT NOAJEPKKY KOJIJIEKTUBHOM pabOThI HaJl POEKTOM.

AHanu3 NPOEKTHBIX TEXHOJOIMYECKUX BO3MOXkHOcTer cuctembl ADEM nokasadn,
yTo B Moaysie CAM BO3MOXKHO MCIOJIb30BAaHUE ABTOMATHYECKOIO IMPOECKTHUPOBAHUS B
cepuce CAM OkclepT Takux Kak - IMPUHATHE PEUICHUM B aBTOMAaTHYECKOM PEXHME
(pacno3HaBaHME KOHCTPYKTHMBHBIX O3JIEMEHTOB H3JeNus, (OPMUPOBAHUE MapuipyTa
00paOOTKM) U BBITIOJIHEHUE JICHCTBUI B aBTOMATUYECKOM PEXUME (pacdeT TPaeKTOpUu

ABH)KCHUA HHCTPYMCHTA, q)OpMI/IPOBaHI/Ie KOMILIEKTa TEXHOJOTUYECKOM I[OKYMGHT&HI/II/I)

[7].

1.4 O630p MeTOAMK oNpeiesIeHUsI HOPMATHBOB BPpeMEHH! U HOPM BbIPa00OTKH,
OleHKH 3 (PeKTUBHOCTH JeiiCTBYIOLIEI0 POU3BOACTBA,

OCHAIEeHHOro crankamu ¢ YITY

ABTOMAaTHU3AIMS TIOJTYYSHHS] UICXOAHBIX JTAHHBIX U BBIMOJIHEHUS paCueTOB IIPH
TEXHOJIOTHYECKON MOATOTOBKE MPOU3BOJICTBA MHOTOKPATHO MOBBITIACT 3((HEKTUBHOCTH
U KauyeCTBO PEIICHUS MPOCKTHBIX TEXHOJOTHUYECKHX 3amad. COCTaBisIomEeld YacThio
TEXHOJIOTUYECKOW TMOATOTOBKM TPOM3BOJACTBA SIBISIETCS OMpEEICHUE HOPMAaTHBOB
BpPEMEHHU ¥ HOPM BBIPAOOTKH. B TIporiecce ycTaHOBUBIIIETOCS MMPOM3BOCTBA HEOOXOMMA
ornepatuBHas uHMopmaius 00 >(PPEKTUBHOCTU BBHIMOTHEHUS 3aJaHUN PaA3TUYHBIMU
KAaTerOpUsIMU HUCTIONHUTEICH M CTPYKTYPHBIMU TOJPA3CICHUSIMU B LEISAX MPUHSTHS
yopaBieHUeckux pemiernit. [Ipu skcrutyaranuu o0OpyIOBaHUS € TPOTPAMMHBIM
YIOPaBJICHUEM TIPEIOCTABISETCS BO3MOXKHOCTh peaM3allid aBTOMATHU3UPOBAHHOTO
cobopa HeoOxoaumon MHpopMaruu U pacuera nokazareneil. Konnenuus «unyctpus
4.0», ompenensieTcsi KakK CPeACTBO MOBBIMIEHUS 3()PEKTUBHOCTH 0OpabaThIBarOIEi
MIPOMBITIUICHHOCTH Y€pe3 MHTETPAIHio IUGPOBBIX CHCTEM B MPOIECCHl MPOU3BOJICTBA
[66]. ABTOMaTu3MpoBaHHAs TEXHOJOTHYECKas IOJArOTOBKA IPOM3BOJICTBA SIBJISCTCS
OCHOBOW ()YHKIIMOHUPOBAHUS IHU(PPOBOTO MPEANPUATHA. B 3TOM KIItO4€ KOHIICTIIIUS

«ngyctpust 4.0» npemycMatpuBaeT psij HampaBiIe€HUM, OJHO M3 HHUX «IU(PPOBOMA
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MOHUTOPHUHTY (aBTOMATHYECKOE TIOJyICHHE KOTMYCCTBEHHBIX JAHHBIX 00 H3rOTOBJICHUHN
JeTajed Ha CTaHKax C MpPOrpaMMHBIM  YIPABICHUEM C  HCIHOJIb30BAHHEM
uHpopMamoHHbIX Bo3MoxkHocTe YUIIY, aBTomarnueckuil pacu€T mnokazarenei
3¢ (HEKTUBHOCTH MPOU3BOJICTBA).

AKTYaJIbHOCTh BBITIOJTHEHUS! MPOBEJACHHBIX HCCIEIOBAaHUN 00YyCIIOBJIEHA POCTOM
MacmTaboB pabOT MO WHTCHCHU(PUKANNA W KOMIBIOTCPU3ANNH TEXHOJIOTHIECKOTO
MIPOU3BO/ICTBA, KOMIUIEKCHOM aBTOMAaTHU3allUd U UHTETPUPOBAHHOIO YNPABJIECHUS CEThHIO
TEXHOJIOTUYECKUX MPOUECCOB. ABTOMAaTH3AMSA TMOJYYECHHUS MCXOOHBIX [aHHBIX U
pacyeToB MPU TEXHOJIOTMYECKOW MOJATOTOBKE MPOU3BOJACTBA MHOTOKPATHO MOBBIIIACT
3p(PEKTUBHOCTh M KA4YECTBO PECIICHUS MPOCKTHBIX TEXHOJIOTMYecKuXx 3amad [60].
Cocrapnsromieid yacteto TIIII mpu 3amycke NmpOW3BOACTBA HOBBIX HM3JCIHUMN SABISIETCS
OIpeJieIeHre HOPMAaTUBOB BPEMEHH U HOPM BhIPaOOTKH. B mporiecce ycTaHOBUBILIETOCS
MPOU3BOJICTBA HEOOXOAMMBI CIOCOOBI  ONEPATHUBHOTO aHanu3a A(HPEKTUBHOCTU
BBITIOJTHEHHUS TTPOU3BOJICTBEHHBIX 3a/IaHUI Pa3IMUHBIMU KaTETOPUSMH UCIIOJTHUTENEH U
CTPYKTYPHBIMHU TOAPA3ACICHUAMHU JUIsl MPUHATHS YIPABICHUECKUX peuieHun. Jns
BBITIOJIHEHUS PACYETOB HOPM BPEMEHH U HOPM BBIPAOOTKH MPU M3TOTOBJICHUH KaXKIION
JeTand B Tpouecce pabOoThl TPOU3BOAMTCS HEMOCPEACTBEHHOE HAONIOACHUE U
dbukcupoBaHue HaOJIIOJATEIEM psijia TOKa3aTesie — BpeMeHU paboThl 000pyA0BaHUS
MIPU M3TOTOBJICHUM KaXKJOW JeTajiu; Yucia JeTajield, BBIMOJHEHHBIX 3a ONpeeIeHHbIN
OTpPE30K BPEMEHHU; BPEMEHHU NPOBEJICHUS HAOJIOACHHUIN € MOCIAEAYIOMMMH pacyeTaMHu.
[ToaroToBka JaHHBIX W BHIIIOJIHEHUE PACUETOB CBA3AHBI CO 3HAUYUTEIbHBIMU 3aTpaTaMHU
BPEMEHHU, MPUBJICUCHUEM JIJI PEIICHUs ITUX 3aJa4 KBaTU(UIIMPOBAHHOTO MEpCcoHaa
[44]. B muensax mosbimieHuss 3((EKTUBHOCTH ONCPATHBHOIO YIPABJICHUSA IPH
SKCIUTyaTallil  00OPY/NOBaHUS C TMPOTPAMMHBIM YTPABIEHUEM TMPEIOCTaBISETCS
BO3MOYKHOCTh peain3allii aBTOMATU3UPOBAHHOTO cOOpa HE0OXoAMMOM MHGOpMALIK U
MOCJIETYIOIIETO pacdyeTa HOPMATUBOB BpeMEHU W HOpM BbIpaboTku [43]. HeoOxommumo
pa3paboTarb METOAMKY OSKCIpecc-aHallu3a, OCHOBAaHHOTO Ha HWH(GOPMAIIMOHHBIX
BO3MOXHOCTsIX ycrpoiictB UITY (YUILY), cokpamaromniyio BpeMsi MOATOTOBKH TaKHX
JAHHBIX W HE TpeOYIOIIyl0 TPUBICYCHUS IS BBIMOJHEHUS OTUX (QyHKIUN

JIOTIOJTHUTENIHLHBIX YEJIOBEUECKUX pecypcoB. st onepatuBHOM OlleHKH 3(P(HEKTUBHOCTH
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paboThl 000PYMOBaHUS TPEAOCTABISACTCS BO3MOXXHOCTh MPUMEHUTH TIOKA3aTEIH,
peanusyemsbie ¢ y4eToM HH(POpMaIMOHHBIX Bo3MoxkHOcTel YUITY [64]. Takxe TpeOyer
YTOUHEHUSI MOKa3aTelb, MO3BOJIONIMNA OMNEPATUBHO NPOU3BOJIUTH CPABHUTEIBHBIN

aHanu3 padoTel oneparopoB cTaHkoB ¢ UIIY, paboTaromux B pa3InyHbIX yCIOBUSIX.

1.5 BeiBoab! o I'i1aBe 1

1. Y3 nporpamMHBIX JOKyMeHTOB Poccuiickoit ®denmepanuu - aBTOMaTH3AIMS
MPOU3BOJICTBA B OJmkaiiiiee BpeMs CTaHET OJHMM W3 MPUOPUTETHBIX HaNpaBICHUU
pa3Butus B Poccun. OauH U3 myTeld aBTOMaTHh3alusl MPOW3BOACTBA - UCIIOIb30BaHUE
aBTOMATHU3UPOBAHHOTO O0OpPYAOBaHUS C MPOTpaMMHBIM yIpaBieHueM. HaubGombimit
3¢dexT nposBiIsAeTCA MPU BBICOKOCKOPOCTHOW (Ppe3epHON 00pabOTKe KOPITyCHBIX
JieTanei 3a cuetr 00ecreYeH sl BHICOKOM TOUHOCTH U KOMIUIEKCHOCTH TEXHOJOTUYECKUX
penieHuii 00paboTKU Ha OTHOM 00OpPYIOBAaHUH U 32 OJVH YCTaHOB.

2. DddexTrBHOE HCMONb30BaHue o0opyaoBanus ¢ UIIY mpenbsBiseT BhICOKHE
TpeOOBaHMSI K TEXHOJOTUYECKOW TOJATOTOBKE IPOU3BOJACTBA, pEaM3alus TaKOTo
No/X0/1a 00ecrneurnBaeTcsi IPUMEHEHHEM CUCTEM ISl aBTOMATU3UPOBAHHON OJITOTOBKU
TEXHOJIOTUA M YINPABISIONIUX MporpaMMm. YUTO CYHIECTBEHHO COKpAIlaeT BpeMs
MOJATOTOBKHY MTPOU3BOJICTBA M 0OECIICUMBAET BHICOKOE KA4€CTBO MTPOECKTHBIX PaldOT.

3. T.x. cBeneHUsT 0 HEOOXOAUMBIX JIJIS TPOCKTUPOBAHMS BEIMUMHAX TTApaMETPOB
BBICOKOCKOPOCTHOM (hpe3epHoil 00pabOTKH B TEXHUYECKOW U CIIPABOYHOU JIUTEPATYPE
HE JIOCTATOYHBI, TO JIJIsi pa3pabOTKHU omeparuii B aBTOMAaTU3UPOBAHHBIX CUCTEMaxX s
Takoro Buja (pesepoBaHus TpeOyeTcs MOATOTOBKA aJITOPUTMOB M MPOTPaMM pacuera
HEOOXOMMBIX TapaMeTpoB 00pabOTKH, 00ECTICUNBAIOIINX 3aJaHHBIC XapPaKTEPUCTUKU
KaueCcTBa MMOBEPXHOCTH.

4. Jlnd mpakTHUYECKOM pealn3aldd MOJTOTOBKM TEXHOJOTUA W TpOrpaMm
BBICOKOCKOPOCTHOTO (ppe3epoBanus Ha crtaHkax ¢ YIIY ¢ mpumeHeHueM cucrem
aBTOMATU3WPOBAHHOTO MPOEKTUPOBAHUSA TpeOyeTcs pa3paboTka CTPYKTYPHOU CXEMBbI

BBIMIOJTHEHUS IPOEKTHBIX JCHUCTBUU.
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TJIABA 2 PABPABOTKA MOJEJIEN 1 AJITOPUTMOB
ABTOMATU3UPOBAHHOI'O IPOEKTUPOBAHMS OINEPAIIUAM
BBICOKOCKOPOCTHOI'O ®PESEPOBAHUA HA CTAHKAX C YI1Y HA
OCHOBE PEHIEHUS NTPOEKTHBIX 3AJIAY B CUCTEME CAD/CAM/CAPP

2.1 Pa3pa6oTKa CTPYKTYPHO# cXeMbl aBTOMATH3HPOBAHHOTO MPOEKTHPOBAHUS

onepaiuii BLICOKOCKOpocTHOro (ppesepoanus B cucreme CAD/CAM/CAPP

ABTOMaTH3UPOBAHHOE MPOEKTUPOBAHKUE OTMEpAIii MEXaHMUECKON 0O0pabOTKH Ha
crankax ¢ UIIY BbImosHAETCS B KOMIBIOTEPHBIX WHTETPUPOBAHHBIX KOHCTPYKTOPCKO-
TEXHOJIOTUUECKHUX cUcTeMax. B kaudecTBe 0a3bl i1 aBTOMATU3UPOBAHHON pa3pabOTKU
TEXHOJOTHH ¥ YIPABISIONIMX MPOrPaMM JIJIsi BBICOKOCKOPOCTHOTO (ppe3epoBaHUS Ha
crankax ¢ YUIIY wucnonp3oBaHa MHTETpUPOBaHHAS KOHCTPYKTOPCKO-TEXHOJIOTHUYECKAs
cuctema ADEM CAD/CAM/CAPP (o6ocHoBanue Bei0Opa B Paznene 1.3, I'masa 1) [77].
B TexHOnmorMuecknid MOIyJNb 3TOW CHUCTEMBI BKIIKOYEH CEPBHUC IPOECKTUPOBAHUS
BBICOKOCKOPOCTHOM 00paOOTKH JIsl peain3allii KOTOPOro TPEOYIOTCs TONOJHUTEIbHBIE
JaHHBIE, KOTOpPhIE MOKHO IMOJYYUTh PACUCTHBIM IyTEM HCXOIsS W3 TpeOOBaHWH K
KauecTBy oOpabaTbiBaeMOW MOBEPXHOCTHU. JJIT TMOATOTOBKM TaKUX JAHHBIX aBTOPOM
pa3paboTaHbl ABTOMATH3WPOBAHHBIC PEIICHUs] TMPOEKTHBIX 3a/lad, IO pe3yJbTaTaM
KOTOPBIX PACCUYMTAHHBIC 3HAYCHHs 3aHOCATCS 4Yepe3 OKHO IUaiora B CHCTEMY IS
JabHEHIIEr0 MPOCKTUPOBAHUS B aBTOMaTHYeCKOM pekume [24]. CTpykTypHas cxema
MOCTIEIOBATEILHOCTH  JIGUCTBUHA TpPH  aBTOMAaTU3UPOBAHHOM  TEXHOJIOTHMYECKOM
MPOCKTUPOBAHUH TIpeicTaBieH B Tabnuie 2.1, conepxaHue v IEUCTBUS TI0 KOKIOMY U3
AJIEMEHTOB CHCTEMBI PACCMOTpPEH Jajee. ABTOMATU3MPOBAHHOE TEXHOJOTUYECKOE
POEKTUPOBAHNE Pa3padOTaHHOW CUCTEMBbl HA OCHOBE PEIICHWHA MPOEKTHBIX 3ajad
peanusyercsi B TexHojoruueckom moayie CAM/CAPP B cepeuce CAM-Dkcnept u
BBITIOJHSETCSI HA OcHOBE 3D-Moenu u3aenus, 3arpy’kaeMoro win pa3padaTeiBaeMOro B

koHcTpykTOopckoM MoayJie CAD (Tabauna 2.1, mynkrl).
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Tabnuna 2.1 - CTpykTypHas cxema aBTOMaTU3UPOBAHHOTO MTPOEKTUPOBAHUS OTepaliuit
BBICOKOCKOpOCTHOTO (pe3epoBanus B cucteme ADEM CAD/CAM/CAPP

Pazpaborannbie
aBTOMATHU3HPOBAHHBIC PEIICHUS Cucrema ba3bl jaHHBIX cHCTEMBI
MPOEKTHBIX 33724 JIs ADEM CAD/CAM/CAPP ADEM CAD/CAM/CAPP
BBICOKOCKOPOCTHOTO
dpe3epoBanus
1. 3arpy3ka KOHCTPYKTOPCKO#
JIOKYMEHTAIIMU Ha U3JIeTINe
2. Ilepexon B MOZyIb
CAM/CAPP - CAM- Dkcriept
3. 3arpy3ka orpaHU4eHHI U
dhopmupoBanne mapuipyrta TI1
4. Boi6op o6opynoBaHus 4.1. basa panmbix
00opyI0OBaHUS
5. BoiGop ocHacTku u 5.1. ba3za naHHBIX OCHACTKHU
HOPMAaTUBOB 5.2. Tabnuua c HOpMaTUBaMH
BCIIOMOTATEJIbHOTO BPEMEHH BCIIOMOTaTEJIbHOT'O BPEMEHHU
6. Bei6op pexytiero 6.1. ba3za naHHBIX peXyIIETro
WHCTpYyMEHTa Ha TabJo WHCTPYMEHTA
nuanora dpe3epHas B
3akiaake MHCTpyMeHT
7.1. OnpeneneHue CKOPOCTH
pe3aHust ¥ 9ncia 000poTOB
LIITTUH SIS 7. Tabyio nuanora ®@pe3epHas
7.2. OnpeneneHue cKopocTu B 3aKJIaJIKE
oJIauu MImuanean/ITogaun
7.3. OnpeneneHre BETUYNHBI
nepeMenieHus no ocu Z
7.4. OnpeneneHre ONTUMAIbHOU
TOJIIITUHBI CTPYKKH
8.1. OmpeneneHre MUH. paguyca
CKpYTJICHUS TPACKTOPUHU
MepeMenIeH!s] HHCTPYMEHTa 8. Tabno nuanora ®@pe3epHas
8.2. OnpeneneHue MMPUHBI B 3aKJIAJKE
TPOXOHU/IBI BricokockopocTHast
8.3. Onpenenenue mara
TPOXOU/IBI
9. PenaktupoBaHue 3aKJIaI0K
Ha Tabno nuanora dpe3epHasi
10. ®opmupoBanue tekcra YII
Y MOJICTUPOBAHUE JIBHIKEHUS
WHCTPYMEHTA
11. Onpenenenne HopmatuBoB | 11.1. baza nanHbIX
BPEMEHH Ha BBHITIOJTHEHUH HOPMAaTUBOB BPEMEHU
oreparuu
12. ®opmupoBaHUE KOMILJIEKTA
TJ1 u mudpoBoro 1BoOHHUKA
TEXHOJIOIMYECKOr0 Ipouecca
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B pexume npunatus pemenuid, no 3D-mozenu wu3nenus cucTema BBIMOTHSET
pacro3HaBaHle KOHCTPYKTHUBHBIX 3JIEMEHTOB U COCTaBIISIET IMEPEYCHb OrPAHUYCHUN,
3HAUEHUSA KOTOPBIX HEOOXOAMMBI JIJIsi JaJbHEHIIEro MpoeKTHUpoBaHus. Yepe3 OKHO
JManora B CHCTEMY 3arpy’KaroTcsl OrpaHWYeHuss Ha pexymmid wmHctpymMeHT (MAX
Huametp dpe3st 1 MAX /uamerp cBepiia) U nmapamMeTpbl KOHCTPYKTHUBHBIX 3JIEMEHTOB
mznenus (Crenka MAX Beicota, Crenka MIN Yron u Panuyc MAX). Ha ocHoBe 3THX
JTaHHBIX (opMHUpYeTCsl MIAOJOH MOMEPEXOJHOTr0 MapuipyTa oOpabOTKM H3IETHs 0
KaXJIOMY KOHCTPYKTUBHOMY 2ieMeHTy usnenus (Tadnuna 2.1, myHKT 3).

B mynkrax 4 — 6 (Tabmuna 2.1), nmpu HEOOXOIUMOCTH, Yepe3 COOTBETCTBYIOIIHE
0a3pl JaHHBIX, KOPPEKTHpPYeTCcsd TUIl O00OpYyAOBaHHUS, YCTPOMCTBO YHMCIOBOIO
OPOrpaMMHOIO  YIPABJIEHUS CTAaHKOM, IOCTIPOLIECCOp JJii IepeBoja TEKCTa
ynpasisitoieii mporpammsl u3 ¢popmata CLDATA B popmar YUIIY cranka (Tabnuma
2.1, nyHkt 4, ctpoka 4.1), ocHactku (Tabauma 2.1, myHKT 5, ctpoka 5.1) u pexyiiero
uHcTpyMmeHTa (Tabmuua 2.1, nyHkT 6, cTpoka 6.1).

[Ipy  NpOEKTHUPOBAHMH  BBICOKOCKOPOCTHOIO  (hpe3epoOBaHUS  BBIOJHAETCS
aBTOMATHU3UPOBAHHBIN pacyeT MPOEKTHBIX 3aJ1a4, IEPEUNCIICHHBIX B MyHKTE 7 CTPOKax
7.1 — 7.4 cTpyKTypHOM CXEMBI JIJIsl OTPEJEICHHS TapaMeTpOB 00padOTKU HEOOXOIUMBIX
JUISL 3arPy3KH B CUCTEMY B 3aBHCHUMOCTH OT TPE€OOBaHMN K Ka4eCTBY NMOBEPXHOCTH IS
JaNbHENIEeTo MpoeKTupoBaHus. Ha 3ToMm sTamne T0oMmKHBI ONPEAETATHCS BEIUYUHBI - [Iar
no ocu Z mpu TOCIOHHOM (pe3epoBaHUM, TOJIIUHA CTPYXKKH NpU 00paboTKe C
NEPEMEHHBIM 110 BEJIWYUHE MPUIYCKOM, BEJIMYMHA CMEIIEHUS HWHCTPYMEHTa IMpH
TUTYHKEPHOM (Ppe3epOBaHUU

B nynkTe 8 ctpokax 8.1 - 8.3 BRINMOTHSAIOTCS pacueThl 110 ONPEACIICHUIO TapaMeTPOB
TPOXOUJAIBHOTO JBM)KEHHUS MHCTPYMEHTa BJOJb 0OpabaThlBaeMOro KOHTypa -
ONITUMAJIBHOTO paaruyca CKPYIJICHUS TPaeKTOpUH TiepeMenieHnst nHctpyMenTa (Tabmuma
2.1, crpoka 8.1), mara u mmpunsl Tpoxouasl (Tabmmma 2.1, ctpoku 8.2 u 8.3). [ns
MOJMy4YeHUs  JAaHHBIX  HEOOXOAWUMBIX AN JalbHEHIIero  MPOCKTHPOBAHMS
TEXHOJIOTUYECKOro Mpolecca TpedyeTrcs MpOBEAEHUE HCCIeI0BaHMM, pa3paboTka

MAaTCMAaTH4YCCKHUX BaBHCHMOCTeﬁ, AJIrOpUuTMOB W IIPOIrpaMM pacdcTa IIapaMCTPOB
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00paboTKH, 0OecTeuynBaloLINX 3aJaHHble apaMeTpbl KadecTBa moBepxHocTu (Pazmen
2.2).

[Tocne BHECEHUSI KOPPEKTHUB MO pe3yJIbTaTaM PacueToOB MPOECKTHBIX 33J1a4 B ITyHKTE
7 ctpokax 7.1 — 7.4 u mynkre 8 crpokax 8.1 - 8.3 CTpyKTypHOIl CXEMBI B YCJIOBHUSA
BBITIOJIHEHUSI COOTBETCTBYIOIIUX MEPEXOJ0B, B aBTOMATUYECKOM PEKUME BBIMOTHEHUS
NeicTBUM, (GOpMUPYETCS TEXHOJOTHUECKHHM TMPOIECC, PACCUUTHIBACTCS TPACKTOPHS
JIBUKCHHSI MHCTPYMEHTA TI0 KaXKI0OMY TePeX0Ty, CO31aETCsl KOMILIEKT TEXHOJIOTHUECKON
JIOKYMEHTAIMH, BKIIOUAIOIINNA YIIPABIISIONLYI0 IPOrpaMMy U HOPMbI BpEMEHH, KOTOPbIE
OTpeIeIIsAoTes 1Mo 0a3e HopMmaTHBOB BpeMmenu (Tabmuma 2.1, mynkr 11, crpokm 11.1).
Omnpenensiercs BpeMsi 00paboTku 1o nporpamme Ty, BeriomoratenbHoe BpeMsl Ticn,
BpeMs IITYYHOE Tyyp M IITYYHO-KAIBKYISIIMOHHOE T .

PazpabatbiBaeTcsi  comepkaHHe  KOHTPOJBHOM  Omepanus,  OINPeaemsioTCs
napaMmeTphl, IOJIeKaIINe U3MEPEHUSIM, 10 0a3e JaHHBIX BBIOJIHSAETCS MOA00DP CPEACTB
U3MEPEHHsI, MPOU3BOJUTCS pacdyeT BCIIOMOTATENIbHOTO BpPEMEHH Ha BBITIOJHEHHE
VU3MEpPECHUM.

dopmupyeTcst TUPPOBON JBOMHHUK TEXHOJIOTUYECKOTO MPoIiecca, KOTOPBIA MOKET
OBITh UCIOJIB30BaH MPU U3MEHEHHUH TpoIiecca 00padOTKH, epecyeTax SIKOHOMHUUECKON
1eJ1IeCO00Pa3HOCTH Pa3HbIX BAPMAHTOB U3TOTOBJICHHUS TAHHOTO U3/1eHs 0€3 TPOBEICHUS
HaTypHbIX ucnbiTaHui (Tabmuua 2.1, myHkT 12).

Ha ocHOBe mpoBeACHHOTO aHanu3a CTPYKTYPHOW CXEMBbI aBTOMATH3HPOBAHHOTO
MPOCKTUPOBAHUS OMEpAIii BBICOKOCKOPOCTHOTO (pesepoBanus B cucteme ADEM
CAD/CAM/CAPP pa3paboTaH alropuT™ MOCIEI0BATSILHOCTH BBIMOJHCHUS JACHCTBHIA
pH pa3pabOoTKe TEXHOJIOTHYECKOTO Mpoliecca MexaHndeckon oopadotku (Pucynok 2.1).
CopepkaHue Ka)XJOro dSTamna NMPOECKTUPOBAHUS OTpakeHO B Ojokax anroputma. Ha
OCHOBE CBEACHMI O KOHCTPYKTHBHBIX dJIEMEHTAaX W3JIEJHs, MOJYYCHHBIX B pE3yJbTaTe
pacro3HaBaHMs 3arpy’KeHHON B cucteMy 3D-mojenu, BBITOIHAETCS TEXHOJIOTHYECKOe
NPOEKTUPOBAHUE M pacyeT TPACKTOPUU JBHKCHHS KaXJOTO HMHCTPYMEHTa IS
pa3paboTKu yrpaBistomieid mporpaMmbl i ctanka ¢ YITY. dopmupyeTcs KOMIUIEKT
JOKYMEHTAIllUd  TEXHOJIOTUYECKOTO  TPOIecca,  BKJIIOYAIOIIETO  YIPABISIONLYIO

IIPOrpaMMy U HOPMAaTHUBBI BPEMEHHU.
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Hauano

1 3arpyaka KOHCTPYKTOPCKOR QOKYMEHTALMW HA U3fenke

¥

2 PopmuposaHue obsemHoi 3D-moaenn getanu B moayne CAD

v

3 OmvpeiTe 8 mogyne CAMCARP cepewnca
CAM Jkcnept

v

4 Otkpeitve B cepence CAN 3kcnepT 30HbI
npoekTpyenMoro enga obpabotu — «PpezepopaHues

v

5 Beoj AaHHEX (pYYHOR pesxim)
Beog, orpaHmueHnn:
- MakcHmMansHeIe paamepel ceepna v dpessl;
- OFpaHKdeHUA NapaMeTPoB KOHCTPYKTUBHLIX 3NeMeHTOR (BLICOTa M yron
HaknoHa K3 CTeHka, MakcuMansHBIR pagMyc OKpYTrMeHHA CONpR¥eHIiA).

v

& MpuHATHE peleHni
(ABTOMATHUSCKUA PEXMM):

- pacnoiHagaHWe KEOHCTPYKTHUBHLIX 2NeMeHToB W3genus,
- hopMUpoBaHWE MapLIpYTa W3MOTORNEHWA feTany No nepexofam 4na
Ka#oro EOHCTRYKTHBHOMD 3nNemMenTa,

!

7 Beoa naHHbL (pydHoi pesiam)
KoppexTupoBka napameTpos (ppe3epoBaHUA C YUETOM PACUETHLIX AaHHBIX
pEI.IJEIHMﬁ NPOeKTHRIX 3a.n.a-||

v

8 Beinonvexuwe aefctemii

(BBTOMATUYECKUIA PEXIAM ).
- chopMMpoBaHKME onepaUMoHHOro TEXHOMOMMUYECKOro NPoLecca C yY4eToM
BHECEHHBIX M3MEHEHWA ND TOUHOCTH W LUBPOXOBATOCTH,
- pacuet Tpaeyrnpnu ABHAHEHWA KaHN0re MHCTPYMEHTa W co3faHie
YNPARNAKLEA NpOrpaMme,
- hOPMUPOBAHKME KOMMNEKTA TEXHOMOMMYECKDN A0KYMEHTALIN,
BKNIOUAKILLMIA YNPEBNAIOLLYID NPOTPAMMY M HOPME! BPEMEHK Ha
BbINONHeHWe onepavyi.

9 Peaynetat: Undporoil ABOMHMEK TexHONOMMYECKoro npolecca
BEICOKOCKOPOCTHOW (bpe3epHoli obpaboTii Ha cTaxke ¢ HITY

Pucynok 2.1 — AIroput™ aBTOMaTU3UPOBAHHOTO MTPOCKTUPOBAHMS TEXHOJIOTMUECKUX

MIPOIIECCOB BBITIOJIHEHUS (hpe3epHBIX ornepaiuii Ha ctankax ¢ UITY B cucreme

CAD/CAM/CAPP

2.2 Pa3paboTka aBTOMATH3MPOBAHHBIX IPOEKTHHIX PelIeHus IS
TEXHOJIOTHYECKOIr0 MPOCKTHPOBAHUSA ONlepalUii BLICOKOCKOPOCTHOIO

¢pesepoBanuss B CAM-cucreme

Jns aBTOMAaTW3WPOBAHHOTO TPOEKTUPOBAHUS TEXHOJOTMHA U YHPABISIOLIMX

MIPOTpaMM JJIsl BEICOKOCKOPOCTHOM (hpe3epHOit 00paboTKH TPEOYIOTCS TOMOTHUTEIbHAS
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uHbOpMaIUs 10 OMPECIICHUIO YCIOBUN 00ecTieueHus] KauecTBa MOBEPXHOCTHU MpH 2.5-
KOOPJIMHATHOM TOCJIONHOM (pe3epoBaHrM 00bEeMHBIX u3nenuil [28], dbpezepoBanuun
MOBEPXHOCTEH C TNEpPEeMEHHBIM IO BeluuuHe mpunyckom [30] W MUIyHXEpHBIM
¢dpesepoBanuu [31], pe3ynbTaThl KOTOPHIX 3arpyXaro0TCsi B CHUCTEMY IPH pa3paboOTKe
TEXHOJIOTUYECKOI0 mpoiiecca 00paboTKH.

HccnenoBanust pelieHus 3THX 3afad Al 00eCHedYeHHuss aBTOMAaTH3UPOBAHHOTO
TEXHOJOTHYECKOTO MPOEKTHUPOBAHMS MPOBOAMINCH B CIEAYIOIEM Mopsnake: 1) Oblia
BBIJIBUHYTa THUINOTE3a OO0 HCIOJIb30BAHUM aBTOMATHU3UPOBAHHOTO MPOEKTUPOBAHUS
BBICOKOCKOPOCTHBIX (hpe3epHbIx omeparuii 1yt crankoB ¢ UITY B CAM-cucreme; 2)
MPOBEJCH MAaTEHTHBIM MOUCK, KOTOPBIM IMOKa3aJl, YTO 3TH BONPOCHl HE MOJIYYUIIU
JOJDKHOTO OOOCHOBaHHUSI B HayYHOW JIMTEpaType; 3) paccCMOTPEH BOIPOC pa3pabOTKU
CTPYKTYPHOM CXE€Mbl aBTOMAaTU3UPOBAHHOIO MPOEKTHPOBAHUSA BBICOKOCKOPOCTHOTO
dpesepoBanus B cucreme ADEM CAD/CAM/CAPP u BbIsBIACHHE IMPOCKTHBIX 3a/ad,
TpeOYIONMX JOMOIHUTEIBHBIX HCCICIOBAHNN; 4) ISl BBISBICHHBIX MPOSKTHBIX 3134 C
LEJIbI0 OMNpPEJENICHUs] B3aUMOCBS3EH MMapaMeTpoB OOpadOTKHM U XapaKTepUCTUKAMHU
KaueCTBa MOBEPXHOCTH, BBIOJHEHO KOMIIBIOTEPHOE MOJIEIMPOBAHUE 30H KOHTAKTa
WHCTPYMEHTA C JEeTajblo JJisi TakuxX BHUIOB (pe3epoBaHusi Ha crankax ¢ YUIIY kak
nocyioiHass o0paboTka OOBEMHBIX H3JCNNMA, KOHTYypHas 00paboTKa C TMepeMEHHBIM
NPUIYCKOM M IUTyHXKEepHOe (pe3epoBaHue; S5) MPOAHAIU3UPOBAHBI KOMIIBIOTEPHBIE
Mozeld U (OpMaTM30BaHbl MPOLECCHl B3aWMOBIUSHUA MapaMeTpoB 00pabOTKH Ha
XapaKTEPUCTHKU KadecTBa o0pabaThiBaeMOW IMOBEPXHOCTH B BHUE MaTeMaTUYECKHUX
3aBUCUMOCTEH; 6) pa3paboTaHbl pelIeHus MPOEKTHBIX 33Jlad MPHU BBICOKOCKOPOCTHOM
dbpe3epHoii 06paboTke Ha crankax ¢ UITY mis pacuera MareMaTHYECKUX 3aBUCUMOCTEMN
BIUSIHUS TapaMeTpoB OOpabOTKM Ha XapaKTepUCTUKH KadecTBa 0OpabOTaHHOMN
NOBEPXHOCTU I JaJIbHEWINEro BKIIOYEHHS] B CHUCTEMY AaBTOMATHYECKOTO
MPOEKTUPOBAHMS.

B pesynbpraTe 0000I1I€HUS NPEAIISCTBYIONIUX HCCIACAOBAHUNA IO Pa3IMYHBIM
UCTOYHUKAM HMH(POpMALIMM, AaHaIW3a KOMIBIOTEPHOM MOJENM 30HbI KOHTAaKTa
WHCTPYMEHTa W 00pabaThiBaeéMOl IMOBEPXHOCTH, MHPOPMAIUU O KOHCTPYKTHUBHBIX

AJIEeMEHTax M3 U crocodax ux oOpabOTKH 3a OCHOBY JJII aBTOMAaTHU3WPOBAHHOTO
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MPOEKTUPOBAHMS BBICOKOCKOPOCTHBIX omepanui Ha crtaHkax ¢ YIIY Obul mpuHST
GbyHKIMOHA, B OOIIEM BHJIE OTPaKAIONIMI 3aBUCUMOCTh XapaKTEPUCTHK KadyecTBa
00paboTaHHOMN MOBEPXHOCTH OT MapaMeTPOB BRICOKOCKOPOCTHOM (ppe3epHoit 00paboTKH
[4; 8; 21; 23]:
Ra(Rz) =f (D, rs, Z, a, F, @max, z, V, ko), (1)

rine Ra(Rz) — xapakTepuCTHKH MIEPOXOBATOCTH, MKM;

D — nuametp dpe3bl, MM;

I'e — paillyC CKPYTJICHUS PEXKYIIEH KPOMKHU, MM;

Z — gncyo 3y0beB (Ppe3sl, 1T,

0. — yToJ1 HaKJIOHa 00pabaThIBa€MOM MOBEPXHOCTHU, TPA/;

F — nmomaua Ha 3y0, MMm;

Amax — TOJIIITUHA CTPYKKH, MM;

h, — BellM4MHA TIOAAYH 110 OCH Z, MM;

V - ckopocCTh pe3aHusi, M/MHH,;

Ke — KoaddurrieHT 00pabaThIBACMOCTH MaTepHaa.

2.2.1 Peanu3anusi aBTOMATU3MPOBAHHON MPOEKTHOM 3a1a4M ONpe/ieIeHUus
yCJIOBH o0ecneueHus reOMeTPUYECKUX MAapaMeTPOB Ka4ecTBA MOBEPXHOCTH NPHU

MOCJI0IHOM BBICOKOCKOPOCTHOM (ppe3epoBaHNHU

[Ipy  BBICOKOCKOPOCTHOM  0OpaOOTKE  JOCTUTAETCS  BBICOKUNA  YpPOBEHB
IIEpOXOBATOCTH 00pabOTaHHOW TOBEPXHOCTH, YTO TO3BOJSET B psie CIydaeB
oTKazatbcsi OT  (uHuIIHOTO  TUMdoBaHus.  BbeicokockopocTHass — 00paboTka
peayCcMaTpuBaeT MaJIble CEUCHUS CPe3a, CHUMAaeMbIe C BBICOKON CKOpOCThI0. [Ipobnema
WCIIOJIB30BaHUsl TAaKoro BapuaHTa ¢pe3epHON 0O0pabOTKH OCIOXKHSIETCS OTCYTCTBHUEM
OMHCAHMSI TEOMETPUUECKUX MapamMeTpOB IMOJy4aeMOM IIEPOXOBATOCTH U METOJIUKH
pacdeTa T€OMETPUH HEPOBHOCTEH MOBEPXHOCTH B 3aBHCHMOCTH OT BHJA 3arOTOBKH U
yCoBHM (pe3epoBaHUs, OTCYTCTBHEM PEKOMEHIAIMH 110 HCITOJIB30BAHUIO JTHX

CBeI[eHI/Iﬁ IIpHU IIOATOTOBKEC CIICHUAJIMCTOB.
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s oOecnedeHus 3aJaHHOM IIEPOXOBATOCTH 0OpabaThIBA€MbIX BEPTHKAIbHBIX
IUIOCKOCTEN IMPH MOCIONHOM BBICOKOCKOPOCTHOM (hpe3epOBaHUU HEOOXOAMMO 331aTh
OINPEJEIICHHYIO BEIMYHMHY OJHOKPATHOIO IIEPEMEIIEHUsS WHCTPyMEHTa 0 Oocu Z, B
pe3ynbTaTe KOTOpoil Ha oOpabaThiBacMOW MOBEPXHOCTH (POPMUPYETCS «TPeOEIIoK,
YHMCJICHHOE 3HAaYCHHE KOTOPOTO MO3BOJIAET paCCYUTATh ITApaMeTpPhI IepoXoBaTocTH [17].
Jlns  omnpeneneHuss TeOMETPUYECKUX MMApaMETpOB «rpedeliKkay paccMaTpUBAIUCh
pe3yibTaThl KOMIBIOTEPHOTO MOJEIMPOBAHUS 30HBI KOHTaKTa pPEXYIIEH KPOMKHU
UHCTPYMEHTa C CHMMETPUYHBIM KOHTYpOM M 00pabaTbhlBa€MONl MOBEPXHOCTH Ha
Pucynke 2.2, npu ¢pe3epoBaHun cOOpHOM (pe3oil ¢ MIPAMOYToJIBHOIM
HerepeTaunBaeMoi TBepaociiaHoi miaactuHou (HTII) ¢ paamycoMm mpu BepiiuHe,

dbopma KOTOpOro 00pa3yeTcst KOHTYPOM PeXyIen 4acTH (pe3bl.

O

a) 0)

Pucynox 2.2 - Konnesas ¢pesa, ocnamennas HTII (a) u koMrbroTepHast MOJeIb 30HbBI
KOHTaKTa Qpe3bl U 00pabaThIBAEMOI MOBEPXHOCTH MPHU MOCIOHHOM 2.5 KOOPAUHATHOM

bpe3epoBaHUN HAKIIOHHON TJIOCKOCTH (0): 1 — peXyIIHii HHCTPYMEHT; 2 — 3ar0TOBKa

dopma HEpOBHOCTEH Ha MOBEPXHOCTH 0OBEMHOIO M3/ICNIUS B HANIPABICHUU OCH Z,
nocsie ppe3epoBaHus, MPEACTABISIET COO0N OCTATOYHBIE CIEABI MepeMelieHus Gpe3bl U

COCTOMT M3 IIETIH HEPOBHOCTEH («TrpebdemkoBy) [49].
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dopma «rpederikay ornpenensieTcss KOHTYPOM pexylleil yactu Gppesbl, BETUIUHOMI
11ara NepeMetIeH s o OCu Z U YIJIOM HakJIOHa 0OBEMHON MOBEPXHOCTU OT BEPTUKAIIH.
ITpu 3TOM BbICOTa Ipedelika s JalbHEUIINX pacueToB YUCIEHHO paBHA hrp = Rz unun
hrp = 4'Ra npu Ra>12,5 MM 1 hrp = 5'Ra ipu Ra<12,5 mxm [23], 9T0 TIO3BOJISET Uepes
BEJIMYMHY BBICOTHl Tpelelika IMPOrHO3UPOBATh IOJYyUYEHUE 3aJJaHHOM YepTEeROM
HIEPOXOBATOCTU MOBEPXHOCTH.

Bun u ycrnoBusie 0003HaueHUs: napameTrpoB (akTopoB, (HOPMUPYIOMIUX KOHTYP
«rpebenikay, n300paKEHHOr0 Ha KOMITBIOTEPHOW MOJENN 30Hbl KOHTaKTa PEKYILEro
MHCTpyMeHTa 1 o0pabaThiBaeMO TOBEPXHOCTH Ha PucyHKke 2.2 mepeyucieHbl HIxKe:

hyp - BeICOTa «Tpederikay, Mum;

|, — IUTMHA OCHOBaHUS «TPEOCIIKa», MM;

0° - yroj HakJoHa o0pabaThiBa€MON MOBEPXHOCTH 3arOTOBKH OTHOCUTEIBLHO OCH Z,
rpaj;

H - BbicoTa 00pabaThiBa€MOIl MOBEPXHOCTH 3aTOTOBKH, MM;

Ap — riryOuHa pe3aHus, MM;

Nz - KOJIMYECTBO MPOXOJAOB 10 OCH Z, pa3;

h; - mar nepemereHust THCTPYMEHTA 110 OCH Z, MM;

I's - paANYC MIPU BEPILIUHE PEXKYILIErO0 HHCTPYMEHTA, MM;

Ieg - paguyc cepbl y Gppesbl co chepruueCKUM KOHLIOM I KPYTJIOM MIACTUHBI, MM.

[Tpu Ha3HaYEHUM YCIIOBUH YMCTOBOIO (hpe3epOBaHUsl MPUXOJUTCS pelIaTh 3a1auy
TI0 OTPEJICIICHUIO BEIMYUHBI OJJHOKPATHOTO TIepeMenieHus Gppe3bl hz B 3aBUCUMOCTH OT
TpeOOBaHMI K KayecTBY MOBEpXHOCTH Rz unu Ra, 0003HaueHHOM Ha YepTeKe AETaNH.
CeeneHust 00 ompeneNeHUy BEIMYMHBI NEpEeMEUIeHUs M0 OCHM Z B 3aBUCUMOCTU OT
TpeOOBaHUI K Ka4€CTBY MOBEPXHOCTH C YYETOM HaKJIOHA 00pabaThIBaeMOM MOBEPXHOCTH
OT BEpTUKAIM B y4eOHOHl JIHUTepaType HE IOCTaTO4YHbl. VICXOOHBIMH HaHHBIMU IS
pacuera SIBJISIIOTCA — Yroj HakjoHa oOpabaThiBaeMOMl MOBEPXHOCTH 0°, PaaAUyC MpH

BepuiHe HTII u TpeGyemble napameTpbl kKauecTBa moBepxHoctu Rz unu Ra.
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s onpeneneHust TpeOyeMOW BENUYMHBI TepeMemieHuss mo ocu Z — hz, B
3aBUCUMOCTH OT 3aJIaHHOM BBICOTHOM XAapPAaKTEPUCTHKU HEPOBHOCTEN B IEpecueTe Ha
BBICOTY Tpebemika hrp, BBITONHEHa KOMITBIOTEpHAss MOJETh 30HBI KOHTAKTa PEXYIICH
KPOMKH HHCTPYMEHTA U 00pabaThiBaeMO IOBEPXHOCTH, OIIPEIETICHA PACUETHASI CXEMA,
0 KOTOpOM B JaJIbHEWIIEM pa3padaThIBa€TCs MaTeMaTHYeCKas 3aBUCUMOCTH (CM.

Pucynoxk 2.3).

n.1 YeenuyeHo

(“\ ;

Pucynok 2.3 - KoMmbroTepHas MOJeNb 30HbI KOHTAKTa PEKYILIEr0 HHCTPYMEHTA U
00pabaTbIBacMOM MOBEPXHOCTH: | — PEIKYIINI HHCTPYMEHT; 2 — 3aroToBKa; h; - mar
nIepeMeIeHIs] HHCTPYMEHTA TI0 OCH Z, MM; I's - paJNyC TIPU BEPIIUHE PEKYIIETO
UHCTPYMEHTA, MM; a.° - YTOJl HaKJIOHa 00pabaThiBaeMOIl MIOBEPXHOCTH 3arOTOBKH

OTHOCHTENBHO ocu Z, Tpaj, Ny, — BEICOTHOE 3HAUSHHE HEPOBHOCTH (TpedemnIka), MKM

Ha ocHoBaHuMM aHaiv3a MOJAENM 30HBI KOHTAaKTa, MCXOAS M3 KOH(UTrypauuu
pacyeTHO CcXeMbl, pa3pabOoTaHa MaTeMaTH4ecKas 3aBUCUMOCTb, KOTOpas OTPAKaeT
CTEIIeHb BIUSHUS MapaMeTpoB (pe3epoBaHus - BEIMYMHBI OJTHOKPATHOTO MEpEMEIICHUs
uHcTpyMeHTa 1o ocu Z (hz), popMbl 3arotoBkH (yroi HakJIoHa 0°), paguyca pexyuei

KpoMKH (pe3bl I'B Ha BHICOTHBIN MapaMeTp HEpOBHOCTEH hrp U omuckiBaeTcst popMynon

(2):

hz =2'/hrp/103 (2rB — hrp/10% )-seca® (2)

rae hz - mar nepemMenieHust ”THCTPYMEHTA 110 OCH Z, MM;
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I's - pailyC IPH BEPIIMHE PEXKYLIETO HHCTPYMEHTA, MM;
0° - yroJl HaKJIOHa TTIOBEPXHOCTH 3arOTOBKH OTHOCUTEIBHO OCU Z, TPa/;
hrp — TpeOyeMoe BBICOTHOE 3HAYCHHE HEPOBHOCTH (TpeOelika) B 3aBUCUMOCTH OT

napaMeTPOB MIEPOXOBATOCTH;

R,, ipy 3alaHHUU nTapaMeTpa R,;
hy, = {4'R,, mpu 3afannu R, 1 R, > 12,5 Mxm; (3)
5'R,, npu 3aganuu R, U R, < 12,5 Mmkm

JIns aBTOMaTU3aMy pacyeToB apaMeTPOB HEPOBHOCTEN Ha TOBEPXHOCTH U3ENHS,
B 3aBUCHUMOCTH OT YCJOBHH BBICOKOCKOPOCTHOTO TMOCJIOMHOTO (pe3epoBaHus
pa3paboTaH aJrOpUTM peaIM3alUi MATEeMaTHUYECKONW MOJEIN. AJTOPUTM PpEIICHUS
TaKoM 3a/1auy 1oka3aH Ha Pucynke 2.4,

HNcxoaHpIiMU JaHHBIMU JJ1 pacueTa (OJIOK JTaHHBIX 1) SIBJISIIOTCA — yroJ HAKJIOHA
oOpabaTbiBaeMOl TOBEPXHOCTH 0°, paguyC pexyuieil yactu ¢pesbl B wWid feh U
TpebyeMble TapaMeTphbl KauecTBa noBepxHoctu Rz unu Ra, comocrtaBuMbie ¢ BBICOTON
«rpedelikay B NPONOPLMIX, YKAa3aHHBIX Bblle. B OJOKe NPUHATHS pelleHuid 2, B
3aBUCUMOCTH BHUJA HCXOIHOW HH(POPMAIMH O BBICOTE HEPOBHOCTH, OIPEICISACTCS
JTadbHEUIU mopsiiok pacyeta. [Ipu 3HaUY€HUU BBICOTHI HEPOBHOCTHU, 0003HAUYECHHOM
yepes Rz, pacueT mpoomxkaeTcs yepes 0510k nporecca 4. Eciu nmapaMeTpbl HEpOBHOCTEH
o0o3HaueHbl yepe3 Ra, To pacuet s BenmuuuHbl Ra >12,5 MKM BBITIONIHSIETCS yepe3 010K
npoiiecca 5, a i1 BenuuuHbl Ra < 12,5 MxMm uepes 0110k miporiecca 6.

JlanbHeiiliee BhIUMCICHUE YCIOBUN (Ppe3epoBaHMs, 00ECIEUNBAIOIINX 3a/IaHHOE
Ka4eCTBO MOBEPXHOCTH, BHITIOJHAETCA B OJIokax mporecca 7 - 9. B 6moke nponecca 7
ompenensiercss Bbicota TpeyronbHuka O;BO; (Pucynox 2.3). B 6moke mpormecca 8
NPOM3BOJIUTCS pacueT JJIMHBI OCHOBaHUs «rpedemikay» Irp (Pucynok 2.3). B Gioke
npolecca 9, Ha OCHOBaHMM PAaHEE BBIMOJHEHHBIX PacyETOB, ONMpENeNsieTcss TpedyeMoe
3HAYEHUE BEJIMYMHBI MEPEMEIEHHUs 10 ocHu Z, obecreunBaroniee 3aJaHHy0 YepTeKOM
IIEPOXOBATOCTh MOBEpXHOCTU. B 6110ke nanubix 10 hopmupyroTcs pe3yibTaThl pacueTra
- hz BemuumMHA TepeMelIeHUsT 0 OCH 7, KOTOpas 3aHOCHUTCS B OKHO auayniora CAM-
CUCTEMbl UM TIOJIy4a€Mble [apaMeTpbl IIEPOXOBATOCTH IMOBEPXHOCTH  TMOCIIE

dbpesepoBaHus.
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( Havano )
v

/ 1. Beoa McxoaHbIX AaHHLIX LIepoXOBATOCTE NoBepxHocTH (Rz/Ra), paauyc /

WHCTPYMEHTa (1e); yron HaknoHa obpabarteieaeMon NoBepxHoCTK (o)

h 4 y

5. hrp = Rz mEm 4. hrp=4 Ra, MEM B. firp =5 Ra, mkm
|

< |

ic

7. PacyeT BblcoThl TpeyroneHuka 0180z
BF = re - hrp/10%, mm

Y

8. PacueT AnuHbI ocHoBaHMA «rpebellkan:
Irp = 0102 = 2(rs?- BF3)#% , mm

v

9. PacyeT Benn4uHbl NepeMeLeHns no ocH Z;
hz = lzp "seca® MM

v

10. PesynbTaThl NPOEKTMPOBAHMA:
nepemelleHue no ock 7 (hz).
CnpaeovyHO: WEPOX0BATOCTL NOBEPXHOCTH
{Rz/Ra); anuHa ocHoBanus «rpebewkar (Ip);
pafuyc WHCTPYMEHTa (rs); yron HaknoHa
NOBEPXHOCTH (r*)

\_/1/_\

( OKoHYaHWe )

Pucynok 2.4 - AnropuTM pacueTa BeJIMYUHBI TIepeMEIeH s 110 ocH Z — hz ipu
MOCJIOHOM BBICOKOCKOPOCTHOM (hpe3epOBaHUHU B 3aBUCUMOCTH OT 3aJJaHHbBIX

XapaKTCPUCTHUK KaYCCTBA IIOBCPXHOCTH

B cootBercTBUU ¢ anroputmMom Ha Pucynke 2.4, pa3zpaboraHa mporpamMma Jyis
pacuera nmapaMeTpoB KauecTBa MOBEPXHOCTH B 3aBUCUMOCTH OT YCJIOBHM (hpe3epoBaHUS
— BEJIMYMHBI TIEpEMEIICHUS 110 ocu Z | yria HakiioHa moBepxHocth o° (ITpunoxkenue A)
[52]. DxcnepuMenTanbHast MpOBEpKa MOATBEPMIIA COOTBETCTBHE PACUCTHBIX JAHHBIX

NOJIyYeHHBIM B pe3yibTaTe 00paboTku Ha ctanke ¢ UITY (I'nasa 4).
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PaspaboTanHoe pemieHue 3TOM  MPOCKTHOM  3aJaud  MPUMEHUMO  TpHU
MPOCKTUPOBAHUM  OMEPALMA  TPAJAUIIMOHHOTO  2,5-KOOPAMHATHOTO (pe3epoBaHUs

00beMHBIX n3aeui Ha cTankax YITY, B T.4. Ha 2-KOOPJIMHATHBIX CTaHKaX.

2.2.2 Peanmu3anusi aBTOMATU3MPOBAHHOM MPOEKTHOM 3a1a4M ONpeieIeHUsA
YCJI0BHUI1 o0ecreYeHHs TeOMeTPHYECKUX TapaMeTPOB Ka4yeCTBA NOBEPXHOCTH IIPH

BBICOKOCKOPOCTHOM (hpe3epoBaHHM € EPEeMEHHBIM 10 BeJIHYHHE MPUITYCKOM

Hanbonee >(ppekTUBHBIM MEXaHHW3MOM CTAaOWIM3AlMd YCWIMA M 0OecredeHuu
BUOPOYCTOMYMBOCTU TIPU BBICOKOCKOPOCTHOM (ppe3epoBaHUU SIBISETCA TMOCTOSHHAS
TOJNIIIMHA CTPYXKH W €€ oOeclmeueHne MPOrpaMMOi TP H3MEHEHWW TOJIIIHHBI
cHUMaeMoro ciiosi. C MoMOIIbIO 3TOTO MapaMeTpa MOXKHO OMHUCaTh MpoIecc 00paboTKu
IpH JIFOOBIX 3HAUYEHUSI CHUMAaeMoro npumnycka. OTAeNbHbIA apamMeTp, Onpeaesionui
TOJIIIAHY CTPYXKKH, B KaTaJlorax MPOW3BOJIUTENCH WHCTPYMEHTA OTCYTCTBYET, a T.K.
BBICOKOCKOPOCTHOE (hpe3epoBaHUsl UCIOJIB3YETCs] B KauyecTBE (DUHMIIHBIX Oleparuit
TpeOyeTcs TPEemJIOKUTh METOAMKY pacdyeTa 3TOro IapamMeTpa B 3aBHCHMOCTH OT
3aJIaHHBIX XapaKTePUCTHK IIEPOXOBATOCTH oOpabaTrhiBaeMol MOBepXHOCTH. [lpm
pazpabotke ympaBistomeid mnporpammbl B CAM-cucteme ecTb BO3MOXXHOCTH
MPOTrPaMMHUPOBATh BEIWYWHY IOAa4M, OOECIICUYHBAIONIYI0 ITOCTOSHCTBO TOJIIUHBI
CTPY>KKH IIPH IIEPEMEHHOM TONIIIHHE CHUMAEMOro ciios [2; 16]. 3HaueHre onTUMaaIbHOrO
3HAUEHUS TOJIIUHBI CTPYXKKH, pu TiporpammupoBannu B CAM-cucreme, 3aHOCUTCS B
nuaoroBoe Taduo (cM. Pucynok 2.5).

OnpenenuM 3(QPEKTUBHOCTD MPOIECCa MOCTOSIHCTBA CTPYXKKH TPU KOHTYPHOM
dbpe3epoBaHUU C MMEPEMEHHBIM TIPUITYCKOM - OJTHAM M3 TOKa3aTele ATOro mpolecca
ABJIIETCS TIo/1a4ya Ha 3y0 (pesbl Sz, 3HAaUCHHE KOTOPOi, 4epe3 CKOPOCTh PE3aHUs, YUCIIO
000pOTOB M YHUCIIO 3yObeB (hpe3bl MEPECUUTHIBACTCS B MUHYTHYIO CKOPOCTH IOy B

MM/MHH, YTO U BHOCUTCS B YIIPABJISAIOLLYIO TPOrPAMMY.
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[Ipy nepeMeHHOM TOJMIMHE CHUMAEMOTO CJIOS, ITPU MOCTOSHHOW JIMHEWHOW NTOa4e,
U3MEHSETCS TOJIIMHA CTPYKKH amax. O0ecreunB NOCTOSIHHOE U ONTUMAJIbHOE 3HaUCHHE
TOJILIMHBI CTPYXKKH, MOKHO CTaOWMJIM3UPOBATh CUJIOBBIE HArpy3ku Npu oOpaloTke, a
TaK)Ke MPU MAJIBIX CheMaxX MeTaJlJIa MOKHO YBEJIMYUTh JUHENHYIO0 noAady B 1,5-2 paza.
KoMIbroTEpHOE  MOJENIMPOBAHME 30HBI KOHTAaKTa pEXYIIEro HMHCTPYMEHTa U

oOpabaTpIBaeMOl TOBEPXHOCTH MTOKa3aHo Ha Pucynke 2.5.

Pucynoxk 2.5 — KomnsrorepHoe MOJIETUPOBAHUE 30HBI KOHTAKTA PEXKYILETO
MHCTPYMEHTA U 00pabaThIiBa€MOM MTOBEPXHOCTU JEMOHCTPUPYET COOTHOIIECHUE
riyOuHbBI pe3anus t 1 mogaun Ha 3y0 Sz MpU MOCTOSIHHOM TOJIIIMHE CTPY>KKH amax;

D — muamertp dpessl; Sz — nogava Ha 3y0; amax — TOJIIIMHA CTPYKKH;

tl u t2 — rmy6una pe3anus; SMuH1 1 SMUH2 — MUHYTHas TI0a4a

Monenb 1eMOHCTPHUPYET XapaKTep WU3MEHEHHUsS BEIMYWHBI JIMHCWHOW MOAaYH MPH
bpe3epHoit 00paboTKe ¢ IEPEMEHHBIM MPUITY CKOM P MIOCTOSTHHOM TOJIIITMHE CPE3aeMOM
cTpyxku. [Ipy yMeHbIlleHUN chemMa MeTalljia, MPY TOCTOSHHOM 3HAY€HUU amax, MOYKHO
YBEJIMYHUTh 3HAUCHUE JIMHCHHOM monauu [4].

Ha ocHoBanum ananmm3a pacuetHod cxembl (Pucynoxk 2.5) paspaborana

MaTEeMaTH4dYCCKasd MOJACIb 3aBHCHMOCTHU BIIMAHUA (b&KTOpOB Ha 3TH IIOKa3aTcIu II0

dopmyrnam (3) u (4):
Sz=0.5amax-D/\/t'D — t* , MM/3y6 (3)
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— 7 /E_ L2
amax = 2'Sz > (D) , MM 4)

rje Sz — mojayva Ha oJiuH 3y0 ¢gpe3bl, MM/3y0;

amax — TOJIIIUHA CTPYKKH, MM;

D — muametp ¢pe3sl, MM;

t— rmyOuHa pe3aHusi, MM.

[IpoBeneM CpaBHUTENIBHBIE PACUETHI 3HAYCHUS JIMHEWHOW ITOAAYM IIPU ChEME CIIOS
pa3Hoil TonmuHbl B 2 U 4 MM. Ucxomubie nanueie — auamerp ¢pe3sl D = 20 mwm,
ONTUMAJILHOE 3HAYCHHUE TOJIIIHUHBI CTPYKKH amax = 0,04 MM, yucio 3yobeB (pessl Z = 5,

ckopoctb pezanusd V = 750 m/muH. Pe3ynbrarsl pacueToB npuBeAeHsl B Tadnuie 2.2.

Taomuna 2.2 - Pacuer BeTMYWHBI JIMHEWHOM MOIAYM B 3aBUCUMOCTH OT BEJIMUYUHBI
MPUITyCKa P BEICOKOCKOPOCTHOM (hpe3epOBAHUU C TIEPEMEHHBIM MPUITYCKOM

Pacuer uncna oboporor n = V-103/(n'D) = 750°10%/(3,14-20) = 11942 0o6/muH

OnTumanbHOE 3HaUYE€HUE TOJIIUHBI cTpY KKk amaXx = 0,04 mm

[Tpunyck t1 = 4 Mmm [Tpumyck t2 = 2 MM

Benuuuna nofauu Ha 3y0 ¢pessl Sz = 0,5-amax-D/A/t'D — t*, Mmm/3y6

Sz=0,5-0,04-20/+/4°20 — 4% = 0,050 Sz=0,50,04-20/+/2:20 — 2% = 0,066

MM/3y0 MM/3y0

Pacuer munyTHOM nogaun SMuH = Sz X Z X N, MM/MUH

Smunl =0,05-5-11942 = 2,98 m/mun | Smun2 = 0,066 - 5 - 1273 = 3,94 m/mun

YBenmM4eHne CKOPOCTH JIMHEWHOM MMOIA4H, IIPU YMEHBIICHUH CheMa CJI05,

cocrasisger 132 %

[IpuBeneHHBIN pacueT MOKa3bIBAET, YTO MCIOJb30BAaHUE ASTOrO CEpPBHUCA, IPHU

nporpammupoBanun B CAM-cucteMe, TMO3BOJSET  CYLIECTBEHHO  IOBBICUTH
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MIPOU3BOJAUTEIILHOCTh  KOHTYPHOTO  (ppe3epoBaHMS  3arOTOBOK C  IMEPEMEHHBIM
npumnyckom. J{Jisi mpakTUuecKor peann3alyy Takoro pacuera HeoOXoIuMo pa3paboTaTh
METOJMKY BBIOOpAa ONTUMAIBHOTO 3HAYEHUS! TOJIIMHBI CTPY>KKHM B 3aBHCHUMOCTU OT
TpeOOBaHMI K KadecTBy o0OpabaThiBaeMOil TOBepXHOCTH. Ilpm Ha3HaueHWU
ONTUMAJILHOTO 3HAYEHUS TOJILNHBI CTPYKKH, npu MaKCUMAJIbHOU
MPOU3BOJIUTEIIBHOCTH, HEOOXOIUMO MCXOJUTh U3 00ECIEUCHHS KaueCTBa MOBEPXHOCTH
U COCTOSTHUE M3/eNNs ()KECTKOCTD, JIETKOAEhOPMHUPYEMbIE MATEPHAIIBI P 3aKPETIIICHIN
JeTanu), a TakKe BO3MOXHOCTH 00OpyAOBaHHs (MOIIHOCTh, MAaKCHUMaJbHbIE U
MUHUMAJIbHBIE 3HAYCHUSI MUHYTHOM TI0J1a4H ), TapaMeTpsl (pe3bl (IraMeTp, KOJTHIEeCTBO
3yOb€B) U YCTAHOBJICHHOM CKOPOCTH pe€3aHMsl. DTU CBEACHUS SIBIISAIOTCS HMCXOJHBIMU
JAHHBIMU JJIS1 JaJIbHENIIEr0 pacyeTa.

OCHOBHBIMH ITapaMeTPaMH, OITUCHIBAIOIINMH «TPEOCIIOK» SBIISIOTCS: BBICOTA - Nrp,
JUIMHA OCHOBaHUs paBHast - Sz (PucyHok 2.5). JI7s moIy4eHus ONTUMAIBHOTO 3HAYCHUS
amax, TAPAHTHPYIOIIETO NOJYYEHUs 3aJaHHOM IIEPOXOBATOCTM BO BCEM JIHANA30HE
M3MEHEHHUsT Sz [JJs pacuera NPUHUMAEM, YTO MAaKCUMAJIbHOE 3HAYCHHE SZ
OTIpEJIEIISIONIEe MAKCUMAIIbHYIO BBICOTY HEPOBHOCTH hrp peasinzyercs, pu NOCTOSHHON
TOJIIIIUHE CTPYKKH, B TIporiecce (ppe3epoBaHUM MUHUMAJILHOTO MPUITYCKa.

B pacuere TOMMHBI CTPYKKH UCIIOJIb3yeEM 3HaUeHue tmin, B pe3ysbraTe nojiyuyum

(opmymy (5):

tmin tmin

amax:2-SZ-\/ —— (= )2, (5)

IZI€ amax — TOJIINHA CTPYKKHU, MM;

Sz — monada Ha onuH 3y0 (pesbl, MM/3y0;

tmin - MUHUMAaITBHBIN IPUITYCK, MM.

[Ipu dpe3epoBaHrr MaKCUMaIBHOTO MPHUITYCKAa TPHU BBIYMCICHHOW MOCTOSHHOMN
TOJIIUHE CTPYKKU, BeIWYMHA Sz OyJeT MUHUMAIBHOM, YTO TapaHTUPYET BHICOTHBIC
3HAYCHUS [EPOXOBATOCTH U HA ATOM yYacTKe B IIpejiesiax TpeOoBaHUM YepTexa.

Jns  aBTOMaTM3alMKM  pacyeTa  3HAYEHUS  TOJIIUHBI  CTPYXXKH, TpHU

BBICOKOCKOPOCTHOM  (Ppe3epOBaHUM C MNEPEMEHHBIM NPUITYCKOM C OOecrneYeHrueM
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IIEPOXOBATOCTH MMOBEPXHOCTH IO mokazatento Ra/Rz, pazpaboran anropurm (PucyHok
2.6) [30].

HcxoaHsiMu TaHHBIMM AJis1 pacdeta sBisitorcs (biok nanueix 1, Pucynok 2.6) -
MoKa3aTelu IIepOXOBATOCTH oOpabaTtbiBaeMoro KoHTypa Rz wunmum Ra, BenmumHb
IPUITYCKA tmax U tmin, BBICOTA (hpe3epyeMoro KoHTypa h, mapamerpsl gppessl - auamerp D
U 4HCII0 3yObeB Z, CKOPOCTh pe3aHus V, yneiabHas cuiia pe3aHus ais o0padaTeiBaeMOro
matepuana ke.

B Onokax npuHsATus penieHus 3 u 4 onpeaensercs NopsioK pacyeTa B 3aBUCUMOCTH
OT BHUJIa TpeOYEeMOro KauecTBa MOBEPXHOCTU. B O0kax mponeccoB S5 — 7 BBITOIHSIETCA
pacder mojadyd Ha 3y0 B 3aBHCHMOCTH OT BBICOTHBIX IapaMeTpPOB HEPOBHOCTEW Ha
00paboTaHHOM OBEPXHOCTH.

PacueT onTuManabHOM TOJIIMHBI CTPYKKHA MPOU3BOJIUTCA B OJOKE pacuera 8, OJuH
U3 KPUTEPUEB - MUHUMAJIBHOE 3HAYEHUE NPUITYCKA, T.K. B 3TOM CIIy4ae BEJIMYHNHA [101a41
MHCTPYMEHTa OyJeT MaKCHUMaJIbHOW TMpU oOOecrieueHHH TpeOyeMbIX I1apaMeTpoB
KauecTBa MoBepxHocTU. Ilpu 00paboTKe Y4yaCTKOB € MaKCHUMAaJbHBIM IPHUILYCKOM
BEJIMYMHA MOJa4Yu OYyJeT YMEHBIIAThCA, 4YTO TapaHTUPYET IIOJYyYEHUE BBICOTHBIX
napamMeTpoB HEPOBHOCTEW B Mpejenax, 3aJaHHbIX YEPTEKOM.

Jlnst monmydeHus TMOMHOW WMH(OpMAIMU O MpoIecce KOHTYPHOTO (hpe3epoBaHUs
U3JIETUH € TIEPEMEHHBIM TNPHUITYCKOM BBIMOJIHSIOTCS pPacyeThl MaKCUMalbHON U
MUHUMaJIbHONH MUHYTHOM NoJ1auu B OJl0Kax pacyera 9 — 12, a Takyke MOIIIHOCTH pe3aHus
HeoOxoauMon i peanusanuu toi oneparuu (biok pacuera 13, Pucynok 2.6). Ha
nevyaTh BBIBOJUTCS PACYETHOE 3HAYEHHE ONTUMAJIbHOM BEJIMUYMHBI TOJIIUHBI CTPYKKH,
IpU KOTOPOH 0OecriednBaeTCs 3aJJaHHOE KaueCTBO MOBEPXHOCTU. A TakKe CIIpaBOYHbIE
MaTepuabl, XapakTepu3yrollue npouecc ppe3epoBaHus — NOKa3aTeNN MIEPOXOBATOCTH
MOBEPXHOCTH, MHUHHUMAJIbHOE W MaKCUMaJIbHOE 3HA4Y€HMs] MPUIYCKOB, JUAana3oH

HU3MCHCHMU 110Ja4 1 MOIIHOCTD HOTp€6Ha$I Ha PC3aHuC.
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1 Beojg vcxoiHisn AanHsx IEpoo8aToCTE NOREPEHOCTA (F20 ), pemmsuHE npanyeros (fmactmim),
rmyduHa peaadus (h); guasetp dpess) (D), yucno 3ySses dipestl (), CKOpPOCTs pesaqua (V)
yAENsLHAn CHNa pesasna (ko)

!

2. Pacyer yacna ofopoTos gpeast
n= (V108 0), oS

:

Da
m Het
¥ s y
6. PacuyeT nogauu Ha ayd dpesel: 5. PacueT nogaqn Ha ays cpese 7. Pacyer nogayqn Ha syd dpeas!;
Sz=0.2-{0 RzMPY mealayd Sz=0,35(D RalM0F)e, maizyd Sz=0.45"(D-Ral107)}s, miayd
[ e |

h
8. PacueT TONWMHL! CTRYAKM
gmaxmd  Sr [nimd D = (il 005, M

¥

9. PacyeT Masc. Nnogadyn Ha sy dpedsl:
Semarm(. 5 amay D e " D-dmin®) Vs, Maiaya

!

10. PacweT MakcusansMon MARYTHOR Nogaqge
Sund max = Srmax Z N, MMMAH

'

11. Pac4eT MUH. nogadu Ha ays dpesol:
Szmin=0.9"amax W tmax D-tmax®)¥a, Mmiays

!

12 PACYET MUHHMANEHON MAKYTHOR NOgaum;
S min = Szrin 271, MAMMUAH

'

13, PacyeT MOWHOCTH PESAHWA.
Nopes=(tmax h-V-kcW(B0-100°), kBT

v

14, PesynbTaTel NDOEKTMPOBAHWA. TONWMHE CTPYHEN (&max ),
ChpaseqHo. IEpoXoBaToCTh NOBEPEHACTA (RrRe ), BEMMHUHE NRANYCKOR (fnalmin ),
nogaqm { SudH mind Sudd max); MOLWHOCTE pe3adua (Neea)

OroHYaHUE

Pucynox 2.6 - Anroputm onpeneneHus 3Ha4€HUSI TOIIIUHBI CTPYKKUA B 3aBUCUMOCTHU

OT 3aJIaHHBIX XAPAKTCPHUCTUK Ka4YCCTBA ITIOBEPXHOCTHU

B cootBercTBuM ¢ anroputmMoMm Ha Pucynke 2.6 paszpaborana B CYBJl Microsoft
Office Excel mporpamma pacuéra pexXMMOB KOHTYPHOTO (ppe3epoBaHMS B 3aBUCUMOCTH
oT TpeOoBaHWII K KadecTBYy oOpabarbiBaemMol moBepxHOCTH. Ha pazpaboTaHHyro
KOMITBIOTEPHYIO ~ MpOrpaMMy  TOJIydeHO «CBHAETENBCTBO O  TOCYJIapCTBEHHOMN

peructparuu nmporpammbl st DBM»y (IIpunoxxenue B) [59].
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[IpoBepka JOCTOBEPHOCTH MPOTPAMMBI  pacueTra yCJIOBHM  KOHTYPHOTO
dbpe3epoBaHusl U3IEIHNA C MMEPEMEHHBIM NPUITYCKOM  OOECIICUYMBAIOIINX TapaMeTpPhl
HEPOBHOCTEH MOBEPXHOCTH, BBITIOIHIACH MACIITAOHBIM KOMITBIOTEPHBIM IIJIOCKHM H
00BEMHBIM MOJCIIUPOBAHUEM W TOATBEPAMIIA PE3yIbTaThl pa3paOOTAHHOW METOIUKHU
(I'maBa 4).

Pa3paboTanHoe pemieHHe NPUMEHHMO TIPH  MPOCKTUPOBAHWHM  OIEpariuit
TPaJAUIIMOHHOTO KOHTYPHOTO (hpe3epOBaHUS IIOBEPXHOCTEH C IEPEMEHHBIM I10 BEJTMUNHE

IIPUITyCKOM Ha ctaHkax UIIY.

2.2.3 Peaqu3anuy aBTOMAaTU3MPOBAHHOI NMPOEKTHOM 3a/1a4M onpe/iesieHust
YCJI0BHI1 o0ecriedeHNs reOMeTPUYEeCKUX IapaMeTPOB KauyecTBa MOBEPXHOCTH NPH

MUIYH:KEPHOM BBICOKOCKOPOCTHOM (pe3epoBaHusA

MeTon BBICOKOCKOPOCTHOTO IITYHXXEPHOTO (Ppe3epoBaHusl MPUMEHSETCA TpU
o0Opabotke Ha crtanke ¢ YIIY konoaueB, KOHTYpPOB HJIM OOBEMHBIX MOBEPXHOCTEH U
3aKJII0YAeTCSi B  YEJIHOYHOM BEPTUKAJIBLHOM JBIDKCHUM KOHIEBOM (pe3bl B
oOpabatbiBaeMblii MaTepual no ocu Z. Mcnonb3yeTcs Mpu BbUIETE HHCTPYMEHTA 00JIbIIE
geM 4D dpessl, pu 00paboTKe AeTaneit Majgol KECTKOCTH M MpU 00pabOTKE YIJIOB
KOJIOJIIIEB C MaJibIM paguycoM ckpyriienus. [Ipu mporpaMMupoOBaHHH TLTyH)XEPHOTO
dbpesepoBanus B CAM-cucteme, 3a CUeT 3aJjaHus BETMYMHBI TUCKPETHOTO MEPEeMEIICHUS
mo ocsiM X u Y, MpU U3BECTHBIX MapaMeTpax PEXYIIEro MHCTPYMEHTA, MOSIBISETCS
BO3MOXKHOCTh Pa3pabaThiBaTh YIPABIIONIKNE TPOTPAMMBI, 00ECTICUNBAIOIINE 3aITaHHBIC
BBICOTHBIE TE€OMETPHUYECKHE IapaMeTpbl KauecTBa oO0padaThiBaeMON MOBEPXHOCTH,
dbopmupyembie B Buae «rpebemkay. [IpobGrema HCMOIB30BaHMUS TaKOTO BapUaHTa
BBICOKOCKOPOCTHOU (ppe3epHoit 00pabOTKHU OCIOKHSAETCSI OTCYTCTBHEM PEKOMEHIAI
MO0 yOPaBJICHUIO TE€OMETPUUECKHUMH TapaMeTpamMH KadecTBa IMOBEPXHOCTH B

3aBUCUMOCTH OT ITapaMeTPOB PEXKYIIETro MHCTPYMEHTA U YCIOBUH (pe3epoBanus [62].
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Jlnst permenust chopMyTHpPOBAaHHON TPOOJIEMbl TpeOyeTCsl ONPEACIIUTh BIUSHUC
yCIIOBUH (ppe3epoBaHUs, BHIA PEKYIIETO WHCTPYMEHTa Ha (OPMHUPYEMbIC BBHICOTHBIC
reOMETPUUYECKHE TMapaMeTphl HEPOBHOCTEH Ha 00pabOTaHHOW TOBEPXHOCTH B BHJIC
«rpedemikay. HeoOxoaumo pazpaboTaTh MaTeMaTHYeCKUE 3aBUCUMOCTH, OTPaXKaroIInue
CTCTICHb BIIMSHUSA YCJIOBHW (pesepoBanmsi W auaMeTpa Qpe3sl Ha MapameTpsbl
HEpPOBHOCTEW Ha oOpabaThiBaeMON  MOBEpXHOCTH. Pa3paboTaTe  aJrOpuUTMBI
aBTOMATHU3HPOBAHHOTO pacueTa yclIoBUil (ppe3epoBaHus B 3aBUCUMOCTH OT TPeOOBaHUN
K KadecTBY TOBEPXHOCTH, TNPEJIOKHUTh METOJOJOTHIO TPOCKTUPOBAHUS TaKOH
OTIEpAaIIHH.

[Tpu numyH)xepHOM (pe3epoBaHUN KOHTYpPOB OOpabOTKa OCYIIECTBISETCS HE
nepudepuitHoi, a TOPLEBOM YACThO MHCTPYMEHTAa, 4YTO JaET oOIpeaciEéHHbIe
NPEUMYIIECTBA, TaK KaK MPU 3TOM NpeoOIafaroT HE paauaibHbIe, a OCEBbIC CHUJIBI
pe3aHusi. DTO 3aMETHO CHUYKAET yPOBEHb BUOPALIUY CUCTEMBI, TOTPEOIISIEMY IO MOIITHOCTh
U IIyM, TIOBBIIIAET CTOMKOCTh MHCTpyMeHTa. CyTh METO/Aa 3aKII0YaeTcs B TOM, UYTO
UHCTPYMEHT COBEpIIAECT BEPTUKAJIBHBIE TEPEMEUICHUs] OT IUIOCKOCTH MPUBS3KU
KOHCTPYKTHUBHOTO 3JIEMEHTA JI0 OBEPXHOCTH (JHA) C IUIABHBIM OTXOJ0M B CBOOOJHYIO

30HY M TIEPEX0/I0M Ha cienytommii cermeHT (Pucynok 2.23) [31].

Pucynox 2.7 - KomnstorepHas Mozesib GopMUPOBaHUSI HEPOBHOCTHU TIPH ILTYH)KEPHOM
dbpesepoBanuu: 1 — KOHTYp (Pppe3bl; 2 — 0OpadaTbiBacMasi MOBEPXHOCTh; V —

HaIpaBJeHHe BpallleHus (ppe3bl; S — HanpaBieHue nojaayuu (Gpesbl BOJb
00pabaTbeIBaeMOil MOBEPXHOCTH; Nrp — BBICOTA «Tpebderikay; ap — ITyOnHa pe3aHus; Sy -
BEJTMYMHE OJTHOKPATHOTO CMEIIeHUsI (Ppe3bl BIOIH 00pabaThiBaeMOi TOBEPXHOCTH;

Irp = Sx — mmHa ocHOBaHuMs «rpedenka»; D — muamerp dpessr
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Cxema ¢GopMHpOBaHHUS HEPOBHOCTH Ha 00pabOTaHHON IMOBEPXHOCTH TIPH
IUTYH)XEpHOM (pe3epoBaHUM IOKa3aHa Ha Pucynke 2.8. Benunuuna nepexoxa mpu
(GuHUIIHON 00pabOTKE pPACCUMTHIBAIOTCS HUCXOAS W3 IApaMeTPOB HHCTPYMEHTa M
3aJJaHHOW BBICOTHOM BETMYMHBI «rpedemka». IToT BuUI 00paboTKu >PPEKTUBHO
OpUMEHsAETCs NpHU (ppe3epoBaHUM TOHKOCTEHHBIX H3JENNH, IITyOOKMX KAapMaHOB H

HOHOCTCﬁ, IIpHU OIrpaHUYCHHOCTHU CTaHKa 110 MOIMHOCTH U KPYTAIIEMY MOMCHTY.

0
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Pucynok 2.8 - KomnbroTepHOE MOJACIUPOBAHUE OMPEAECIECHUSI TEOMETPUUECKUX
MapaMeTPOB IMOBEPXHOCTH MPH ILTYH)KEPHOM (pe3epoBaHuu: Nrp - MaKCUMaIbHAs
BBICOTA HEPOBHOCTH; SX — BEJIMYMHA OJTHOKPATHOTO TIepeMelieHus Gppesbl B

HanpaBJIeHUU ocu X; Irp - JUTMHA OCHOBaHUS «rpeOeIKay

[Ipy Ha3HAYEHUM YCIOBUH BBICOKOCKOPOCTHOIO (PHHMIIHOIO IUIYHXKEPHOTO
(dpe3epoBaHus, IPU JOPAOOTKE YIVIOB C MaJIbIM PaguyCoOM CKPYTJIEHHUS WU 00pabOTKU
HEKECTKHX JeTajell HeoOXoauMOo pelaTh 3aJady IO OMNPEIEeNICHHUI0 HEOoOXOIUMON
BEJIMYMHBI OJTHOKPATHOTO MepeMenieHust ppe3bl Sxy BA0b ocei X unu Y B 3aBUCUMOCTH
OT TpeOOBaHUH K KaueCTBY MOBepXHOCTH Rz nin Ra, 0003HaueHHOM Ha YepTEXKe AETaIH.
Ceenenuii 00 onpeeNneHny BeJIMYMHBI OAHOKPATHOIO MepeMelieHus no ocsim X wim Y
B 3aBUCUMOCTH OT TpeOOBaHMM K KayeCTBY MOBEPXHOCTH B OTKPBITHIX HCTOYHUKAX

HCOOCTAaTO4YHO.
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VcXomHBIMU JAaHHBIMH JUISI pacdeTa SIBISIIOTCA — JAHAMETp HWHCTPYMEHTa H
TpeOyeMble mapaMeTphl KadecTBa MoBepXHOCTH Rz vun Ra. Ilpu aToM BeIcOTa Ipederka
JUISL TaTbHEHUINUX pacyeToB uynciieHHO paBHa hrp = Rz wim hrp = 4-Ra ipu Ra>12,5 mxm
u hrp = 5-Ra nmpu Ra<12,5 mxm [49].

Bennunnaa oTHOKpaTHOTO miepeMeIieHrs SXY B0k ocel X uin Y, IIpU U3BECTHOM
muametpe ¢pe3bl D, mus obecriedueHrss TEOMETPUUYECKHX IMapaMEeTPOB IMOBEPXHOCTH,

0003HAYCHHBIX Ha YEePTEKE, pacCUUTHIBAaETCs 110 hopmyite (6):

Sxy = 2-,/hrp/103(D — hrp/103), (6)

rze Sxy - BeJIMUMHA I1ara rnepemMenieHus Gpesbl B HanpaBieHuH ocu X win Y, MM;

hrp - MakcHMalTbHasT BEICOTA HEPOBHOCTH, MKM;

D — nuameTtp dpessbl, MM;

JInst BBIMONHEHWS pPacy€TOB pa3padOTaH aJIrOpPUTM ONPENEICHUS BEIUYHHbI
nepeMenieHuss Sxy mo ocsiM X win Y B 3aBHCHUMOCTH OT TpeOOBaHMII K KadecTBY
noBepxHocTH (Pucynok 2.9).

JI71st MpOBEPOYHOrO pacuera Mo noTpedaseMol MOITHOCTH PE3aHusl U CPABHEHUS C
BO3MOYKHOCTSIMH CTaHKa HCIOJIB3YIOTCS JaHHBbIC — BEJMYMHA Mojavu 1o ocu Z — fz B
MM/00, MOIITHOCTH cTaHKa Pcr B KBT 1 ynenbHas cuiia pe3anus JUisi JaHHOTO MeTajlia KC
B H/MmMm? (O11ok 1, Pucynok 2.9).

B 61okax npunsitus pemennii 2 u 3 (Pucynok 2.9), B 3aBUCUMOCTH BHJ1a UCXOTHOM
MH(pOpMaIUU O BBICOTE HEPOBHOCTH, ONpEIesAeTCs JalIbHEUIINI NopsAaoK pacyeTa. [Ipu
3HAQYEHUU BBICOTHI HEPOBHOCTH, 0003HAUEHHON Yepe3 Rz, pacuer nmpogoipkaercs yepes
0J10K mporiecca 4.

Ecnu mapameTrpsl HepoBHOCTEM 0003HaUeHbI Yepe3 Ra, To pacuer AJid BEIUYUHBI
Ra >12,5 MxM BBIIIOJIHSETCS Yepe3 OJIOK mporiecca 5, a Jyis BeauuuHbl Ra < 12,5 Mkm
yepe3 Onok mnpouecca 6. JlanpHelilee BBIUKMCIECHUE YCIOBUH (pe3epoBaHus,
00ecIeynBaIIMNX 33JaHHOE KaueCTBO MOBEPXHOCTH, BBINOJIHAETCS B OJIOKax mpoiiecca
7-11 (Pucynok 2.9). T.x. 1 ganbHEHIINX pacy€TOB UCIOJIB3YETCA YUCIEHHOE 3HAUEHUE

paauyca @pe3sl R, BoIonHseTCS pacuéT 3Toi BennuuHbl B 010ke 7 (Pucynox 2.9).
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/

1._BBog MexoaHbix AaHHBX: Rz/Ra, men; D, v,
ke, Him®, Per, kBT, fz, mMminH

5. hrp = Rz, mEm

4. hrp=4- Ha, mem

|

Bl I

7. Pacuet pagpyca peas):
R =072 mm

¥

B. Pacuet BeicoThl TpeyronsHuka AQB:
OC =R - hrp/10°, M4

v

9. PacueT ocHoeaHuA AC TpeyroneHuka ACO:

AC = (hrp(2-R - hrp10%)10%) % , nawa

v

10. PacdeT nepemeuedis no ocam X u Y.

Sxy(AB) = 2-AC, Mm

y

11. PacueT mMowHocTh dhpeszepoBaHina:
Pepp = (D Sxy fr-ke)/60*10°BT

KoppekTupoBka

12. Pbp <PcT MCXOAHBIE JaHHX

Pucynok 2.9 - Anroput™m peanu3anvi MaTeMaTHYeCKON MOJEIN ONPEAECTICHUS YCIOBUI
TUTYH)KEPHOTO (hpe3epoBaHus JJig 00ecTieueHUs 3a/IaHHBIX TapaMeTPOB

ICOMCTPHUCCKHUX ITIapaMCTPOB Ka4CCTBA IIOBCPXHOCTH

Pacuér BicoTst OC tpeyronsauka AOB BeimomnHsiercs B 6:10ke 8 (cMm. Pucynox 2.9).
B 650ke 9 BeimomnHsercs pacu€t ocHoBanust AC tpeyronbauka ACO (cMm. Pucynok 2.8).
Pacuér HeoOXoaMMOoro 3Ha4eHUsI BETUYMHBI OJTHOKPATHOTO MEPEMENICHUSI SXy B MM I10

ocsim X unu Y 17151 o0ecriedeHust 3aJaHHbIX TTapaMEeTPOB KaueCTBA BHITIOIHSIETCS B OJIOKE

nporiecca 10.

CnpaaouHo: LI2poX0BAaTOCTE NOBEPXHOCTH

13. PeaynbTartel NpoekTMPOBAHUA:
nepemMeLleHle No ocAM X n Y (Sxy).

{Rz/Ra); anameTp dpess ()

OroHuaHne

6. hrp=5- Ra, MEm
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B Onoke 11 (PucyHok 2.9) BbINOJMHSAETCS pPacy€T 3HAYEHUs MOTpeOIsieMoin
MoIIIHOCTH Ha pe3anue Pop B kBT, a B 6510ke 12 BBINOIHSAETCS CpaBHUTENbHBIN aHAIN3
noTpedIsIeMOi MOIIHOCTH Ha pe3anue Pop u pakTrueckoil MOIHOCTBIO cTaHka Per, mpu
MPEBBIIICHUH TOTPEeOIIEMO MOILTHOCTH Ha pe3aHue HaJl (PaKTUYECKOW MOIIHOCTBHIO
CTaHKa, BBIMOJHIETCS KOPPEKTUPOBKA UCXOAHBIX JaHHBIX B Osoke 1 (Pucynok 2.9) B
CTOpPOHY yMeHbIIeHus. [Ipu BBIMOTHEHNH yCIIOBUH, OTpaXXeHHBIX B O10ke 12 B O6moke 13
dbopMupyroTcs pe3ynbTaT pacuéTa — BEIUYHMHA IEPEeMEIIEeHUs MO OCAM Sxy. OTo
3HAYCHUE Yepe3 OKHO AMAJIOra 3aHOCUTCS B CUCTEMY JJIS BBINOJIHEHUS AAIBHEUIINX
pacyeToB.

B cootBercTBUM ¢ anroputMoM Ha Pucynke 2.9, pazpaboraHa mporpaMma pacuera
3aBHCHUMOCTH BBICOTBI «TpeOelIKay OT YyCIOBUN (hpe3epoBaHUs — AuaMeTpa (ppesbl U

BeIMUMHBI epemertenus o ocsim X u Y (ITpunoxxenue B) [31].

2.2.4 Peanu3zanuu aBTOMATU3HMPOBAHHOM NMPOEKTHOM 3a1a4u ONpeaesieHusl

TPAEKTOPHH ABHKEHUS HHCTPYMEHTA MPH BHICOKOCKOPOCTHOM (ppe3epoBaHNH

[Ipy BBICOKOCKOPOCTHOW 00paboTKe HEoOXO0AUMO OO€CeYnuTh CHUKEHUE
JUHAMUYECKUX HAarpy30K BO BpeMs pE3KOMl CMEHbl HalpaBJICHUs JABUKCHUS
UHCTPYMEHTA, MAaKCHMAJIbHO BO3MOXXHO€ MCKJIIOUEHHE YIVIOB Ha TPAaEKTOPUU
peanm3anuerd anroputMma crimaxkuBaHus (PucynHok 2.10). OgHo w3 TpeboBaHWMiA,
NPENBABISIEMBIX K CUCTEMaM MOJEIMPOBAHUSA, BO3MOXXHOCTh JIETKOTO M HAJEXKHOTO
MOJICIIUPOBAHUS PAJANyCOB CKpyTiieHus [19].

MuHUMaNbEHO BO3MOXKHBIN PAIMyC IOBOPOTA TPAEKTOPUU HHCTPYMEHTA, UCXOMS U3
npeeibHbIX 3HAYEHUN YCKOpEHHUs, 00ecleuuBaeMbIX NMPUBOAAMU cTaHKa. CKOpPOCTh
nepeMeIeHUs] OCH MHCTPpyMEHTa (MUHyTHas noaada) Vf, m/muH, paBHa (7):

Vi = (Vpesfz:Z)/(nD), (7)
rae Vi- CKOpOCTh NEPEMEIICHHS] OCH MHCTPYMEHTA (MUHYTHAs 10/1a4ya), M/MUH;

Vpes - CKOpoCTh pe3anusi (OKpy>kHasi CKOPOCTh), M/MHUH;

fz - momaua Ha 3y0, MMm;
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Z - 9ucio 3yObeB;

D - nuametp dpe3ni, Mm.

Pucynok 2.10 - MUHUMaIIBHO BO3MOXKHBIN paInyC Ha TPACKTOPHUH IBUKEHUS
MHCTpYMEHTa (BUJI 10 HampasjieHUIo ocu Z): 1- aetaib; 2 — ¢pesa;3 — TpacKTopus

JIBWKEHUSI MHCTPYMEHTA; 4 — paJiuyc CKpYIJICHHs TpaeKTopuu Rmin

MuHUMaJIBHO BO3MOXXHBIH paamyc Rmin, MM, ¢ y4eToM 3THUX TapaMeTpoB TpH
IPOTPaMMUPOBAHUH TPACKTOPUH JABKEHHSI HHCTPYMEHTa paBeH (8):

Rmin = V?/(3,6:a), (8)
rie Rmin - MUHWUMaTbHO BO3MOXKHBIM paadyc Ha TPAaeKTOPUH JIBMKCHUS
UHCTPYMCHTA, MM;

Vf - cKOpOCTh TIepeMeIeHUs] OCH HHCTpyMEeHTa (MUHYTHAs 10/1a4a), M/MUH;

0. — MakKc. JIOIyCTUMOE YCKOpeHHe, oOecrednBacMoe IMPHUBOJAMHU CTaHKa (AJis
TPYIAHOOOpabaThIBAEMBIX MaTepuaioB KO3 UITUEHT 0,006, a TUTSI
nerkooOpabarsiBaembix — 0,008), m/c?.

JI71sl CHUKSHHSI IMHAMUYECKUX HAarpy30K M paBHOMEPHOW HArpy3KH HA UHCTPYMEHT
TIPY BEICOKOCKOPOCTHOM 00pabOTKe UCTIOIB3YIOTCS CITUPATbHBIC CTPATETHH 00paOOTKH B
BUJIC TPOXOUJAILHOTO KPYrOBOTO (pe3epoBaHUSI C OJIHOBPEMEHHBIM JMHEWHBIM
nepemerienueM. [Ipy TpoXOoHIaIBEHOM IBUKCHUN WHCTPYMEHTA CBOJUTCS K MUHUMYMY
HarpeB 3aroToBKH W (Ppe3bl, T.K. KPUBOJWHEHHBIC TPACKTOPHUH MHUHHMH3UPYIOT YTy

3alCIIJICHUA.
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K npernmy1iecTBaM 3TOro MeToja ciaeyeT OTHECTH CHIYKEHUE BUOPALIHiA, BRICOKYIO
CKOPOCTb M TOYHOCTb 00palOoTku [75]. [lapameTprl XapakTepU3yIOIUMU TPACKTOPHUIO
TPOXOUIATBHOTO (ppe3epoBanusi — mupuHA U mar (cM. Pucynok 2.11).

Benuunna mara tpoxouasl (Pucynok 2.11), nmpu uzBectHom auamerpe ¢pessl D,
Uiss  0o0ecreyeHHusl T€OMETPUUYECKHUX IapaMeTpOB IIEPOXOBATOCTH IOBEPXHOCTH,

0003HAYEHHBIX Ha YepTeke, paccuuThiBaeTcs no ¢popmye (10):

hrp = 2:y/hrp/103(D — hrp/103), (10)

e Ntp - BeMUYWHA 1Iara TPOXOUIBI, MM;
D — nuameTtp dpessbl, MM;
hrp — TpeOyeMoe BBICOTHOE 3HAYCHHE HEPOBHOCTH (Tpedelka) B 3aBUCUMOCTH OT

napameTpoB MIEPOXOBATOCTH, OTIPEIETSETCS pacueToM 1o Gopmyiie (3), MKM.

1 3

2 / b

Pucynox 2.11 - [TapameTpsl TPOXOUIATLHOTO ABMKEHUS HHCTPYMEHTA (BU/T TIO
HarnpasieHuto ocu Z):1 — neranb; 2 — ¢pesa; 3 — TpacKTOpHs IBMKCHUS HHCTPYMEHTA

10 TPOXOUJE; a — IIUPHUHA TPOXOUABL; b — mar Tpoxousl; Vf —HanpaBieHue nojiaqu
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PacueTHble 3HaueHUs IIara W MIMPUHBI TPOXOMJIBI 3aHOCSATCS B TabJO Juaiora
®pe3epoBaTh B 3aKiajKke BrICOKOCKOpOCTHAS ITPU MPOEKTUPOBAHUU OTIEPALIUU.

JI71s1 KOMIUIEKCHOTO pacyeTa C YYETOM COJEp)KaHUsl pelIeHUN MpPOEKTHHIX 3a7ad
NPUMEHUMBIX K KOHKPETHOMY TEXHOJOTHYECKOMY TMpOIecCy pa3paboTaH eIuHBIN
AITOPUTM ONPEJCIICHUS] BCEX MEPEUYHMCICHHBIX BbIle mapamerpoB (PucyHok 2.12).
Pe3ynbTaThl BBINOJIHEHHBIX BBIUMCICHHI MPOEKTHBIX 3a]ay, UCXOHSl M3 MCXOIHBIX

JaHHBIX, YCPC3 OKHA AUAJIOTa 3aHOCATCA B CUCTEMY JJIA I[ﬁJIBHCﬁIHCFO IMPOCKTUPOBAHMNAL.

/ 1. Beog McxogHbix gadHbIx: WepoxoBaTocTs(Rz/Ra); pagmyc KpoMeW MHCTpYMeHTa {rs];/

awameTp dpesel(D); uucno 2ybees dpezri(Z); Makc. 4ONYCTHM. yCrOpeHWe cTaHkal(a);
CKOPOCThL pe3aHnA (Vpea); yron HaknoHa NoBepxHocTH (¢°)

3
5 hrp= Rz 4. hp=4 Rs 6. hp=5 Rs

l ple |
v

7. PacueT nepemelleHna no ocu Z;
hz = 2.cosa{hap(2:ra - hapT0*W10%)%%,

¥

8. Pacuet nogaun Ha 3y5 dpeak:
5z=2(D-hrp10%)%%

)

9. PacueT TonNWMHE CTPY®KEN:
amax=2-Sz-(fmind D-{ bnin/ D)?)

Y
10. PacyeT ckopocTi nepemMeLLieHis WHCTPYMEeHTa
V= (Vpea Fz ZW(m-00)

Y

11. PacueT paguyca TpaekTopui ABVHEHWUA
Rmin= VEN3.6-@), mm

¥
12. Pacuer WwWhpkHisl TPOXOMAE!
brp =020, tam
v

13, PacueT wara TPOXOMkI
frp = 2-(hep (D - hep10°)10%) Y2, nam

Y

10. PeaynkTaTel pacyeta: nepemelleHne no ook Z (hz), TonwmuHa cTpysK (amax), paguyc
nepeMeLLeHnA MHCTPyMeHTa (Rmin); WWpkHa Tpoxowasl {bmp); war Tpoxouas! (Ap)

Y
ADEM
CAD/CAMICAPP

Pucynox 2.12 — AATOpUTM KOMIIJIEKCHOTO PEIICHUS MPOSKTHBIX 3a/1a4 IPH

aBTOMATU3WPOBAHHOM MPOEKTUPOBAHUHU BBICOKOCKOPOCTHOU (Ppe3epHoit 00paboTKU Ha

crtagkax ¢ UIlY
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2.3 IlonyyeHue nuppoBOro ABOITHMKA TEXHOJIOTHYECKOI0 Mporecca

BbICOKOCKOPOCTHOIO (ppe3epoBaHus Ha cTanke ¢ YITY

B pesynpTaTe aBTOMATHYECKHX JEHCTBHUH CHCTEMbl Ha BBIXOJE (OPMHUPYETCS
UppPOBOK JBOWHHUK TexHoJormueckoro mporecca (anrmr Digital Twin, DT)
BBICOKOCKOpOcTHOro (pesepoBanus [11; 12; 53]. LludpoBoit 1BOMHUK IMPEACTaBIsACT
coboii ¢aiin B cuctreMe ADEM B ¢Qopmare *adm c¢ mnonHodt wuHbopmaimen o

pa3paboTaHHOM TeXHOoJIoTHYecKoM mporecce (Pucynok 2.13).

Oxro npoexTa g *x
=5 &
Zaroroexa

= 5 Tenonormecximl npouece Mexariweckon oopabonm Obomavenme:  H

v Tensmeckne peSosamma Npimvevarine: [Ina co3paring MoBoro Texm

TpeGosasmn Gesonacroctn Mpwvewarsse: [ns cospasmna Hosoro Tped
005 NPOrPAMMHAR NCT-90, Ofpafamsisaous uestp ¢ YNY

@ 3aroroexa

[=

ry ’

Bt

@:  Havanohas TouKa 06patoTK
£ NMnockocms xonocten xoa0e
¥ » 1. Yerarosums v 3aKkpenuts 3aroTonky
¥ & 2. Ppeseposats xonogeu
¥ ‘n. 3. Ppeseposats xonoaeu
+ L 4. PpesepoBatb CTEHKY
» 5. CHAT neTanb u yNnoXuTs B Tapy

Pucynox 2.13 - [{ludpoBoii TBOMHUK TEXHOJIOTHYECKOTO TIporiecca Gppe3epHoi

00paboTKH

[Ipu pabGote ¢ stuM (DailioM pa3pabOTUUK MOMKET BUPTYAJIbHO HCCIEI0BAaTh
3¢ (HEKTUBHOCTH BHIMIOJTHEHHOTO MPOEKTA MEHSISI B POTPAMMeE YCIIOBUs 00pabOTKH uepes
okHa auanora (Pucynok 2.14). B 6moxe 2, B moxyne CAD, npu He0OX0IMMOCTH, MOYKHO
u3MeHATh popMy oOpabaTbiBaeMoit netanu [76]. B O6moke 4 3aHOCATCS 00IIME CBEICHUS
0 TEXHOJIOTHYECKOM Ipouecce. B 61oke 5 koppektupyercs Moaens o0opyaoBanus. B
0JI0Ke 6 BBITIOJIHSIETCS MOJ00p mpucnocoOaeHus. B 010kax OCHOBHBIX MEPEX0JI0oB 7 U
Janee, MOXKHO H3MEHSATh BHJlI HHCTPYMEHTA, 3aHOCATCS JaHHBIC TOJyYCHHBIC B
pe3ynbTare pacyera 1mo pa3padoTaHHBIM aBTOpaMU MPOTpaMMaM o MoI00py PEKMMOB

pe3aHuA, TPACKTOPUHU IIEPEMCIICHNA NHCTPYMCHTA.
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PyuHod BB00 HHGGRMALHH

npoueccs +
2. Mogyne CAD » KoppekTapoeka
30D-mogens getanu 2.1 Mene usprexa - 30-mogena getand
3 Moayne CAMICAPP
4. O0was MHDOopMaUWa o 4.1 Tabno guanora Beog ofwmx gadHsix Ha
TEXHONOTMHECKOM NpoLecss - Ofwue faHHbe B TEXHOMNOTWMYECKWA NpoLece
51 Tabno guanora
5. CesneHua of onepauri B = Onepauns ] BeSop obopygosaHna
B Mudropmagua of 6.1 Tabno guanora
YETAHOBOMHOM MEpPENaE - YETAHOBOMHEIA Nepexog] N Beibop npucnocodneqits
v
7. Mnthopmauna of ocHoBHOM : 71 Tabne guanora Beog wHdopMaLmn
nepexoe (1) D peIepoBaTh - BH KOHCTRYETHBHOMD 3NeMEHTE,
- BEIDOP pesYILEre HHCTRYMEHTA,

i
i
v

- BRG0P PEHAMOR PEIaHAR,

- GNpESenede TPAsKTopIM
ABANEHHA HHCTRYMERTA,

- BENWYHHA TONWWHEl CTR KA

T+n.  Hrdopwmaymwa no
Kaxgoumy Ma (n)

GCHOBHOMY NEpexogy

(7+n}.1. TaGno guanora ons
KR40I W3 (N) OCHOBHOTO
nepexona PpeseposaTs

Beoa MHEORMALLMIA MO Kaxkg oy
W3 [N} OCHOBHEIX NEPEXOO0E

¥

[

({7+n)+1). DopMUDOSAHAE TEKCTS
YNPABNAIOLYER NPOrpasMsl 1
MOAENAPOSaAHWE QRHHEEHIA
HHETPYMEHTA

v

{7+n)+2) OnpegeneHue
HOPMATHBOR BPeMEHA Ha
BuINONHEHAW OREPaLIAn

¥

([7+n}=3). DdopmvpoBaHue
KOMMNEKTa TEXHONOTHHECKDA
AOKYMEHTELWA

v

CEoHY aHHe

C )

Lo

ABTOMA THHECHAA PEXAM

Pucynok 2.14 - Airoput™ co3aHusi IpOTOTUIIA TEXHOJIOTMYECKOTO Mpoliecca C

MOMOIBIO LIMPPOBOTO JTBOMHUKA
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MonenupoBanue mporecca OoOpaOOTKHM Ha SKpaHE IMO3BOJISIET MPEAYCMOTPETh
BEPOATHBIE CITy4Yau aBapUIHBIX CUTYalUN. DT JEHCTBUS aBTOMAaTHUECKH OTPAXKAIOTCS B
TEKCTE€ YIpaBISIIOIIEH MpPOrpaMMbl, HOpPMAaTHBaX BPEMEHH, TEXHOJOTUYECKOM
JOKYMEHTAIlMU M SKOHOMUYECKUX MOKa3aTesx pa3padoTku. Takoi Moaxosa Mmo3BoJseT
y>K€ Ha CTaJUM TEXHOJOTMYECKOTO NMPOEKTUPOBAHUS, 0€3 JOPOrOCTOSIIEr0 HATYPHOIO
IKCIIEPUMEHTA, OIICHUBATh Pa3jMYHbIC BapUAHTHI mporecca oOpadoTku [54]. [Tpumep
OTOOpa)KeHUs LU(PPOBOro JTBOMHHUKA TEXHOJOTMYECKOIO MpOIecca BBICOKOCKOPOCTHOM

o0Opabotku neranu «Ilnura» npusenex B [Ipunoxenun XK.

2.4 BeiBoanl no I'1ase 2

1. Pa3paGoraHa CTpyKTypHas CXeMa CHUCTEMbl aBTOMATHU3UPOBAHHOMU
TEXHOJIOTUYECKOW MOJATOTOBKM MPOM3BOJCTBA M3IEIUN MAIIMHOCTPOCHHS Ha OCHOBE
aBTOMATU3allMM PEIICHUS TPOEKTHBIX 3a/Jad MPU BBICOKOCKOPOCTHOM (hpe3epHoit
o0paboTke Ha ctankax ¢ YITY.

3. BbIsIBIEHBI B3aUMOCBSI3M M YCTaHOBJIEHBI 3aBUCUMOCTH MEXIY MapameTpamu
pelIeHU MPOEKTHBIX 3a]1a4 BHITIOJTHEHUSI BBICOKOCKOPOCTHBIX (Ppe3epHBIX ornepaiuii Ha
crankax ¢ YIIY (mocnoiHoro 2,5-koopanHaTHOTO (hpe3epoBaHUsl 0ObEMHBIX U3EIHM,
palMoHaIBHOM YMPABICHUNA KOHTYPHBIM (ppe3epoBaHUEM C TIEPEMEHHBIM IO BEIUYMHE
NPUITYCKOM MW IUTyH)XXEpHOro (¢pe3epoBaHusi) U XapaKTEPUCTUKAMU KadyecTBa
o0OpabaTbiBaeMOii TOBEPXHOCTH.

4. PazpaboTaHbl MaTEMaTHYECKUE MOJICIIN, CO3aHbl aJITOPUTMBI U IPOTPAMMBI JIJIsI
aBTOMATU3UPOBAHHBIX PACUYETOB IMapaMETPOB MPOCKTHBIX 3a7ad JJisl BBITOJHEHUS
BBICOKOCKOPOCTHBIX (hpe3epHBIX omeparuii Ha crankax ¢ YIIY, obecneumBarommx
3a/ITaHHOE Ka4yeCTBO IMOBEPXHOCTH.

5. PaccMOTpeHbl BO3MOXXKHOCTHU CO3/1aHMsI HU(PPOBOTO IBOMHHUKA TEXHOJIOTHYECKOTO
Iporiecca BBICOKOCKOPOCTHOTO (¢pe3epoBannss Ha cranke ¢ UIIY wu omeHka

a(PekTUBHOCTH pa3padaThIBAEMbIX BApUAHTOB OOpaOOTKH, MO3BOJISIIOIIUX YXKE Ha
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CTaUK MPOCKTUPOBAHMS 03 JOPOTOCTOSIIEr0 HATYPHOI'O SKCIEPUMEHTA, OICHHBATH
pasIMYHBIC BAPUAHTHI IIPoiiecca 00pabOTKH.

6. Pe3yabpTaThl pabOTHI CHCTEMBI C ABTOMATH3UPOBAHHBIMH PEIICHUSIMH IPOEKTHBIX
3aj1a4 ONpeCICHIs TapaMeTPOB BRHICOKOCKOPOCTHOTO (hpe3epOBaHMUs COKPAIIAIOT BPEMsI
pa3paboTku ¥ 00BbEIUHSIOT (DYHKIMH TEXHOJIOra, MPOrpaMMHCTa U HOPMHUPOBINKKA B
oxHoM e [38].

Pe3ynbraTel uccienoBaHuii — (YHKIMOHATIBI U 3aBUCHMOCTH IO KaKIOMY BHIY
IPOEKTHBIX 3aa4 00eCIIeYeHnsI KaueCTBa MOBEPXHOCTH MPH (pe3epOBaHUU IPUBEIECHEI

B Ta0Omune 2.5.

Tabnuna 2.5 - Bua pyHKIMOHAIA ¥ 3aBUCHMOCTEHN ITPOSKTHBIX 3aJ1a4 JUIs pacueTa
HEOOXOIMMBIX TapaMEeTPOB MPU aBTOMATU3NPOBAHHOM MPOEKTUPOBAHUS

BBICOKOCKOPOCTHBIX (1)p€3CpHI>IX OHCpaI_II/Iﬁ JJIsA oOecrneueHus 3aJaHHOI'0 Ka4uCCTBa

IMOBCPXHOCTH
Bung, OyHKELMOHAN DyYHKLMA
thpezeposaHna
2.5-koopguHaTHoe | Ra{Rz) = flbopma | Ona nonyuyeHMA 3agaHHbIX NapamMeTpoe
dpesepoBaHne pemyLeld JacTK | WepoXoBaToCTH NOBEPXHOCTK Ha Magenuu Ra(Rz):
oBbemHbIx MHCTPYMEHTA; hz = 2-cosa®(hrp (2- ra — hrp/103)/103)1/2
M302nKid Ha dbopma roe jiz — mar mogagH HHCTPYMEHTA [0 OCH £, MM,
craHrax ¢ UMY ana | obpabaTtoieaemoid | rs - paguyc pemyLLein KPOMKEW MHCTDYMEHTA, MM;
NAOCKOTro NOBEPXHOCTH; a” - yron HakwnoHa obpabaTbiBaeMOM NOBEPXHOCTK
dpezepoeaHmnA war 3aroTOBKKM OTHOCHMTENBHO OCH Z, Tpaj,.
nepemelLeHma hirp —BbicoTHO® 3HaueHWe HepoBHOCTH (rpebelwka) B
MHCTPYMEHTa no | 2aBMCMMOCTK OT NapamMeTpoE WepoXoBaToCTH.
ocu Z) hrp = R_,npu zagaHHuu napameTtpa R_;
L <’[ 4'R,. np¥ sagaduu R, 1 R, = 12,5 MmKM;
5'R,, npuzaganu R, n R, < 12,5 mum
KoHnTypHoOe Ra(Rz) = | AnA nonyuyeHWA 2a03HHbIX NapameTpoB
bpesepoBaHMe fleennunnbl WepOoXOBaTOCTH NOBEPXHOCTH Ha M3genuu Ra(Rz):

NP« NepemeHHoM
no BefiMYMHE
NpMycKe

MPHNYCKa; BbICOTa
KOHTYpa;
napameTpbl

2

amax=4" |D'hrp/10° %—("ﬂ“) ,

rae amax — TOJWWHE CTPYHKM, MM;

’ dpesn; ckopocts | D — AnameTtp ppesbl, Mm;
pezaHua; hrp - MakcUmanbHanA BEICOTa HEPOBHOCTH, MEM;
yAenbHaa  cWna | tmin - MMHUMANBHBIA NPUNYCK, MM,
pezaHua)
MNMayHxepHoe Ra(Rz) = | AnA nonydyeHMA 3a03HHbIX NapamMeTpoe
bpesepoeaHme flaynamerp WESpOXOBATOCTHM NOBEPXHOCTH Ha u3genun Ra(Rz):
$peswi; noaaua Sxy =2 (hre" (D - hro/109)/10%))2,

no ocAm X un Y)

roe Sxy - BENMUYMHAE OOHOKPATHOMO NepemMellLeHMA
MHCTpyMeHTa saons obpabaTteieaemoit
noeepxHOCTM No ocAm X 1 Y, mm;

D — apameTtp dpeabl, mm;

hrp - MakcMManeHaA BbICOTA HEPOBHOCTH, MKM.
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TJIABA 3 PEAJIM3AIIMS HAITPABJIEHUN KOHIIEIIIIUA
«AHAYCTPHA 4.0». OIPEJEJEHUE NOKA3ATEJIEH
3ODEKTUBHOCTU JEACTBYIOIEIO ABTOMATHU3UPOBAHHOI'O
MMPOU3BO/JCTBA

AKTYaJlbHOCTh BBITIOJIHEHUS POBEICHHBIX UCCIEA0BaHUI 00yCIOBIEHA POCTOM
MacmTaboB pabOT MO HHTEHCU(PHUKAIMKA U KOMIBIOTEPU3AIMH TEXHOJIOTUYECKOTO
MPOU3BOJICTBA, KOMIUIEKCHOW aBTOMAaTHU3allMi U UHTETPUPOBAHHOIO YNPABJICHUS CEThIO
TEXHOJIOTUYECKUX MPOLECCOB. ABTOMATH3alUs IOJYYEHUS] HCXOOHBIX JAaHHBIX H
pacyeToB TpU TEXHOJOrm4yeckod mnoaroroBke mnpousBojactBa (TIIII) MHoOrokxpaTtHo
MOBBIIAET 3(PPEKTUBHOCTh U KAYECTBO PEIICHUS MPOEKTHBIX TEXHOJOTHUECKUX 3adad
[60]. CocraBustomeit yacteto TIIII mpu 3amycke NpOWM3BOACTBA HOBBIX H3IEIHI
SABJISIETCA OIpEJeJICHUe HOPMAaTUBOB BPEMEHM W HOpPM BbIpaOOTKH. B mporuecce
YCTAaHOBUBIIETOCS TMPOU3BOJACTBA HEOOXOJUMBI CIIOCOOBI OMEPATUBHOTO aHAIU3a
3G (HEKTUBHOCTH BBIMOTHEHUSI TPOU3BOJICTBEHHBIX 3aJlaHUM PA3TUYHBIMU KAaTETOPHUSIMU
UCIIOJHUTENEH U CTPYKTYPHBIMH TOJpa3ICICHUsIMU ISl TIPUHITUS YIPaBICHYECKUX
pemieHuii. /[ BBIMOMHEHUS pacdyeTOB HOPM BPEMEHHM M HOPM BBIPAOOTKU TPHU
W3TOTOBJICHUH KXKJIOW JEeTAIM B Mpoliecce padoThl MPOU3BOIUTCS HEMOCPEICTBEHHOE
HaOmoaeHne U (GUKCUPOBAHUE HAOIIOJATENIEM psija MmoKa3aTeneil — BpeMeHUu padoThl
00OpyZIOBaHUS MPU U3TOTOBJICHUU KAXKJIOW JETalM; YUCia JeTajiel, BHIOJTHEHHBIX 3a
OTPENICJICHHBI  OTPE30K  BPEMEHHU; BpPEMEHU TMPOBEACHUS  HAOMIOACHUU ¢
NOCJEAYIOIMMHU pacueTamu. [loAroToBKa JaHHBIX U BBIITOJHEHUE PACUETOB CBSI3aHBI CO
3HAUUTEILHBIMU 3aTpaTaMH BpPEMEHHU, NPUBJICYEHUEM [JIsl PEIICHUS JTUX 3aaad
KBauuiMpoBaHHOTO TiepcoHana [44]. B 1uensx mnoBbimeHus 3PHEKTUBHOCTH
OTEPATUBHOTO YIPABJICHUS TMPU OKCIUIyaTalldd OOOpYyIOBaHHS C MPOTPAMMHBIM
YIpaBJIEHUEM TPEAOCTABISACTCS BO3MOXKHOCTh peaM3allud aBTOMATHU3UPOBAHHOTO
cbopa HeoOXoMMMON MH(GOPMAITUN U TIOCTEAYIONIETO pacyeTa HOPMAaTHBOB BPEMEHU U
HOpM BhIpaboTku [43; 49]. HeobxomumMo pa3paboTath METOAMKY SKCIpPECC-aHan3a,

OCHOBAaHHOTO Ha HH(POPMAIMOHHBIX BO3MOXHOCTAX ycrpoiicts UITY (VUILY),
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COKpAIIAIONIy0 BpeMs MOATOTOBKH TAKUX JAHHBIX U HE TPEOYIOIIYIO MPUBJICUEHUS IS
BBINIOJIHEHUS dJTUX (PYHKIUN JOMOJHUTEIBHBIX YEJIOBEUECKHX pecypcoB. [
ONepaTUBHOM OIEHKU H(P(PEKTUBHOCTH padOThl 00OPYAOBAHMS TMPETOCTABISETCS
BO3MOXXHOCTh TPUMEHUTH TOKa3aTelld, peaju3yeMble C y4eToM HH(OPMAIMOHHBIX
Bo3MokHOcTel YUIIY [64]. Takke TpeOyeT yTOUHEHMS IMOKa3aTesb, MO3BOJISIOIIAM
OINEPAaTUBHO MPOU3BOJIUTH CPABHUTENBHBIN aHAIN3 padOTHI ONepaTOpoB cTaHKOB ¢ YUITY,
paboTaIIKX B Pa3IUYHbBIX YCIOBHUSX.

Konnenuua «WUanycrpus 4.0», omnpenensiercss Kak CpEACTBO MOBBIIICHUS
3¢ deKTUBHOCTH 00padaThIBAIONIEH MPOMBIIUIEHHOCTH Yepe3 MHTErpanuio uppoBbIX
CUCTEM B TPOLECCHl MNPOU3BOACTBA. ABTOMATHU3UPOBAHHAS  TEXHOJIOTMYECKAas
MOJATOTOBKA TMPOU3BOJACTBA SIBIISIETCA OCHOBOM (YHKIHOHUPOBaHUS LU(PPOBOTO
npeanpusatud. B atom kimrode koHuenums «Mupyctpus 4.0» mpemycmaTpuBaeT psn
HarnpaBJICHUH, YCICITHO peaan3yeMbIx ¢ nmomorpio cuctembl ADEM CAD/CAM/CAPP
KOTOPBIE paCCMATPUBAETCS B 3TOM TJIaBE:

- HaIlpaBJICHUE «TUTAHUPOBAHUE IIPOU3BOJICTBA (ympaBieHue
MIPOU3BOICTBEHHBIMU 33JJaHUSIMU, TUTAHUPOBAHUE MTPOU3BOCTRA);

- HalpaBJIeHUE «KOHCTPYKTOPCKasi MOATOTOBKA MPOU3BOJICTBA» (KOMITbIOTEPHBIN
WHKUHUPUHT-aBTOMAaTHIECKOEC HM300paKCHHE YEPTEeKHBIX BUIOB 1o 3D-Mojmenw,
aBTOMAaTHYeCKasi IPOCTaHOBKA pa3MEPOB);

- HaIpaBJIeHHUE «TEXHOJIOTMYECcKast MOJATOTOBKA MPOU3BOICTBA
(aBTOMaTH3MpOBaHHAS pa3pabOTKa TEXHOJIOTHUECKHUX MPOIECCOB U3TOTOBJICHUS JIeTaleH
Ha YHUBEpPCAIbHOM OOOpPYIOBAHMHM 10 THUIIOBBIM I1a0JOHaM, aBTOMaTHYeCKas
pa3paboTKa TEXHOJOTHUECKOTO IpoIecca U3rOTOBICHUS JeTanel Ha crankax ¢ UITY B
Moayiae CAM Dkcnepr, aBTOMAaTHUYECKOE IOJIYy4YEHHE KOMILJIEKTa TEXHOJIOTHYECKOM
JIOKYMEHTAITUH 110 3all0JTHEHHON MapUIpyTHOU KapTe);

- HampaBlieHue «IU(GPOBOM MOHUTOPUHT» (aBTOMATUYECKOE IMOJIyYCHHE
KOJIMYECTBEHHBIX JAHHBIX OO0 HM3TrOTOBJICHMM JETalled Ha CTaHKaX C MPOrpaMMHBIM
yOpaBJIEHHEM C MCIOJIb30BaHUEM HWH(OpMAMOHHBIX BO3MOXxHOcTel  YUIIY,

aBTOMATHUYECKUH pacuéT mokasarenen 3(h(HeKTUBHOCTH TIPOU3BOJICTBA).
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3.1 MeToaunka pacyera 3KOHOMHUYeCKOi 3(P(PeKTUBHOCTH NMPUMEHEHUS

onepaumrii BLICOKOCKOPOCTHOIO (hpe3epoBaHus

OddexkTuBHOCTH pean3anuu onepanuii BBICOKOCKOPOCTHOM 00pabOTKU B psijie
MCTOYHMKOB OIIEHUBAECTCS II0 IPOM3BOAUTEILHOCTH BBHINONHEHUS OIepanuiil, 4ro He
BCerja II03BOJIIET COMOCTABUTh PE3YJNbTaThl OOpabOTKH HU3AEIUN  pa3IHMYHON
KoH(pUrypaumu W 3aTpyJIHSET ONpeleJeHUE IIEHOBBIX Toka3arened. Jlns pacuera
IKOHOMUYECKON A(PPEKTUBHOCTH BBICOKOCKOPOCTHOTO (hpe3epoBaHus MpeIIoKeHa
METOJIMKA, KOIJa HCIOJB3YIOTCS BHUIBl 3aTpaT Ha CTAaHKO-4aCc IPU BHIIOJHEHUU
omepauuii — croumocTh peHoBanuu craHka (PC, py0), pacxonpl Ha pexylIui
uHctpymeHrt (P, py0), 3apmiara cranounuka (3C, py0), cepsuc (CC, py0), HH-KHHUPUHT
(MHX, py0), nexosbie pacxojsl (LIP, py6). OTu 3aTpatbl MOTYT JOCTUTaTh 6 — 8 THICAY
pyOneit B yac. [[ns MONHBIX pacdyeToB MOHATO0STCS MOKAa3aTesd, XapaKTEepU3yIOLIUe
npoiiecc 006paboTku — Macca 3arotoBku (M3, kr), macca aeranu (M, kr), Bpems
06paboTku 1o nporpamme (Tyam, MuH) [35].

OnpeneseHne KOJIMYECTBEHHOr0 NMOKa3aTessi. B kauecTBe KOIMYECTBEHHOTO
MOKa3aTelsid, XapaKTepPU3YIOIIEr0  BBINOJHEHUE BBICOKOCKOPOCTHOW  OIEpaluu,
npeyiokKeHa Macca yAaJeHHOro MeTajyla B €AMHMILy BPEMEHHM, JUIsl pacdera 3TOro
nokasaress paspadorana gopmyia (8) [32]:

KVYM = (M3 — MI])/Tvaw, (1)
rae KYM - macca yaalleHHOTO MeTajula B €IMHUILY BPEMEHU, KI/MUH;

M3 — Macca 3aroToBKH, KT

MJ] — macca neranu, Kr;

Tviamr — BpeMsi 0OpabOTKH 110 TPOrpaMMe, MUH.

Omnpenesienne 1EHOBOro MmoKa3arTeas. B kauecTBe LIEHOBOIO ITOKa3aTesis
HYKOHOMHUYECKON A()PEKTUBHOCTU BBHIMNOJHEHUS BBICOKOCKOPOCTHOM 00pabOTKM Ha

cranke ¢ UIIY mpennoxkeHa cyMMa COBOKYIIHBIX 3aTpaT Ha BBIIIOJIHEHHUE OIEpallvH,

! CenuBanoB A.H., Hacan T.I'. Pacuer skoHomuueckoil 3¢peKTUBHOCTH 00pabOTKH BaJOB
METOJIOM BBICOKOCKOpPOCTHOTO (pe3orouenust. Bectauk CI'TY. 2011. Ne2 (56). Brimyck 2. C. 134 -138
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BBIPOKEHHAS] B CTOMMOCTH OJTHOTO Kujiorpamma u3rotosieHHou neramu (CU/L, py6/kr),
JUIS pacdeTa 3TOTOo MmoKasatels pa3padorana ¢popmyna (2) [32]:

CU] = (PC + PU + 3C + CC + MHK + L[P) - (Tau/60))/MII, (2)

rae CH/] — cToMMOCTh KUJIOTpaMMa U3TOTOBJICHHOM JeTalu, pyO/Kr;

PC - ctouMocCTh peHOBaIMK CTaHKa, pyod/dac;

PU — pacxopl Ha pexyIIMi HHCTPYMEHT, py0/4ac;

3C — 3aprutata cTaHOYHHKA, pyO/Jac;

CC — cepBuc, pyb/4ac;

HH’K — vir>xunupuHr, py6/4dac;

L[P - nexoBble pacxojibl, pyo/yac;

Tyram — BpeMs 00pabOTKHU 1O MpOorpaMMe, MUH

MJ] — macca geranu, Kr.

3.2 ABTOMaTH3auus onpeaejieHusi JIKOHOMUYECKH 000CHOBAHHBIX HOPMATHBOB
BPeMEeHHU M HOPM BbIPA0OTKH NPH 3aIyCKe HOBbIX U3/€JIUI ¢ MCI0JIb30BAHUEM
HHGPOPMALMOHHBIX BO3MOKHOCTEH YCTPOMCTB YHCJI0BOro ynpasiaenus (YUILY)

oOopyaoBaHus

B sTtom pa3zgene paccMarpuBaeTcs paboTa B 0JJHOM U3 HarnpayieHuii Konnenuuu
«Muanyctpuss  4.0»  «uudpoBOl  MOHUTOPHHI».  KOTOPBIM  MpeaycMaTpPUBAECT
aBTOMATHUYECKOE MOJYyUYeHHE KOJTMYECTBEHHBIX JaHHBIX 00 M3TOTOBJICHUU JETaNIeH MPHU
3aIlyCKE HOBBIX M3JIEJIU HA CTAHKAaX C MPOrPaMMHBIM YIIPABJIECHUEM C UCIIOJIb30BAHUEM
uHdopmarmoHHsix BodmoxkHocTer YUITY. Cocrasmstomieit yacteio TIII, nmpu 3amycke
MPOM3BOJCTBA HOBBIX U3JICIIHHI, SABJISETCS ONPEICICHUE HOPMATUBOB BPEMEHU U HOPM
BBIPAOOTKHU.

J1J1s1 BEITIOJTHEHMSI pacY€TOB HOPM BPEMEHU U HOPM BBIPAOOTKHU, MPU U3TOTOBIICHUN
KQXKJI0M JeTanu B mpoliecce padoThl MPOU3BOAUTCS HEMOCPEACTBEHHOE HAOIIOIEHUE U
dbuKcupoBaHUe HAOIOAATENIEM Psijia TTOKa3aTesiel — BpeMsi paboThl 000pyI0BaHUS TIPU

HU3TOTOBJICHUH Ka)KI[Oﬁ ACTalld, 4YHuCIIO I[CTaJICI‘/JI, BBIITOJIHCHHBIX 3a OHpC}ICJ’IGHHBIﬁ
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OTPE30K BpEMEHH, BpEeMsI MPOBEACHHUS HAOIIOACHHIA C MOCIEAYIONIMMH pacuyeTamH.
[ToaroroBka AaHHBIX U BBIIIOJHEHUE PACUETOB CBSI3aHbl CO 3HAUUTEIIBHBIMU 3aTpaTaMu
BPEMEHH, MPUBICYECHUEM JIJISl pEUICHUsl 3TUX 337a4 KBAIU(PUIIMPOBAHHOIO TEpcoHata
[63; 64]. C uenpto moBBIIICHUS YPPEKTHBHOCTH OIEPATUBHOTO YIPABJICHUS, IPH
SKCIUTyaTallul  OOOpYZOBaHUS C MPOrPaMMHBIM YIIpaBICHUEM, MPEIOCTABISAETCS
BO3MOXKHOCTh pPeajiu3allii aBTOMaTH3UPOBAHHOTO cOOpa HEOOX0oAMMON HH(OpMAaLIUU U
MOCJICAYIONMIETO pacdyera HOPMATHBOB BpEeMEHHM W HOPM BbIpabOTKH [65; 66].
Pa3paboTana MeToauKa »JKCIpEcC-aHaIW3a, OCHOBAHHOTO Ha HH()OPMAIMOHHBIX
BO3MOXXHOCTsX ycTpoiict UITY (YVUILY), cokpamaromasi BpeMs MOATOTOBKH TaKHX
JaHHBIX, & Y4acTHE KBATM(QHUIMPOBAHHOTO MEPCOHANIA CBOAUTCS K MHHUMYMY [27]. dns
ONEepaTUBHOM  OLEHKH d(PdeKkTuBHOCTH PabOThl  000pYyOBaHUA  pa3pabOTaHBI
MoKa3aTelid, peaju3yeMble C yuyeToM HHGPOPMAIMOHHBIX Bo3MoxkHOcTer YUILY.
YTO4HEH NOKa3aTellb, IO3BOJIAIOIINI ONIEPATUBHO IPOU3BOIUTH CPABHUTEIBHBIA aHAIN3
paboThI onepaTopoB cTaHkoB ¢ YUITY, paboTaronux B pa3iMuHbIX yCIOBUSX. B pabounx
nporpaMmax 1o y4eOHbIM JUCIUILUIMHAM 3T BOIPOCHI HE pacCMaTpPUBAIOTCS, TpeOyeTCs
0(pOopMUTH 3TH pa3pabOTKU B BUJE, TOCTYITHOM JUIsl OCBOCHHMSI CTYI€HTaMHU

B mpouecce uccienoBaHusi HCIOJNb30BaHbI CIOCOOBI TMOMYYEHUSI CBEACHUH 00
JKCIUTyaTali  0OOpYAOBaHUS HEMOCPEICTBEHHO C YCTPOWCTB MPOrpaMMHOTO
yIOpaBJICHUS € OCIEAYoIIe 00padoTKOM MolydeHHONW HH(POpMALIMU Ha TPEIJI0KEHHON
aBTOPAMH BBIYMCIUTEIBHON MaTdopme. J{Jsl BBIMOIHEHUS! pACYETOB U MOCIEAYIOIIETO
aHanu3a, (uxkcupyercs wHPOpPMAIMS, OTpaxaromascs Ha 3KpaHe MoHuTopa YUIIY
niepeyrCIIeHHas Hke [61]:

— BpeMst pabotel 1o mporpamme (Tnp) — ompenensercss Mo Moka3aHUsIM Ha
MouuTope YUIIY B MuUHyTax 1pu U3roTOBJICHUH AETAJM 10 IPOrpaMME;

— NoKa3aHMWs cueTdyrka Ha Hadyano HaOmogenuii (N1) — ompenensercs mo
[IOKa3aHUsAM 3HAYEHUN B IITyKax Ha MoHuTope YUIIY;

— NOKa3aHHus cyYeTyrka Ha KoHel| HaOmromenuit (N2) — ompenensiercs 1o
ITIOKA3aHMIM 3HAYEHUM B IITyKax Ha MoHuTope YUIIY;

— BpeMs Ha Hadasio HaOmromeHui (Tluac, Tlmun) — GuKkcHpyeTcs B yacax u

MHUHYTaXx;
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— Bpemsi Ha koHel HaOmofaeHui (T2uac, T2mun) — QUKCUpyeETCS B 4acax u
MUHYTax;

— BpEMs OCTAaHOBOK 000pYIOBaHUs Ha ycTpaHeHHe HemoaaMokK (T3yac, T3mun)
- ukcupyeTcs B 4acax U MUHYTaXx.

Bce mnepeunciieHHbIe 3HAYEHUS HCHOIB3YIOTCA JUIsl TOCIEAYIOIIEr0 pacyera
noKasaTeliel U aHaJIu3a.

KonuyectBo u3rotoBieHHbIX naeraned N B IMITykax 3a NEpUOJ HaOIOAEHUN
onpenensiercs no popmyie (3):

N =N2 - N1, (3)
rae N1 — nokaszanus cuerunka Ha MoHuTOpe YUIIY Ha Hauano HaOIIOCHUM, IIIT;

N2 - nmokazanus cueruynka Ha MoHuTOope YUIIY Ha KOHel HaOIOACHUH, IIIT.

Bpems nabmonenus (Tua6n) B MuHyTax onpenensiercs mo gopmye (4):

Tnaon = (T2uac'60+T2 ymun)—[(T1uac:60+T1 mun)+(T3uac60+T3 mun)], (4)
rne T1uac v T1vun - BpemMsi Ha Ha4asI0 HAOJIOIEHU B YacaX U MUHYTaX;

T2uac v T2mun - BpeMs Ha KOHEL| HAOJIIOIEHUI B Yacax U MUHYTaXx;

T3uac v T3mun - BpeMs OCTAaHOBOK OOOpPYJOBaHUSI Ha YCTpaHEHUE HEMOJIAJIOK B
yacax U MUHYTax.

O6paboTka pe3yabTaTOB BBIMOJHSIACHE METOAAMU MAaTEMaTUYECKOW CTaTUCTUKH,
OIICHKA PE3yJbTATUBHOCTH TMPOU3BOJICTBA IMPOU3BOJAMIACH TIO TIOKA3aTeNsIM OOIIeH
s¢dexruBrocTH obopynoanus OEE (Overall Equipment Efficiency).

Jlns aBTOMaTH3alMM MPOW3BOJCTBA, MHTEIJIEKTYAJIbHOW TMOJJAEPKKHA IMPOIECCOB
yOpaBjieHus: W OO0paOOTKM JaHHBIX B TEXHOJOTHYECKUX CHUCTEMax YIpaBICHUS
pa3paboTaHa METOIMKA pacueTa HOPMATUBOB U TTOKa3aTeJIeH MPY U3TOTOBJICHUH U3ICIIHM
Ha ctankax ¢ YIIY. Ha ocHOBaHMHM MCXOJHBIX JTAHHBIX, CUUTHIBAEMBIX C YCTPOMCTB
MPOTPAaMMHOTO  YIPABJICHHUS O00OpPYyNOBaHUS, Ha BBIYUCIUTEIBLHON IIIaThopme
OTIPENICIIIOTCS HOPMATHUBBI BPEMEHU U HOPMbI BBIPAOOTKU MPHU 3aMyCKe MPOU3BOJICTBA
HOBBIX M3JCIHNA, a TaKKe KPUTEPUM OICHKH dS(PPEKTUBHOCTU YCTaHOBHBIIETOCS

IPOM3BOACTBEHHOTO Tporiecca (Pucynok 3.1).
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VMcxogHble gaHHble: PesynbTathl pacyeTa
- Bpema paboTki no M aTemaTryeckmin )
nporpammMe Ha €4. annapar BbINonMHeHUA - HOPMATHEB] SPENErit,
M3AENHA, MHH, »| PacyeToB nokaszaTenen " HOPMBbI BbIPGOTEM:

- BpEMA peaninsyeMbli Ha

M3roTOBMEHNA NapTHK cepeepe - NoKa3aTenu
OeTaneil, MUH; 3 EKTUBHOCTH.

- KON-BO M3OENHA, WT.

Pucynok 3.1 - Cxema peanuzaiiuu UCCIECAOBAHUN TIO OMPECIICHUIO MTOKa3aTeei

IIPOM3BO/ICTBA U3JIeNUi Ha oOopyaoBanuu ¢ UITY

BoruncnurensHas — 1oiatgopMa  MpEACTaBISET — MOCJENOBATEIbHYIO  IICTh
MaTeMaTUYECKNX BBIPAKCHUN OIpPEAECICHUs MOKa3aTeleil, Ha OCHOBE HCXOJIHBIX
JAHHBIX noJry4aeMbix ¢ YUIIY.

MarmuaHoe Bpems (Tmam) — i ctankoB ¢ UITY oTpaboTka MmoJiHOro 1UKIIa 1Mo
MporpamMMe, OMNpeAeiseTcs IO NoKa3zaHusiM Ha MoHutope YUIIY B uenbix u
JECATUYHBIX 3HaueHUsAX MUHYT (Tup) (cMm. popmyiy (5)):

Tmaw = Tnp, (5)
rae Tmaw - MallMHHOE BPEMSI, MUH;

Tnp - BpeMst paboThI IO IPOTPAMMeE, MHUH.

Ityynoe Bpemst (Twr) — Bpems, 3aTpayrMBaeMOe HEMOCPEACTBEHHO Ha
U3roToBiieHHE (00padOTKY) €AMHUIBI MNPOAYKIMH W BKIIOYAaeT B ce0s Bpems
MaruHHOe Twmamr, BcrioMmorarensHoe Bpems Tren, Bpemst oOcmyskuBanus To6en, Bpemst
NEePEPHIBOB U JIMYHbIE HAO0OHOCTH Trep.

TeopeTnuecku HOpMyY IITYYHOTO BPEMEHHU MOXHO paccuuTaTh 1o ¢popmyiie (6):

Twm = Tumaw + Tecn + Tobcn + Thep, (6)
rae Twm - WWTy4HOE BPEMSI, MUH,;

Tscn - BCTIOMOTATEIIbHOE BPEMS, MUH;

Tobcn - BpeMst 00CITy)KUBaHUS, MUH;

Tnep - BpeMs NEpEPHIBOB U JTUYHBIC HAOOHOCTH, MUH.
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3naueHus nokaszateneld Gopmybl (4) BeIOMpaeTcs W3 HOPMATHBOB. B Hamem
cllydae 3Ha4eHHE HOPMBI IITYYHOTO BPEMEHH OTPEACISAETCS IKCIIEPUMEHTAIBHO, KaK
COOTHOIIICHHE BPEMEHH HAOJIOICHUS K KOJIMYECTBY JACTalIeH, U3TOTOBJICHHBIX 32 ATOT
nepuos 1o gopmyie (7):

Twm = Tuaén | N, (7)
rne Twm - .WWUTy4HOE BpEMSI, MUH;

Tna6n — Bpemst HaOM0IeHUs (MUH), onpenensiercst no Gopmye 4;

N - KOJIMYECTBO M3TOTOBJICHHBIX JeTallell OJTHOTO HAWMEHOBaHWMsI (IIIT) 32 BpeMs
HaOMroIeHNH, onpenensercs 1mo hopmyre (3).

T.x. 3HaueHus mTyyHoro BpemeHu (Twr) mpu MOHUTOPUHTE B pa3HbIC THU U Y
pa3HbIX ornepaTtopoB craHkoB ¢ YITY MoryT pa3sHUTBCS MO BEIUYHHE, TO CpPEIHEE
3HaueHHUE IMTYYHOro BpeMeHW (Tmr) M3TOTOBIECHHS ICTANHM OMPESIIEM METOIO0M
MaTEMaTUYeCKOW CTAaTUCTUKU IO pe3yjbTaTaM BBIOOPKM U NPUHHMAEM €ro Kak
MaTEeMaTHYECKOEe OXKUIAHNE CITyYalHBIX BEIMYUH BpeMEeHH Tt 3apeTrucTpUpOBaHHBIX
B X0j1¢ MOHUTOpUHTA [80].

Matemarnueckoe oxunanue M/ Twm)] Haxoaum o Gopmyie (8):

M [Twmr] = Yxi-pi, (MuH), (8)
rae M[Twr] - MaTeMaTHYECKOE OXKUIaHHUE, MHUH,

Xi — 3HaueHus 3amepoB T, (MUH);

Pi - BEPOSTHOCTBIO CITy4aHHOTO COOBITHS 7.

BeposTHOCTB pi citydaitHoro coobiTst Tiut onpesensercs mo Gopmyiie (9):

pi [Twr] = m/n, 9)
rae Pi [7T] - BEpOSITHOCTH CIIy4aiiHOTO COOBITHS;
M - 9KUCII0 OJIArOMPHUATCTBYIONTUX COOBITHIO HCXO/IOB;
N - 9UCII0 BCEX DJICMEHTAPHBIX PABHOBO3MOKHBIX HCXO0JIOB B UCITHITAHUY.

Jucnepcuto HaxoauM 1o dopmyie (10):

D[Twrr] = Y (xi*pi) - M[Ttwr]?, (10)

Cpennee kBaapaTndeckoe OTKIOHEHHE o(X) onpeaensem mo Gpopmysie (11):

o(Tur) = ¥ D[Tun]. (11)
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Koaddunuent Bapuanuu onpeaensercs no popmyie (12):

v = o(X)/ M [Thur]. (12)

Eciu nmpu pacuerax V < 30%, TO COBOKYIHOCTb CUMUTAETCA OJHOPOJIHOM, a
Bapuanusa cnaboi. [lodyueHHOe MareMaTHuecKoe OKHMJAaHWE 3HaueHus Tumr
NPUHUMAETCS I JaTbHEHIINX PacueToB.

Jns miaHupoBaHUSL BBINMYCKA M3JIENUNA OMPENENIIOTCS HOPMbI BBIPAOOTKH B
enuHuUIly BpeMeHH. Hopma BbIpaOOTKHM M3roTOBICHMS aeTayiel B ogHy cMmeHy (Ncw
IIT/CMEHY) JUTUTEILHOCTHIO B § 4acOB HA OJTHOM CTaHKE OMpEEsIeTcss o GopMyIie
(13):

Nem = 480/ T, (13)
rae Nem - HopMa BeIpaOOTKHY M3TOTOBJICHUSI IETAJIEH B OJIHY CMEHY, IIIT/CMEHY;

480 — BpeMs B MUH B CMEHE JNTUTEILHOCTHIO B 8 4ACOB;

Tt — BpeMsi U3TOTOBJICHUS OJIHOM JIETaJId B MUH.

Hopwma BbIipaboTku nsrotosnenus aeraieil B yac (Nuac mr/4ac) Ha OJTHOM CTaHKE
omnpenensercs o Gpopmysie (14):

Nuac = 60/ 7, (14)
riae Nuac - HOpMa BbIpaOOTKH U3rOTOBJIEHHUS JI€Tajleil B yac, mT/4ac;

60 — BpeMs1, MUH;

Tt — BpeMsi U3TOTOBJICHUS OJTHOW JI€Talu, MUH.

ItyyHo-KanbkyssinoHHoe BpeMs (Twx) - TOJNHOE IITY4HOE BpeMs Ha
U3TOTOBJIEHUE E€AWHUIBI u37enusi (¢ ydyeToM 3arpaT  MOJATOTOBUTEIBHO-
3aKJTIOUUTENIBHOTO BpeMeHU (7n3) Ha mapTuto aetaneit N) onpenensercs no Gopmye
(15):

Twx = Twm + Tnsl N, (15)
rae Twx - MTYYHO-KAIBKYJISIIHOHHOE BPEMSI, MUH;

Twm - BpeMst U3TOTOBJICHUS OJJHOM JI€Ta i, MUH;

Tnsz - TNOATOTOBUTEIBHO-3aKIIOYUTEILHOIO BpPEMEHUM Ha TMapTUIO JIeTalleH,
yCTaHABJIMBAETCS 10 HOPMATUBAM WJTU OTIPEIEIsIeTCs] HAOI0ICHUEM, MUH,;

N — yucno geTaneil B mapTUu B WIT. IPU CEPUITHOM MPOU3BOICTBE.
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Jlis  aBTOMaTHU3MPOBAHHOTO pacueTa HOPM BPEMEHHM, HOPM BBIPAaOOTKH U
nokasaresied 3(pPEeKTUBHOCTH MPOU3BOACTBA pa3paboTaH aIroOpuTM M IporpaMmma

onpeneneHus 3Tux 3HaueHui (Pucynok 3.3).

3 BEOO MCXOOHBIX gaHHbIX C YHIY
obopyaoBaHMa:

- BPEMA MITOTOENEHMA OETAMM NO
nparpamme Tngp, [MuH);
- NOKE3aHMA CYETYUMES Ha H3Yano
HaGnaeHri M1 (wT);
- NOKE3FHMA CYSTYHKE HE KOHEL,
Habmmogeui N2 (wr);
- BPEMA HaYana HadnogeHHH
Tlyac ¥ TIMKHH [Yackl M MuHH);
- BPEMA HA KOHEL, HAGNKOEHMA
T24ac 1 T2MHH [Hackl M MHH];
- BpEMA CCTEHOBKKM 00pYA0BaHHA HA
YCTpaHeHue Henonagow T3vac 1u TImuu

1 CeelgHWA O ASTaAM:
- HAMMEHOBAHHE; - DD0IHAYEHHE,

¥

2 OnpegeneHHe MaEWWHEOND [OCHOBHOTD) BPEMEHK, MWMH:
Tmaw —Tnp

¥

4 HKonWYecTeo W3roTOBAEHHLIXK JETansi 3a nepHog,
HabAoOeHMA, LT.C MN=M2-N1

¥

5 OnpegeneHue spemeHi HabnmaeHua, MAH:
THabn = (T2yac 60 + T2 MuH) —
- [Mlyac-&0 + T1 muH) + (TIuac-60 + T3 muH)]

21 BeoA MCxofHBIX AaHHBN: TwTi; ¥

¥

22 PacyeT BEpOATHOCTH  CAy4aAHoro
cofiemia: pi [Twr] = mfn

& Yucnowabn, izl

i=1

¥

7 OnpegenesMe WIyyHoro EpemeHM, 3aTpadyMBaEmMoro Ha
W3rOTOBNEHME OOHOH ASTanK, MUH:  TwT = THabn/M

23 Pacyet MatemaTHYeCckons
omMaaHHA, muA: M [Twr] = Fxi*pi

¥

¥

BOnpegenerve GaKTHYSCHOND BCNOMOTATEAEHOMD BOEMEHH
Ha@ M3TOTOENEHHE COHOM geTanu, muH: Teon = Twr-Traw

24  PamyeT EBefWYMHbBl  OWCNEeDCHK:
D[Twr] = Fxit*pi - M[Twr]?

¥

'

9 ParyeT HOpMbl EMPaG0THW B OAMH Yac, WT/uac:
Myac = 60/TwT

25 CpegHee KEQAPaTHYECKDe
oTkAoHerHe. o{TwT) = D[Twr]

¥

¥

10 Pac4eT HOpMbl BEBIpEHOTHM B OOHY CMEHY, LT/ CMEHY:
Mem = 480/ Twr

26 Ro3ddHUHEHT BIPHALMH.
v = o(x)f M [Twr]

¥

¥

11 PacyeT WTyYHO-HaAbsYNALMOHHOND BOSMEHN, MHH:
Tk = Tt + Tnaf N

27 PeayneTathl pacseTos: Twr

¥

12 PacyeT ko3bguUUMeHTa 3arpysed o0opygoBaHMA:
Kao =To6f(Ton-n) - 100%

¥

13 PesynbTaTel pac4eTos:
Tmaw, Twr, Tecn, Twk, Nuyac, Ncwm, K3o

¥
C Koheu )

Pucynok 3.3 - AJiroput™ pacuera HOpM BpEMEHH, HOPM BBIPAOOTKHU U TOKa3zaTenen

3 PEKTHBHOCTH ITPOU3BOJICTBA
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CpaBHUTENbHBIM aHaNM3 TPYyAO3aTpaT MPHUBICUEHUS KBATU(PHUIIMPOBAHHOTO
NepcoHaa JUIsl OINpEAESIieHUsT HOPMAaTUBOB BPEMEHHM U HOPM BBIPAOOTKH IS
PA3JIMYHBIX METOJOB BBINIOJHEHUSI HWCCIENOBAHUM NPU HW3TOTOBJIICHUM W3JEIUM Ha

obopynoBanuu ¢ UYIIY u BbBoABI 00 3PGEKTUBHOCTH MPEIIOKEHHBIX PEIICHU

npuBenieH B Tabnuie 3.2.

Tabnuua 3.2 - CpaBHUTENBHBIN aHAJIU3 BAPUAHTOB TPYA03aTpaT IPU ONpeIesIeHUN

HOPMAaTHBOB BPEMEHHU U HOPM BBIPAOOTKHU B MTPOLIECCE U3TOTOBICHUH U3EIHIA

Ha obopynoBanuu ¢ YITY

MarepuanbHast IloaroroBka [Tonyuenue Perucrtparus Bsonx Tpyno-
6aza HCXOJIHBIX uH(popManuu pe3ysbTaToB JAHHBIX U 3aTpaThl,
U BU]L JAHHBIX HA JUIsL pacuera HaOIIOICHUS pacuer %Tnepc
UCCIIE0BAHUI [IK HOPMaTHUBOB
1 2 3 4 5 6
YUYIIY Huszkoro B pyunom Henocpen- @ukcuposa- | Py4Hoii BBOA

YPOBHS. pexume CTBEHHOE HUE B JIUCTE Ha [IK n
Pyunoi1 pexxum Ha0JII0/IeHue HaOJI0IeHU I pacuer

3aMepoB 3a HOPMAaTHBOB 100%

BBIIIOJTHEHUEM o
paboT porpamme
5% Tnepc 82%Tnepc 8% Tnepc 5%Tnepc
YUIIY cpenuero C Nudopmanus ®ukcupoBa- | PyuHoii BBOA
YPOBHS, HWCIIONB30BA- | OTPAXAETCs HA | HHE B JINCTE Ha [IK n
JIOKaJIbHAS CETh HUEM MOHMTOPE HaOI0AeHUH C pacuer 15%
OTCYTCTBYET. 0a3 nanupix | YUIIY nocne MOHUTOpA HOPMaTHUBOB
ABTOMaTH3UpPOBa BBINIOJIHEHUS yyIry 1o
HHBIWA PEXKUM MKIa padboT porpamme
3aMepOB.
2% Tnepc 0%Tnepc 8% Tnepc 5%Tnepc
VYUIIVY BeICOKOTO C Nudopmanus | ABTOMaTH3U- ABTOMaTH-

YPOBHH, HCIIOJIB30BA- | OTPAYKAETCS HA pOBaHHOE 3UpOBaHHBIN
JIOKQJIbHAS CETh. HUEM MOHHTOPE ¢bukcupoBaHue IIEPEHOC
ABTOMaTHU3UPO- 6a3 nanupix | YUIIY mocne pe3yapTaToB JTAaHHBIX HA 3%

BaHHBIC BBITIOJTHEHUS HaOIr01eHU I BBIUNCIINT.

PEeXHUM 3aMEpOB U LIMKJIa paboT mwiatopmy
nepenaya [IK. Pacuer
JTAHHBIX. HOPMAaTHBOB.

2% Tnepc 0%Tnepc 0%Tnepc 1%Tnepc

[Ipn wusrotomieHun wusnenuii Ha crtankax c¢ YIIY onepatop o6ciykuBaer
HECKOJbKO CTaHKOB, M pacyeT ero 3apabO0THON TIaThl BBITIOJHSETCS C Y4YETOM

K03 PHIIIEHTa MHOTOCTAHOYHOTO 00Cy>kuBanus (Kn) o ¢popmyie (16):
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3om = X(Twx - Ni)/60 - Ku - Yem, (16)
rae 3om —3apIuiata omneparopa, pyo;
Twix - MTYYHO-KANBKYJISIIHOHHOE BPEMS HA CAMHUITY U3/ICIUS, MUH;
N — grcno u3menuii oMHOTO HAUMEHOBAHMUS, IIIT;
Yem — dacoBas TapudHas CTaBKa, YCTAaHOBICHHAs [UIsl OIEPaTOPOB B
3aBUCUMOCTH OT pa3psijaa padoT Ha MpeAnpusTHa, pyod/dac;

Kw - xosddunmrieHTa MHOTOCTAaHOYHOTO OOCTY>KMBAHMS, OIpPEIENsIeTCs IO

Tabmuue 3.3.

Tabnuna 3.3 - 3HaueHus ko3P PuImeHTa MHOTOCTAHOUYHOTO 00cTykuBaHust Km

Kwm 1 0,65 0,48 0,39 0.35
Yucno
00CITy’)KHBaEMBIX 1 2 3 4 5
CTaHKOB, N

3.3 ABTOMATH3AIUS OLEHKH Pe3yJIbTATHBHOCTH JAEiCTBYIOIIET0
NMPOU3BOJACTBA N0 NoKa3zareasam oowmei 3¢pPpexkrusHoctu OEE (Overall
Equipment Efficiency) ¢ ucnosib3oBannemM uHGOpMAIHOHHBIX BO3MOKHOCTEI

YCTPOMCTB 4uca0BOro ynpasJenus (YUILY) odopynoBanus

B mporecce ycTaHOBHMBIIEroCsi TMPOU3BOJACTBA HEOOXOIUMBI  CIIOCOOBI
OTEPAaTUBHOTO aHalu3a d(PPEKTUBHOCTU BBHIIOTHEHHUS MPOU3BOJICTBEHHBIX 3aJlaHUN
Pa3JIMYHBIMU KAaTETOPUSMU UCIIOJIHUTENIEH U CTPYKTYPHBIMU MOJPa3ACICHUSIMU IS
NpUHATHS ~ yOpaBieHdeckux pemiennit [50; 66]. DTu  BOMpOChl, C MO3UIMH
aBTOMATU3allMd BBITIOJHEHUST OJTHUX OMNeparuii, B Yy4eOHOW JuTepaType He
paccMaTpUBAIOTCS W PEKOMEHJAIMU 10 MX MPUMEHEHHUIO Ha MPOU3BOJICTBE

OTCYTCTBYIOT.
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Jlnst  omeHkn pabOTBI  aBTOMATHU3MPOBAHHOTO TIPOU3BOJICTBA TPUMEHSIICS
M3BECTHBI B MEXKIYHAPOIHON NpaKTUKE IMOKa3aresb oo01ieil a¢dextuBHocTH OFFE
(Overall Equipment Effectiveness):

OEE = I'omognocmo x [lpouzsooumenvrocms x Kauecmeo x 100, (a7)
riae ['oroBHOCTH — DakTHUEcKoe BpeMsi paboThl 00opyaoBanus/IInanoBoe Bpemst
paboThI 00OPYAOBAHNS;
IIpoussooumenvrocms — Tekyias BepaO0TKa/3arIaHUPOBaHHAS BRIPAOOTKA;
Kauecmeo - KonmnuecTBo kKaueCTBEHHBIX H3emii/O0111ee KOTMIeCTBO U3ISITHM.

s oueHku 3¢ (HEeKTUBHOCTH pabOTHl MPOU3BOJACTBEHHOTO YYacTKa CTaHKOB C
UITY u xaxzaoro omeparopa 3a HCCIeIyeMblil IEpHo] B kKareropuu I omosHocmy (110
nokasarento OEE), a Takxke 171 conocTaBieHus pe3yJbTaTOB UCIIOIb3YyEM IMOKA3aTENb
Kosgpgpuyuenm 3zacpysku o6opyoosanus (Kzo), Kak COOTHOIICHHE BPEMEHH PabOThHI
000pyI0BaHUS IO U3rOTOBJIEHUIO JieTaneil (cyMMa Tmam U3rOTOBICHHBIM JIETAISM 32
UCCIIEYEMbIN TIEpHO/T) M BpeMEHH pabOThI oleparopa 3a HccieryeMblit meproa [26].
Kosgppuyuenm 3aepysxu ob6opyoosarus, IpUMEHUTENTHHO 1711 000pynoBanus, ¢ YITY
omnpenaensercs o popmye (18):

K30 = (To6/Ton'n) + 100%, (18)
rae Kszo - kodduimeHT 3arpy3ku 000py10BaHuUs;

To6 - Bpemsi pabOTbl N €aUHUL 000PYJOBAHUS ONMPEIEISIEMOE M0 KOJIMYECTBY
V3TOTOBJIEHHBIX JETaJel 3a UCCIEAYyEMbBId IEPHUOJl, PABHOE CyMME IPOU3BEICHUN
KOJIMYECTBA JETajied OJHOrO0 HAMMEHOBAaHWS Ha 7Tmam 3TOW JeTanu, BCE 3HAUYECHHUS
CyMMUpYIOTCS (MUH), onipeesnsercs mo ¢popmysie (19);

Ton - Bpemsi paboTHI omneparopa (ydacTka) 3a UCCIEAYEeMbIH MEepUo BPEMEHH —
Tyac - 60 (Mun);

N — KOJIMYECTBO OJTHOBPEMEHHO OOCITY>KUBAEMbBIX CTAHKOB OIEPATOPOM, IIIT.

Bpewmst paboTsl Bcex enuuuil 00opyaoBanust 706 3a UCCIIeMyeMbIi Iepro/1 (CMeHa,
JieKajia, MECSII U T.I1.) ONpeieIieTCs KaKk CyMMa MPOU3BEIeHUI MAlTMHHOTO BPEMEHH,
Ha KOJMYECTBO KaXKI0W N3rOTOBJICHHOM JETaNIM 3a 3TOT nepuo 1o ¢popmyie (19):

T06 = XTwami - Ni (MunH), (19)
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rae Tvami — Bpemsi pabOTHI CTaHKa IO IMTPOrpamMMe TIPY U3TOTOBJICHUU OHOH 1-0ii
JIeTaJH, MUH;

Ni — umcno geraneld i-ro HAaMMEHOBAHHMS, W3TOTOBIICHHBIX 32 HMCCIIEITYEMBbIH
NepHoJl BpEMEHHU, IIT.

Omnepatopsl ctankoB ¢ UITY B Teuenue mecsiia padboTaroT pa3iniyHOe KOJTUYECTBO
CMEH U CpaBHEHHE O>(PQPEKTUBHOCTH UX pabOThl MO TOKa3aTelsiM 00BbEMOB
U3TOTOBJIICHHOM TPOAYKUMHA 3a Mecsl] HeKoppekTHo. Jlnsg  oOBbeKTUBHOU
CpPaBHUTEIHHOU OIEHKU 3(PGHEKTUBHOCTH pabOThI omepatopoB ctaHkoB ¢ UIIY B
kareropud /Ipoussooumenvrnocms (1o nokazarento OEE) npenaraercs oueHnBaTh 10
nokazarennto CpeonemecsayHoe 3HayeHue 00vema 8bINYCcKa NPOOYKYUU 3d VYCIO0BHYIO
CMeHy 8 HOpMO-yacax, Mpou3BoAuMoN oneparopamu cTaHkoB ¢ UITY (Temcp). Drot
nokazaresb onpezensercs mo Gopmyie (20):

Temep = ZTiri *Ni/60°Nemmec (HOPMO-4acoB), (20)
rae Tiri — BpeMsl IITyYHOE Ha U3TOTOBJICHHE I-0¥ IETaIu B MHH;

Ni — KoTM4YecTBO I-bIX JeTajCH, N3TOTOBJICHHBIX 3a MecsIl (IIIT);

Nemmec — KOJIMYECTBO CMEH, OTPa0OTaHHBIX B TEYEHHE MECSLA.

s onpenenenusi mokasarenst Ilpouzsooumensuocms (1o nokazatenio OEE)
MOJly4YeHHOE 3HaYeHHe 00beMa BBITyCKa MPOAYKIMU B HOPMO-Yacax B Mepecuere Ha
OJIMH CTAHOK COMOCTABJIIETCS ¢ OHIOM BpEMEHH 3a OJHY cMeHY (cM. popmyiy (21)):

IIpouzeooumenvrnocme = (Temep/ Ton-n) 100 (%), (21)
rjae Ton - BpeMsi paboThI onepaTopa 3a OJIHy CMEHY (4ac);

N — KOJIMYECTBO OJHOBPEMEHHO 00CITY>KMBAEMbIX CTAHKOB OIEPATOPOM, MIT.

B cooTBeTcTBMM C MHPOBBIMU CTaHAAPTAMH JTOT TMOKa3aTeNb JOJKEH
npubsmxarees K 95% [50].

Pacuer kpurepust Kauecmeo onpenensiercs COOTHOIIEHUEM KOJIMYECTBA TOJHBIX
W3TOTOBJICHHBIX H3JCNUNA K O0IIEeMy KOJMMYECTBY HW3IEIHN, BBIMYIIEHHBIX 32 JTOT
MIEPHO/I, BBITIONHSAETCS 110 hopmyie (22):

Kauecmeo = (Nroan/No6m) *100 (%), (22)
rie Nroan - KOJIMYecTBa TOAHBIX U3TOTOBJIEHHBIX U3ACIUH, IIIT;

No6uy - 00111€€ KOJIMYECTBO U3AEIUN BRITYIIEHHBIX 32 UCCIIEYyEMbIil TePHO/, LIT.
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B cooTBeTcTBMM C MHUPOBBIMU CTaHAApPTaMU JTOT IOKa3aTeldb JOJLKEH
npuommkaTees K 99%, uro B urore ga€r mis odmero mokasarenss OEE 3nauenue

npumepHo 85% [50]. AnropuTm pacdera mokaszaresnei 3GGEKTUBHOCTH POU3BOICTBA

npuBezeH Ha Pucynke 3.4.

Beog MCXOOHBIX - CeeaeHuA ob obbekTe, . baza gaHHbIX:
OaHHBIX nepyoge ANA aHanusa. Twmaw (1,2,._i)

- 00bekT;

- nepuog; l

- N_“,Q,---:']! Pacuet BpemeHun paboTsl

- a _ obopyaoBaHusA;

: NL%’?'_:;' To5=E Twaw" Ni,MHH

- NCMMEC. 1

Pacuet BpemeHun paboTsl
onepatepa (yyacTxa):
Ton=Tuac"60, MuH

}

PacueT nokasaTens
[OTOBHOCTB:

'=Kzo0=(Tod/Ton"n)"100,%

}

Pacuyer CpeiHero sHa4eHuA
BbIMyCKa NPOGYKLMN:
Temmec=To6/60 newmmec H.s,

'

Pacuet nokazatens
MpoM3B0AMTENEHOCTL:

M=( Termec/ Tuac*'n) 100,%

|

PacueTt nokazatena
Kauecteo:

K=(Nrog/No6us)100,%

'

Pacuet nokasatena OEE:
QEE=T"T"K* 100, %

!

PES“TJ'I bTaTeEl paCcYeToR:

......

Pucynox 3.4 - Anroputm pacdeta mokaszateneit oomieit appexrusHocTr OEE

(Overall Equipment Effectiveness) npou3BoiCTBEHHO# IeATEILHOCTH

MOIPA3ICIICHAMN

[Tporpamma pacuera nmokasareneit oomieit a¢pdextTuBHocTr OEE 1o anropurmy
Ha Pucynke 3.5 pa3paborana B CYB]] Microsoft Office Excel (ITpunoxenue I'), Ha

Pucynke 3.5 moka3zaHO CKaHUpPOBAaHHOE H300paKEHUE peau3ali pacuera B

IporpaMme.
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B X Buipesams ; ) . B
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A2 = f MeaHoe
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1 |Onepatog M3genvwe Kon-so ctiKon-so ov T maw, mv Kon-so u3 Kon-so ro, Bpema ocl Bpema pal Bpema pal K3o = Motc OGem npc Npowssog Kauecteo OEE, NpoueHTsl
2 |I.-‘IaaHoa _IHJ'IMTa 3 24 81 356 350 30 10800 28836 89 6.675 89 98.31461 77.875
3
Nuerl ? X
4 "
5 | Onepatop: WEBaHoE A Tuzl
6
: Wsaenme: Mauta AoGaeuTe
8 Kon-B0 CTaHKOE 0, WT: 3 Yaanute
9 | Kon-go cmeH ncmmec, wr: 24
10 T maw, MuH: a1
11
12 Kon-go u3a, Mobuw, wr: 356
danee
13 || Kon-Bo rogHeix n3aenuil NrogH, wr: 350
14 Bpema ocTaHoBok TooT, MUH: 30 Kpurepiu
15
15 Bpema paboTel onepatopa Ton, MUH: 10800 3aKpHTh
17 | Bpema paGoTu o6opyaosaHna To6, MHH: 28836
18 | K30 = FroTosHOCTE: 89
19
;0 O6em NPOAYELMK 33 CMEHY HA &4, 060PYA. TCMcp, HOpMO-vyas 6,675
31 MpousgoanTeasHoCTE M, NPOLEHTE: a9
22 || Kauecteo K, npoyenTe: 98.31461
23 OEE, npoueHTe: 77.875
24

Pucynox 3.5 — Peanuzanus nporpammsbl pacdyeTa nokasaresueit oomei

sapdextuBHOCTH OEE Npon3BOACTBEHHOMN AESITENBHOCTH ONEpaTopa

[Io mnosydeHHBIM JAaHHBIM, Ha aBTOMATHU3MPOBAHHOM pabodyeM MecTe,
OCHAILIEHHOM MEepPCOHAIbHBIM KOMIIBIOTEPOM, HAa BBIYMCIUTENIBHON MaTdopme,
1ocjie PyYyHOro BBOJAAa HMH(OpPMAIMM, BBIOJIHAIOTCS HEOOXOAMMBIE BBIYHCICHHUS
HOPMAaTHBOB IS TaJIbHEUIIIETO UCIIOIb30BAHUS B JKOHOMUYECKUX PacUeTax.

[Ipn wumeromencs Ha NOPEANPUATAN JIOKAIBHOW CETH, HO OTCYTCTBHH
TEXHUYECKOW BO3MOXKHOCTH CUUTHIBATH MHPOpPMAIIUIO HerocpencTBeHHo ¢ YUITY
CTaHKa, 00OpYy/J0BAHHE YKOMIUIEKTOBBIBAETCS TEPMUHANIaMHu (Hampumep, cucrema
MoHHMTOpUHTra «Jlucneruep», mnpousBoauTenb «CraHkocepBUC», T. CMOJIEHCK)
MOJTy4aloMMU MH(GOPMALIMIO O COCTOSIHUU CTaHKa U MEpealoluMU CBEICHUS Ha
cepBep IS JalIbHEHIIIero aHaau3a u pacuera [64].

Cospemennbie YUITY Bbeicokoro ypoBHsi (Hanpumep, HEIDENHAIN u ap.)
MO3BOJISIIOT TepeAaBaTh HHPoOpMalMio O (YHKIMOHUPOBAHUU OOOpPYIAOBaHUS
HaIpsIMyIO0 4Yepe3 JIOKAJbHYI0 CETh Ha LIEHTPAJbHBIA CEpBEp IS JaJbHEUIIEro

aHanmu3a W pacdera [63]. Ympasistomiass mporpaMMa M CMEHHOE 3aJ[aHUE MOKET
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MepeNaBaThCs OT AUCIIETYEPA YEPE3 CEPBEP W JIOKAJIBHYKO CETh NpsiMo Ha YUIIY

ctanka. Takasi cxeMa JBr»KeHus nHpopmanuu npusegeHa Ha Pucynke 3.6.

yuny @ :

obopynosaHua Cepacp \ =

Ynpasnsatowas % 3

xxxxxxx : nporpamma TMaUJ,TLUT, S,[

3 Tecn, Twk -4

. g

= — @ ;

- — & 2

§ % 3

T1yac, T1MuH K30,30m o

T24ac, T2MuH Nyac,Ncm E

" T34ac,T3Mut BpumcnurensbHas a

[MpoussoACTBEHHbII N1.N2,Tnp nnatopma b5
YHaCTOK %

Pucynox 3.6 - Jloructuka aBuxeHus: H(OOpMAIUU TIPU BBHITIOJTHEHUH PACYETOB

HOPMAaTHBOB BPEMEHU U HOPM BbIpaOOTKH, oka3zarenen 3pdexruBHoctu OEE.

3.4 BeiBoanl o I'1aBe 3

1. Jlna pacdyera SKOHOMHUYECKOHM 3(P(HEKTUBHOCTH BBICOKOCKOPOCTHOIO
bpesepoBaHuss U NPOBEACHUS  CPAaBHUTEIBHOTO  aHalIM3a  pa3paboTaHbl
KOJIMYECTBEHHBIN U 1IEHOBOM MOKA3aTeNln Pe3yIbTATUBHOCTH 00Pa0OTKHU.

2. B pesynbrare nccnenoBanusi papaboraHa U anmpoOMpoBaHa  METOJUKA
aBTOMATH3allUd OPTaHU3aIMU MPOU3BOJICTBA, MOIEPKKH MPOILIECCOB YIIPABICHHUS
1 00pabOTKM MaHHBIX TO3BOJIIOIIAS ONEPATHBHO, B aBTOMATHYECKOM PEXHUME,
BBITIOJIHATh TIPH 3aIyCKEe HOBBIX M3 pacueThl (HaKTUUECKUX HOPMATHUBOB
BPEMEHHU U HOPM BBIPAOOTKH MPU MEXaHUIECKON 00paboTke Ha ctankax ¢ YIIY.

3. BHempeHue TNPOBEACHHBIX HCCICIOBAHUN  TIO3BOJSICT  COKPATHUTh
Tpyl03aTpaThl IPUBJICUCHUs KBaIuuimpoBanHoro nepconana ot 10 mo 30 pa3 u
COKpalaeT BpeMsi TEXHOJIOTMYeCKOM MOATOTOBKY MPou3BoaAcTBa Ha 43% (Tabnuna

3.2 u Ilpunoxenue 3)
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4. VYrtouHeHHBI TmoOKazaTenb Koagguyuenm 3azpysku  060pyo0osanusl
MO3BOJISIET BBIMNOIHATh CPABHUTENbHBIN aHanu3 3G (HEKTUBHOCTH pabOThI ydyacTKa
ctaHkoB ¢ UIIY 3a yuuTsiBaeMbIii IEPUOJT BPEMEHU. Y TOUHEHHBIN, TPUMEHUTEIIBHO
Kk o6opyznoBanuto ¢ UITY, nokazatens Cpeonemecaunoe 3nauenue o0o6vema 8binycka
NPOOYKYUU 3a YCI08HYI0 CMEHy 6 HOPMO-uacax TIO3BOJIAET BBIMOJIHSATH aHAIU3
3¢ (HEeKTUBHOCTH pabOTHI KAKIOTO OMEPaToOpa 3a YUUTHIBAEMBIN IMTEPHUO BPEMEHH.

5. [lns onerkn 3 PEeKTUBHOCTH YCTAaHOBUBIIETOCS MPOU3BOJICTBA MPEIOKEH
Croco0 orepaTuBHOTO aHanu3a 3P(HEKTUBHOCTH BBHINOIHEHUS TPOU3BOICTBEHHBIX
3aIaHUN  Pa3IMYHBIMM  KATErOPUSMHM  UCIOJHUTENIEW U CTPYKTYPHBIMHU
noapasnenenusmu  [50; 66]. [Iig  oueHkd pabOThl  aBTOMATH3MPOBAHHOTO
MIPOU3BOJICTBA MPUMEHSAETCS U3BECTHBIN B MEXKIyHAPOIHOW MPAKTUKE MMOKA3aTEellb
obmeit 3¢ pextrBHOCTH OEE (Overall EQuipment Effectiveness).

6. OnBIT IPAKTUYECKOTO UCTIOIB30BAHUSI PE3YJIHTATOB UCCIIEIOBAHUS TTOKA3al,
YTO JAHHBIA TMOJAXOJ CIOCOOCTBYET MOBBIMICHUIO 3(h(EKTUBHOCTH Mpolecca
MOJTOTOBKM TMPOMU3BOJICTBA, a TAKXKE MPENOCTABISIET MHMOPMAIUIO JJIA OLIEHKHU
MpOIIECCa U3TOTOBIEHUS n3eiaui Ha ctaHkax ¢ UIIY v npuHATHS ynpaBIeHYECKUX

pelIeHni M0 OpraHu3allui Tpyaa B TPOU3BOICTBEHHOM MOPa3/IeICHHUU.



82

I'TABA 4 DOKCIIEPUMEHTAJIBHASA ITPOBEPKA
ABTOMATU3UPOBAHHOI'O ONIPEAEJEHUSA TIAPAMETPOB
BBICOKOCKOPOCTHOI'O ®PE3EPOBAHUA HA OCHOBE PEHIEHUA
IMPOEKTHBIX 3AJTIAY

OKCIIepUMEHTalbHAsl TMPOBEPKA OLEHKH Pe3yJIbTaTOB TEOPETHUUYECKUX
pa3paboTOK MO KaXJI0H M3 pa3pabOTaHHBIX IMPOCKTHHIX 3a/]a4, BBHINOJHEHHBIX B
Paznene 2.2 B I'maBe 2, mpoBoAuiack B BUPTyalbHOU Popme Mo pa3zpaboTaHHBIM
MporpaMMaM M CPaBHUBAIACH C PE3YJIbTATAMU PEAIBHOTO BBINOJIHEHUS ONEpanui
BBICOKOCKOPOCTHOTO (ppe3epoBanus Ha obopymoBanuun c UYIIY. Ilo wuroram
AKCIIEPUMEHTOB MPOBOAUIOCH COIOCTABIECHHUE PE3YIbTATOB ISl OMPEACICHUS

PE3YJIBbTAaTUBHOCTH BLIIIOJIHCHHBIX TCOPCTHYCCKHUX pa3pa60T01<.

4.1 Onpenesienne napaMeTpoB 00padOTKH PHU MOCTOHHOM
BBICOKOCKOPOCTHOM (hpe3epoBaHUM 00ecleYNBAIOIIMNX 32/IaHHOE KA4eCTBO

NMOBEPXHOCTH

[lapameTpsl  TpU  TOCJIOMHOM  BBICOKOCKOPOCTHOM  (hpe3epoBaHUU
OMPENIEIISIIUCH JIJISl a3 IUYHBIX YCIOBUN 00paOOTKU — yTiia HaKJIOHA BEPTUKATBHBIX
MOBEPXHOCTEH 0°, pajiyca pexyuieit KpoMku uactpymenTa Is (s gpessr ¢ HTIT)
unu paauyca chepuyueckoi (dpesnl rcp, mepoxoBarocTu mnoBepxHOcTH Ra/Rz
(BeIcOTBI ~ Tpebemka  hrp),  ompemensroTcss 1o mporpaMmam IS
aBTOMATU3UPOBAHHOTO pacueTra OAHOTO0 M3 (PParMEHTOB PEIICHUS MPOEKTHBIX
3a/1a4, onucaHue kotoporo mnpuseneHo B Paznene 2.2.1 B I'maBe 2. OCHOBHBIM
JUMUTHPYIOIIUM KPUTEPUEM 3TOTO pacyeTa SIBISAETCS MOTYyYEHUE OIpeaeasieMon
YEpPTEIKOM IIEPOXOBATOCTH MOBepxHOCTH Ra/Rz (uepes BricoTy rpederika hrp).
HeuszBecTHBIM MmapamMeTpoM, KOTOPBIM HEOOXOIUMO OMNPEACIUTh SBISETCS

BEeNMYMHA TepeMerieHuss nmo ocu Z (tommmHa ciosi) hz. PesynmeTaThl pacuera
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3aBHCHUMOCTH BBICOTHI «TpeOelika» OT yCIOBUM (pe3epoBaHUs NPUBEIEHBI Ha

Pucynke 4.1.

yron ae = 15

a 0.25 : e
L MOWTA T8
e 0.3 WCTPY
Sy Panwye ¥

Pucynok 4.1 - I'paduueckas peanuzaiys MaTeMaTUuE€CKON MOIeNIU OTIpeIeIeHuUs
napameTpoB «rpeberika» npu oopadotke dpesoit ¢ HTII ¢ paguycom mpu

BEpIIIMHE, OTPAHUYCHHOTO PaJNyCHBIMH KOHTYpaMU PexyIel gactu Gppe3sl

[Ipu o0paboTke KOHIEBOW (pe3oil co chepuueckorr pabodeil YacThio, B
COOTBETCTBUH ¢ anroputMoM Ha Pucynke 2.4 (I'maBa 2), B rpaduyeckoi ¢opme
peayiM30BaHa MaTeMaTU4ecKas MOJICIb 3aBHCHUMOCTH BBICOTBHI «TpeOelka» ot
yCIIoBUH (hpe3epoBaHUs — BEIWYMHBI MEpPEeMEIIeHUsI Mo ocu Z W yria HakKJIOHa

MOBEPXHOCTH, pPe3yJIbTaThl pacueTOB NpUBeAeHbI HAa Pucynke 4.2.
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Pucynok 4.2 - I'padudeckas peanuzaiys MaTeMaTHYeCKOW MOJIEIIA 3aBUCHMOCTH
MapaMeTpoB «IrpebeliKay ¢ paJuyCHBIMUA 00Pa3yIOIIUMU OT BETUYUHBI
MepeMeIeHHS 10 OcH Z, yIila HaKJI0Ha 00bEMHOM IMMOBEPXHOCTH U pa3zMepa

paanycHoM win cepuueckoi paboueit 4acTbio Ghpesbl

Pe3ynbrathl pacuera BIUSHUS yCIOBUNA 00pabOTKM HA BBICOTHBIE MTapaMeTpPhl
«rpebdemika» nocnoitHoM ¢pezepoBanus gppezoit ¢ HTII npsimoyronsHoit popmsl ¢
paauycoM TpU BEpIIMHE MPUBEACHBI BO BCEM JUANAa30HE U3MEHEHUSI BEIUYUHBI
nepemenieHus mo ocu Z mnpuBencHsl Ha Pucynke 4.3 Jlns 3amaHHBIX yCIIOBUN
00pa0OTKH B U3BMEHEHHUH BBICOTHBIX MTAPaMETPOB «TPEOEIIKa» BBIICICHBI TPU 30HHI,

XapaKTEPHU3yeMbI€ BHICOTOU U (HOPMOIA:

- 1-as 30Ha — npu hz < rs ang yrna HaknoHa a° < 45° gopma «rpederka»

CUMMETpUYHA M OIpaHMYEHA paATUYyCHBIM KOHTYpOM, padoTa B 3TOH 30HE
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XapaKTEPU3yeTCs] MUHUMAIbHBIMA BBICOTHBIMU TIapaMeTpaMU U PEKOMEHTyEeTCS
JU1s1 QUHUIITHOM 00paboTKY;

- 2-as 30Ha — npu e < hz < reftga® mig yrima HakioHa a° < 45° ¢opma
MUKPOHEPOBHOCTH aCUMMETPHUYHA U OTpaHUYCHA C OJHOM CTOPOHBI PaTUyCHBIM
KOHTYPOM U MPSIMOJIMHEWHBIM y4aCTKOM C JIPYroil CTOPOHBI, paboTa B 3TOU 30HE
IPUCYIIA MOJy4YUCTOBON 00paboTKe;

- 3-a 30Ha — mpu hz > re/tga® mia yrma HakiaoHa o° < 45° ¢opma
MUKpPOHEPOBHOCTU OTpaHU4YeHa oOpasyrolleld C pajuyCHbIM M MPSMOJIMHEHUHBIM

y4acTKamu , paboTa B 3TOM 30HE XapaKTepHa JJisl IPeBAPUTEIbHON 00pabOTKH.
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Pucynok 4.3 - I'padmueckas peanuzanus MaTeMaTHUE€CKOM MOJIEIH 3aBUCUMOCTH
nmapamMeTpoB «TrpederKa» OT yCJIOBUM MociaoiHoro (ppesepoBanus pesoii ¢ HTII

NPSAMOYTOJIbHOM (DOPMBI C PAIMyCOM MPU BEPLINHE
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Jlis mporpaMMupoBaHUs TOCIOWHOTO (pe3epoBanuss B Mmoayine CAM-
cuctembl ADEM peanmn3oBaHo HECKOJIBKO cXxeM 00paboTku [56]. B ynpasistomeit
nporpamme s 00paboTKu OOBEMHON MOJIENN, T'€OMETPUYECKUE MapameTphl
«rpederIKay, OnpeeNaoTCs BEIMYMHON I1ara mo ocu Z, a TakkKe pajnycoM NpU
BEpIIMHE PEXKYIICH MIACTUHBI U YIIOM HakKJOHAa 00pabaThiBaeéMOM MOBEPXHOCTH.
Benuunna mara mo ocu Z, B 3aBUCMMOCTH OT TPeOOBaHHM K MOBEPXHOCTH,
OmpejensieTcss MO  MPEANOKEeHHBIM  3aBucumocTsaM.  lllar  3amaéres
POrpaMMHUPOBAHUEM TOCIONHON 00paboTKH Mo ocu Z, KOTOopas 3aHOCUTCS B

nuaioroBoe okHo Moayiisi CAM (cm. PucyHok 4.4).

A B C D E F G: SN
1 }Rx, MEM Ra, MM 1, MM @, rpaa. hrp, mim B, rpag. Sm, mim hz, mm
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a) 0)
Pucynok 4.4 — IIporpamma pacuera riryOuHBI Mpoxoja (a) U AUAIOroBOE OKHO B
CAM-cucreme (0), B KOTOPOE 3aHOCUTCA BEJIMYMHA AUCKPETHOTO MEPEMEIEHUS

o ocu Z.

PesynbraThl pacdeToB, mpecTaBieHHble B Buae rpadukoB Ha Pucynke 4.5,
MO3BOJISIOT JIeNIaTh MPEABAPUTEIBHBIN MPOTHO3 O MapaMeTpax «rpederikay mpu
nocyoiiHoM (pesepoBanun (pesoit ¢ HTII npsimoyrosnbHON (OpMEI ¢ pagnycom
IIPY BEPIIIMHE PEXKYIICH KPOMKH B YKa3aHHBIX ycioBusx: o°- 15°% rs — 0,120, 0,200,
0,300 mM. Ha rpaduke cTpenkamu nmokaszaHo, 4to rnpu BeauduHe hz pasaoii 0,09 MM,
nipu ¢pezepoanuu ppesoit ¢ HTII ¢ paguycom npu BepiIuHe pexKyIIe KpOMKH '

paBubIM 0,120 MM, BbicoTa «rpebernika» hrp paBusercs 10 Mxwm.
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Pucynok 4.5 - I'paduueckas peanusanusi MaTeMaTHYECKUX MOJIENIEH 3aBUCUMOCTH
BBICOTBI «TPEOEIIKay OT YCI0BUM NociioiiHOro gppesepoanus ¢ppezamu ¢ HTII
IpSIMOYTOJIBHOM (OpMBI ¢ panuycoM nipu Bepimne: o°- 15 re — 0,120, 0,200,

0,300 mm

AHanu3 BIUSHUS BETUYHHBI IEPEMEIEHUS TT0 OCH Z Ha BHICOTHBIC MTAPAMETPHI
«rpeberika» 1 Gpes ¢ paguycHor win chepudeckoit popMaMu pexyIier KpOMKH
npuseneH Ha Pucynke 4.6. ['paduku moctpoens! 11 3HadeHuid: a°- 15% rep — 4, 5
u 6 MM. Ha rpaduke cTpenkamu moka3aHo, YTO IS MOJTYUYEHHUS BBICOTHI «TPEOCITKay
hrp paBabiM 20 MKM, BenuumHa nepeMenieHus hz mo ocu Z, npu yriie HaKJIOHA
oOpabartbiBaeMol MoBepxHOCTU 0°- 15° u pamuyce pexyiieit KpoMku Qpessl red,

paBusiercs 0,75 mm.
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Pucynox 4.6 - I'padmdeckas peanu3aiys MaTeMaTHUYECKIX MOCIICH 3aBUCUMOCTH
BBICOTHI «TpeOEIIKa» OT YCIOBUN 2,5-KOOPIUHATHOTO BHICOKOCKOPOCTHOTO

bpesepoBanus ppezamu co chepuueckuMu hopmamu pexyiieit yactu: a°- 15°;

rep —4,5n6 Mmm

Ha ocHoBe BBHITIOTHEHHBIX PE3YJABTATOB JJISI BUPTYAJIbHBIX HCCICAOBAHUN
mporiecca MmocIoMHOro ¢pe3epoBaHus 00bEMHOTO U3JIENIHS BBITIOJIHEHO 00BEMHOE

KOMITBIOTEPHOE MOJICTUPOBAHHE pEaTHM3allid 3TOW  OIepaluy,

MozenupoBaHusi Ha Pucynke 4.7.

a) 0)

Pucynok 4.7 - KomnproTepHOE€ MOACITMPOBAHUE TTPOIECCA TTOCTOMHOTO
BBICOKOCKOPOCTHOTO (Ppe3epoBaHusl 00bEMHOI0 U3/IENHUA: a — TPACKTOPHS

nepeMenieHnss MHCTPYMEHTa; O - MOJIeTMpOBaHue Tporiecca Ppe3epoBaHus; B -

TOTOBOC U3ACIHNEC

B)

pE3yIbTaTHI
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DKcIepuMeHTalIbHAS TPOBEPKA METOAMKHU pacueTa mapaMeTpoB HEPOBHOCTEH
Ha OOpabOTAaHHOW MOBEPXHOCTH  TIPU IOCIOWHOM (pe3epoBaHUN OOBEMHBIX
U3JICITUI B 3aBUCUMOCTH OT [TapaMeTPOB 00pabOTKH MPOBOIMUIIACH HA BEPTHKAILHOM
KOHCOJIbHO-(hpe3epHoM cTanke 6/IM12D3 ¢ UITY.

JI7is poBe/IeHUs SKCIIEPUMEHTAIBHBIX HCCIICIOBAaHUN HUCIIONBb30BaHa (pe3a
MEXaHHYECKUM

KOHIICBas1 C KpCILNICHUEM

IBYX  YEThIpeXIPaHHBIX
HEMEepPeTaunBaeMbIX TBEPJOCIUIABHBIX IJACTUH Mapku P10 ¢ riaBHBIM yrjiioMm B
mane 90° u ¢ paguycamu npu BepmuHe 0,120, 0,20 u 0,30 MM, dpesa KoHIIeBas
C MEXaHMYECKUM KPETUICHHEM JIBYX KPYTJIbIX TUTACTHH ¢ paguycamu 4, 5 u 6 mm.
PaccmarpuBaioch  CKOpOCTHOE TIOCHIONHOE (hpe3epoBaHHE HAKIOHHBIX
MOBEPXHOCTEH, PaCOIOKEHHBIX 1Mo yriioM 15° Ha obpasmax u3 cranu 45 no ['OCT
1050-88 paszmepom 40X40X60 mm. dpe3epoBaHHUE BBITOIHIOCH MPU CKOPOCTH
pe3anus V=925 m/mun u nogadye 10 v/MuH. JIUCKPETHOCTH NEPEMEIICHHM IO OCH
Z pasasnace 0,005 wmm. B Tabmuune 4.1 npuBeaeHsl  pe3ysbTaThl
HKCIIEPUMEHTAJILHON MPOBEPKH pacyeTa mapaMmeTpoB miepoxoBatoctd Ra u Rz s

3aBUCUMOCTH OT YCJ'IOBHﬁ O6pa6OTKI/I.

Tabnuna 4.1 - DkcnepuMeHTalIbHAsI MPOBEPKA pacyeTa napaMmeTpoB

IEPOXOBATOCTH
No VYron Pannyc [lepeme- | Ilepoxoa- [ITepoxoBaTocTh OtHoCU-
n\l1 | HakJIoOHa CKpyIje- | LIEHHE 110 TOCTh U3MEpPEeHHas, MKM TeNbHas
MOBEPX- HUSI peX. | Ocu Z, MM | pacyeTHas, Mar. Hucnep- norper-
HOCTH, KPOMKH, MKM O’KU/IaHue, cus, HOCTb,
rpan MM MKM MKM %
®pesa ¢ yerbipexrpanHoi HTII ¢ paguycoM ckpyriieHHs pexyiied KpOMKH
1 0,12 0,09 Ra=2.93 2.74 0.090 6,48
2 15° 0,20 0,12 Ra =247 2.67 0.040 7.49
3 0,30 0,15 Ra = 2.55 2.66 0.010 4,13
®pesa ¢ kpyraoit HTII
1 4 0,75 Rz =22 23.10 3,68 4.76
2 15° 5 0,9 Rz=21 22,93 3,61 8,41
3 6 1,0 Rz =23 24.11 4,95 4,60
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Omnpenenenre MepoXoBaTOCTH BBIMTOIHSAIOCH TPO(GUIOMETPOM MOAUPHUKAIIIH
NIIIT-110 npenHa3Haye€HHBIM i1 W3MEPEHUN MapaMeTpoB IIEPOXOBATOCTH
IJIOCKUX, HAKJIOHHBIX M HApY>KHBIX MOBEPXHOCTEW wu3Nenuil, uzmepstoumx 4
napameTpa mepoxoBatoctu nmoBepxHoctu: Ra; Rz; Rq u Rt. Pe3ynbrarsl BEIOOpKH
MIPOBEJICHHBIX 3aMEePOB 00pabaThIBAIUCh METOJOM MAaTEMaTUYECKOW CTATHCTHKH,
ONPENEISUIOCh MAaTEMaTUYECKOE OKMJaHue BeauunHbl Ra wim Rz u nucnepcus
3TOr0 3HAYEHUS, BBINOJHAJICA PAacYeT OTHOCUTEIBHOW ONIMOKH, PACUETHOH U
WU3MEPEHHON BEJTUYHH.

W3 pe3ynbTaToB SKCHEPUMEHTAIBHOM MPOBEPKUA pacuera MapaMmeTpoB
IIEPOXOBATOCTH 3aBUCUMOCTU OT yCJIOBUI 00pabOTKHU, MpuBeAeHHbIX B Tabnuie
4.1 cnenyeTt, 4TO OTHOCUTEINbHAS MOTPEIIHOCTh pacueTa cocTasisieT He Oonee 9%,
a CpeIHss OTHOCHTENbHas morpemHoctb — 5,97% [28]. U3 aroro cienyer, 4urto
BBIIIOJIHEHHBIE ~ METOJMKM  ONPENEICHUS  yCIOBHA  NIpH  MOCIOWHOMU
BBICOKOCKOPOCTHOI 00paboTKe /it o0ecrieueHus 3aJaHHbIX [TapaMeTpoB KayecTBa
IIOBEPXHOCTH TMO3BOJIAIOT HA CTAaJUX aBTOMAaTU3UPOBAHHOIO IPOEKTUPOBAHUS C
ONpENENCHHOW  CTENEHbI0  BEPOATHOCTH  OOECIEeUuBaTh  COOTBETCTBUE

00pabOTaHHON NOBEPXHOCTH TPEOOBAHUIO YEPTEKA.

4.2 UccaenoBanue JUHAMHKH BbICOKOCKOPOCTHOIO (hpe3epoBaHus NPH
PALMOHAJIBHOM YNIPABJEHUH MPOLECCOM 00padOTKH C epeMeHHbIM 110

BCJIMYUHE MIPUITYCKOM

Jlnst mpoBeAeHUST CPAaBHUTENBHBIX PAcueTOB TMokasarened 3(QekTuBHOCTH
MPUMEHEHUSI METO/ia PAllMOHAJIBHOTO YITPABJICHUS MPOIIECCOM BBICOKOCKOPOCTHOTO
dbpesepoBaHusl U3NETUN C TIEPEMEHHBIM 10 BETUYMHE MPHUITYCKOM, OIICHUBAIACh
KOHTypHasi 00paboTKa MPSMOJIMHEHMHOTO Y4YacTKa 3aroTOBKH BBICOTOM 40 MM u
nuHOM 600 MM TIpU CheMe CJIOsl pa3HOM TOJIIIMHBI B IBa MM ([yinHa ydactka 300
MM) U 4eThipe MM (qynHa y4yactka 300 mm). McxonHble TaHHbIE — ONTUMAJIBHOE

3Ha4YeHUE TOJIIUHBI CTPYXKU amax = 0,04 mm, nuametp dpesst D = 20 MM, gucio
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3yObeB ¢pesbl Z = 5, ckopocTh pe3anus V = 800 m/mMuH. Benuunna MUHYTHOM
nojaun 0e3 ONTHMH3AIMK OPUEHTHPOBAHA Ha ChEM MAKCHMAIBHOTO TPUITYCKA U
MOCTOSIHHAS Ha MPOTSHKEHUU BCETO Tpoliecca Ppe3epoBanusl, IJIs JAHHBIX YCIOBUI
o0paboTku oHa paBHseTCS Swvun = 3 M/MuH. [lpy onTUMH3ANMHU yCIOBUN
dbpe3epoBaHus TIO TOCTOSIHHOW TOJIIIMHE CTPYXKA MHUHYTHasi Tojmada OyaeT
aBTOMATUYECKU U3MEHSTHCS OT Smun = 3 M/MUH, IPH TOJIILIMHE CHUMAEMOTO cJios 4
MM, 10 Smun = 450 MM/MUH TIpU TOJIITUHE CHUMAEMOTO CJIosi 2 MM. Pe3ynbrarh
pacueToB npuBeneHbl Ha Pucynkax 4.8 u 4.9.

N3 rpapuka Ha Pucynke 4.8 cremyer, 4To mpH ONTHMHU3AIUMU YCIOBUUN
dbpe3epoBaHus 1O  TOJNIIMHE CTPYXKH IPOU3BOAUTEIBHOCTE  00pabOTKH

IMOBBIIIACTCS, B JdHHOM KOHKPCTHOM CJIY4acC IIOBBINICHUC COCTAaBUT 16%.
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Pucynok 4.8 - CpaBHUTEIbHBIE TPAPUKHA TPOU3BOIUTEIBHOCTA 00PaOOTKH IPH
KOHTYPHOM (ppe3epoBaHUU C IEPEMEHHBIM MPUITYCKOM 0€3 ONTUMU3ALINU U C

ONTUMU3ALMEN 10 TOJIIIHHE CTPYKKH

U3 rpajpuka Ha Pucynke 4.9 cremyer, 4To mnpu ONTHMHU3ALMU YCIOBHI
dbpe3epoBaHusl 1O TOJIIMHE CTPYXKKH YIYUIIAIOTCS YCJIOBUSL 00pabOTKH,
BBIPaBHUBAETCS MOIIHOCTh Ha IPOTSHKEHUU BCETO IIUKJIa Ppe3epoBaHUs, CHHUKACTCS
YPOBEHb YJAPHOM HArpy3Kd Ha PEXyLIU MHCTPYMEHT U KMHEMATUKY CTaHKa 3a

CUCT UBMCHCHUA BCINYHUHEI I10Ja91 B 3aBUCUMOCTH OT TOJINIMHBI CHUMAEMOTI'O CJIOA.
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Pucynok 4.9 - CpaBHuTenpHble rpaduKi U3MEHEHUS MOUTHOCTH MTPU KOHTYPHOM

(I)pe?,epOBaHI/II/I C ICPCMCHHBIM ITPHUITYCKOM oe3 OIITUMH3allHH U C OHTI/IMI/I3aIII/ICﬁ

I10 TOJIIHNHEC CTPYKKH

PacueTtHOoe 3HaueHue TOJIIUHBI CTPYIXKHU JIA oOecreYeHus 3aJaHHBIX

apamMeTpoOB IIEPOXOBATOCTH 3aHOCUTCA B JUAJIOroBO€ Tadyo cuctemsl (PucyHok

4.10, 6).
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Pucynox 4.10 Pe3yaeTaThl pacdera
ONTHMATBEHOIO 3HAYeHHA TOIIIIHEI
CIPYAKI (@) H IIAaJOroBOe OKHO B
CAM-cucteMe (0), B KOTOPOE 3aHOCITCA
BENHYIIHA  pacdyeTHOIO  3HAYECHIA

TOIMTHHB] CTPVAKIT
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Ha ocHoOBe BBIITONMHEHHBIX PE3YJbTATOB ISl BUPTYAJIBHBIX HMCCIEAOBAHUN
npouecca KOHTYPHOro (pe3epoBaHusl JeTaled C NEPEMEHHBIM IO BEIMYUHE
IIPUITYCKOM  BBIIIOJIHEHO KOMIIBIOTEPHOE MOJCIHMPOBAHUE pPEaIU3alud  ITON

omnepanuu, pe3yiabTarbl MoAenupoBanus Ha Pucynke 4.11.

a) 0) B)
Pucynok 4.11 - KomneroTepHOE MOJIEIMPOBAHUE MPOIIECCA KOHTYPHOTO
(dbpe3epoBaHUs ¢ IEPEMEHHBIM 10 BETUYHHE MPUITYCKOM: a — TPACKTOPHS
MepeMenIeHUs] MHCTPYMEHTa; O - MOJeIMpOBaHUe TIporiecca ppe3epoBanHus; B -

TOTOBOC U3ACIINC

4.3 Onpeneﬂenne TFreOMETPUHYCCKHUX MAPAaMETPOB KaYeCTBA MMOBEPXHOCTH
B 3aBHCHUMOCTH OT yCJIOBI/Iﬁ BBICOKOCKOPOCTHOI'O IUVIYHKEPHOTO

(¢pesepoBanus

B cootrBerctBum ¢ amroputMoMm Ha Pucynke 2.9 mo mporpamme pacuera
BBINIOJIHEHA Tpaduyeckasl peau3alsi MaTeMaTHYeCKOW MOJENTu 3aBUCHMOCTH
BBICOTBI «TpeOeNiKay OT YyCJIOBHUH (Ppe3epoBaHMs — BEIUYUHBI OJHOKPATHOTO
nepemernieHns SXY 1o ocsim X uiu Y u auameTpa gpessl D, pe3ynbprarel pacueToB

npuBesieHbl Ha Pucynke 4.12.
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Pucynok 4.12 - I'paduueckas peanuzaiusi MaTeMaTHYECKOU MOJIEN 3aBUCUMOCTH
BBICOTHI «T'peOeIIKay OT YCIOBUH TUIYHKEPHOTO (Ppe3epoBaHUsI KOHIICBBIMU

dpezamu quamerpamu D10, D15 u D20 mm

B cootBerctBum ¢ anroputrmom Ha Pucynke 2.9 (I'maBa2) pazpaborana B CYB/]
Microsoft Office Excel mporpamma pacuéra pexxiMMOB IUTyHXepHOTO (hpe3epOBaHuUs
B 3aBUCUMOCTH OT TpeOOBaHUU K KadyecTBy 00padaThIBAEMOW MOBEPXHOCTH (CM.

[Mpunoxenue B) [62]. Peanusanus nporpamMmMsl nprBeicHa Ha Pucynke 4.13.
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Pucynox 4.13 — Peanuzarus mporpaMMbl pacdéTa peKUMOB TUTYHKEPHOTO
dbpe3epoBaHus B 3aBUCUMOCTH OT TpeOOBaHMI K KaueCcTBY 00pabaThiBaeMOi

MTOBEPXHOCTHU
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PacuetHoe 3HaueHue mara TUIyHXeEpHOTO ¢pe3epoBaHusi B % OT auamerpa
¢dbpe3nl Ha Pucynke 4.13 — 7,99 unu B mm — 0,799 s obecrnieueHus: 3aaHHBIX

MapaMCTpOB MICPOXOBATOCTH 3aHOCUTCA B JHAJIOT'OBOC TabJIO CHCTEMBI (PI/ICYHOK

4.14).

=l Ppezeposate: nnyHxepHoEe x

Ccw epawerva  Boicokockopoctian  MHotpymedt  Bpesanwe Omog  Mecto oBpaBotkm
NapameTpel WrHaeneMogaum Cxema obpaboTn ononHUTenEHEIE

KoHCTRYK TMBHEIA 3nemeHT
L& __t{' MoBepxHOCTE " .
MapameTpe nepexona
[(Jcox 0
War MM ~ m [] Annpoikcumawma 0.01
I roooms [

Pucynok 4.14 — OxHo auanora sl yCTaHOBKHM HapamMeTPOB ILUTYHKEPHOTO

dbpe3epoBaHus

BupryanpHOE ompenencHHe BBICOTHBIX TTApaMETPOB HEPOBHOCTEH MOCTE
TUTYH)KEPHOTO (Ppe3epoBaHMs] KOMIBIOTEPHBIM MOJCIMPOBAHUEM BBHITIONHSIOCH B
moayne CAD mporpammbl ADEM Bepcust 9.1. [Topsiiok BBIOTHEHUST H3MEPEHUMN

COCTOMT U3 TpeX ATanoB (cM. PucyHok 4.15).

I aTan 2 Tan 3 sTan
PucyHok 4.15 - DTansl BUPTyaabHOTO ONPEIEIICHHS BBICOTHBIX MAPAMETPOB

HepOBHOCTeﬁ KOMIIBIOTCPHBIM MOJCIIMPOBAHUCM
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Ha nepBoM 3Tane BhINOJIHSETCS MOCTPOEHUE OKPYIKHOCTH C OCSIMU CUMMETPHUU
C AMaMETPOM PaBHBIM JUaMETPy Gpe3bl U oceit koopauHaT X U Y ¢ HAa4aJIoM B TOUKE
O KacaHUs OKPY>KHOCTHU C TOPU30HTAIBHOU OChIO KOOpAUHAT +X.

Ha BTopom sTane oTkiajabiBaeTcsi OTpe30K OT Touku O, B HAMpaBICHUU OCHU
KoopauHaT +X, paBHbI IMOJOBHHE BEIUYUHBI OJHOKPATHOTO IE€pEMEIECHUs
WHCTPYMEHTA SX MPHU MOCICTYIONIEM BEPTHKATHLHOM paboueM ABMKEHUHU (PPE3BI 0
ocu Z — OA.

Ha Tperbem sTame, U3 TOYKM A BOCCTAHABIMBACTCS NEPIEHAUKYJAP O
MepeceyueHust C OKPYKHOCThIO (Touka B). Pasmep otpe3ka AB B MM COOTBETCTBYET
BbICOTE TIpebemka Nrp Ha MOBEPXHOCTH, OOPaOOTAaHHOW  IUTYH)KEPHBIM
bpesepoBaHUEM UHCTPYMEHTOM JAuaMeTpoM D B MM mpu BeIMYHUHE OJJHOKPATHOTO
CMEIICHUS PaBHBIM SX B MM.

[Ipy ManpIX pa3mepax HCXOAHBIX BEJIUYMH [OCTPOEHUE HCKOMBIX
M300paKEHUM BBITIOIHSAETCS B MaciiTade yBEIMYEHUs, MPHU MOCIEAYIOIIEM
nepepacyueTe YMCICHHOTO 3HaUYeHUs BeIMYuHbl hrp B Macitabe M 1:1.

Ha ocHOBe BBINIONHEHHBIX PE3YJbTATOB ISl BUPTYAJIBHBIX HCCIEAOBAaHUN
npolecca IUTYHXKEPHOro (pe3epoBaHMs JeTajeil BBIIOJIHEHO KOMIIBIOTEPHOE
MOJEIUPOBAHUE pEATU3ALNUKN ATOM ONEpalvH, pPe3yJIbTaThl MOJEIUPOBAHUS Ha

Pucynke 4.16.

a) 0) B)
Pucynok 4.16 - KoMmnbroTepHOE MOACIUPOBAHUE MPOLIECCa BHICOKOCKOPOCTHOTO
ITYHXEPHOTO (hpe3epoBaHusl: a — TPACKTOPHS MEPEeMEIICHUsI MHCTPYMEHTA; O -

MOJCJIHUPOBAHUEC ITpoHCCCa @pCBCpOBaHI/IH; B - TOTOBOC U3CIHUC
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s npoBepku 3(hPEeKTUBHOCTH MPUMEHEHUS IUTYHXKEPHOTO (pe3epoBaHUs
0 CpPaBHEHUIO C JAPYrMMH BUJaMU 0OpaOOTKM TIPOBEIEHO PacUETHOE
COIOCTaBJIEHUE JIBYX BHJIOB (hpe3epoBaHUsi KOHCTPYKTUBHOTO AyieMeHTa «OKHOY -
KOHTypHOE (pe3epoBanne u IUTyH)KepHoe dpesepoBanue (Pucynox 4.17).
Marepuan 3arotoBku — Ctans 20 TOCT 1050-88, 3arotoBka 100X50X40 MM, OKHO
ckBO3HOE — 15X80 MM, pannyc CKpyTraeHHS - 5 MM, PeXYIIUI HHCTPYMEHT — (pe3a

KoHileBas nuametpom 8 MM T15K30.

MapameTph x | - Mapametpe *
"_._"J" Bpera ofpatoris 0323 (3.5) "?? Bpera ofpatotku (12:58 (297
= Navna 9N 2 Kb = Downa YM: S5Kb

a) 0)

Pucynok 4.17 — Tpaexropun nepeMenieHust (ppe3bl U pacyeTHbIE MAPAMETPBI

00paboTKH: a - KOHTYpHOE (ppe3epoBanue; O - IUTYH)KEpHOE (Ppe3epoBaHue

[IpoexTupoBanue onepaiuii BHIMOIHSIOCH B mporpamme ADEM B monyie
CAM/CAPP ¢ mnomompio cepBuca CAM Dkcrnepr. OreHuBanach BeEJIWYHHA
CKOPOCTH Ch€Ma MaTepHualia Py JBYX BapuaHTaX BBIIOJHEHHUS YEPHOBOM Omepariu
no (pezepoBaHuM KoJjo1a. Bce pacyeTs! BBIMOMHUIMCH HA OCHOBAHUHU CO3/IaHHBIX
3D-moneneit mzmenus. Cuctema BBITIOTHHUIIA PACIO3HABAaHUE KOHCTPYKTHBHOTO
aneMeHTa «OKHO», TpPOU3BENa pacyeT TPAaeKTOpUM MepeMenieHus (pesbl mnpu

KOHTYPHOM (prBCpOBaHI/IH MO 3KBUAUCTAHTC, 4 IIPU ITNIYHXCPHOM — YCIHOYHBIC



98

JBUKEHHS] B BEPTUKAJIBHOM TUIOCKOCTH, pa3padoTaia yIpaBsIOIIYyI0 MPOrpamMmy
JUTSL KaXKJIOTO BapHaHTa M ompeesnia BpeMs o0pabotku (cMm. Pucynok 4.17).

[Ipu ppe3epoBannu Mo SKBUIUCTAHTE BO3ICUCTBUE PAIMATIbHBIX HATPY30K HA
WHCTPYMEHT MIPUBOAUT K H3rUOY (hpe3bl mpu OOJIBIITOM BBIIETE, YTO OTPAHHYNBAIOT
BEJIMUMHY TMojadud BAoJdb ocet X w Y (300 mwm/mun). [lpu mayHxepHOM
¢dpe3epoBaHUU OCHOBHAsl HArpy3ka Ha HHCTPYMEHT — OCEBas, YTO IO3BOJISET

yBeau4uBaTh nogavy (10 600 MM/MuH), pe3yIbTaThl UccienoBanuii B Tadmure 4.2.

Tabnuma 4.2 - CpaBHUTENBHBINA aHAINU3 3(PPEKTUBHOCTH BHITIOTHEHHS] KOHTYPHOTO

U TUTYHXKEPHOTO (ppe3epoBaHUs

.-]-.
MNoka3atenu KoHTypHOE MnyHxepHoe
thpesepoBaHue ¢pe3eposaHue
Obopyaoeanue c Yy ObpabartbiBatoLmin ®pe3sepHbli ¢ YIMTY anA
LeHTp ¢ YIy, NNOCKOro ¢ppesepoBaHuna
3-X KOOpAMHATHBIN
TpaekTtopua nepemelleHus JKBUAWUCTaHTa B YenHoyHble NnepeMeLLeHns
WHCTPYMeHTa KoHType K3 ¢pe3bl No ocu Z, BAONb
koHTYpa K3
Bpems obpaboTku no 3.29 2.58
nporpamme, MUH
CroumocTtb 0bpadoTku, pyd 3.29X24 16=79.50 2.28X14.16=36.55
SKOHOMWYHOCTb UCMOMNb30BaHUA NNYHXepHOro hpesepoBaHMA Ha AaHHON
onepauuu cocrtasuna 40%
CKopoCTb Cbema maTtepuana, 14 .58 18,6
CM*/MUH
Mpu nnyHxepHoM thpesepoBaHUU NPOUIBOAUTENBHOCTL 06paboTKK Bhile YeMm
NpU KOHTYPHOM Ha 27%, Npy BCeX NPOYUX PaBHbIX YCNOBUAX

DKCIEepUMEHTAIbHBIE HMCCIEAOBAHUS MO OMNPEISICHUIO BIUSHUS YCIOBUI
TUTYH)KEpHOTO  (Dpe3epoBaHUsT HA TEOMETPHUYECKHE TMapaMeTpbl HEPOBHOCTEH
MPOBOJMIIMCH Ha BEPTUKAIBLHOM KOHCOJIBHO-Ppe3epHoM cTanke ¢ UITY 6/IM12D3,
HCIIOJIB30BaHbl (pe3bl KoHleBble nuamerpamu 10, 15 u 20 mm. PaccmaTtpuBanoch
dbpe3epoBaHue CTEHOK BhICOTOM cooTBeTcTBeHHO 40, 60 1 80 MM Ha oOpa3max u3
ctanu 45 o I'OCT 1050-88. dpe3epoBaHUE BBINOJIHSIOCH IPU CKOPOCTH PE3AHUS

V = 120 m/muH 1 BepTrKanbHON nogade fz = 0,10 mm/00.
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Omnpenenenue HIEpOXOBATOCTH BBIIIOJIHSJIOCH npoUIOMETPOM

Momudukanuu HIII-110 mnpemHasHayeHHBIM IS HW3MEPEHUN IapaMeTpoB
HIEPOXOBATOCTU IUIOCKUX, HAKIOHHBIX W HAPYKHBIX TOBEPXHOCTEN W3IEIUM,
u3Mepsomux 4 mnapamerpa miepoxoBarocTu mnoBepxHOcTH: Ra; Rz; Rg m Rt
Pe3ynbraThl BBIOOPKM MPOBEACHHBIX 00pabaTbIBaINCh

3aMCPOB MCTOJ0M

MATEMATUYECKOW  CTAaTUCTHKH, OIPEICIUIOCh MATEeMaTUYECKOE  OXUIAHHE
BesmuMHbl Ra mimm Rz m gucnepcus 3TOro 3HAYEHUSA, BBIIOJHSJICS pacyeT
OTHOCHUTEJIbHOW OIMMOKH, pacyeTHOM W u3MepeHHou BenumuuH. B Tabnume 4.3
MIPUBEACHBI PE3YJbTAThl SKCIICPUMEHTAIBHOM IPOBEPKUA pacyeTa MMapaMETPOB

mepoxoBatocty Ra u Rz B 3aBUCHMOCTH OT yCiiOBHI 00paOOTKH.

Tabnuma 4.3 - DxcrepuMeHTaIbHas MPOBEPKa pACUCTHBIX 3HAUYEHUH MapaMeTpOB

MEPOXOBATOCTHU
Ne | JInametp [Tepeme- [lTepoxoBa- [ITepoxoBarocTs Ra OtHocu-
mn | ¢pesbr D, | meHue nmo TocTh Ra U3MEPEHHAsI, MKM TeJbHas
MM ocu X, MM pacueTHasl, Mar. Hucnep- OIIMoOKa,
MKM OXKHaHHE, cusl, %
MKM MKM

1 10 0,75 Ra = 3,75 3.70 0.085 3,06

2 15 0,75 Ra =2.62 2.69 0.030 2,87

3 20 0,75 Ra=1,77 1.86 0.010 4,38

AHann3 COOTBETCTBUS TCOPETUUCCKUX PCIYJIbTATOB IIPAKTUICCKUM JTaHHBIM,

MOJYYEHHBIM B  pe3yJbTaTe HKCIEPUMEHTAIbHON TMPOBEPKU IapaMeTpPOB
IEPOXOBATOCTH MPH ILUTYH)XEPHOM (Ppe3epOBaHUH BEPTUKAIBHBIX TTOBEPXHOCTEH Ha
ctankax ¢ UITY B 3aBUCUMOCTH OT yClIOBUN 00paOOTKH, IPUBEICHHBIX B Tadmuie
3.4 cnenyet, 4TO OTHOCUTEIbHAS TIOTPEIIHOCTh pacyeTa cocTaBisieT He Oosee 5%,

a CpelHsAsA OTHOCUTENbHAs morpemHocTs — 3,43% [31].
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4.4 Anamn3 3¢ ¢peKTUBHOCTH IPMMEHEHHUS Pe3yJIbTATOB MCCIeA0BAHNM

IIPHA U3IrOTOBJCHUM ACTAIH «Ilaura»

JInsi KOHKpEeTH3allud TPOBEACHMS MCCIEIOBAaHUN MpuUHSTA 3a 0a30ByH0 —
KOMILJIEKCHAsI JeTanhb Ha ocHoBe wusnmenus «llmuray mpecc-hopmbr  aiis
M3TOTOBJICHUS JE€Tallel U3 IUIACTUKAa Ha TEPMOIUIACTABTOMATax. AHalau3 phIHKA
W3CIIMA M3 TUJIACTMAcC MOKa3all, YTO OKOJIO MOJIOBUHBI POCCHUHCKOTO HMIIOPTA
MPUXOJIUIIOCH Ha CTPaHbI, KOTOPhIE BBEJM CaHKIMU. be3 nMmoprozamenieHus B
MIPOU3BOJICTBE U3AENHI U3 IJIACTUKOB MOTYT MPUBECTH K rotepsam a0 14% BBII [1].
Y POCCHUHCKOro MpPOU3BOJICTBA IJIACTHUKOB €CTh CYIIECTBEHHBIA IMOTCHIMAT I
pa3BUTHS, T.K. PEAIM3YIOTCSI WHUIMATUBBI, HAIMpPaBJICHHbICE HA aJanTalyio K
CaHKIIMOHHBIM YCJIOBUSIM. YCWJIMS 10 HUMIIOPTO3aMEIICHUIO TPEOYIOT CO3IaHUs
JIOTIOJITHUTENIbHBIX MOIIHOCTEH, OCOOCHHO B YacTU Pa3BUTHS MaJIOTOHHA)KHOU
OPOAYKIMUA, K KOTOPHIM OTHOCSTCS KOMIUICKTYIOIIME i OeCTIMIOTHBIX
JIeTaTeNbHBIX ~ammapaToB (pocT oObeMa TPOU3BOJACTBA JOTUX HU3ACIUNA IS
NOTPEOHOCTEN MUHHUCTEPCTBA OOOPOHBI 3HAYMUTEIHHO BO3PACTAET), KOTOPHIX B
KOHCTpYKIuu 6oisiee 60% (aHHbIe U3 OTKPBHITHIX UCTOUYHUKOB 0T Kb «Cniektpy, T.
HoBocubupck). B  cooTBeTCTBUM HalMOHAIBHBIM MPOEKTOM «becnuioTHble
aBHAITMOHHBIE cucTeMbl» B Poccun k 2030 roy miaHupyroT MPOU3BOAUTE Oosee 32
Teic. OecnmioTHeiX aBuacucteM (BAC). OObem (¢uHaHCUPOBAHUS ITOTO
HaumnpoekTa 10 2030 roga coctaBut noutu 700 mupna pyo.: B 2024-m — 46,4 mipn
pyO., B 2025-M — 117 mapx py0. u o 149 mupna py6. B 2025 u 2026 ronax.

bonpmuHCTBO W3menwid W3 INIACTHMKA JUId  JTOTO BHUAA H3ACHUN
M3TOTaBJIMBAETCA Ha TEpPMOILJIaCTaBTOMAaTax B Mpecc-Ppopmax, U3roTaBIUBACMBIX
JUTST KaKIoro Buaa mpoaykiuu. OTcrofa pacTeT MOTPEOHOCTh B 3HAYMTEIBHBIX
KOJIMYECTBaX MPHUCTIOCOOTICHUN Il TPOU3BOJCTBA M3JCIUN W3 IUIACTHKA JIJIs
KOMIUIEKTAllUH 3TUX KOHCTPYKIUNA OCHOBHBIMU KOHCTPYKTHUBHBIMU 3JIEMEHTAMU

JUTS TaKUX Tpecc-popm saBstoTes manThl (Pucynok 4.18).
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Pucynox 4.18 - Korcrpyknus npecc-hopMbl 1Sl TEPMOTLTACTaBTOMATA

OTH U3JIENHS SIBISIOTCS IOBOJIBHO CIIOKHOM (POPMBI, C TIOJOCTAMHU Pa3IHIHON
KOH(UTYpaIMH U BBICOKOM TOUHOCTH. B IPOM3BOACTBE ATOT BU MPOYKIIMH UMEET
OOJBIIYI0O HOMEHKJIATypy, HO BBIIYCKAeTCsl MallbIMM  MapTUSAMHU, 4YTO
peaoIpeaeseT YKOHOMUYHOCTh 179 U3TOTOBJICHHE Ha OBICTPO
nepeHacTpauBaeMoOM OOOpYJOBaHUU C MPOTPAMMHBIM YIIpaBieHHEM. T.K. 1O
KOHQUTypalluM ¥ 3HAYUTENBbHOM Macce 53TU H3JAENIUs HMEIOT BBICOKYIO
BUOPOYCTOMYMBOCTh, YTO CHOCOOCTBYET NPUMEHEHHIO BBICOKOCKOPOCTHOM
¢dpe3epHOil 00pabOTKU. AHAIU3 BUJOB KOHCTPYKTHBHBIX 3JIEMEHTOB, U3 KOTOPBIX
COCTOMT THIIOBasg J€Talb H CHOCOObI TIOMY4YeHHS TaKWX TOBEPXHOCTEH
¢dpesepoBanuem npuBenaeH Ha Pucynke 4.19. K gucny BumoB ¢pesepHbIx padboT
TpeOyIOIIMX JIOMOJHUTENBHBIX MCCIEA0BAaHUN 10 OO0ECIEUEHUIO TOBBIIICHUS
MIPOM3BOAUTEIFHOCTH M KadyecTBa MOBEPXHOCTH MPHU 00pabOTKe IeTaniell 3TOTro
KJ1acca, a TaKKe IPYTUX U3AeNuil CXOAHONW KOH(UTypauu cieayeT OTHeCTH - 2.5-
KOOPJIMHATHOE TIOCIIOiTHOE (Ppe3epoBanre 00beMHBIX u3nenuit [50], parmoHanbHOE
yIpaBJIE€HUE KOHTYPHBIM (HpE3EpPOBAHUEM C IOBEPXHOCTEH C NEPEMEHHBIM IO

BENTUYMHE MPpUITycKoM [59] u muryHxepHoro ¢pesepoBanus [62].
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Pucynok 4.19 - Ananu3 KOHCTPYKTHUBHBIX 3JIEMEHTOB Kiiacca Aetaneit «Inmutsn»

1utst ipecc-(hopM U ciocoOOB MOTYUYEHHUsI TOBEPXHOCTEN
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O} PexTuBHOCTh MPUMEHEHUS Pa3pabOTAHHBIX TEXHOJIOTHUECKHUX PpEelICHUI
IIpU BBINIOJIHEHUH (pe3epHbIX omepauuii Ha crankax ¢ YIIY ompenensinacs Ha
OCHOBE pPa3pabOTOK, BBIOJIHEHHBIX BO BTOpPOM IJIaBe€ Ha MpuUMepe 00padOTKU
netanu «[lmuta» mpecc-hopMbl UIsi TepMoOILIacTaBTOMAaTa M3 TOPSYEKATAHOTO
npokata marepuan Craap X12BM I'OCT 5950-73 (cm. Pucynok 4.20). O0beMHBIC

MOJIEJI 3arOTOBKH U J€TalH NpuBeaeHbl Ha Pucynke 4.21
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Pucynok 4.21 — 3D-mozaenu 3arotoBku u aeranu «llnuray
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AnropuTM mpoliecca aBTOMAaTU3MPOBAHHOTO MPOECKTHUPOBAHUS 00pabOTKU
netanu «Ilnmutay ¢ uCHoap30BaHMEM pa3padOTaHHBIX PEIICHUN MPOEKTHBIX 3a]ad

(HazHayeHus mapameTpoB ¢pe3epoBaHuss Ha craHkax c¢ UYIIY) Ha ocHOBe

nporpammbl ADEM CAD/CAM/CAPP noka3ana Ha Pucynke 4.22.
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Pucynox 4.22 — AnTopuT™M CXeMbl ABHKEHUS HHOOPMAITUHU B
ABTOMATU3UPOBAHHOMN CHUCTEME C PEIICHUSIMU MTPOCKTHBIX 3a1a4 JIJIs
BBICOKOCKOPOCTHOTO (hpe3epoBaHUs MPH pa3paboTKe TEXHOIOTHIECKOM

JAOKYMCHTAIIUN HA U3TOTOBJICHUC JICTAJIN «IInutay»
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4.4.1 CpaBHUTeJbHBIN aHATIHN3 3(P(PEeKTHBHOCTH NPUMEHEHHUS TPATUIHOHHOTO

1 BBICOKOCKOPOCTHOTO (hpe3epoBaHus

B pamkax pazpabotaHHoro 1udpoBOro JIBOMHUKA TEXHOJIOTHYECKOTO
mpolecca BHUPTYaldbHO  aAHAIM3HPOBANIMCH JBa BapuaHTa oO0pabOTKH —
TpaJMIIMOHHOE (Ppe3epoBaHUE U BBICOKOCKOPOCTHas 00pabOTKa, OlEHHWBAJIACh
3 (HEKTUBHOCTH KaXkA0T0 U3 HUX MO KOJUYECTBEHHOMY U IIEHOBOMY IMOKa3aTesIM
[68; 73]. IIpu mpoBeneHUN HATYPHOTO 3KCIICPUMEHTA 3aKJIabIBAIIUCH MTApaMETPhI
00pabOTKM W PEaTU30BBIBAIUCH YMPABISAIONIME MPOTPaMMBbl, TOJYYCHHBIC B
pe3ynbTaTe aHajiu3a LHUQPPOBOrO JABOMHMKA TEXHOJOTMYECKOIO Mpolecca.
ChopMupoBaHHBINT CUCTEMON KOMIUIEKT TEXHOJIOTHYECKON JOKyMEHTalluu
npuBeeH B [lpuwnoxenun JI, dparMeHTbl  yOpaBISIIONIMX — MPOTPaAMM,
pa3paboTaHHbIX cucTeMol npuBeAeHb! B [Ipunoxenuu E (B ka0 ynpaBistomen
nporpamme  Oonee 1000 xagpoB). Crpykrypa uudpoBOro  JABOMHHKA
pa3paboOTaHHOIO TEXHOJIOTMYECKOTO Mpoliecca oOpabOTKM JAeTaiu MPUBEACHA B
[Tpunoxenun XK.

Pe3ynbTaThl CpaBHUTEIBLHOTO aHaM3a 3aTpaT U MPOU3BOJUTEIBLHOCTU TPHU
pPa3HBIX TEXHOJOTUSIX Qpe3epHo oOpadboTku neranu «Ilnutay Ha crankax ¢ UITY,
BBITIOJIHEHHBIN TI0 MaTepuaiaM UCCIIeI0BaHUMN, TPUBEACHHBIX B [ TaBe 2 oTpakeHbl
Tabnuue 4.4. PacueTsl BBIMOJHSJIMCH TO METOAMKAM OIEHKH 3()(PEKTUBHOCTU
BBITNIOJIHEHUS BBICOKOCKOPOCTHBIX OIepalnuii, U3J10KeHHbIX B [ aBe 3.

[ToBbllIEHHBIE pacxoAbl Ha 0ojee MPOU3BOAUTENBLHOE O0OpYyJIOBaHHE U
PEXYIIUHA HMHCTPYMEHT JUIsl BBICOKOCKOPOCTHOM OOpaOOTKM KOMIEHCUPYETCS
CYILIECTBEHHBIM COKpAIlCHMEM CYMMAapHBIX 3aTpaT B MepecyeTe Ha KUJIOrpamm
nertanu (10 10 pa3) v MOBBILLIEHHEM MPOU3BOAUTEILHOCTH B IIEPECUETE HA CKOPOCTh

cheMa MeTajljia B MUHYTY (10 15 pa3).
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Tabnuna 4.4 - CpaBHUTENbHBIN aHATHU3 3aTPAT U MPOU3BOAUTEILHOCTH TIPU

Pa3HBIX TEXHOJIOTUAX (Ppe3epHOi 00paboTKH

TpaguunoHHOE BricokockopocTHOE
dbpe3epoBaHue dbpe3epoBaHue
d-12 mm; VI-525 d-12 mm; VF-10 m/mumH;
Bunp! 3aTpar Ha 1 cTtanko-yac MM/MHH; Vpe3-925 m/MuH
Vpe3-160 m/mMuH
UwrcneHHbIe 3HAYSHUS 3aTPaT 10 JaHHBIM
aHanuTuieckoi ciryx0n1 [IAO «kKAMA3y [10]
1. PenoBarnus cranka, py6/4ac. 800 3200
2. Pacxonpl Ha pexymui 960 2200
WHCTPYMEHT, pyb/dac.
3. 3apriata CTaHOYHUKA, 625
py6/4ac.
4, Cepauc, pyb/4ac. 980
5. WNnxunupunr, py6/4ac. 1000 500 (aBT. MPOEKT)
6. [Tpoune 1exoBbIC PacXoibl, 1200
py6/4ac.
7. Hroro pacxonos Ha 1 vac, 5565 py6/dac 8705 py6/uac
py6/4ac
8. Bpewmst o6paboTku neranmy, 3.54 gaca 0.50 gaca
4ac/MUH (184,5 mun) (30.22 mun)
0. Pacxonpl Ha 00paboTKYy, pyoO. 19700 4352.50
3aTpaTsl Ha U3TOTOBJICHNE 1240 py6/kr 124,27 py6/kr
E JeTanu, pyo/Kr. (cHu:kenme 3aTpar a0 10
& pas)
= CxopocTh cheMa MeTalia Mpu 1.4 kr/MmuH
5 dbpe3epoBaHUU, KI/MHH. 0.09 kr/mun (moBbILLIEHHE
¥ NMPOU3BOAUTEILHOCTH B 15
pa3)

4.4.2 CpaBHUTe/IbHBIH aHATU3 3Q(PeKTUBHOCTH NPUMEHEHHS Pe3YJIbTATOB

HCCJIEeAOBAHMI NIPU TPAAMLIMOHHOM (ppe3epoBaHUU

PazpabGortanusie

INPUMCHAIOTCA W IIpU TPpAaAUIOHWMOHHBIX BHJAAX Q)pe3epOBaHHﬂ.

ABTOMATHU3HUPOBAaHHBIC

pelieHust

IIPOCKTHBIX 3aga4

Jl1st  OLICHKM

(G ()EKTUBHOCTH BBIMIOJHEHHBIX Pa3padOTOK MPOBOJWICS CPABHUTEIBHBIN aHAIU3

pU peayn3aliuu TPAJAUIIMOHHOTO (pe3epoBaHus MO 0a30BOM TEXHOJIOTHH U TIO
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TEXHOJIOTMM C TPUMEHEHHEM TpU  NPOSKTHPOBAHWU  pa3pabOTaHHBIX
aBTOMATHU3WPOBAHHBIX MPOCKTHBIX pemeHndd (I'maBa 2). Ha ocHoBe anamu3za
KOHCTpYKTOpCcKoM fokymeHnTanuu (Pucynok 4.20) pazpabotan MapuipyT oOpadoTKu

U3JIeTus, TIEpEeUeHb OTepanuii mpuBeneH B Taomwmre 4.5.

Tabmuma 4.5 - MapmpyTHBIH TEXHOJIOTHYECKUN TTPOIIecC 00pabOTKU JeTaIH

«IImuTay
No Onepaunn Ne Onepaunsa
onepauumu onepauuu
005 OTpe3sHan 025 CnecapHan
010 ®pe3sepHas 030 TepmoobpaboTka
015 ®peszepHan c YNy 035 lLnndosanbHas
020 ®peszepHan c YNy 040 KoHTponbHan

Ha onepanyu no U3roToOBICHUIO U3/1EIUs, BBIIOJIHAEMbIE HA cTaHKax ¢ YITY
pa3padaThIBAIMCh €IMHUYHBIE ONEPAI[MOHHBIE TEXHOJOTHYECKHE MPOLECCHI B ABYX
BapUaHTax:

- 0a30BbIi BapuaHT 00pabOTKH MOJOOHBIX JIeTallel Ha 3-X 0CEBOM (ppe3epHOM
cranke ¢ UIIY nmns o6bemHOro (pesepoBaHus, YaCTUYHO ABTOMATU3UPOBAHHOE
IIPOEKTUPOBAHUE TEXHOJOTMYECKOIO MPOLEecca M IMOATOTOBKA YIPABISAIOIINX
nporpamm BeinoJHsIoch B CAM-cucreme nporpammel ADEM mnoouepenno asis
KQ)KJIOTO KOHCTPYKTHBHOTO 3JIEMEHTA U3/IEIUS;

- BapUaHT C MPUMCHEHUEM pe3ysbTaToB uccienoBanuii ([nmasa 2) — 2,5-
KoopAuHaTHas oO0paboTka wu3Aenus Ha (pe3epHOM CTaHKe ISl IIJIOCKOTO
¢dpe3epoBaHusl, NPOEKTUPOBAHHWE TEXHOJIOIMYECKOrO Ipolecca M TMOJArOTOBKA
YOPABJISIIOUIMX MTporpamM BeinoiHsaiock B CAM-cucreme nporpammel ADEM.

Ha mnepBomM »3Tame mnpoeKTUPOBaHUS, SKOHOMHsS pabodyero BpeMEHH
IPUBJICYCHUSI CIIEIIMATIMCTA K IPOLECCY pa3pabOTKU TEXHOJIOTUYECKOTO Ipolecca u
MOJATOTOBKM YIPABJSIIOUIMX MPOrpaMM BO BTOPOM BapHaHTE MCIOJHEHUS C
MCIIOJIb30BaHUEM pE3yJbTaTOB HcclienoBanus jpocturan 80% IO CpaBHEHHIO C

TPaAULOHHBIM [TPOEKTUPOBAHUEM I10 IEPBOMY BAPUAHTY.
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PCSYHBTaTBI MOBBIIICHUA IMTPOU3BOAUTCIBHOCTH IIPHU BBIITOJIHCHUU onepaunﬁ
U CHHKCHHI CTOUMOCTH 06pa6OTKI/I IIPpH pa3JINYHBIX BHIAX O6pa6OTKI/I IMPUBCACHDBI

B Ta0Omurie 4.6

Tabnuua 4.6 - CpaBHUTENBHBIN aHAINU3 YPGEKTUBHOCTH peaIn3aluu

TEXHOJOTHUECKOro mporecca 00pabdotku netanu «llnutay

basosbiit TT1. OBpaboTka Ha 3-ex oceBoM Gpe3epHOM Pa3spabotatHblit TN, 2.5-koopauHaTHaa obpaboTka Ha
ctaHke ¢ YNY 41 obwemHoro ¢peseposaHua dpe3sepHOM CTaHKe ANA NNOCKOTo $pe3epoBaHma
Onepauus, cofepKaHue NeEpexoos Bpema, Onepauws, cofepkaHue Bpems,
MUH Nepexofos MUH
1 2 3 4
015 ®pesepran c UMy 015 ®pesepHan c UMy
1. YcTaHOoBMTL 3ar0TOBKY B TMCKAX 1. YCTaHOBMTL 3ar0TOBKY B TMCKAX
2. Ope3eporaTh 4 KonoAUa NO Nporpamme (3- 52,56 | 2. ®pe3eposats 4 konogua no nporpamme (2.5 48,24
ex KoopauHaTHaa obvemHan obpaboTka) KoopauHaTHaa obpaboTra)
3. ®pesepoBatt 2 OKHa NO NpoOrpamme 8,25 | 3. Ppeseposatk 2 OKHa NO Nporpamme 5,04
(3-ex koopauHaTHaA obwemHan obpaboTra) (nnyHkepHoe dpesepoBaHie)
4. Ceepnuts 4 otBepcTMA Anam. 12 mm 4,00 | 4. Ceepnuts 4 atBEpCTMA gnam. 12 mm 4.00
020 ®pesepnan c 4Ny 020 ®pesepnan c UMy
1. YcTaHOBWTL AeTank B npucnocobnenue 1. YcTaHoBWTL AeTanb B npucnocobneHue
2. Dpe3epoBaTh HAPYHHBIA KOHTYp No 16.28 | 2. ®pe3epoBaTh HapYHHLIK KOHTYP MO Nporpamme 10,48
nporpamme (3-ex KoopAMHaTHaA obbemHan (apanTauua obpaboTkK NO TONWMHE CTPYHKM)
obpabotka)
CymmapHoe Bpema obipaboTku no nporpamme 1.21,09 | CymmapHoe spema obpaboTku no nporpamme 1.08.26
CokpalyeHne BpemeHn 06paboTkk no nporpamme 3a CYET NPUMEHEHUA Pa3paboTaHHbIX TEXHONOTMYECKUX PELLEHM Ha
npvBEAeHHbIX onepauuax coctasnaeT 16,17%
3aTpaThl Ha BLINONHEHWE ONEpaLyK Yepes 1.959,67 | 3aTpaThl Ha BLINONHEHWE ONepaLWu Yepes 967,01
CTOMMOCTE Hopmo-yaca (1450 py6/yac) pyb. | cToumocts Hopmo-yaca (850 py6/yac) pyb
CTOMMOCTb BLINONHEHMA ONEpaLMid 3a CYET UCMO/IBE30BAHMA QPE3EPHOTO CTaHKa ANA NNOCKOTO Gpe3epoBaHna BMECTO 3-ex
ocesoro obpabaTbiBatoWErO LEHTPa NpW NPUMEHEHWM paspaboTaHHbIX TEXHONOTMYECKUX PeLLEHWI cOKpalleHa Ha 50,56%

T.k. TPOHU3BOACTBO TAKHUX JETAIIEW OTHOCUTCS K MEJIKOCEPUMHOMY, TO
KPUTEPUEM ONTUMAJIBHOCTH ISl 0Opa0OTKU 3TUX HU3AENIUNA OyayT MUHUMAJbHbIE
3aTpaThl HA BBIIIOJIHEHHE OIEpalMil 4Yepe3 CTOMMOCTh HOPMO-4aca.

JInsi OLEHKM NpPUMEHEHHUS BBINOJHEHHBIX pa3padOTOK Ha MPOU3BOJCTBE
UCITIOJIb30BaHa pa3paboTaHHast METO/IMKA OIIpEIEIICHUS NoKasareis
s¢pdpexkruBaoctn KPI (Key Perfomance Indicators) yuactka crankoB ¢ UITY
MEXaHHUYECKOTO II€Xa M OTHEJNBHO B3SATOTO omneparopa. Meroanka MO3BOJIMIIA
MPOBOJIUTH OTMEPATUBHBIN aHAIN3 d(PPEKTUBHOCTH pabOTHI ONIEPATOPOB U YHACTKA,

B 1I€JIOM, 3a JIt0OOM BPEMEHHON OTPE30K — CMEHA, CYTKH, JIeKaja, MeCSIl s
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MPUHATUSL YTIPABICHYECKUX PEIIEHUH C WCIOIb30BaHHEM WH(POPMAIIMOHHBIX
BO3MOXxHOCTel cucrteM YUIIY oGopymoBanus u pa3pabOTaHHOTO MPOTPaMMHOTO
oOecrieuenusi. CpaBHUTENbHAs OIlEHKAa dS(PQPEKTUBHOCTH NTPUMEHEHUU JABYX

BapuaHTOB 00paboTku npuBeneHs 1o nmokazatensiMm OEE B Tabmure 4.7.

Tabnuma 4.7 - CpaBHUTENbHBINA aHAIN3 OLEHKU 3((HEKTUBHOCTH peaTn3aliu

dbpesepHoii oneparuu Ha crankax ¢ UITY mo mokazarensm OEE

BazoBbiid TIN. ObpaboTka Ha | PaspabotaHHbiid TI. 2.5-
3-ex oceEOM ppesepHom HoOpAMHaTHaA obpaboTia
cTaHke c HITY ana Ha (pesepHOM CTaHKe AnA
0BbeMHOTO GpesepoBaHna | MNOCKOTo dpe3epoBaHmua
OB&bekT MawTta AnAa npacc-popmel
@ | Bpema 06paboTku no nporpamme, 81,09 68.26
I | Tmaw (muH)
& | Honnuectso cmeH, oTpaboTaHHbIX B 24
2 | TeueHue mecAla, ncMmec ()
& | KonwuecTeo M3roTOBNEHHBIX AeTanei, 369/376 446/454
g NrogH/No6uy {wr)
= | Konnuectso oBcny#MBaembiX CTAHKOB 3
onepatopom, 1 (W)
Bpema paboTol ofopynoeanus, Tob 30489 30990
@ | (mmH)
% Bpema paBboTel onepatopa, Ton (MuH) 11520
2 | MNokazaTens — fomoeHocmb 0.88 - 88% 0.89 - 89%
E BhinycK NPOAYKUMK B CMeHy, Tcmmec 2117 21.52
5 | (Hopmo-vac)
= | Nokazarens — pouzsodumensHocms 0.88 - 88% 0.89 - 89%
& | Nokasatens — Kavecmeo 0.98 - 98% 0.98 - 98%
MNokazaTens — OEE (%) 75,89% 77.62%

4.4 BuiBoasbl o I'1aBe 4

1. BeimosiHeHHasi METOJIMKA aBTOMATHU3alMK PEIICHUS] TPOSKTHOM 3a7a4uu 110
OTIPEJICIICHUIO YCIIOBUN TOCIOWHOTO (hpe3epoBaHUU, B T.4. BHICOKOCKOPOCTHOTO,
JUIsi 00ecriedeHusl 3aJJaHHbIX MapaMeTPOB KadecTBa MOBEPXHOCTH TMO3BOJISIIOT Ha
CTaJUU MPOCKTUPOBAHUS C OINPEEICHHON CTENEeHBIO BEPOSITHOCTH 0OECIIEUNBATH

COOTBETCTBHE 00paOOTaHHOM MOBEPXHOCTH TPEOOBAHUIO YEPTEXKA.



110

2. Ilpu onpenenenuun ycioBuii ppe3epoBanHmsi, B T.4. BBICOKOCKOPOCTHOTO, B
COOTBETCTBUM C MPOEKTHOM 3a/laued ONTUMM3AIUU TI0 TONIIUHE CTPYXKKH IPHU
00paboTKe ¢ MePEeMEHHBIM 0 BETUYHHE MTPUITYCKOM, BBIDABHUBAETCS] MOITHOCTh Ha
MPOTSHKEHUH BCETO ITUKIIA (pe3epoBaHUs, CHIDKACTCS YPOBEHb YIaPHOU HATPy3KH
Ha PEeXYIIMA HHCTPYMEHT U KUHEMAaTHKYy CTaHKa, CHIXKAETCS YPOBEHb BUOpaIlu 3a
CUYET U3MEHEHUS BEIMUYMHBI TOJA4H B 3aBUCUMOCTH OT TOJIIIMHBI CHUMAEMOTO CJIOs
U YBEIMYMBACTCS MPOUZBOAUTEIBHOCT OOpaOOTKU. AHAIM3 COOTBETCTBUS
TEOPETUUYECKUX PACYETOB OKCIEPUMEHTAJIbHBIM JaHHBIM TIOKa3all, 4YTO MpHU
WCITOJIb30BAaHUH Pa3pabOTaHHBIX MATEMAaTHYECKUX 3aBUCUMOCTEH ISl OTIPEICTICHUS
yCJIOBUM 00pabOTKM TO3BOJISIIOT OOECleyuBaTh B IIPOIIECCE IMPOU3BOCTBA
3a/IaHHBIE MapaMETPbl KAYECTBA MOBEPXHOCTH.

3. AHanu3 COOTBETCTBUS TEOPETUYECKUX PE3YJIbTATOB MPAKTHUICCKUM
JIAHHBIM, TOJYYEHHBIM B PE3yJIbTaTE SKCIEPUMEHTAIBHON MPOBEPKHU MAPAMETPOB
KaueCcTBa MOBEPXHOCTH MPHU ILTyHKEPHOM PPEe3epOBAHUM BEPTUKAIBHBIX CTEHOK Ha
ctankax ¢ UYIIY B 3aBUCMMOCTH OT YCJIOBHH 0OpabOTKH CIEayeT, YTO
OTHOCHUTEJbHAsI TOTPENIHOCTh pacueTa cocTaBisieT He Oosiee 5%, a cpenHas
oTHOcHTeNnbHAs morpemHocth — 3%. Ilpu mymxepHoM  dpe3epoBaHUU
MIPOU3BOIUTENILHOCTE 00paboTKH BhIIe HAa 20% 1 60j1ee, 4eM MPU KOHTYPHOM TIPH
BCEX MPOYUX PABHBIX YCIOBUSX.

4. ITpu BBICOKOCKOPOCTHOM (hpe3epHOil 00pabOTKE MOBBILIEHHBIE PACXOAbl HA
Oonee  MPOM3BOAUTENBHOE  OOOPYIOBAaHWE M PEXKYHUH  HHCTPYMEHT
KOMIIEHCUPYETCSl CYIIECTBEHHBIM COKpAIlleHUEM CYMMAapHBIX 3aTpaT B Mepecuere
Ha KwiorpamMMm Jnetanu (o 10 pa3) ¥ TOBBINICHUEM TPOU3BOIUTEIHLHOCTU B
repecyeTe Ha CKOPOCTh CheMa MeTalia B MUHYTY (110 15 pa3s).

5. CpaBHUTENbHBIA aHAJIW3 BBIMOJHEHUS TEXHOJOTMYECKUX ITPOIIECCOB
TPaJAMIIMOHHOTO (Ppe3epoBaHUs, peaTu3yeMbiXx 10 0a30BOMY BapHaHTy U
MOATOTOBJICHHOMY IO pe3yJibTaTaM pa3paOOTKU MPOEKTHBIX PEIICHUN IMoKazal
COKpallleHHe BpeMeHu o0paboTku Ha 16% U yMEHBIIEHHE pPacXOJ0B Ha

n3roroBieHue aeraiu «Ilmuray 10 50%.
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I'JIABA 5 TIPUMEHEHUE PE3YJbTATOB UCCJIEJJOBAHUH B
TEXHOJIOT'MYECKOM MPOEKTHOM JESITEJIBHOCTH, HA
IMPOU3BOJICTBE U ITPU NOJI'OTOBKE CIIEITMAJINCTOB

[lenpr0 JaHHOW TIJaBbl SABISIETCS M3JI0KEHHUE PE3YJIbTATOB BHEAPEHUS
BBITIOJIHEHHBIX ~ HMCCIICIOBAHUNW B TMPOEKTHYIO JACSTENbHOCTh OPraHU3aIUIo
MPOU3BOJICTBEHHBIX MPOIECCOB MPEANPHUATANA M TOJATOTOBKY CHEIHMAIHUCTOB.
[TpuBoasTCs pe3yabTaThl 3PGEKTUBHOCTH pa3pabOTaHHBIX PEIICHHA.

Pa3zpaboTanHble MOIENTU U HAYYHO-O00OCHOBAaHHBIE TEXHOJIOTMUYECKHUE PEIICHUS
B 00JacTM aBTOMAaTU3MPOBAHHOIO MPOEKTUPOBAHUS BHEAPEHbI B TMPAKTUKY
ucnonb3oBanusl cucreMbl ADEM CAD/CAM/CAPP «<ADEM - unxuHupuHr» (T.
MockBa), a Takxke Ha npeanpusaTusx AQO SpocinaBckuil 3aBOJ JIM3ENbHOU
anmnapatypsl (r. fpocnaBnb), AO «KapaueBckuii 3aBoa «InekTpoaeTanby (T.
KapaueB, bpsuckas 061.), AO «Kommpeccop» (r. Cankr-IlerepOypr), OOO

«Mupakc» (1. Mocksa), [TAO «lunaktudyeckue cucteMbn (T. MockBa).

5.1 IlpuMeHeHHe Pe3yJIbTATOB UCCIEA0BAHUI HA ITAaNe BHINOJIHEHUS

TCXHOJOTHYCCKHUX ITPOCKTHDBIX paﬁoT

[Iporpammel pacuéra napameTpoB Pppe3epoBaHMs B 3aBUCUMOCTH OT Ka4eCTBa
MOBEPXHOCTU TPH BBICOKOCKOPOCTHOM (Ppe3epOBaHUM OOBEMHBIX W3JEIUN B
MOCJIONHOM PEXUME U 2,5-KOOPANHATHOM TPATUIIMOHHONW 00paOOTKM Ha CTaHKax C
UITY, mnynxkepHoro ¢hpe3epoBaHusi U palMOHATIBLHON CTAOMIIM3AIIM KOHTYPHOTO
(bpe3epoBaHus U3ACINNA C IEPEMEHHBIM 0 BEIMYMHE PUITYCKOM BKIIFOUEHBI B BUJIE
[Tpunoxenus K VHTETPUPOBAHHOU KOHCTPYKTOPCKO-TEXHOJOTUYECKOU
xommbroTepHoi cucteMme ADEM CAD/CAM/CAPP «ADEM - unxuHUpHHT (T.
Mocksa). s peanu3zanuu pe3yabTaToB UCCAEAOBAHUIN B IPOEKTHOM €SI TEIbHOCTH

B TEXHOJIOTHYECKUX CIIY»KO0aX MPeanpusTHil pa3paOdoTaHbl MOAPOOHBIE TIONIATOBBIC
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MHCTPYKIMHU MO MPOEKTUPOBAHUIO BBHICOKOCKOPOCTHBIX OMNEpaluid sl CTAHKOB C
YITY B aBTomMaTH3upoBannoi cucteme CAD|CAM/CAPP.,

Meroguka  TEXHOJOTMYECKOM  IMOATOTOBKA  IPOM3BOJCTBA  HU3AECIHUI
MaIllMHOCTPOEHUsI HAa OCHOBE aBTOMATHU3allMM PEIICHUS MPOEKTHBIX 3ajay Mpu
BBICOKOCKOPOCTHOM (pe3epHoit 00paboTke Ha crankax c¢ YIIY Bkioudaer
CJIeAYIONINE 3Tamnbl (AJITOPUTM MOCIIEI0OBATEIBHOCTH MPOEKTUPOBaHUs Ha PucyHke
2.12, T'naBa 2), conep>kaHue KOTOPBIX U IPUMEPHI pEATU3ALMU IPUBEICHBI HIDKE.

1. Bbioop oOopynoBanmsi. [Ipu BbIOOpe 00OpyJOBaHUS ONPENEISAIOTCS
napaMeTpbl HEOOXOAUMBIE JUIsl TaIbHEUIIINX PacUu€TOB - MOIIIHOCTh, MAKCUMAJIbHBIC
YUCJIO OOOPOTOB IIMUHJEIAS W CKOPOCTh IMMOJA4YM, MAKCUMAJIbHO JOIYCTUMOE
yCKOpeHue, odecreunBaeMoe MpuBoamMu ctanka, cuctemMa YUITY [9]. B kauecTtse
npuMepa - BepTUKaIbHbIA oOpabareiBatomuii neHtp FIVE 650 nmpousBoactsa
TBEpCKOTr0 CTAHKOCTPOUTENBHOTO 3aBOAA. TEeXHUUECKNE XapaKTEPUCTUKU CTAHKA -
MOIIHOCTh 3JIEKTPOJIBUTATENsd TJAaBHOrO npuBojga 15 kBT, nuama3zoH wyactor
BpamieHus: mmuuaens 50 - 12000 o6/muH, ckopocth padoueit momauu 1-20000
MM/MHH, MaKCHUMaJIbHO JIOIyCTUMOE YCKOpEHHE, 00ecrneunBaeMoe IMPUBOJAMU
cTaHka § m/c>.

2. Bbioop pexymero wuHcTtpyMeHrta. Ilonbop HeoO6xomumoil dpesbl
BBITIOJTHSICTCST U3 0a3bl JAHHBIX CHUCTEMBI, MaTepuall PEXYIIEro MHCTPyMEHTa -
MEJIKOJIUCTIEPCHBIE CIUIaBbI, CIIOCOOHBIC HAZIEKHO PAOOTATh Ha BEICOKUX CKOPOCTSIX,
[68]. ITapameTpbl HHCTpyMEHTa HEOOXOAMMSBIC IS JAJbHEHUIIMX pPACYCTOB —
JIMaMEeTp U YUCIIO0 3yObeB (Ppe3bl, paiuyc CKPYIJICHUS PEXKYIIEH KPOMKU, MaTepuall
pexyiei yactu. [Ipy BBICOKOCKOPOCTHOM TPOXOHMIAIBHOM (ppe3epoBaHUU Ma30B
dpe3a nomkHa O6bITh Ha 15%, a myurne Ha 35% MeHbIIIe B TUaMETpe, YeM IHUPUHA
naza. B xauectBe npumepa - i pe3epoBaHus Maza MHUPUHOU 16 MM MOXKHO
UCIOJIb30BaTh (Ppe3y koHreByro R998ST6-120 nuamerpom 12 MM, U3rOTOBHUTEIH
NxeBckuil MHCTpYMEHTaJIbHBIM 3aBojA. Ywucio 3yObeB-6, paauyc CKpyTJECHUs
pexymeit kpomku — 0,2 MM. @®pes3a npegHa3HAYEHA BBICOKOCKOPOCTHOM,

BBICOKOTIPOM3BOIUTEIHHOM 00padoTku ctanmu S2-70 HRS.
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3. OmnpenesieHne CKOPOCTH PpPe3aHUsl W YHCJIa 000POTOB HINMUHAESI.
PexoMeHnyeMasi CKOpOCTh pe3aHus TPU BHICOKOCKOPOCTHOM (Dpe3epOBaHUU CTAIH
Vpe3 — 350 — 2000 m/muH [9]. OnipenensieTcs Mo CrpaBOYHBIM HCTOYHUKAM C YIETOM
XapaKTepUCTHK MaTepuaja JEeTaal U PEKOMEHJAINI MO MPUMEHEHHUIO PEXYIIETO
uHCTpyMeHTa [8]. MakcuMaibHas CKOPOCTh PE3aHHs OTPAaHUYMBACTCS MPEICTbHOM
JUIS JAHHOTO CTaHKa YacTOTOM BpaIlleHUS INMUHACNSA, Hampumep, s
BBIIIEyIOMAHYTOro odpabaTsiBaromiero nentpa FIVE 650 nmax - 12000 06/muH.
[Tpu nuametpe dpe3sr D — 12 MM MaKCHMaTBHO JOCTHKUMAs CKOPOCTh PE3aHUS Ha
aToM 00OopymoBaHuu Oyne cooTBercTBoBaTh 450 M/MuH. BriOpanHOE 3HAUCHUE
CKOpPOCTU pe3aHusi Vpes B M/MHH 3aHOCUTCA B TaOyo nuanora dpesepHasi B
sakiaake llnuugens/Ilomaun (Pucynok 5.1). Cucrema aBTOMaTHYECKH CIEaeT
MIEpPeCUYeT STOTO 3HAYCHUS B YUCIO OOOPOTOB IIMUHACISA CTAHKA B MUHYTY, KOTOPOE

6y,Z[GT HUCIIOJIB30BAaTLCA B ynpaBnﬂ}omeﬁ IIporpamMme.

=H Dpeseposath: 2.5% *
Bpeszanwe / Koppekon Momgxon / Omeon MecTo ofpabomo
Ocw spalenva BeicokockopocTHaR MHCTpyMeHT
MapameTpel UrHaens. Tonaw Cxema ofpaboTi JononHuTENEHBIE
WnuHpene
Vo w |45D BpaweHne yc ~
M
I'Iu:u,laﬂ_-
CcHoBHar nogava MMAMAH -

Pucynok 5.1 - Tabno auanora B 3aknanke [nunaens/Ilogaun nms 3anecenus

MapaMeTPOB CKOPOCTU PE3aHUSI U CKOPOCTHU MOAAYH

4. Onpenesenne CKOpPocTH nmoaaqu. [Ipu BBICOKOCKOPOCTHOM (hpe3epoBaHUN
CKOPOCTh TIOJIaud MOJKET BapbUpOBAThCS B 3aBUCHUMOCTA OT Marepuaia
oOpabaThIBaeMOM JIeTalid U BO3MOXHOCTEH 00opyaoBaHus st ctanu — g0 6000
MM/MUH, I AE€rkux craBoB — 10 10000 mm/muH [9]. BeiOpanHoe 3HaueHue
CKOpoCTH Tos1auu Vi B MM/MUH 3aHOCUTCS B Ta0J0 quasnora dpe3epHas B 3aKIaIKe

Imaaaenas/IMoxaun (puc. 5.1).



114

5. Omnpenesienue nepemenieHusi no ocu Z. BricokockopocTHas 06paboTKa
peaycMaTpuBaeT MaJible CEYEHUs cpe3a, CHUMAEMbI€ C BBICOKOM CKOpPOCTHIO. [[ist
oOecrieueHus 3aJaHHOM IIEPOXOBATOCTH 00padaThIBAEMbIX BEPTUKAIBHBIX
IUIOCKOCTEH MpU TMOCIOMHOM BBICOKOCKOPOCTHOM (Ppe3epoBaHHM HEOOXOIUMO
3a/laTh OMNpPEAENICHHYI0 BEJIMYUHY OJIHOKPATHOTO TIEpeMelleHuss 1o ocu Z.
[TonpobHO O peanm3anmuu 3TOW MPOEKTHOW 3amaun B Pazgeme 2.2.1 I'mama 2.
[TonydeHHOE YHCIEHHOE 3HAUYCHHNE BETMYUHBI OJHOKPATHOTO MTEPEMEILICHHS IO OCH
Z - hz 3anocutcs B Tab0 nuanora ®pesepHasn B 3axinaake llnunnens/Ioxayu B
okHo I'tyOMHA mpoxoaa mpu TPOSKTHPOBAHWU BBICOKOCKOPOCTHOM (hpe3epHOi

OIEPaINH C MOCIONHBIM yaaneHueM Matepuana (PucyHok 5.2).

MHuoronpoxogHan ofipabotka no £

InyBia npoxosa v
[ ] Beepx no ocn 2 [ MonepeyHan oépabotka
YueT nnockocTel

MNocnenoeaTeneHan ofpaboTka

[ ] Mamerere rnyBuHe npoxoga KospdupeHT

Omera

Pucynox 5.2 - Tabno nquanora B 3aknanke Hnunaeans/Ilogauyun 115 3aHeceHUS

napaMmeTpoOB OJHOKPATHOTO TIEPEMEIICHHS 110 OCH Z

6. OnpenejieHHe ONTUMAJIBHON TOJMIMHBI CTPY:KKU. JIIs cTabmnmm3anum
YCWIMM TIpU BBICOKOCKOPOCTHOM (pe3epoBaHUM yCTaHABIMBAETCA TOJIIMHA
CTPY>KKH M TIOCTOSSHCTBO €€ oOecrneunBaeTcs IMporpaMMOi TIpH H3MEHEHUU
TOJIIIUHBI CHUMaeMoro ciiosi. [logpoOHo 0 peanu3anmu 3TOW MPOSKTHOM 3a71a4u B
Paznene 2.2.2 I'naBa 2. IlosyyeHHOE YMCIEHHOE 3HAYEHUE BEIUYUHBI TOJIIMHBI
CTPY>KKH amax 3aHOCUTCS B TaOjo auanora cucteMbl @dpe3epHasi B 3aKjiIajke
Hlnunaenas/IMoxaun npu npoexktupoBanuu onepanuu (Pucynok 5.3). [lis Gomee

TrHOKOTro YIHpaBJICHUA paCuU€TOM PEIKNMOB PE3aHHA, KPOMC OIITUMAJIBHOI'O 3HAUYCHUSA
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TOJNIUMHBI  CTpyXkkH, cuctema ADEM  mno3Bosisier  yka3plBaTb  NpuU
IIPOTPAMMHUPOBAHUM €€ MHUHUMAaJbHbIE W MAKCUMAJbHBIE 3HAYCHHUS C Y4YETOM

TEXHUYECKUX BO3MOXKHOCTEM CTaHKa.

(I
ONTUMWIELAR OCHOBHOM Noaa4YM
ONTMMAanEHoe SHAYEHWE TOMWKMHE! CTRYXKK ~ | |0.08
OWanasoH TONWWH CTRYXKA |D-[:'? | - |E'-|3'5| |

Omera

Pucynox 5.3 - Tabno nuanora B 3aknanke [Inuanens/ITomaun oy 3aneceHus

mapamMcTpOB ONTUMAIbLHOM TOJIIIWHBI CTPYIKKH

7. OmnpenejieHne MHUHHMMAJIBHOIO Paguyca CKPYIJeHHSI TPAeKTOPHH
nepeMenieHUsT WHCTPyMeHTa. I[IpuMmeHseTcs sl CHUXKEHUE JUHAMHUYECKHUX
Harpy30K BO BpEMs PE3KON CMEHbl HANpPaBJIEHUS JBWKECHHS HHCTPYMEHTA.
[TogpoOHO O peanuzanuu 3TOW MpoeKkTHOW 3amaun B Pasznmene 2.2.4 ['mama 2.
PacueTHoe 3HaueHHMe WIMPUHBI TPOXOUIBI 3aHOCUTCS B TabJo JMamora
dpe3epoBaTh B 3aKi1a/ike BbICOKOCKOpPOCTHASI MPU MPOCKTUPOBAHUM OTIEpaIlin
(Pucynok 5.4).

8. Onmnpenejenue MmMHUPUHBI Tpoxouabl. [Ipy  BBHICOKOCKOPOCTHOM
dbpeszepoBanuu ppe3aMu U3 MEIKOAUCIEPCHBIX CIJIaBOB MpHU O0OpabOTKe CTayiei
pekoMeHayemas mmpuHa Tpoxounel - 0,2 gumamerpa ¢pessl. [loapodbHo o
peann3annm 3Tou NpoeKTHOU 3aaauu B Paznene 2.2.4 ['naBa 2. PacueTHoe 3HaueHUE
IIUPUHBI TPOXOUJIBI 3aHOCUTCS B Tabno nuanora @pe3epoBarTb B 3aKjIajKe
BbICOKOCKOpPOCTHASI TIPU MPOSKTUPOBAaHUH onepaiuu (Pucynok 5.4).

9. Onpenenenne mara Tpoxouabl. BenuunHa 1Iara TPOXOUIBI
pPacCCUHMTHIBACTCS B 3aBUCHUMOCTA OT TpeOOBaHWUN K KadeCTBY TOBEPXHOCTH.

IToapoOHO 0 peanmu3aiy TOM MPOeKTHOM 3a1aun B Paznene 2.2.4 ['masa 2.
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PacueTHOoe 3HaueHWE WMMUPUHBI TPOXOWIBI 3aHOCUTCS B Ta0JO aHMAIoTa
®pe3epoBaTh B 3aKiIaJKe BbICOKOCKOPOCTHASI MPU MPOSKTUPOBAHUHU OIEpaIiuu

(Pucynok 5.4).

A Dpezeposate: 2.5x hi4

Bpesanue / Koppexuwa MNomeon / Omon MecTo ofipaGoTiki
MapameTpe! L geneTloaaum Cxema ofipaboTku LononHuTensHele
Cow BpaweHa BricokockopocTHan WHCTpyMeEHT

BricokockopoctHan ofipaboTka
MUHMMAaNEHEIR pagMyc CKpYr NEHWA TRASK TOpHK
ONTUManBHLIR papuyc cKpyrNEHWA TDEEKTORMK

Tpoxowaa
UMpyHa Tpoxouak
T —

Pucynok 5.4 - Tabso auanora B 3akiajike BoicokockopocTHast st
3aHECEHUsI MapaMeTPOB MUHUMAIBLHOTO pajinyca CKPYTJICHUS U TapamMeTpoB

TPOXOHUIbI

Jlanee B COOTBETCTBUM C pAacUETHbIMM IapaMeTpaMu CHCTEMa B
aBTOMATUYECKOM pexuMe (POPMHUPYET KOMIUIEKT TEXHOJIOTMYECKOU JOKYMEHTALIH
Y YIPaBISIOUIYI0 IPOrpaMMy, ONPEAENSIET BPEMEHHbIE HOPMATUBbI BBIOJTHEHUS
onepanuu

[IpumeHeHue pe3ysibTaToB MCCIEA0BAHUI HA 3Tare BHINOJHEHUS MPOEKTHBIX
pa6ot B moayisix CAD/CAM/CAPP cucrembr ADEM o6ecrieunBaror:

- COKpAILEHUE CPOKOB NOJATOTOBKM TEXHOJOTHYECKOW JOKyMEHTalUuu |
YIPaBISAIONIMX TIporpaMm st 00paboTku neranedt Ha craHkax ¢ YUIIY 3a cuér
IPUMEHEHHUs pa3pabOTaHHOM cUCTEMbl aBTOMATU3UPOBAHHOTO MMPOESKTUPOBAHUS J10
80% Mo CpaBHEHUIO C TPAIULMOHHBIM MOAJIEMEHTHBIM IPOEKTUPOBAHUEM;

- pa3pabOTaHHbIE aBTOMATHU3WPOBAHHBIE PEHICHUS MPOEKTHBIX 3aaay
MO3BOJIAIOT ~ BBIMOJHATH ~ pacu€T  mapamMeTpoB  ¢pe3epoBaHus, B  T.U.
BBICOKOCKOPOCTHOTO, KOTOpbIE€ Ha CTaJud MPOEKTUPOBAHUS O0OECHeunBaroOT
3aJJaHHbIE TTOKA3aTEeJIN HIEPOXOBATOCTH PA0OUNX MMOBEPXHOCTEH;

- 32 CYET COBMELIEHUS TEXHOJIOrOM OOs3aHHOCTEN MpOrpaMMHCTa U

HOPMHUpOBIIMKAa TMOYTH B 2,5 pa3a COKpAIIalOTCs TPYIOBBIE PECYpCHI,
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MPUBJICKAEMbIE IS BBIIOTHEHHUS padOT (TexHOJOr — | yCIIOBHAs MPOEKTHAs
eIMHUIIA, TTIpoTpaMMHCT — 1 ef., HopmupoBmuK — 0,3 e1.);

- aBTOMAaTH3alUs MPOLECCOB MPOECKTUPOBAHUSA IO3BOJSET COKPATUTH CPOK
OOyYeHHs CIECIHAIMCTOB TO TOATOTOBKE BBICOKOTEXHOJOTHMYHBIX IPOCKTOB
00paboTKH.

B pesynbrare npumeHeHus pa3paOOTaHHBIX METOJWK aBTOMAaTH3HPOBAHHOTO
MPOCKTUPOBAHUS B TEXHOJOTMYECKUX CIY>K0ax MpeanpuaTHii, a Takxke
COBMEILICHHSI paHEE OTIEIbHO CYIIECTBOBABIIMX JIOJDKHOCTEM  TEXHOJIOT
(pa3paboTKa TEXHOJIOTHUECKOW JTOKYMEHTalluh) W MPOTpaMMHUCT (pa3padoTka
YOPABJISIIONIUX MporpaMm AJist cTankoB ¢ UITY) B ogHOM JiHile — MH)KEHEp TEXHOJIOT -
MPOTPAMMUCT, KOTOPBIA BBHIMIOJHAET BECh KOMIUIEKC pabOT MO MOATOTOBKE
TEXHOJIOTUH U Iporpamm A1 cTaikoB ¢ UITY, onpenenenre HOpMaTUBOB BPEMEHH,
3G ()EKTUBHOCTh PEIICHUNA MO0 TEXHOJOTMYECKOW TMOJTrOTOBKE IMPOU3BOJCTBA

o0paboTku Ha ctankax ¢ YITY B uenom gocturana 28%.

5.2 Pe3yabTatbl 3(p(peKTUBHOCTH NPHU BHEAPEHUHU BbINOJTHEHHBIX

HCCJIe0OBAHMI HA 3Tane 00padoTKu AeTaJeil HA cTaHkax ¢ UITY

[IpuMeHeHnEe MaTeMaTUYECKHX MOJEJEH, aifOPpUTMOB U IPOrpaMM pacuera
OTpPEENICHHS YCIOBUI TOCIONHOTO BBICOKOCKOPOCTHOTO (hpe3epoBaHUs 00bEMHBIX
u3nenuit Ha ctankax ¢ UITY, ontumusaium peskuMoB KOHTYPHOTO (hpe3epOBAHHUS C
MEPEMEHHBIM TMPHUITYCKOM II0 ONTUMAJIbHON BEJIMYMHE TOJIIMHBI CTPYKKH,
napameTpoB IUTYHXEPHOTO Ppe3epoBaHus IPU MpoeKTUpoBaHuu oneparuii B CAM-
CUCTEME C TMOCJCAYIONIMM HWCIOIb30BAaHUEM BBITIOJIHEHHBIX pPa3pabOTOK MpHu
U3TOTOBJICHHUH JieTaliel Ha psae npeanpusatuii (AO SIpocinaBckuii 3aBOJ TU3EIbLHON
anmapartypsl (. Spocnasip), AO «Kommpeccop» (r. Cankt-IletepOypr), OOO
«Mupaxkey» (r. Mocksa), AO «KapaueBckuii 3aBon «nekrpoaeTtaiby (r. Kapaues,

bpsiHckas 00:1.) U ap.) oOecnedunsio CHUXKEHHE CeO0eCTOMMOCTH 00pabOTKU IO
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OTAEJbHBIM u3aenusiM 10 10 pa3, moBblllIeHHE MPOU3BOAUTEILHOCTH Tpyaa 10 15
pa3 npu 00paboTke Ha ctankax ¢ UITY [47; 48; [Tpunoxenue U].

O@PbeKTUBHOCTh MOMECAYHOM paboOThl OJHOrO U3 MPOU3BOACTBEHHBIX
yuacTkoB mpeanpuatus AO SpocnaBckuil 3aBoJ Ou3ebHOM ammapaTypsl (T.
Apocnarne) mo mnokazaremo KPl Koaddumuent 3arpysku o0GopyaoBaHuMs
OLICHMBAJIACh [T0 METOAMKE, NpUBEeNeHHON B ['naBe 4 u orpaxeHa Ha PucyHnke 5.5.
Ha nepBom sTane ObuT BhINONHEH pacueT Kso 10 mpoBeaeHus ucciaeaoBaHUM, OH
coctaBisl He Oonee 56%. [locne mpoBeneHUs UCCIIENOBaHUNA W Pa3pabOTKH, U
BHEJ[PEHUSI HOPMATHBOB BPEMEHH W HOPM BBIPAOOTKH, YTO HAILIO OTPaKEHUE B
CMEHHO-CYTOUHBIX 3aJaHusX il omnepatopoB, Kso Bo3poc no 80 u OGonee
IPOLEHTOB. OTH MOKa3aTeau OJM3KU K pacUETHHIM 3HAUEHUSIM, TAKOW KPUTEPHil
M0 MHPOBBIM CTaHJapTaM JOJbKeH mnpubnmxatees k 90% [65], ata cutTyanus
nokazaHa Ha Pucynke 5.5. AHaJOrMYHBI pacyeT ATOrO IOKa3aTels MOXKHO

BBIIIOJIHUTDL JJIA KAXKAO0I'0O OIicparopa.
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Pucynok 5.5 - Ilomecsiunbiii aHanu3 3p(HEKTUBHOCTH pabOThl y4acTKa CTAHKOB C
YITY no nokazareno KPI Koaddurment 3arpysku obopyaosanus (Kso)
[[TIpunoxenue JI|

[Ipumep peanuzauuu npoBeAeHUs aHanu3za d(PPEeKTUBHOCTU PabOTHI
OIIEpaTOPOB 10 YKa3aHHOMY BBILIE NIOKA3aTeNto MoKa3aH Ha Pucynke 5.6. B sHBape
NPOUCXOAMJT 3allyCK HOBBIX U3JIETUH, CMEHHBIE 3aJaHusl OIeparopaMm He

BBIJIaBAJINCh U 00BEMBI BBITTyCKa KpaitHe Hu3kue. C QeBpays KaKaoMy ornepaTtopy
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BBIJIABAJINCh CMEHHBIC 3a/JlaHWsi Ha OCHOBE HOPMATHMBOB, pPa3pabOTaHHBIX IIO
OMMCAHHOW BbIIIE METOJUKE, U A((DEKTUBHOCTH BBIMYCKA M3JCIUM 3HAUUTEIHHO

TIOBBICHJIACh, PE3YJIbTAaThl OTPaXKkatoTCs Ha quarpamme (PucyHok 5.6).
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Pucynox 5.6 - Jluarpamma cpaBHUTENBHOTO aHaM3a 3PGEKTUBHOCTUA PAOOTHI
oneparopoB ctankoB ¢ UITY mo mokazatemo OEE IIpounsBoaurensHoCTh - O0BEM
BBITyCKa MPOYKIIUU 32 YCIOBHYIO CMEHY Ha €IMHUILY 000pYAOBaHUS

[[Ipunoxenue JI]
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5.3 llpumeHeHUe Pe3yabTATOB HCCIETOBAHUI MPH MOATOTOBKE CHEIHAINCTOB
TEXHOJOTHYeCKOro mpoduJis 1jsi padoTsbl B pa3padoTaHHOMI

ABTOMATU3MPOBAHHON MPOEKTHOM cUCTEMe

Ha »stame moAroToBKM CHENMAIMCTOB TEXHOJOTHYECKOTO MPOQUIIS ISt
paboThI B pazpabOTaHHON aBTOMATU3UPOBAHHOM MPOEKTHOMN CHCTEME:

- TpuUMeHsieTcs  pa3paboTaHHash KOMIIETEHTHOCTHO-OPUEHTUPOBAHHAs
oOpaszoBarenpHas iaThopma;

- HCTOJb3yeTcs pa3paboTaHHas U W3JIaHHAs JIMHEWKa YYEeOHUKOB IS
OCBOCHHUS TEOPETUYECKOTO MaTepuajia U TOJYyYCHHUS HABBIKOB IMPAKTUYECKOTO
TEXHOJIOTUYECKOTO MIPOCKTUPOBAHUSI.

dopMupoBaHUE OOIIMX 3HAHUN O IPEIMETE OOYUCHHSI MOKET PEATM30BATHCS
AITOPUTMUYECKUM (BU3yaJIbHBIM) WJIM TEKCTOBBIM criocoOamu. DHPEKTUBHOCTH
MPUMEHEHUsI ATUX BapUAHTOB TMOJa4yM WHGOPMAIMU IMPOBEPSIIACh C MOMOIIBIO
SHTPONMUUHOTO  METOJa  HUCCICAOBAHHMS  MPOILIECCOB  MH(POPMAIMOHHOTO
B3aMMO/ICHCTBUS YEJIOBEKAa U KOMIIbIOTEpa MpU OOYUEHHH CTYJEHTOB BpsHCKOro

rocyaapcTBeHHOro yuusepcutera um. ak. M.I'. ITerposckoro (Pucynok 5.3).
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Pucynox 5.7 - I3menenue sutponuu (S) Bo BpeMmenH (t) mpu OCBOEHUHU CBEJICHUN

O IMPpOoHECCC TCXHOJIOINICCKOI'O ITPOCKTUPOBAHUA
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W3 rpaduxa, MOCTPOEHHOTO B OTHOCHTEIBHBIX BEIMYMHAX HA OCHOBE
HKCIIEPUMEHTAILHBIX TAHHBIX IIPU OCBOEHUHU OOIIUX CBEJIEHUN O TEXHOJIOTHYECKOM
MPOECKTUPOBAHUU B COOTBETCTBUU C UHTyKTUBHBIM METO/I0M 00yueHus, u3 PucyHnka
5.7 caemyer, 4YTO AITOPUTMUYECKHA METOJ MO3BOJISET CYLIECTBEHHO COKPATUTh
nepuosi o0yuyeHus. A Takke BU3yalIM3allud y4yeOHOW uHOpManuu B BUC
aIrOpUTMa  CIocoOCTBYeT Oojieé HMHTEHCUBHOMY YCBOGHHIO  MaTepHaa,
OpUEHTUPYET OOyYarolIerocs Ha MOUCK CUCTEMHBIX CBS3€H M 3aKOHOMEPHOCTEH.
O0beM BBIOOPKM TIpU MPOBEACHUM 3TUX HCCIENOBaHUM cocTaBun 257 uyedn.
[[Tpunoxenue H].

Pe3ynbraTbl  BBIIIOJIHEHHBIX HMCCJIENOBAHMNM BKIIOYEHBI B IIPOTrPaMMBI
NOATOTOBKM CTYAEHTOB HallMOHANBHOIO MCCIEN0BATEIBCKOIO TEXHOJIOTUYECKOTO
yuuBepcuteta «MUCuC» (r. MockBa), bpsHCKOrO rocyaapCTBEHHOIO
yHuBepcurteTra uM. ak. M.I". [lerpoBckoro (r. bpsHck) 1 qpyrux yueOHbIX 3aBeICHUS
BbicIiero oOpa3zoBanus P®. [loaroroBka mpenopaBaTeneil y4eOHbBIX 3aBEIICHUMN
OpOBOAMIIACH HA Kypcax OOydyeHHs aBTOMATHU3MPOBAHHOW TEXHOJIOTMUYECKON
IIPOEKTHOM JIEATEIBHOCTH U PEAM3ALNH TEXHOJIOTMYECKUX PELICHUI Ha CTaHKaXx C
YIIY Ha npennpusiTuu BhllycKatouieM ydeOHoe oOopyaoBanue ¢ YUIIY TTIAO
«lunaxktuueckue cucrembd» (r. Mocksa) [33; 38; 46; [Ipunoxenue M].

Pe3ynbTarhl BBINOJHEHHBIX HMCCIEIOBAaHUN OTPAKEHbI B pa3pabOTaHHOU U
W3IaHHOW JMHEWKe U3 7 y4eOHBIX MOCOOUiA, KOTOPBIM MPUCBOCH MHJIEKC «YMO
PEKOMEHI0OBaH B KauecTBe yueOHuKa 115 cucteMbl BO» [25; 29; 36; 37; 39; 40]. ITo
naHHbM  u3aatenbcerBa  FOpailt (r. MockBa) y4yeOHMKM BOCTpeOOBaHBI B
TEXHUYECKUX OuOnmmorekax 776 y4yeOHBIX 3aBeleHUNA M opraHuzanuii PO u

ommxHero 3apyoexbs [[Ipunoxenue O].

5.4 BeiBoabl o I'itaBe 5

1. ABTOMaTI/IBI/IpOBaHHaﬂ IMOATrOTOBKAa TCXHOJIOTHYCCKOIoO IIpomecCa H

yopasisitonieil nporpammbsl Juist ctanka ¢ YIIY Ha ocHoBe pa3paboTaHHBIX
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aBTOMATU3UPOBAHHBIX PEIIEHUIN MPOEKTHBIX 3a7a4 Mo3BoJseT 10 80% MpOeKTHBIX
JEHCTBUI BBIIIOJIHATH B aBTOMATUYECKOM PEXHUME 0€3 yuacTusi NPOEKTUPOBLIUKA.

2. 3a cyéT COBMEIICHMS TEXHOJOrOM OOS3aHHOCTEH MporpaMmHuCTa U
HOPMHPOBIIMKA TOYTH B 2,5 pa3a COKPAIIAIOTCS BBICOKOKBAIH(PUIUPOBAHHBIE
TPYZOBBIE PECYPCHI, IPUBJIEKAEMBIE JJIs1 BBINIOJIHEHUS IPOEKTHBIX PadoOT.

3. PazpaboTanHbie TEXHOJIOTUYECKUE pelieH s Tl ppesepHoii 00paboTKu, B
T.4. BBICOKOCKOPOCTHOM Ha craHkax ¢ YIlIY, npm wux peamsanuu B
IIPOM3BOJCTBEHHBIX YCIOBUAX MO3BOJISET COKPATUTh BpeMsi 00padboTku a0 10 pa3 u
CHIKEHHS cebecTonMOocTH 00paboTku 10 15 pas.

4. Ilpaktuyeckoe MPUMEHEHHE METOJMKH OIpPEAEJCHUs IOoKa3aTels
sapdpextuBHocT  KPI  (Key Perfomance Indicators) mo3Bonuiao MpOBOIUTH
ONEepaTUBHBIN aHanu3 3PPEKTUBHOCTH pabOTHI ONIEPATOPOB U YUACTKA B IIEJIOM, 32
A10001 BpPEMEHHOW OTpE30K — CMEHa, CYyTKH, AEeKaJa, MECAll s HPUHITUA
YOPABJICHUYECKUX PEHIEHUI C MCHOJIb30BaHUEM HMH(OPMALIMOHHBIX BO3MOKHOCTEN
cucrem YUIIY o0opynoBanus u pa3paboTaHHOTO MPOrPAMMHOI0 00ECIICUEHHS.

5. IlonroroBka CHeMUAIMCTOB TEXHOJOTHYECKOrO Mpoduis ais paboThl B
pa3paO0OTaHHON aBTOMATHU3UPOBAHHON TEXHOJOTUUYECKOW MPOEKTHOW CHCTEME C
IPUMEHEHUEM KOMITETEHTHOCTHO-OPUEHTUPOBAHHOM o0Opa30BaTeNIbHOM
m1aTpopMbl TOKa3ajla CBOKO PE3yJIbTATUBHOCTh MPU COKPALIEHUH BpPEMEHU
MOATOTOBKM 0€3 MOTEepU KadyecTBa M IMO3BOJIMJIA PEIIATh BBICOKOTEXHOJIOTHYHbBIE

3aJ1a4M Ha IIPONU3BOJACTBC.
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3AKJIIOYEHUE

[Iporpammubie gokymeHThl Poccuiickor @Penepannu CTaBAT KOHKPETHBIC
3aJaud  pa3BUTUS  OOpalaThIBaloOIIed  MPOMBIIUICHHOCTH, Ha  KOTOpPbBIE
OPUEHTUPOBAHBI BHINIOJHEHHBIE UCCIIETIOBAHUS:

- aBTOMAaTH3allis TMPOU3BOJACTBA B ONmKaiflliee BpeMs CTaHET OJHUM U3
IIPUOPUTETHBIX HANIPABJICHUN pa3BUTHs B Poccuu, OTHUM U3 IyTeH €€ pean3anun
B MAIIMHOCTPOCHHM - MCIOJIb30BAaHUE aBTOMATHU3MPOBAHHOIO OOOpPYAOBAHHS C
IPOrPaAaMMHBIM YIIPaBJICHUEM;

- CO3JaHue B oOpalaTeiBaroIIen MPOMBILLJIEHHOCTH
BBICOKOIPOU3BOIUTEIBHBIX CEKTOPOB, PA3BUBAKOLIUXCS HA OCHOBE COBPEMEHHBIX
TEXHOJIOTHUH, 00ecrieueHHBIX KBATU(UIIMPOBAHHBIME Kajpamu [60];

- TOBbIIIEHHE 3(PPEKTUBHOCTH NPOU3BOACTBA 3a CYET IUPPOBU3ALUU
peaNbHOrO0 CEKTOpa SKOHOMHUKH, YBEJIMYEHHUE KOJMYECTBA NPEANPUATUH,
YYAaCTBYIOIIMX B IMpOrpaMMe IO MOJAEPKKE aBTOMATH3alUd U HWCIOJIb30BAaHUS
U(PPOBBIX TeXHONOTHUH [44];

- o0ecreyeHrue TEMIOB POCTa MPOU3BOJUTEIBLHOCTH TPYJa HAa HE ChIPbEBBIX
OTpaciiaX SKOHOMHUKH 10 5% K Kaxaomy npeabiayiiemy roay [43];

- pelleHrne KaapoBoi NpooOIeMbl, CHIKAIOIIEH 3(h(hEeKTUBHOCTh MPOU3BOCTBA,
YCTpaHEHHE npodeccuoHaIbHO-KBATU(UKAITUOHHOTO nucbaianca -
HECOOTBETCTBHUS KOMITETCHIINI KBaTH(pUKAIIMOHHBIM TpeOoBanusM [60];

- pa3paboOTKa HAYYHBIX OCHOB aBTOMATH3al[MU TEXHOJOTMYECKOW MOArOTOBKH
npoussoacTsa (ACTIIIT) [49];

1. Jluccepramus sBIsSETCS 3aKOHYECHHOM HAyYHO-KBATM(PUKAIMOHHOM
paboToii, B KOTOPOI COAEPIKUTCS pELIEHUE 3a/1auH 110 MOBBIIICHUIO 3P (HEKTUBHOCTH
aBTOMATU3UPOBAHHOMN TEXHOJIOTHYECKON MOJATOTOBKHU IIPOU3BOJICTBA
BBICOKOCKOPOCTHOTO (pe3epoBanusi Ha cTaHkax ¢ UIIY 3a cyer npumeHneHnus npu
MPOCKTUPOBAHUM OlEepaluii pa3padOTaHHBIX ABTOMATHU3UPOBAHHBIX pEIICHUN
MPOCKTHBIX 3a7a4 JUIsi Ha3HAYCHHS IMMapaMeTpoB 00pabOTKH 00eCTeunBarOIINX

3aJaHHOC KAa4YCCTBO IMOBCPXHOCTH, MOBLIIICHUEC ITPOU3BOJAUTCIBHOCTH U I/IMGIO]_Heﬁ
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CYILIECTBEHHOE 3HAY€HWE JJII Pa3BUTHS OTEYECTBEHHBIX HMMIIOPTO3aMELIEHHBIX
ACTIIIL

2. IIpoBeneHHbIH MHPOPMAMOHHO-aHAIMTUYECKUM aHaIN3 CYyLIECTBYIOIUX
UCCJIEIOBaHUI COCTOSIHUS BOMpoca 3¢ (HEKTUBHOTO HCIIOJIb30BAHUS 000pYI0BaHUS
C MpPOTpaMMHBIM YIPAaBIECHUEM, aBTOMATH3aLUU TEXHOJOTMYECKON MOATOTOBKH
MpOM3BOACTBA A cTaHKOB ¢ YIIY mokaszan Hamuune B3aWMMOCBSI3EM MEXIY
mapaMeTpamMu  psja BHIOB BBICOKOCKOPOCTHOM (pe3epHoit 00paboTku U
XapaKTepUCTUKaMH  KauecTBa IIOBEPXHOCTH, MpPOSBWIACH HEOOXOAMMOCTH
pa3pabOTKu METOAMK aBTOMATHU3MPOBAHHOTO OMPEEICHNs HOPMAaTUBOB BPEMEHU U
OLICHKH PE3YyJIbTATUBHOCTH JICHCTBYIOIETO aBTOMATU3UPOBAHHOTO IIPOU3BO/ICTBA.

3. PazpaboraHa cTpyKTypHas cCXema CHUCTEMbl aBTOMAaTU3HMPOBAHHOU
TE€XHOJIOTUYECKOW TOJATOTOBKM TNPOU3BOJCTBA M3JIEIMN MAIIMHOCTPOECHUS Ha
OCHOBE aBTOMAaTH3allMM PEUICHUS NPOEKTHBIX 3a1ad INPU BBICOKOCKOPOCTHOM
dbpesepHoii 00padboTke Ha ctankax ¢ UITY.

4. BbIgBICHBI B3aUMOCBSI3M M YCTAHOBJIEHBl 3aBUCUMOCTU  MEXITY
napaMeTpamH BBIIOJHEHHUSI BBICOKOCKOPOCTHBIX (Ppe3epHBIX Olepaluii Ha CTaHKax
c UIIY (mocnoitHoM 2,5-KOOpAMHATHOM  (pe3epoBaHUM, PALMOHAIBHOM
yHpaBIE€HUN KOHTYPHBIM (Ppe3epOBaHUEM C IEPEMEHHBIM 110 BEJIMUYUHE MPUITY CKOM
U TUTYHXEpHBIM (ppe3epoBaHMEM) U XapaKTEPUCTUKAMHU KayecTBa 0OpaOOTaHHOMN
MOBEPXHOCTU MPH aBTOMATU3MPOBAHHOM TEXHOJOTUYECKOM IMPOEKTUPOBAHUU B
CAM-cucrewme.

5. Pa3paboTanbl MaTeMaTHYECKHe MOJeNn u aIrOpPUTMBI
aBTOMAaTU3UPOBAHHBIX PACYE€TOB I[APAMETPOB BBINOJHEHUS BBICOKOCKOPOCTHBIX
dbpe3epHpix pador Ha crankax ¢ UIIY, oOecneunBarommx IMOBBIIICHNC
MPOU3BOJUTEIILHOCTH U CHUXKEHUE CEe0ECTOMMOCTH BBINIOJHEHHUS OINepaluid C
y4eToM TpebyeMoro KauecTBa HOBEPXHOCTH.

6. PazpaGoTanpl aBTOMATH3MPOBAHHBIC PEIICHHUS NPOEKTHBIX 3a7ad s
TEXHOJIOTUYECKOW TIOJIFOTOBKM BBIMIOJIHEHUSI OMNEPALMii  BBICOKOCKOPOCTHOTO
dbpesepoBanus Ha crankax ¢ UITY, obecnieunBaronux 3agaHHbIe XapaKTePUCTHKU

Ka4yeCTBa IMIOBCPXHOCTH.
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7. Pa3pa0oTaHbl METOAMKH OTMPEACNICHUS KOJUYECTBEHHOTO U IIEHOBOTO
nokasaresied 3((OEKTUBHOCTH BBHIMOJHEHUSI BBICOKOCKOPOCTHBIX OINepaluid Ha
crankax c¢ YIIY, HOpMaTMBOB BpEMEHHM U HOPM BBIPDAOOTKH TIPH 3aIlyCKe
IIPOU3BO/ICTBA HOBBIX U3JIETNH, & TAKXKE OLEHKH PE3YIbTATUBHOCTH JEHCTBYIOILETO
aBTOMATU3UPOBAHHOTO IMPOU3BOJACTBA IO MOKa3aTeasiM o0me 3¢hHeKTUBHOCTH
(OEE), c¢ wucnonbp3oBaHueM HWHMOPMALMOHHBIX BO3MOXKHOCTEH  yCTpPOMCTB
yucnoBoro ynpasienus (YUIIY) obopynoBanus.

8. IIpencrapiieHHbIe pa3paOOTKU ObUTH BBITIOJHEHBI B PaMKax JEHCTBYIOIIETO
«Cormnamienust o ctparerndeckoM corpyaHudectse Ne8103-C23 ot 23.05.2023 T.
Mexay ®I'bOY BO MITY «CTAHKHH» u OOO «AJIEM-UHXUHUPUHT» U
o0ecneunsg, ¢ HMCHOJIb30BAaHUEM OTEYECTBEHHOI'O IMPOTPAMMHOIO 00ECIEeYEHHUs
ADEM CAD/CAM/CAP, cokpailleHHe BpEeMEHU  aBTOMATU3UPOBAHHOIO
TEXHOJIOTHYECKOTO0  IMPOEKTUPOBAHUS M BBIIyCKa TOTOBOM  IIPOJIYKLHH,
MIPEIOCTABUIIN BO3MOKHOCTh TEXHOJIOTY COBMEIIATh 00A3aHHOCTH IPOrPAMMHUCTA U
HopMupoBIIMKa. [IpumeHeHne pa3pabOTOK Ha MPOU3BOJACTBE 00ECIECUHIIO
CHIDKEHUE cebecTouMocT 00paboTku 10 38%, MOBBIIIEHUE TPOU3BOIUTEIBHOCTH
Tpyla a0 2-3 pa3 IpU BBICOKOCKOPOCTHOM 00paOoTke Ha crankax ¢ YIIY
[[Tpunoxenune U; [punoxenue K; [punoxenue JIJ.

8. IlpennoxeHHble pelIeHHUs MO3BOJISIIOT UX THUPAXKUPOBATH B PEATbLHOM
CEKTOpE PKOHOMUKH TMPH MOATOTOBKE BBINYCKA M3AEIUN Ha crankax ¢ UIIY, T.k.
UCIIOJIb3YETCSl OTEYECTBEHHOE IPOrpaMMHOE OOecTieueHHe, yKe MPUMEHSIEMOe Ha

LEJIOM psijie IpeaAnpusThii 00pabaThIBaIOIICH OTPACIIH.
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IMPUHATBIE COKPAILEHUA U OBO3HAYEHUA

APM — aBromMaTu3upoBaHHOE pabodee MECTO

BJI — 0a3a maHHBIX

BO — BenoMocTh OCHACTKH

BObB — BenomMocTh 0060py10BaHUS

BT/l — Be1OMOCTbh TEXHOJIOTHYECKHUX IOKYMEHTOB

I'OCT — rocynapCTBeHHBII CTaHAAPT

EB — enuHunbI BeIUn4uH

EH — enununa nopm

ECKJ] — Ennnas cucrema KOHCTPYKTOPCKOM JOKYMEHTAIIUU

ECT/J — Enunas cucrema TEXHOJIOTUYECKOW TOKYMEHTAIlUN

KN — >ku3HEHHBINA LUK U3ACTUS

N — ncKyCCTBEHHBIM MHTEIUIEKT

UT — undpopManiuoHHbIE TEXHOJIOTHH

KK — xoMIuiekToBOUHas KapTa

KKHN — kaprta kogupoBaHusi uH(GopMaum

KON/l — xonum4ecTBO OJJTHOBPEMEHHO M3TOTABIMBAEMBbIX JACTajeh

KP — xonunuectBo padbouunx

KTH — xapTa TexHoI0rn4eckoi nHpopmanuu

KTII — kapTa TeXHOIOTHYECKOro IIpouecca

KTIIII — KOHCTPYKTOPCKO-TEXHOJIOTMYECKAsI TOATOTOBKA MPOU3BOACTBA

Kt — nmonmxaronuit KoahGUIIMEHT MTYYHOTO BPEMEHHU

K3 — kaprta scku3oB

JIN — nmucTt u3MeHeHun

JIPA — nucT peructpaun "3MEHEHUN

MunobpHayku Poccun — MUHUCTEPCTBO HAyKW U BBICIIETO 0Opa30BAHMS
Poccuiickon ®enepanuu

Muntpyna Poccun — MUHHCTEPCTBO TpyAa M COLMAJIBbHOW 3alUTHI

Poccuiickon ®enepanuu



127

MK — mapupyTHas kapra

MTII — mapuIpyTHBIM TEXHOJIOTUYECKUN MPOLECC

OK — onepanuonHas kapta

OKIIAT — O6mepoccuiickuii kinaccupukarop mpodeccuii padodux,
JOJDKHOCTEH CITy>KalluX ¥ TapuPHBIX pa3psiioB

CAIIP — cucteMa aBTOMaTU3HUPOBAHHOTO TPOEKTUPOBAHHUS

CM — creneHb MexaHu3aluu

COX — cMazouHO-0oXJIaXKgaromast >KUJIKOCTb

CITIO — cpennee mpodeccruonanbHOE 00pa30BaHUE

CUIlY — cucreMbl YUCIOBOTO IPOrPAMMHOTO YIPABICHUS

TB — BcrioMoraTenbHOE BpeMs

TJ] — TexHonorn4ecKast JOKyMEHTAIHs

TU — TexHONMOTrMYECKass UHCTPYKLIUS

TK — TexHosornueckast KoMmaHjga

TJI — TUTYJNBHBIN JUCT

TO — TexHOJIOTUYECKUN 0OBEKT

To — ocHOBHOE BpeMms

ToOcn — Bpems Ha oOcyKUBaHUE pabOYero MecTa

Ton — onepaTuBHOE BpeMs

ToTn — BpeMsi Ha OTJBIX U JINYHbIE TOTPEOHOCTH

T — TEXHOJIOTUYECKHUM TTEPEXO]T

TII — TEeXHOTOTUYECKUH MTPOLECC

T3 — NoAroTOBUTENBHO-3aKIIOUUTEIBHOE BPEMS

TIIIT — TexHONMOTHMYECKAs] TOATOTOBKA TPOU3BOJICTBA

TwT. — wry4Hoe Bpems

THmT.K — WTYYHO-KAIBKYJIAILMOHHOE BPEMS

VII — ympasisromias nporpamma

YT — kox ycioBuii Tpyaa

YUIIY — yCTpOKCTBO YMCIOBOTIO MPOTPAMMHOI0 YIIPABJICHHUS

Y3 — y4eOHBIH 2JIeMEHT
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UIIY — yucnoBoe nporpaMMHOE yIIpaBICHUE

CAE (Computer Aided Engineering) — aBTOMAaTH3MpPOBAHHBIC PaCUYEThl M
aHaJIN3.

CAD (Computer Aided Design) — aBToMaTH3UpOBaHHOE MPOCKTUPOBAHUE.

CAM  (Computer Aided Manufacturing) —  aBTOMaTH3UpOBaHHAas
TEXHOJIOTHYECKasl TIOJITOTOBKA MPOU3BO/ICTBA.

CAPP (Computer Aided Process Planning) — momynb NpoeKTHpOBAHHUS
TEXHOJIOTHUECKHUX TPOIIECCOB.

CLDATA — mocnenoBatenbHOCTh KOMaH/ CTaHKY.

KPI (Key Perfomance Indicators) — kitoueBsie nmokasatenu 3(h()eKTHBHOCTH
0JIpa3elICHUs] WA OTICITHHO B3SITOTO COTPYTHUKA.

OEE  (Overall Equipment  Effectiveness) -  ToroBHOCTH X
[TpousBogutensHOCTh X KauecTBO) —  MEXKIyHApOJHBIM  TOKa3aTelb
3 PekTUBHOCTH PabOTHI TPOU3BOJICTBA

STEAM-texnomorun  (Science, Technology, Engineering, Aarts,
Mmathematics) - codeTaHuss MEKAUCIUIUIMHAPHOTO W MPHUKJIAIHOTO MOIXO0/aa K
npoiieccy oOy4eHust

2D — mmockoe n3o0paxkeHne 00beKTa, UMEIOIIIEe JIBE OCH.

3D — mpocTpaHcTBeHHOE H300pakeHne 00BEKTa, UMEIOIIEe TPU OCH.
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Konomkuna, Y. E. Unxenepnas rpadpuxa. CAD: yueOHUK U TPAKTUKYM IS
akagemuueckoro OakanaBpuata / . E. Komomkuna, B. A. Cene3neB. —
Mockga: UznatensctBo FOpaiit, 2019. — 220 c. — ISBN ISBN 978-5-534-
10412-7. — TekcT : HEMOCPEACTBEHHBIN.

OnTumuzanus PEKUMOB KOHTYPHOTO dbpesepoBanus npu
POrPaMMHUPOBAHUHM JIJIs CTAHKOB C YUCIIOBBIM MPOTPAMMHBIM YIIPaBICHUEM
(UITY) B CAM-cucreme/ U. E. Konomikuna. — Tekct : HemocpeacTBeHHbIH //.
HNupopmaninoHHbIe TEXHOJIOTHH B MPOSKTUPOBAHUH U Tpon3BoacTBe. — 2021.
- No2(182). - C. 15-19.

ABTOMaTH3aIUsl OIpENeNCHUs] TEOMETPHUYECKHX TMapaMeTpoB KadecTBa
MOBEPXHOCTH TpU IUTyH)KepHOM (pe3epoBanuu Ha crtanke ¢ YITY/ U. E.
Kosmomkuua. — Teker : HemocpeAacTBeHHBbIM [/ ABTOMaTH3aius B
NPOMBIIIIEHHOCTH. - 2022. - Centsadps. C. 29-71.

NudopmarmonHbie TEXHOJIOTHUU MPU MPOSKTUPOBAHUU BBICOKOCKOPOCTHBIX
dbpesepubix omnepauuii Ha crtankax ¢ UIIY / W. E. Konomkuna, A. B.
KanuranoB, A. H. ®eodanoB. — TekcTt : HenocpeaCTBEHHbIN //
NudopmarimonHbie TEXHOIOTUN B TPOSKTUPOBAHUU U TIPOU3BOICTBE. - 2024,
- Ne03. - C. 22-29.

TexHomornueckoe  €QUMHCTBO:  TEXHOJIOT-IIPOrPaMMHUCT-HOPMHUPOBIIHK-
oneparop cranka ¢ YHIIY - moarotoBka cnenuaiucToB JJI MAIIMHOCTPOCHUS
/ U. E. Konomkuna, A. B. Kamnuranos, A. H. deodanos. — Tekcr :
HernocpencTBeHHbId // CoBpeMeHHbIEe MPo0aeMbl Teopun MammH. - 2024, -
Nel7. - C. 21-26.

O} heKTHBHOCTh MPUMEHCHHSI aBTOMATH3WPOBAHHOW WHTEJUICKTYaJIbHON
CUCTEMBI i (OpMHUPOBAHUS TeXHOJormdeckoil nokymentaruu / / U. E.

Komomxkuna, A. B. KanuranoB, A. H. ®eodanoB. — Tekct
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HEenocpeacTBeHHbIH // MHbopMalimoHHbIE TEXHOJIOTUHU B MPOSKTUPOBAHUH U
npousBojacTBe. - 2024. - Nel1(193). - C. 50-57.

ABTOMATU3UPOBAHHOE MPOECKTUPOBAHUE TEXHOJOTUYECKUX IPOLIECCOB U
YOPABISIONMX MPOTpaMM ISl BBICOKOCKOPOCTHOTO (ppesepoBaHMs Ha
crankax ¢ UITY / U. E. Konomkuna, A. B. Kanuranos, A. H. ®eodanos. —
TekcT : HemocpeACTBEHHBIH // ABTOMAaTH3AIMs B IPOMBIIIIICHHOCTH. - 2024,
- Ne(9. - C. 7-10.

Konomkuna, M. E. ABToMaruzaiusi mpOEKTUPOBAHUSI KOHCTPYKTOPCKOM
JOKYMEHTAIMU JIJI1 MAallMHOCTPOEHUSI B MpUMEpaxX U PELICHHSX: y4eOHOe
nocobwue / .E. Konomkuua. — Mocksa: PYCAMHC, 2024. — 216 ¢ - ISBN
978-5-534-13635-7. — TekcT : HEMOCPEACTBEHHBIMN.

Konomkuna, M. E. ABTomMaTu3upoBaHHas pa3padOTKa TEXHOJOTUH U
IporpaMm JUisi CTAHKOB C YHUCJIOBBIM IIPOIPAaMMHBIM YIIPaBJICHUEM B
npuMepax u pemreHusax: yueonoe nocooue / M.E. Konomkuna. — Mockaa:
PYCAMHC, 2024. — 232 c. — ISBN 978-5-466-07500-7. - Texcr :
HEMOCPEICTBEHHBIN.

Konomxkuna, U. E. IToaroroska cnermanuctoB no CAIIP TtexHomornueckoro
npoduiis TpPUMEHSEMBIX B cOBpeMeHHOW mnpomebiiuienHoctd / W. E.
Konomkuna. Texer : HemocpenacTBeHHbld // IV MexyHapoaHON HaydHO-
npaktuyeckor koHpepeHuuu «CAIIP u monmenupoBaHHe B COBPEMEHHOMN
anekTponuke", 22 - 23 okTsa6ps 2020 r. — bpsiuck: BI'TY, 2020. - C. 28-32.
Komomknna, 1. E. OcHoBBI mporpamMmmupoBanusi s craHkoB ¢ YUIIY B
CAM-cucreme: yueoHnoe nnocoobue / U. E. Konomkuna. — Mocksa; Bosora:
Nudpa-Unxenepus, 2022. — 260 c. - ISBN 978-5-9729-0949-0. - Tekcr :
HEMOCPEICTBEHHBIN.

Komomkuna, WM. E. OcHOBBI mporpamMmmupoBaHus Jjsi ctaHkoB c¢ UYIIY:
y4yebHoe mocobue s akagemudeckoro OakanaBpuara / M. E. Komomkuna,
B. A. Cene3neB. — Mocksa: U3znarensctBo FOpaiit, 2019. — 260 c. - ISBN
978-5-534-10446-2. - TekcT : HEMMOCPEACTBCHHBIM.
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Hcnons3oBanue ¢pesepuoro cranka ¢ UIIY s HaHeceHus peryisipHOTO
Mukpopenbeda Ha mnoBepxHoctd 3arotoBku / 0. II. Kysemun, K. II
[TommeeB, A. A. IlemumesB. — TekcT : HemocpeAcTBeHHBIM // M3BecTus
BBICIIUX yueOHbIX 3aBefieHuit. [Ipubopoctpoenue. - 2015. - Ne 4. - C. 273-
271,

MupoBoii pIHOK CTAaHOYHOTO OOOPYJAOBAaHHS C YHCIOBBIM IMPOTPAMMHBIM
ynpaBieHueM. — Tekct : anekrponHsid // [caiit] MHUAII — UuctutyT
a”Hajn3a WHBECTUIIMOHHOMN [IOJIUTUKU. — 2020. - URL:
https://manan.pg/analytics/Mirovoj-rynok-stanocnogo-oborudovania-s-
cislovym-programmnym-upravieniem

Hamumonaneneiii  npoekt «lIpousBogurenbHOCTs Tpyaa». - Tekcr
ANeKTpoHHbIN // HanumonanbHblii npoekT «IIpou3BOAMTENBHOCTh TpyAa. -
URL: https://nHaninonanbabie poekThl.pd/ (naTa oopamenus 28.07.2020).
HannonansHoit  mporpamma  «l{udpoBas  skoHomuka  Poccuiickoit
deneparun». - Teker : snekTpoHHbIN // [CaiiT] HanmoHanbHBIA MPOEKT
«lIudppoBas  skonomuka  Poccumiickoit ~ ®enepamum». —  URL:
https://HanmonanbHbIe IPOEKTHL. PG/ (1aTa oOpamenus 24.11.2021).
VEKTOAUS : [caiit]. - HopmupoBanue paboT mo o0cIyKUBaHUIO CTAHKOB C
YITV. - URL: https://vektorus.ru/blog/normirovanie-rabot-po-obsluzhivaniju-
stankov-s-chpu.html (mata oopamenus 26.08.2024).- TekcT : 3IeKTPOHHBIN.
OT4eT 0 X03/I0TOBOPHOI HAYYHO-TEXHUYECKOM paboTe 1o Teme: «PazpaboTka
KOMILJICKTa HAy4YHO-METOIUYECKUX MaTepuaioB UHTEPAKTUBHOTO
0o0pa30BaTeIbLHOTO KOHTEHTA Ui OOydYeHHUs OIepaTopoB W HaJIAIYHUKOB
ctankoB ¢ UITY nns AO «KapaudeBckoro 3aBoga «JDnekTponeranby, 2016. —
86 c. (r. Kapaues, bpsiackas 0611., Poccus) (NeAAAA-A17-117030310002-
4).

OTyeT O XO3JA0rOBOPHOM HAay4YHO-TEXHHUYECKOH paboTre Mo TeMme:
«UccnegoBanne W pa3paboTKa  MEpPONPHUSATHNA IO  TOBBIMICHUIO

3¢ (HEKTUBHOCTH MTPOU3BOJICTBEHHBIX MPOIIECCOB M KauecTBa mpoaykiuu AO
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«Kapauesckoro 3aBonma «2nektpometanb», 2017. — 144 c. (r. Kapaues,
bpsirckas 00i1., Poccns) (NeAAAA-A17-117030310009-3).

Otyer 00 WHUIIMATUBHOW HAy4YHO-HCCIEAOBATENICKOM paboTe Mo TeMe:
«AHammn3 3¢ pexTuBHOCTU paboThl yuacTka ctaHnkoB ¢ UITY mexanmdeckoro
nexa AO «3aBog «CHexeTnby, 2019. — 78 c.

[Tacnopt cnenumansnoctt BAK 2.3.3. ABTromaTu3anusi W ympaBicHHE
TEXHOJIOTHYECKUMH MPOLECCAMU U TPOU3BOICTBAMM.

OcobOeHHOCTH HOpMHpOBaHUs onepanuil s crankoB ¢ YITY / . C.
[TaxomoB, T. H. I'pebneBa. — Tekct : HemocpenctBenublid // Tpymsr
Hrxeropoickoro rocyJapcTBEHHOTO TEXHUYECKOTO YHHBeEpcuTeTa um. P.E.
AnekceeBa. — 2015. - Ne 2. - C. 104 — 112.

Bnustare nmudpoBr3aui Ha Ka4eCTBO MCIIOJIb30BaHUS pabodyero BpeMeHu /
A. B. Ilobusuckas, E. A. Kunepsap. — TekcT : HemocpeacTBeHHBIW» //
Oxonomuka Tpyaa. — 2019. — T. 6, Ne 3. — C. 1169-1178.

Stankoff : [caiit] / IlpemmymiecTBa W HEAOCTATKH BBICOKOCKOPOCTHOM
obopabotku. - RL: https:// https://www.stankoff.ru/blog/post/981 (narta
obpaienust 20.06.2024). - TekcT : 2IEeKTPOHHBIH.

[Tpoxopos, A. IludpoBoit n1BOHHKUK. AHAIU3, TPEHIbI, MUPOBO# OmbIT / A.
[Ipoxopos, M. JIeicaueB. — Mocksa : OOO «AunbsuclIpuaty, 2020. — 401 c.
— ISBN 978-5-98094-008-9. — TekcT: HEMOCPEICTBEHHBIH.

Pa3paboTka g poBoro 1BoitHMKA Mpoliecca TOUEHUs Ha OCHOBE MAILIMHHOTO
ooyuenus / JI. A. PactopryeB, A. A. CeBactbsiHOoB A.A. — TekcT :
HernocpencTBeHHbIN // BekTtop Hayku TONBITTMHCKOTO TOCYJapCTBEHHOTO
yHuBepcuteta. - 2021. - Ne 1. - C. 32-41.

Knaccuduxanus u mecto CAM-cucteM B cUCTEMax aBTOMATHU3UPOBAHHOTO
npoektupoBanus / A. O. Cazonosa, A. A. JIpo3nos // Master's Journal. - 2014.
- Ne 2. -C. 34-42.

ADEM - ABromaruzanusi NPOEKTHO —  KOHCTPYKTOPCKOW U

TEXHOJIOTHYECKOM TOATOTOBKHM mpom3BojcTBa : [caiit] / CAM. Ilnockoe



S7.

58.

99.

60.

61.

62.

63.

137

¢dpesepoBanne 2x-2.5x. — URL: https://adem.ru/products/cam/ (mara
obpamenus 28.07.2020).

Camonypos, I'.B. Wtoru pa3BuTusi CTaHKOCTpOUTEIbHOU oTpaciu Poccuu /
I'.B. Camonypos // Kommekt. UTO. — 2022. - Ne2. — C. 8-10.
CBUIETENBCTBO O TOCYIAPCTBEHHOM pETMCTpalMM MporpaMmmel s OBM
Ne2021613882. Onpenenenue ycaoBuii 2.5-kopauHaTHOTO (hpe3epoBaHus Ha
ctankax ¢ UITY B 3aBUCUMOCTH OT TpeOOBaHUI K Ka4eCTBY 0OpabaThIBaeMOM
noBepxHocty/ Konomkuna W.E. (RU); 3asBuTens u mpaBooOiiagaTenb
Komomkuna 1.E.; 3asaBm1. 09.03.2021; 3apeructp. 16.06.2021.
CBUIETENBCTBO O TOCYIAPCTBEHHOM pPETUCTpPAlMM Mporpammel s OBM
Ne2021616257. OnpeneneHue pexkMMOB KOHTYPHOTO (Ppe3epOBaHUS U3IETUI
C MEPEMEHHBIM NPUITYyCKOM Ha CTaHKax C YHUCJIOBBIM MPOrpaMMHBIM
ynpasienuem (UIIY) B 3aBucUMOCTH OT TpeOOBaHMM K KadeCTBY
oOpabateiBaemoit moBepxHoctn/ Komomkuna WN.E. (RU); 3asButens u
npaBooOmanarens Komomkuua W.E.; 3asBn.  26.04.2021; 3apeructp.
13.05.2021.

CBogHass cTparerusi pa3BuUTUS  00palaThIBAIOIIEH MPOMBIILIEHHOCTH
Poccuiickoit @enepanuu 1o 2024 roga u Ha nepuon 110 2035 roxa.
CeBocTtpsiHOBa, A. A.. (COBEpIICHCTBOBAHHE METOJIOB yIIPaBJICHUSA
nporieccamu tipousBojactBa / WM. A. Axsepasn, A. II. Ilrankesuu //
NutemnexryansHpii noreHuuan XXI Beka: MexayHaponHas Hay4yHO-
npakTuueckas kondepenmus. — Yda, 2018. — C. 29-31.

CepreeB, A. C. OO6ecnedyeHue KauecTBa METANIO00pPaOOTKH COOPHBIM
MHOTOJIE3BUIHBIM TBEPIOCIUIABHBIM MHCTPYMEHTOM Ha (Ppe3epHbIX CTaHKax
c UITY / A. JI. TInotuHukos, ®. I'. Jlo6psinun // [lepcnekTuBHOE pa3BUTHE
HAayKM, TEXHMKH W TEXHOJOrnh. Marepuansl MexIyHapOAHOM HAy4HO-
npakTuyeckor KoH@epeHunu. OTBETCTBEHHbIN peaakTop ['opoxoB A.A. -
2011. - C. 212-215.

CoBpemennbie Mogemu YUITY / II. II. CepeOpenunkmii. — Tekcr :

HernocpeAcTBeHHbIN / MeTtamiooopabdoTka. - 2014. - Ne 2 (80). - C. 31-49.
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Cucrema MoHuTOpUHTA «JlMcmeTyepy» - MOHUTOPUHT pabOTHI 000PYIOBAHUS,
crankoB ¢ UIIY wu aBromatmueckux JuHmi: [caiit]. URL:
http://www.intechnology.ru (zata oopamierus 26.10.2020).

CxopocTHOE ¢pesepoBanne  PROMEX : [caiiT] - URL:
https://promexcut.ru/skorostnoe-frezerovanie (mara ooparnienus 20.06.2024).
- TekcT : aneKTpOHHBIM.

CoBpeMeHHBIE ~ METONBI  ONPEACIICHWs ~ HOPM  MAalIMHHOTO |
BCIIOMOTaTENILHOTO BPEMEHH JJI METAIOpexkyux crankoB ¢ UITY / B. .
MakapoB, B. P. Tykrampeimes, C. B. MacnenkoB [u np.]. — Tekcr :
HEMOoCpeICTBeHHbIH // IH)XKeHepHbIH xypHal ¢ ipuioxkeHneM. — 2016. — No 2
(227). — C. 42-46.

CrankoBbiii xpedet 3xoHoMuku. COHAP 2050 / 2020 : [caiit] - URL:
https://www.sonar2050.org/storage/files/Joknaasl/JInzan/CrankoBbiin%20x
pebet%203xonomukn.pdf . - TekcT : 3JIeKTPOHHBIIA.

Croumocth  ¢pesepoBanus. — URL:  https://kospas.ru/o-kompanii/,
cBoOoHbIN — (28.09.2020). - TekcT : 3JIEKTPOHHBIH.

SprutCAM. Cucrema aBTOMaTH3UPOBAHHOW pa3pabOTKU U MOAETUPOBAHUS

YVIOpaBIAIONIMX TporpamMMm s crankoB ¢ UIIY: [cait]. - URL:
https://www.csprut.ru (mara oOpamenus 26.11.2022). - Tekcr
AIEKTPOHHBIN.

TEXTPAH. Odunuaneusiii cait: [cait]. URL: https://www.tehtran.com
(mara obpamienus 26.11.2022). - TeKcCT : 2IEKTPOHHBIM.

T-FLEX. Pazpabotunk u unTerparop poccuiickoro [1O st ynpasienus
KU3HCHHBIM ITuKjIoM wm3aenuid: [cait]. URL: https://www.tflex.ru (mara
obpamenust 26.11.2022). - TekcT : 37E€KTPOHHBIM.

ABTOMAaTH3aIUsl TPOIECCOB MPOSKTUPOBAHUS (PPE3EPHBIX OMNeparuii s
ctankoB ¢ YITY Ha ocHOBE 2JIeMEHTOB UCKYCCTBEHHOIO MHTEIIeKkTa / A. H.
®eodano, M. E. Komomxkwmna. — Tekcr : HemocpeACTBEHHBIN //

NudopmarimoHHbie TEXHOIOTUN B TPOSKTUPOBAHUN U TIPOU3BOACTRBE. - 2023.

- Ne4(192). - C. 49-51.
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Omneir npumenenus: CAIIP ADEM B npou3BOACTBE PaKkeTHO-KOCMUYECKON
texuuku / C. Illaynes, I'. Poxxanos, M. Pemusos, C. EsceeB. — Tekcr :
Henocpenctsennbiit // CAIIP u rpaduka. - 2005. - Ne 2. - C. 1.

[IpuMeHeHue KOHIENIUMU HUQPPOBBIX JBOMHHUKOB HA A3Tarax »XW3HEHHOTO
1uKiIa npousBoAcTBeHHBIX cucteM / B. H. IlIBenenko, A. E. Mo3oxuH. —
Texkct : HemocpenctBeHHbIi //  Hay4HO-TEXHHYECKM  BECTHUK
UHGOPMAIIMOHHBIX TEXHOJIOTHM, MexaHUKu U onTuku. - 2020. - T. 20. - Ne 6.
- C. 815-827.

ObecrieyeHne  KadyecTBa  MOBEPXHOCTHOTO  CIOSI  JeTalied  mpu
BBICOKOCKOPOCTHOM TOPLIEBOM (ppe3epoBaHuu 3akaneHHbIx craneit / FO. 0.
XycanoB, b. 1. A6xnymnaeB. — Tekct : -HenocpenactBerHsiit / SCIENTIFIC
PROGRESS. - Tom 3. Beimyck 3. - 2022. - C. 156-165.

HOpun, B. H. KomnbroTepHblii MHKUHUPUHT U UHKEHEPHOE 00pa3oBaHUE:!
moHorpanus / B. H. FOpun. — Dnuropuan YPCC, 2002. — 152 c. — Tekcr :
HEMOCPEICTBEHHBIM.

Stankoff.RU : 23 otpacnu, ucnosns3yroiue Texuosoruto ¢ UITVY: caiir. - 2022
— URL.: https://www.stankoff.ru/blog/post/810.

Top3dshop.ru 3D npuntep LASERTEC 65 3D hybrid: caiir: - 2022 - URL:
https://top3dshop.ru/blog/3d-pechat-i-chpu-frezerovka-druzja-ili-vragi.htm.
B. Kennedy. Plunger milling // «Cutting Tool Engineering Plus». — March
2012.

D. Hong Kho, Y. Altintas. Dynamics and stability of plunger milling
operations// «Journal of Manufacturing Science and Engineeringy». — February
2007.

Financial sector leading the way in using Al, Microsoft report reveals Pexxum
JOCTYyTIA! https://news.microsoft.com/en-gh/2019/10/01/financial-sector-
leading-the-way-in-using-ai-microsoft-report-reveals.

Neuroscience and philosophy, or how the brain creates categories.
Massachusetts Institute of Technology. URL: http://web.mit.edu (marta
oOpanienus 26.04.2021).
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Norton P.,The Peter Norton Programmer’s Guide to the IBM-PC.1980.
Seleznev V.A. Evaluating the effectiveness of the development of integrated
design-engineering of computer systems in educational institutions. Navigator
in the world of science and education. Journal Ne6 (14) 2011. P.20.
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IIpuno:xenue A CBuaeTe1bCTBO 0 perucTpanuu nporpamMmmsl s IBM no
onpe/iesIeHUIO YCJIOBHUI 2,5-KOOPANHATHOIO (ppe3epoBaAHMS HA CTAHKAX €
qIiry
POCCHHCKAN GEIEPRAIMS

=0 —

e

0 TOCYNapCTBEHHOI perHcTpaunn nporpammel s DBM

Ne 2021613882
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B
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B
B
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IIporpamma no onpeaeeHUI0 yCJIOBH 2,5-KOOPAUHATHOI O
(¢pe3epoBanus Ha crankax ¢ UIIY B 3aBUCMMOCTH OT TPeOOBAHMI K KA4Y€CTBY

MOBEPXHOCTH.

Al — Rz, MkM

A2 - (4ucno)

Bl - Ra, Mmkm

B2 - (uucno)

Cl-r,Mm

C2 - (aucino)

D1 - o, rpan.

D2 - (yucno)

E1 - hrp, Mxm

E2 - =ECJIMUMH(A2>0;A2;B2>12,5;4-B2;B2<12,5;5°B2)
F1 - B, rpan.

F2 - =2TPAAYCBI(ACOS(1-(E2/(C2-1000))))
G1 - Sm, Mkm

G2 - =2:C2'SIN(PAANAHBI(F2/2))-1000

H1 - hz, Mmm

H2 - =G2-:COS(PAANAHBI(D2))/1000
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IIpunoxkenue b CBuaeTe/IbCTBO 0 perucTpanuu nporpammsl aist IBM

110 OIpe/IeJICHUI0 Pe:KUMOB KOHTYPHOI0 (ppe3epoBanus Ha craHkax ¢ YITY

0 TOCYyAApCTBEHHOM perucTpamuu mporpaMmel ais DBM

Ne 2021617381

B

ey

B

Rt

B

Bt

g

§ CBUIETEJBCTBO
s
B
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B

b

Py

B
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IIporpamma pacuéra pe;KMMOB KOHTYPHOIO (ppe3epoBaHHUs U3AEJTUH

C IEPEMEHHBIM IPHUITYCKOM Ha CTaAHKaX ¢ YUCJI0BbIM

nporpaMMHbIM ynpasjaenuem (UIIY) B 3aBucumMocTu ot

TPeO0OBaHMI K KadecTBY 00padaTbiBaeMOil IOBEPXHOCTH

Al — Rz, MkM
A2 — (4uco)
B1 — Ra, MM
B2 — (ducmno)
C1 —tmax, mm
C2 — (uucno)
D1 —tmin, mm
D2 — (uucno)
El—-h, mm

E2 — (yucno)
F1-D, mm

F2 — (aucno)
Gl-2z, 3y6
G2 — (uucno)
H1 -V, m/mMun
H2 — (4ucno)
11 - Kc, /MM?
12 — (uuco)
J1-n, o6/MuH
J2 - = (H2-1000)/(3,14-F2)
K1 - Sz, mm/3y6

K2 - =
ECJIMMH(A2>0;0,2°:KOPEHb((F2°A
2)/1000);B2>12,5;0,35¢
‘KOPEHb((F2°B2)/1000);B2<0;0,45"
KOPEHb((F2-B2)/1000))

L1 - amax, Mm

L2 - = 2'K2’)KOPEHb((D2/F2)-
((D2/F2) - (D2/F2)))

M1 - Sz max, mm/3y0

M2 - = 0,5L2':F2/KOPEHb(D2-F2-
(D2:D2))

N1 - SmMuH Mmax, MM/MUH

N2 - =M2-G2-J2

O1 - Sz min, MmM/3y0

02 - = (0,5L2'F2)/KOPEHbB(C2-F2-
(C2:C2))

P1 - SmMuH max, MM/MUH

P2 -=02-G2-J2

Q1- Npes, kBt

Q2 - = (C2-E2-H2°12)/(6-1000000)
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IIpuioxkenue B IIporpamma pacuéra peskMMOB ITYH/KEPHOTO
(¢pe3epoBanus Ha crankax ¢ YIIY B 3aBUCHMOCTH OT TPeOOBAHM

K Ka4ecTBY 00padaTbiBaeMoii MOBEPXHOCTH

Al — Rz, MkM
A2 — (4ucno)
B1 — Ra, Mmkm
B2 — (uucno)
Cl1-D, mm
C2 — (uucno)

D1 — hrp, MKM
D2 — = ECJIA (A2>0;A2;B2>12.5;5-B2;B2<12.5:4'B2)
El-R, Mmm

E2-=C2/2
F1-0OC, mm

F2 —=(E2-D2)/10?
Gl - a/2, rpan

G2 — = arccos(F2/E2)
H1 - Sxy, MM

H2 — = (sin G2) -C2
11 — Sxy%, %
12 — = (H2-100)/C2
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IIpuno:xenue I' [Iporpamma pacuéra nokasarenei oome 3¢gGeKTHBHOCTH

IKCIJIyaTauu 000pPyA0BAHNS ¢ POrPAMMHBIM YIIPaBJIeHHEM

(Overall Equipment Effectiveness)

Al — Oneparop

A2 — (TekcT)
Bl — Uznenue
B2 — (tekcr)

C1 - KonnuecTBO 00CTyKHBaEMbBIX
CTaHKOB N, T

C2 — (uucino)

D1 — KommuecTBO cMEH NCMMeEC, IIT
D2 — (uucno)

E1l — Bpems 06paboTKu U3nenus mo
nporpamme Twmar, MUH

E2 - (4ucno)

F1 — KonnuecTBO BCEro U3rOTOBICHHBIX
n3nenud NoO, mT

F2 — (uucno)

G1 — Koau4ecTBO TOTHBIX U3ACITAN
Nroms, mT

G2 - (aucmno)

H1 — Bpewms ocranoBok TocT, MUH

H2 - (uucno)

I1 — Bpems pabotsi oniepatopa Tom,
MUH

12 — =(480-H2) -D2

J1 - Bpemst paOoThI BceX €AMHUIL
obopynoBanus Too, MuH

J2 —=E2'F2

K1 — Koaddunment 3arpy3ku
obopynosanus Kzo, %

K2 - =(J2/12:C2)) -100

L1 — CpegneMecssuHbIi 00BEM BBHITTyCKa
IPOAYKIIMH 32 YCII. CMEHY Ha e]I.
ob6opya. TeMmcep, HOpMo-yac

L2 — =(E2'F2)/(60-D2-C2)

M1 — IIpouzBogutenbHOCTh I1, %

M2 — =((L2-60)/(480-H2)) -100

N1 — KauectBo K, %

N2 — =(G2/F2) -100

O1 - INoka3atenb ob1IEH

s dextuBHOCcTH OEE

02— =(K2/100) - (M2/100) - (N2/100) -1
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Ipunoxenne /I KoMIieKT TeXHOJIOrH4eCKO JOKYMEHTAIUM HA 00padoTKY

neraau «Iliura» BHICOKOCKOPOCTHBLIM (ppe3epoBaHueM
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Ipuioxenue E @parMeHTsl yNpaBJIAOLIMA IPOrpaMM sl BBICOKOCKOPOCTHOI'O

dpesepoBanus neranu «Ilauray»

| plentd001001 2.tmp - BaoksoT

Qain  Mpaexa DTopmar Bug Cnpaexa
%

ogaae

N1 G21

( 1 FREZA 2844-8781 D12 GOST 18948-73)
(@)

N2 T1 M6

M3 G54

N4 GB AR C@

N5 X8 Y@

Ne G43 Z1e8 H1

N7 G965 5925 M3

NE Z18

N9 X187 ¥181

Mie Z-3

N1l Gl G98& Z-5 Fleees
N12 X186

N13 Y141

N14 G17 G2 X183 Y135.884 Ré
N15 G1 Y45.196

Nl G2 X186 Y48 Ro

N17 G1 Y@
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N32 G1 Z-25.5
N33 Ge Z2

N34 Y58.59
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Ipuiaoxkenue K LugpoBoil 1BOMHUK TEXHOJTOrHYECKOro nmpouecca

BBICOKOCKOPOCTHOM 00padoTkm Aeranu «Ilaura» Ha cranke ¢ YITY

TexHonorvyeckid npouecc MexaHuueckoll obpatomkr OfosHavenwe:  C.073.00.08 HawmeHosanwe: MNnvTa

. @ Ofwwme TexHuieckne TpeBoBaHNA BbINONHATE cornacdo OCT 32-0400-63
- @ TpefosaHwA NoxapHoi BesonacHocTd BeNonHATe no MOCT 12.1.004-91

------ [, Muct scknsa kapTe Hanamky Tpumeyanie: [NA coSOaHWA 3CKWSE BCTAHETE Ha 08 HEKT W HEXMATE KHoMKy "Jckns" H

P
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- g WMHeTpyMeHTRI[4]

...... Bnok 181218226

F-- (k1. YoTaHoBWT 3aroTOBKY B TMCKM M SEKPENWTE

= (b 2. Yertanosl (AD BOCO)

------ @g Hau. Touka oSpaboTiu

...... L‘T BesonacHan nosnuan
...... .E.-- MnockocTe XONOCTLE X006
=y & 2.1 PpesepoBate Z OKHA NO NporpamMme
- H H3 Ppesa 2844-0781 D10 MOCT 18548-73
@ 3 Meco ofpaGomi
=y 2.2 PpesepoBate 4 KONDAUA NO NporpaMMe
...... H H4 Ppesa 2844-0781 D12 TOCT 18548-73
= 3 Meco ofpaGomin
. Izl Konomeu
= |-_E_-| 2.3 CeepmiTe 4 cKBOSHLI OTEEPCTWA MO NpOrpamMmMe
------ 5 H#3Ceepno 2300-3132 TOCT 4010-77
= &3 MecTo oBpaBomim
.. B} Omeepcmve
= 2.4 Jenwosate 4 hacki No nporpamMme
...... 5 H4 Hogeiit! 3eHkoeka 011 RO AS0 L2565
F- I3 MecTo ofpaGomm

------ @g HauaneHan Touka ofpafoTio
...... £ BezonacHan NosuumA
...... §=. MnockocTs XONoCThiX X0006
= (k1. ¥cTaHoBWTE 3aroToBKY B NPMCNocoGNEHWE M SEKDENUTE
- ﬂ CrneumansHoe npucnocofneHue
= JL-. 2. PpesepoBaTh HADY*HBIA KOHTYD N0 NporpaMMe
------ H #1 Ppesa 28440731 D12 TOCT 18548-73
EI == MecTo oBpabomi
. H Crerka
= (k3. MNposepuTe feTank Ha cooTEETCTEME TREGOBaHWAM YEpTEXE

" } Wranreruwpryne WU-I-200-0,05 MOCT 166-39
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IIpunoxenune 3 CnpaBka 00 MCIIOJIB30BAHMHU Pe3yIbTAaTOB

aucceprannoHHoro ucciaenoBanus or 000 «ADEM-uHKMHMPUHT»
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Ipunoxkenne U AKT 00 NCNOJIb30BAaHUM Pe3yJIbTATOB

AMCCEPTANMOHHOIO uccaenosanus or AO «Kommnpeccop»

«YTBEPAJIAIO»
[enepansHbiii qupexTop
AO «KOMITPECCOP»

oah DAl
Zastexcaisip Byaaumuposn

00 UCNONL30BAHHH PE3Y/IbTATOB JHCCEPTALHMOHHON paboThl
Ha COHCKAHHE YMEHOH CTeNeHH KaHHAaTa TeXHHYECKHX HayK

Konomkunoi Munsi EBrenseBHs!

Pesynpratel auccepraumonnod paborsl Komomkunol MuHbel EBreHsesHsl Ha
temy «lloBbimenne HpHEeKTHBHOCTH TEXHONOTHYECKOH MOANOTOBKH NMPOH3BOJICTBA
H3JeTHH MAIIHHOCTPOCHHA HA OCHOBE ABTOMATH3alUMHM PElIeHHA NMPOeKTHBIX 3ajad
NPH BBICOKOCKOPOCTHO! (hpeseproii obpabotke na crankax ¢ YITY» npuHATE K
ucnons3osanuio Ha AQ «kKOMITPECCOP» (r. Cauxt-TTetepSypr) u npHMeHsIOTCS B
TEXHONOrHYECKNX cayx0ax npeanpuaTHas npu  pa3paboTke TexXHOMOrui M
YNpaBafiommX nporpaMM A obpaborkn na crankax ¢ YITY. Dro nossomnuno
COKPaTHTh BpeMs TEXHOJOIMYECKOH MOArOTOBKH IPOM3BOACTBA H3IOTOB/IEHHS
aeraneif HACOCOB M KOMIPECCOPOB, BBITYCKAaeMBbIX [MpeanpHaTHeM. YBelHyenne
00bEMOB BBITOIHEHHBIX NTPOEKTHBIX pabot coctauno 36% oT paHee BHINOTHAEMBIX
obbemMoB 3a TOT Ke mnepuoi. IlpHMeHeHHe Ha NPOW3BOACTBE TEXHONOTHIH
BBICOKOCKOPOCTHOTO  (Jpe3epoBaHHA 110  pe3ynbTaTaM BBITIOJHEHHBIX ABTOPOM
HCCJIEIOBAHHH YBEIHYHIIO MPOH3BOAMTE/ILHOCTD BBITYCKa NMpoAyKiny Ha 48%.

Hcnonb3oBanue pe3ynsTaTtos auccepraunorHoit paborst Konowkunoit HLE. no
oueHKe S(PeKTHBHOCTH  ACHCTBYIOIIEr0  NPOM3BOACTBA  IO3BONSET  BECTH
ONEpaTHBHOE YIPaBleHHe BLIMYCKOM NPOAYKIMH B HOMEHKiatType, obbemax H

CPOKax COrfnacHo nianvpyeMeix noxasareneii.

I'nasuwiii Texnomor AO «Kommnpeccop» M. M. Illapanos
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Ipunoxkenune K AKT 00 HCIIOJIL30BAHUU Pe3YJIbTATOB

AUCCEPTANMOHHOrO uccienoBanus ot 000 «Mupako»

A N 000 «Mupaxe»

J/ WHH / KIIIT 5920040229 / 592001001

M l R A 617764, Ilepmcknii kpai, r. Yalikopckwii,
yi. Jlenuna, 1.61A

SAFET Y A Tenedon: +7 (342) 259-88-55

On.noura: info@mirax-safety.com

AKT
00 MCIO0JIB30BaHMH PE3YIBTATOR ANCCEPTALMOHHOM paboThI
Konomkunoit Muus1 EBreHseBHEI

Hacrosmum akToM MOATBEPIKAAK0, YTO Pe3y IbTaThl AUCCEPTAHOHHOM paboTsr KomomkuHoi
Unner EprenpeBHBl Ha TeMy «IIoBbINIeHHE 3(()EKTHBHOCTH TEXHONOTMYECKOH MOATOTOBKH
NPOU3BOZICTBA M3/EMH MAIMHOCTPOCHHA Ha OCHOBE aBTOMATH3ALMH PENICHHS POEKTHBIX 33124
TIpH BBICOKOCKOPOCTHO# (peseproit o6paboTke Ha crankax ¢ YITY » BHePEeHSI K HCMOMB3YIOTCS Ha
000 «Mupaxke» (o6ocobnennoe noapasaenenne «IIpoussoncTeo» r. MockBa) Ha IIPOH3BOCTBE
py 06paboTKe H3IeN it IS IPeANPHATHIA ra30BO# NPOMBIILIEHHOCTH Ha cTaHKax ¢ UITY.

[lpumenenne omepammii  BEICOKOCKOPOCTHOTO — ()pe3epoBanHs, pa3pabOTAHHBIX IO
pe3ynbTaTaM UCClIeI0BaHui aBTopa, 06ecneynsIo npu o6paboTKe OTAEIBHEIX H3AEIMHA CHIKEHUE
3aTpar Ha 06paboTKy 10 8 pa3s u yBeH4YeHHE IPOU3BOAUTENLHOCTH 06paboTku 10 12 pas.

Hcnonp3oBanue pesynsTaToB AuccepTanuoHHOM paborel Komomkumoit M.E. mo omenke
3 (EKTHBHOCTH JeHCTBYIOMEro NMPOH3BOACTBA IIO3BOTHIO BECTH ONEPATHBHOE YIPABIEHHE
BBIITYCKOM NPOAYKIMH B HOMEHKJIAType, 00heMax H CPOKaX COrNIACHO IIaHUPYEMBIX OKasaTeneit.

B memom moBBINEHHWE OO0BEMOB BHITyCKA MPOAYKIMHM HA YYacTKe, OCHAIEHHOM
ABTOMATH3UPOBAHHOM OOOpY/OBAHMM C TNPOrPAMMHBIM YIPAaBJICHHEM 3a TEKYUIMH NepHox
coctaBuio 148% 1o cpaBHEHHIO ¢ aHATOTHYHEIMH NEPHOAAMH, IIPEIIECTBYIOMMMH BHEAPEHHIO
BBINIOJTHEHHEIX UCCIIEIOBAHMH.

JIMpexTOp 1O MPOH3BOACTBY L /7 Bopucos C.B.




158

Ipuaoxenne JI AKT 006 HCIOJIL30BAHUH Pe3YJIbTATOB ANCCEPTANMOHHOTO

uccaenopanus or AO «SIpocinaBckuii 3aBoj 1M3eJIbHON ANNAPATYPbD»

- AO «SApocnasckmii 3aso0q
AMZensHOR annaparypei»
1509499, r, fipocnasne,

npocnexY MawuHnocTpauTened, a, 81
Ten.: +7 (4852) 40-60-01

@akc: +7 (4852) 24-25-00
SecrDirYZDARgaz.ru

AO «pocnasekuii 3aB0j1 AU3eNb /
upestop o pummay( 6 a0 )
C.A. lllyctpon HL,\ \ 153 R 5 3
\/ \ i & >/
« » ) N202dYy, S
\;\ o :‘-J,/;,"
AKT

00 MCMONB30BAHHY PE3yATATOB AHCCEPTALHOHHON paboTs!
Konomxuxoii Uaub! EBrexsesns

HacTosuim akToM noaTBepikIalo, MTO pe3yibTaThi AHCCEPTAHOHHON paBoThi
Konowkunoit  Wauel Esrensesnsi wa Temy «[lossimenne sddexTuHOCTH
TEXHOJIOTHYECKO NMOArOTOBKH MPOH3BOJCTBA H3/Ie/Hil MAIHHOCTPOCHHS HA OCHOBE
ABTOMATH3AUMH PEIICHHA NPOCKTHHLIX 3a7a4 TpH BHICOKOCKOPOCTHOMH (pesepHoi
obpaboTke Ha crankax ¢ UITY» BHeapeHsl u ucnionssyiorces Ha AO «Slpociasckuit
3aBOJI IM3C/ILHON annapatyphbl» pH TeXHOJIOTHYECKOH MOArOTOBKe POH3BOICTBA HA
CTa/iHM MPOSKTHBIX paboT W Ha npowu3BoAcTBe Npu obpaborke aeraneit THBJI na
crankax ¢ YITV,

l. Tlpy BHINOIHEHHH TEXHOJOIMYECKHX MPOEKTHBIX pafoT 1Mo MeTomuKam
aBropa B cucreme ADEM CAD/CAM/CAPP npu paspaboTKe TEXHONOrui u
NporpamMM [UIA H3I'OTOBIEHHS KOPIYCHLIX Aetaneii awsened Ha crankax ¢ YITY,
COKpallaeTcs BpeMA MPOCKTHPOBaHMs, 3aK/IablBAKOTCH OCHOBHBIE MapaMeTpsl
KadecTBa obpabateiBaeMbBIX noBepxHOCTeli M d(OOEKTHBHOCTH  peanH3aiHu
TEXHOJIOrHYecKHX npoueccos. CokpaiieHHe BPeMEHH NPOEKTHPOBAHHA TMO3BOJIHIO
CTPYKTYPHOMY noppaszjenennio a0 42% yBenuuuTh OOBEMBI  BBINOJHEHHS
TNPOEKTHLIX paboT 3a OTHETHLIHA HepHO.

2. TlpumeHenue onepaumii BBICOKOCKOPOCTHOTO (pe3epoBaHHs KOPIYCHBIX
Aetanell  ausesed, pa3spaloTaHHLIX TO pe3yNbTATAM HCCAe0BaHHI  aBTOpA,
obecneynno npu o6paboTke oTAEMBHBIX H3/IeHIT cHINKeHHe 3aTpaT 06paGoTku 10 10
pas H yBellH4YeHHe MPOM3BOIHTENbHOCTE 06paboTku 10 15 pas.

Inaenwiit Texnonor AO «A3J1A» / - > C.é. Bepeiarun
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IIpuno:xenne M CnpaBka 00 HCI0J1b30BAHUU Pe3yJIbTATOB

AMCCEPTALMOHHOTO MCCJIEJ0BAHUSA B MOATOTOBKe cnenuajaucToB or OO0 «/AuCuc»

LivpaxkTHyeckue CrcTeMbl

DuCuC Yuebuoe w aaboparopuoe obiopyaosanue

Anpar: 119313, r. Mocxea, Newwicsil npocnesT,

0,95, av.uok., now X, og. 10

Ten.idaks: +T{405) 229-11-17

NEKTPOHEAR MOYTE saleidisys ru

Caam wwrw dlisys n
CMNPABHA

ob ucnonw3iosaHuu B yuebHom npouecce
pPE3yNLTATOB AMCCEPTALMOHHOM paboTel KonowKWHOW MHHBI EBréeHEeBHEI

Ha COMCHaHMe ',I'HEHDITI CTENEHW KaHOWOATa TEXHHYECHWUX HaYK

Pesynetatel guccepraumoHHoM pabote KonowkwHoW MHHe EBreHbeBHel Ha
Temy «loBeilweHne 3HHEKTMBHOCTH TEXHONOTMHECKON MOArOTOBKWM NPOM3BOACTEA
M30eNMid MaWWHOCTPOEHWA HA OCHOBE aBTOMAaTH3aUMKM PelUeHMA NPOEKTHBEIX 33034y
NpM BeICOKOCKOPOCTHOW dpe3epHoid obpaboTke Ha cTaHkax c YMY» WCnonL3yHOTCA
Ha nNpegnpWATHM  BeINycKawwem yy4ebHoe obopygoeanwe ¢ HOY 000
adupanTiyecke Cuctemers (r. MockBa) npy NogroToBKe npenogasatensi yyebHbx
3aBeJeHWA BhICWLEro W CpeaHero npodgeccMoHaneHOro obpasoBaHMA Ha Kypcax
NOBBIWEHWA KBANWPUKALUMK NO HaNPaBNeHWH ABTOMATM3aUMA TEXHONOTHMYEeCKOW
NPOEKTHON AEATENBHOCTH WM PEANWM33LMK TEXHONOTMHECKMX PELUEHMA Ha CTaHKax C
4yny. KonowkwHa WM.E. nogrotoevna Heobxogumoe metogwydeckoe obecnedenwme
y4eBbHOoro npouecca Ha OCHOBE BLINOAHEHHBIX €10 AMCCEPTALMOHHEIX MCCNeaoBaHHKA
M MPOBOAMT 38HATHA HA BLICOKOM y4ebHO-MEeTOOMHECKOM YPOBHE.

FenepaibHEI THpeRTOP

000 w/IaCHE: 10.C. lonsaenmreiin

HHH 7736332791 / KIII 773601001 OTPH 1217700033638
Baneoscsme pesanarme: ple J0T02H100420300006T1 @wanan «lesrpaisasiis Bagea BTE (ILAQ) & r. Mocsse wie 300018100 4525000041 1
6 'Y Banka Poccnn oo IO BHK 044515745
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IIpunoxenne H CnpaBka 00 HCII0/1b30BAHMHU B Y4eOHOM IpoLecce pe3yibTaToB
aucceprannoHHoi padorel or PI'BOY BO Bbpsinckuii rocyaiapcTBeHHbII

yHuBepcurer uMm. ak. U. I'. IlerpoBckoro

MHHOBPHAYKH POCCHH

DenepaibHoe rocyaapersenHoe GrouxerHoe
o06pa3oBaTe/IbHOE YYpeXAeHHE
Bbiciero o6pa3oBaHus

BPSIHCKUN NOCYJAPCTBEHHBI YHUBEPCUTET
UMEHH AKAJTEMMKA KT [IETPOBCKOIO
BY)

Bexwuukas yi., a. 14, Bpauck, 241036.

Tesn. (4832) 66-65-38. ®akc (4832) 66-63-53
E-mail: bryanskgu@mail.ru
http://www.brgu.ru

S S0 22y g ZRLLIF

Ha Ne oT

CIIPABKA
06 ucrnonp30BaHUH B y4eOHOM nporiecce
pe3yJIbTaToB AuccepTalMoHHOM paboTsl Konomkunoit IHHE! EBreHbeBHBI
HA COMCKaHHE YYEHOM! CTeNeHH KaHAnuAaTa TEXHHIeCKUX HayK

Pesyneratsl auccepraunonHoM pabotel Konomkunoi MHHEI EBreHbeBHEI HA TEMY
«IToBeimerne 3G GEeKTHBHOCTH TEXHOJOIHYECKOH MOArOTOBKH IPOM3BOACTBA M3E/IHH
MalIMHOCTPOEHHUsST Ha OCHOBE aBTOMATH3alliM peLIeHHs MPOEKTHBIX 3a1a4 IMpH
BBICOKOCKOPOCTHOM (pe3epHoii obGpaborke Ha crankax ¢ YITY» wucnonesyiorcs B
y4yeGHOM npouecce Ha Kadeape «IIpodeccHOHAIBHO - TEXHOJIOrHYeCKoro o6pa3oBaHus
1 0e30MacHOCTH >XKHU3HENEATEeIbHOCTH» BpsHCKOro rocyapcTBEHHOIO yHHBEPCHTETa
umenu akagemuka W.I'. TleTpoBCKOro mpu MOAroTOBKE KaApOB IO KBaJHU(pHKALUH -
GakanaBpuar 1o cneuuagbHOCTH «44.03.04 IlpodeccuonanbHoe oOydeHue, Mpodub:
HNHbpopmaTKa W BBEIYHCIHTENIbHAsS TeXHHKa» Mo ydyeOHOMYy mnpeamery «CHcTeMsl
aBTOMaTH3UPOBAHHOI'O MPOEKTHPOBAHUSAY.

Jns mMeromuyeckoro obecnedenus 3aHsaTuil Konomkuna W.E., mo pesynbratam
BBIMOJIHEHHBIX €K HCClIeoBaHHM pa3zpaboTrana W M3jana JUHeWKy y4yeOHHUKOB u3 4
HAaMMEHOBAHMM, BCe YYeOHHMKH MPOLUIH IKCIEPTH3y U PEKOMEHJOBaHbl DKCIEPTHBIM
COBETOM y4eOHO-METOAWYECKUM OOBEeIMHEHHs B CHCTeMe BhICIIero obpazoBaHHs B
Ka4yecTBe ydyeOHOro nocodus misa GakanaBpuaTa U MaruCTpaTyphl MO HaNpaBIEHHOCTH
«ABTOMATH3aLMsi TEXHOJOTMYECKHX IIPOLIECCOB» M HCIONB3YIOTCA B Yy4eOHOM
npouecce.

BPHO nexana (pakynbTeTa TEXHOJIOTUH H AH3aiHa C/y/gp “s / B.IL JIsmues

/
=
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IIpuno:xenne O CnpaBku 00 HCIOJIb30BAHUHU PA3Pa00TAHHBIX M M3AAHHBIX

YueOHbIX Moco0Mii B 00pa3oBaTe/IbHbIX Y4eOHBIX 3aBeIeHUAX

NOBLIWAEM OBPA30BATENbHBIN YPOBEHbD B POCCMUM
O6pazosarenswan nnardopma OPART

o~
ﬂ w p a M I Cangerenscreo o perncrpayun CMU 3n N* @C77.53549
OBPASOBATEABMA ObparosartensHan nuuesina N* 039822
oW < AT AbM a1 e g
NAAT®OPMA 111123, r.Mocxea, yn.Mnexanosa, 4 4A
gred@urait.ry

Tenedon: +7 (495) 744 00 12 O6pajosarensuan nnardopma: urait.ru

r. Mockea 11 fluBaps 2023 r.

Cnpaska

Koaowxuna Huna Eezenveena (Bpanckull 20cydapcmeertbill yHusepcumem umeHu axademuxa HU.I.
ITempoeckozo (2. BpaHCK).) SBNSETCA aBTOPOM CNEAYIOLIero NpoH3BefeHus, ony6IHKOBAHHOIO B
Hanarenscree «OpaiT» (nprBegeHsl BHXOAHNE JaHHLE NOCTEAHEro H3NaHus):

Asmomamu3sayus NPoOeKmMupPoBAHUA MEXHOA02UYeCKoU JoKyMeHmayuu : yuebHUK u npakmuxym oas
cpedHezo npogeccuorarsHozo obpasosarusn / H. E. Koaowxkuna. — Mockea : Hsdameascmeo
FOpaum, 2023. — 371 c. — (ITpogeccuonaavroe obpasoearue). — ISBN 978-5-534-13635-7.

B pamkax GopMHpOBaHKS HAUHOHANBHOM UH(POBOH IKOHOMHKH M pPeann3aluy NPHOPHTETOB B chepe
obpasosanus (Yxa3 [lpesugenta Poccuiickont ®enepauun ot 09.05.2017r. Ne 203 «O crparterun
pa3suTHa HHopMannonHoro obmecrsa B Poccuitickont Penepaunn Ha 2017-2030 roau), a Takxe B
cootsercTeuu c [lacnoprom ¢epepansuoro npoekra «Kagpm ans uudpoBoit 3KOHOMHKH»
(yrBepxpaen npesupguymom [IpaBHTenbCTBEHHOHM KOMHCCHEH N0 UHQPOBOMY pa3BHTHIO,
HCMONb30BaHMI0 HHPOPMAUHOHHEIX TEXHONOTHH NS YIYYIIEHHS KayecTBa XH3HH M YCTOBHH
BeJleHHA NpeAnpHHHMaTEIbCKOM AesTeIbHOCTH - npoTokon ot 28 mas 2019 r. Ne9) u TpeGopanusamu
peHcTByOmMuX (eaepanbHuX rocylapcTBeHHHX o6pa3oBaTeNbHLHX CTAaHAAPTOB uudpoBas BepcHs
npou3senenus npeacrasneda Ha OGpa3sosarensHoi nnardopme «HOpait» (CBHperenscrso o
rocyaapcTBeHHOH perucTpauns 6asm ganunx Ne 2013620832 or 15.07.2013r., CeugeTenscTso o
rocyaapcTBeHHOM perucTpauus nporpammut 3BM Ne2013615800 ot 20.06.2013r., CeupeTenscrso o
perucTpauuu cpeacrsa maccosoit nEpopmauun 3JI Ne ®C77-78116 ot 13.03.2020 B cocrase
uudposoro yuebHo-meToauyeckoro kommiexca (LIYMK):

https://urait.ru/book/9DED134E-427A-4EF4-BC26-E1AA2182B9EB

Ha naty npepocraBnenus cnpasku K UH(POBOH BEPCHH NMPOH3BENEHHS MMEIOT OJHOBDEMEHHHIH
poctyn 3341725 crynenTos 13 776 yueGuuix 3asenennit (I[Ipunoxenue 1), Kpome TOro peanu3oBaHo
111 nevatHux ¥ 1 urdpoBo#H IK3IEMNAAP NPOK3BENECHHS.

HupexTtop Pubkura H. B.
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NOBLIWAEM OBPA30BATE/IbHbBIA YPOBEHbB B POCCUM
O6pazosarensuan nnardopma OPART

.
ﬂ m p a M I Cengerenscrao o perncrpaygun CMU 3n N* ©C77.53549

Obpazosatensuan nnueswina N* 039822

2"’\" :3?% Yol' Ap":“: 111123, r. Mocxea, yn.Nnexanosa, A 4A
E-mail: gred@urait.ru
Tenedon: +7 [495) 744 00 12 ObpasosarensHan nnatdopma: urait.ru
r. Mocksa 10 fAuBaps 2023 r.
Cnpaska

Konowxuna Hrna Eezenvesna (Bpaxckul 2ocydapecmeertuill yhusepcumem umeru akademuxa H.I'.
ITempoeckozo (2. BpaHCK).) ABNAETCA @BTOPOM CHEAyIoLero npou3seaesus, onyGIMKOBaHHOrO B
H3parenscrse «OpaiT» (MpHBeieHE BHXOAHLE JaHHHE MOCNEJHEro H3laHus):

OcHoew npozpammuposarun 0an cmarxos ¢ YITV : yuebroe nocobue dasn eysos / H. E. Koaowxukna,
B. A. Ceaesnes. — Mockea : Hsdameascmeo FOpaum, 2023. — 260 c. — (Buicwee obpasosarue). —
ISBN 978-5-534-10446-2.

B pamkax ¢opmipoBanus HaUHOHANBHOM UH(POBOH IKOHOMHKH M PeanH3aluy NPHOPHTETOB B chepe
obpasosanus (Yka3 [lpesunenta Poccuitckoir ®enepaunn ot 09.05.2017r. Ne 203 «O crparterun
pa3suTus nEopmaunonsoro obmecrsa B Poccuitickoit ®enepauun va 2017-2030 roawl), a Takxke B
cootsercTBuu c [lacnoprom ¢enepanshoro mpoexta «Kagpm ans uudpoBoi# 3KOHOMHKH»
(yrBepxpaes npe3uguymom [IpaBHTENbCTBEHHOM KOMHCCHH mo UHPPOBOMY PpasBHTHIO,
HCMONL30BaHMI0 HHGOPMALMOHHEIX TEXHONOTHH ANA YAyYIIEeHHs KayecTBa XH3HH H YCIOBHH
BEMIeHHS NPeANpPHHUMATE/IbCKON AesTeNbHOCTH - mpoTokon ot 28 mas 2019 r. Ne9) u TpeGoBanusaMu
ReHCTByOIWHX ¢eaepanbHEX rocylapCTBeHHHX 06pa3oBaTenbHLX CTaHAapToB uudpoBas BepcHs
npou3senenns npeacrasnesa Ha OGpasosatenbHon nnartdopme «HOpait» (CBHaeTenscTso 0
rocyaapCcTBeHHOH perucTpauuy 6asm ganemx Ne 2013620832 or 15.07.2013r., CBupeTenscTso o
rocyfapCcTBeHHOH perucrpauuy nporpamMmu 3BM Ne2013615800 ot 20.06.2013r., CugeTenscTso o
perucTpauuyu cpeactsa Maccosoit mEpopmauun 3J1 Ne ®C77-78116 ot 13.03.2020 B coctase
uudposoro yuebro-meronuyeckoro xkommnexca (LIYMK):

https://urait.ru/book/8A6080EA-29AE-49C2-8397-27420D40AB90

Ha naty npepocrasnerus cnpasku K UH(POBOH BePCHH NMPOH3BENEHHS MMEIOT OJHOBPEMEHHHIH
poctyn 2708975 ctynenTos u3 468 yueOurix 3asenenni ([Ipunoxenne 1), KpoMe TOro peanu3oBaHO
66 nevyaTHuX ¥ 8 WHQPOBEIX IKIEMIIAPOB NPOH3BENEHHS.

IupexTtop Pubkuna H. B.




